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Fo reword

n the United States, the public school system is designed—ideal-

ly—to produce effective, thoughtful citizens who will become

valuable contributors to society. In the race to make sure our stu-

dents are well prepared to handle the world they walk into when
they walk out of schools, the nation has tried to enlist as teaching re-
sources the most relevant technological innovations of our time—
whether television or telecommunications, calculators or computers.
But in the process of equipping our students to learn with technology, a
valuable—perhaps thmostvaluable—part of the education equation
has been virtually overlooked: the teachers.

Despite over a decade of investment in educational hardware and soft-
ware, relatively few of the nation’s 2.8 million teachers use technology
in their teaching. What are some of the reasons teachers do not use
technology? What happens when they do use technology? What factors
influence technology integration in schools? What roles do schools, dis-
tricts, states, the private sector, and the federal government play in help-
ing teachers with new technologies? OTAs in-depth examination of
these questions was initiated at the request of the Senate Committee on
Labor and Human Resources, and endorsed by the House Committee on
Education and Labor (how the House Committee on Economic and
Educational Opportunities) and a member of the Senate Appropriations
Committee. As this report will show, helping schools to make the con-
nection between teachers and technology may be one of the most impor-
tant steps to making the most of past, present, and future investments in
educational technology and in our children’s future.

Throughout this study, the advisory panel, workshop participants, and
many others played key roles in defining major issues, providing in-
formation, and contributing a broad range of perspectives that helped
shape this report. OTA thanks them for their substantial commitment of
time and energy. Their participation does not necessarily represent an en-
dorsement of the contents of the report, for which OTA bears sole
responsibility.
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Summary
and
Policy
Options

SUMMARY OF KEY FINDINGS

= Projections suggest that by spring 1995, schools in the United
States will have 5.8 million computers for use in instruction—
about one for every nine students. Almost every school in the
country has at least one television and videocassette recorder,
and 41 percent of teachers have a TV in their classrooms. Only
one teacher in eight has a telephone in class and less than 1 per-
cent have access to voice mail. Classroom access to newer
technologies like CD-ROM and networking capabilities are
also limited. While 75 percent of public schools have access
to some kind of computer network, and 35 percent of public
schools have access to the Internet, only 3 percent of instruc-
tional rooms (classrooms, labs, and media centers) are con-
nected to the Internet.

= Despite technologies available in schools, a substantial num-
ber of teachers report little or no use of computers for instruc-
tion. Their use of other technologies also varies considerably.

= While technology is not a panacea for all educational ills,
today’s technologies are essential tools of the teaching trade.
To use these tools well, teachers need visions of the tech-
nologies’ potential, opportunities to apply them, training and
just-in-time support, and time to experiment. Only then can
teachers be informed and fearless in their use of new
technologies.

= Using technology can change the way teachers teach. Some
teachers use technology in traditional “teacher-centered”
ways, such as drill and practice for mastery of basic skills, or
to supplement teacher-controlled activities. On the other hand,
some teachers use technology to support more student-cen-
tered approaches to instruction, so that students can conduct
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Helping teachers become “fearless"with technology could be
the best way to assure that they use these tools effectively in
their classrooms.

their own scientific inquiries and engage in col-
laborative activities while the teacher assumes’
the role of facilitator or coach. Teachers who
fall into the latter group are among the most en-
thusiastic technology users, because technolo-
gy is particularly suited to support this kind of
instruction.

. Increased communications is one of the biggest

changes technology offers classroom teachers.
Telecommunications, from simple telephones*
to advanced networks, can transcend the walls
of isolation that shape the teaching profession
and allow teachers to converse and share expe-
riences with colleagues, school administrators,

parents, and experts in the field.

=« Helping teachers use technology effectively

may be the most important step to assuring that
current and future investments in technology™
are realized.

. Most teachers have not had adequate training to

prepare them to use technology effectively in
teaching. Currently, most funds for technology
are spent on hardware and software, but experi-
enced technology-using sites advocate larger
allocations for training and support. On aver-
age, districts devote no more than 15 percent of
technology budgets to teacher training. Some

states have suggested this figure should be
more like 30 percent.

= A majority of teachers report feeling inade-
quately trained to use technology resources,
particularly computer-based technologies. Al-
though many teachers see the valustadents
learning about computers and other technolo-
gies, some are not aware of the resources
technology can offer them as professionals in
carrying out the many aspects of their jobs.
Although schools have made significant prog-
ress in helping teachers to use basic techno-
logical tools such as word processing and
databases, they still struggle with integrating
technology into the curriculum. Curriculum in-
tegration is central if technology is to become
a truly effective educational resource, yet in-
tegration is a difficult, time-consuming, and re-
source-intensive endeavor.

Technology can be a valuable resource for imp-
roving teacher education overall. It can bring
models of the best teaching live from the class-
room into the colleges of education, or provide
video case studies of teaching styles and ap-
proaches. It can forge stronger connections
among student teachers, mentor teachers in the
field, and university faculty.

Despite the importance of technology in teach-
er education, it is not central to the teacher
preparation experience in most colleges of
education in the United States today. Most new
teachers graduate from teacher preparation
institutions with limited knowledge of the
ways technology can be used in their profes-
sional practice.

The federal government has played a limited
role in technology-related teacher development
compared with states, universities, and school
districts. Even so, past federal programs have
piloted innovative educational applications of
technology for teachers by providing signifi-
cant support for professional development,
specifically among mathematics, science, and
special education teachers, and by providing
funding for technology-related professional
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Technology is a fact of life in today's society and students wil need to be facile with these powerful tools. This young student
makes sure his thinking cap is on as he ponders a computer screen in the classroom.

development in school districts that could not for state and local technology initiatives. Fo-
have supported it on their own. cusing attention, as well as funding, on how
The federal government has tended to focus technologies can support professional develop-
more on inservice than preservice education, ment, and on how teachers are essential to the
channeling more support to K-12 schools than implementation of technologies, can send im-
to colleges of education—an approach that may portant signals to schools around the country.
address current needs but does not greatly in-

fluence teacher preparation or quality over the|\NTRODUCTION

long term. . .

Theg federal government has a unique opportu- teaCher: aﬁehc.ts.e:lem'ty' he can never tell
nity to encourage greater links between tech- where his influence stops.

nology and professional development, through Henry Adams, from The Education of
recent legislation such as Goals 2000 and the HenryAdams
Improving American’s Schools Act. The way Technology is a fact of American life. Computers,
the laws are currently written, however, fund- video, television, telephones, radio, and telecom-
ing for technology and teacher training, andmunications networks exert an incalculable in-
support for effective use, may not be high prior-fluence on how we live, work, and play—an
ities. National leadership for educationalinfluence likely to expand as hardware and soft-
technology can create enthusiasm and supporvare become more powerful, affordable, and per-
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vasivel New technologies are already essentiahology to students, and in the context of limited
tools for doing business and are quickly becomingesources, teacher issues have been shortchanged.
a primary means for people to acquire informa\When teacher needs are discussed, the emphasis is
tion. For example, in 1993 an estimated 12 mil-often on providing short-term training to familiar-
lion-plus Americans regularly used electronicize teachers with a specific application or encour-
mail and related online information serviéeBy age general computer literacy. Seldom have
October 1994, the number of e-mail users was egolicy discussions or initiatives centered on the
timated to be more than 27 millién. relationship between technology and the teacher’s
For students, the ability to use technology hasole. Seldom have they articulated a vision of how
come to be recognized as an indispensable skiltechnology can empower teachers to carry out all
The Secretary’s Commission on Achieving Nec-parts of their jobs.
essary Skills (SCANS) stated this in the starkest Inresponse tothese concerns, noted asissuesin
terms, “Those unable to use . . . [technology] facearlier OTA reportd, OTA was asked to do this
a lifetime of menial work# study by congressional committees and members
Recognizing their responsibility to prepare stu-of Congress with interests in the application of
dents to work and live in a technological societyemerging technologies to education (see box 1-1).
states and school districts have adopted standardsin addition to the usual OTA process of conven-
for teaching students with and about technofogy.ing an advisory panel, conducting extensive staff
For example, in a 1994 survey conducted for thevork, and obtaining broad peer review of drafts,
Office of Technology Assessment (OTA), all but OTA used a variety of methods to conduct this as-
seven states reported that they require or reconsessment (see box 1-2). The technologies OTA fo-
mend integrating computers or informationcused on and their current availability in the
technology into the curriculum, and 19 states renation’s elementary and secondary schools are de-
quire seniors to demonstrate computer competerscribed in box 1-3.
cy before graduatingThe question now is, how  OTA finds the lack of attention to teachers and
can schools use technology more effectively? technologies ironic, for at the center of effective
Most policy discussions and technology ini-use of instructional technologies are those who
tiatives have tended to focus on hardware andversee the daily activities of the classroom—the
software acquisition, and student access to techeachersTo use new technologies well, teachers
nology. However, in the enthusiasm to get tech-

1see, e.g., U.S. Congress, Office of Technology AssessHieatronic Enterprises: Looking to the Futu@TA-TCT-600 (Washington,
DC: U.S. Government Printing Office, May 1994).

2. Eckhouse, “Internet: Millions of Users Plug in to Hug Computer Netw8eky'Francisco Chroniclelune 1, 1993, pp. C-1, C-7.

3 Matrix Information and Directory Services, Austin, TX, October 1994.

4What Work Requires of Schools: A SCANS Report for America8@@tary’s Commission on Achieving Necessary Skills (Washington
DC: U.S. Department of Labor, June 1991), p. 15.

5For this study, when the tetachnologys used, it refers to all forms of computers and their peripherals including hard disk drives, printers,
CD-ROM, projection devices, and networks offering telecommunications linkages. It also refers to a range of other new or more traditional
technologies: telephones, video cameras, televisions and VCRs, fax machines, videodiscs, cable and other one- or two-way links, small devices
like electronic calculators, personal digital assistants or other hand-held devices, or combinations of these and other new technologies.

6 Ronald E. Anderson, “State Technology Activities Related to Teachers,” contractor report prepared for the Office of Technology Assess-
ment, U.S. Congress, Washington, DC, Nov. 15, 1994.

7U.S. Congress, Office of Technology Assessnteatyer On! New Tools for Teaching and Learni@FA-SET-379 (Washington, DC:
U.S. Government Printing Office, September 1988) Lanking for Learning: A New Course for Educati@TA-SET-430 (Washington, DC:
U.S. Government Printing Office, November 1989).



Chapter 1 Summary and Policy Options 5

BOX 1-1: Why This Study?

In 1986, Congress asked the Office of Technology Assessment to study the use of computers in
schools, In 1988, OTA reported its findings in Power On! New Tools for Teaching and Learning, *which
described the promise of and barriers to using technology in K-12 education. At that time, there were
about two million personal computers in American schools, a ratio of roughly one computer for every 30
students. Most educational software was limited to drill-and-practice applications. A handful of small, spe-
cial-purpose educational software publishers were scrambling to create a market for their products.
Schools were focusing attention on teaching students “computer literacy” skills. Teacher training consisted
of general computer awareness courses, and a few adventurous souls were learning to program in BASIC
or LOGO, so they could design their own software applications. At that time, most teachers did not use
computers as a significant part of their teaching-only half the K-12 teaching force reported using comput-
ers in instruction. Few teachers had computers of their own at school or at home. Not surprisingly, many
teachers were less than impressed with this new wave of educational euphoria.

Similarly, in 1989 when OTA released Linking for Learning: A New Course for Education,’a followup
report assessing how schools were using distance-learning technologies to link students and teachers with
resources, activity was limited. At that time, states were beginning to invest in broadcast, microwave, satel-
lite, cable, and computer-based systems, and the federal Star School Project had just funded its first round
of projects. In subsequent work assessing technologies for testing‘and adult literacy,”OTA reported on
emerging opportunities presented by technology.

In each of these reports to Congress OTA noted the critical role of teachers. To learn more about how
schools and teachers use computers and other technologies and what this means for future policies, in the
summer of 1993 Congress requested OTA to revisit the issue of teachers and technology in K-12 schools in
depth.

Requesters, and their affiliations during the 103d Congress are as follows:

U.S. Senate U.S. House of Representatives
Committee on Labor and Human Resources Committee on Education and Labor’
Edward M. Kennedy, Chairman’ Williarn D. Ford, Chairman®
Committee on Appropriations William F. Goodling, Ranking Minority Member®
Thad Cochran, Member Subcommittee on Elementary, Secondary, and

Vocational Education®
Dale E. Kildee, Chairman®

'U.S. Congress, Office of Technology Assessment, Power On! New Tools for Teaching and Learning,0TA-SET-379 (Washington,
DC: U.S. Government Printing Office, September 1988).

*The main focus of that report was the personal computer, whether as a stand-alone unit, connected to a local area network or as
part of a more comprehensive integrated learning system.

*Linking for Learning: A New Course for Education, OTA-SET-430 Washington, DC: U.S. Government printing Off Ice, November
1989).

‘Testing in American Schools Asking the Right Questions,OTA-SET-519 (Washington, DC: U.S. Government Printing Office, Feb-
ruary 1992),

°Adult Literature and New Technologies: Tools for A LifetimeDTA-SET-550 (Washington, DC: U.S. Government Printing Office, July
1993),

*Now Ranking Minority Member.

"Now the House Committee on Economic and Educational Opportunities.

*Now retired,

’Now Chairman, House Committee on Economic and Educational Opportunities.
Now the House Subcommittee on Early Childhood, Youth, and Farnilies.
“*Now Ranking Minority Member.

(continued)
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BOX 1-1 (cont'd.): Why This Study?

The requesters asked OTA to look at several issues, Do teachers use technology in their teaching?
Why? What happens when they do? Why don't more teachers use technology? How do teachers learn
about technology? Are prospective teachers being prepared to use technology before entering the class-
room? Which factors influence implementation of technology across schools and districts? What roles do
schools, districts, states, and the federal government play in helping teachers adjust to the challenges and
opportunities presented by new technologies? This report describes the results of OTA’s research into all of
these  questions.

The issue of teachers and technology is of continuing relevance to the 104th Congress. Two major
pieces of legislation passed in the 103d Congress have provided authorization for a number of initiatives
related to technology. The decisions made by the 104th Congress will shape the direction of these initia-
tives. The Goals 2000: Educate America Act encourages states to undertake ambitious school reform ef-
forts and funds statewide plans for using technology to achieve these reforms. The Improving America’s
Schools Act, in a revised Title Ill of the Elementary and Secondary Education Act (ESEA), contains the
most comprehensive legislation for educational technology ever passed by Congress and places a greater
emphasis on teacher professional development in several other federal programs. These two laws have the
potential to bring more coherent and consistent leadership to the federal role in technology and teacher
development, but whether this occurs will depend on how the programs are funded and implemented. This
report contains discussion of issues and policy options relevant to implementation.

In addition to funding decisions about current education programs, the 104th Congress faces other is-
sues affecting education technology, most notably legislation to update the Communications Act of 1934.
The availability and affordability of telecommunications technologies for schools are two of the most impor-
tant issues affecting the future of educational technology.

not only need access to them, but they also need
opportunities to discover what the technolo-

gies can do, learn how to operate them, and ex-

periment with ways to apply themFor teachers
to make informed choices and wise uses of
technology, they must be literate and comfortable
with a range of educationa technologies.

However, the use of technology in teaching,
like any other change to the status quo, should be
considered in light of the unique characteristics of
the teaching profession. Indeed, teaching has been
caled many things. an art, a science, a calling, a
way of life. Throughout history, teachers have tak-
en up the tools at hand to help them teach—wheth-
er marking on clay with a stylus, or writing on a
blackboard with chalk. As new technologies have
emerged—photography, filmstrips, radio, televi-
sion—teachers have used them to extend the range
of what they could teach, illustrate ideas in differ-
ent ways, bring new materials to students, and mo-
tivate learners.

The process of adopting new technologies has
never been quick or effortless, however. Like all
professionals, teachers have instructionad meth-
ods, teaching styles, and working procedures that
have served well in the past and that often reflect
how they themselves were prepared. And like
other large ingtitutions, schools have organiza-
tional characteristics that make change difficult.
Moreover, the unique culture of schools and
changing public expectations for them create
conditions substantially different from those of
other workplaces.

Although teachers want to enlist all available
tools to help their students learn, as new technolo-
gies have become more sophisticated, the transi-
tion has become even harder, requiring more
training before teachers can use them effectively.
Teachers, like many in society, can find them-
selves bewildered by the changing landscape of
computer, video, and telecommunications tech-
nologies. Many are made skeptical by predictions
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BOX 1-2: How This Study Was Cond

Although considerable research has been conducted since 1988 on student uses of technology, far less
has been done on teacher uses, and consequently data on teacher issues are limited. As a starting point
for this study, OTA reviewed research on teachers and technology, including national surveys and studies,
evaluations of federal technology-related programs, and research on state, district, and school technology
efforts.

During the course of this study, OTA staff made site visits to schools of all grade levels across the coun-
try (see appendix E), and had hundreds of conversations with teachers, researchers, and administrators—
in classrooms, at meetings and conferences, and over the telephone and electronic mail. OTA also con-
vened two focus groups of teachers and held a workshop about lessons from research projects on
technology in schools.

OTA also drew upon a range of other sources. Much of the background information for the study came
from research contracted by OTA (see appendix F), including a series of in-depth interviews with average
teachers regarding their experiences with technology,’a survey of faculty and recent graduates of col-
leges of education regarding technology use in preservice teacher education,’a research review of tele-
communications networks,’and a review of past and current federal programs and support for teacher
development and technology.'A series of OTA-contracted case studies looked at exemplary approaches
to training teachers about technology use at the preservice and inservice level.”OTA contracted for two
other research reviews: an analysis of trend data from several surveys about school acquisition and use of
new technologies,’and a review of state policies related to technology in K-12 education.’

Some of these research strategies yielded statistical data. Others produced information that was mostly
descriptive or anecdotal on such issues as teachers’ perceptions of the role of technology in their teaching
and the factors that encourage or inhibit their technology use. By combining quantitative and qualitative
information, OTA has tried to present a multifaceted picture of teacher experiences with technology.

As with all OTA reports, the project was guided by an advisory panel made up of experts and stake-
holders in the field: teachers, principals, and district, state, and school board personnel; college of educa-
tion faculty; representatives of teacher unions and professional organizations; hardware, software, and
business representatives; and telecommunications and media experts. The advisory panel met twice, at
the beginning of and near the end of the research phase of the project, and helped define the research
questions and interpret the information. In addition, dozens of individuals reviewed drafts of and contrib-
uted to this study (see appendix D). Although every panel member and reviewer may not agree with all the
findings or policy options in this report, the panel's and other reviewers' guidance and direction were criti-
cal in shaping its final form.

*Melinda Griffith, “Technology in Schools: Hearing from the Teachers, ” Office of Technology Assessment, contractor report, Octo-
ber 1993.

*Jery Willis et al., “Information Technologies in Teacher Education Survey of the Current Status, " Office of Technology Assess-
ment, contractor report, March 1994.

*TERC, “Review of Research on Teachers and Telecommunications, ” Office of Technology Assessment, contractor report, May
1994,

“Nancy Kober, “Teachers and Technology: The Federal Role, ” Office of Technology Assessment, contractor report, May 25,1994.

*John R. Mergendoller et al., “Case Studies of Exemplary Approaches to Training Teachers to use Technology, ” Office Of Technol-
ogy Assessment, contractor report, May 1994.

°*Henry J. Becker, “Analysis and Trends of School Use of New Technologies,” Office of Technology Assessment, contractor report,
March 1994

"Ronald E. Anderson, “State Technology Activities Related to Teachers, ” Office of Technology Assessment, contractor report,
Nov. 15, 1994.
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promising that new technologies will reform discover ways that technology can strengthen
education and change schools as we know themniheir teaching, help them carry out administrative

Making the connection between technology tasks, and enrich their professional growth,
and teachers—helping the 2.8 million teachers technology starts to make sense to them. Itcanbe a
in public and private kindergarten-through-  resource for improving the preparation of new
twelfth-grade (K-12) schools effectively incor- teachers as well. However, there are also many
porate technology into the teaching and teacherswho have notseen this potential, teachers
learning process—is one of the most important whose use of technology is marginal, limited, and
steps the nation can take to make the most of unenthusiastic. The stories and experiences of
past and continuing investments in education- both these groups suggest lessons for policymak-
altechnology.Itis central to the ultimate goal fos- ers. Table 1-1 summarizes the potential that
tered by these investments: not just helpingechnology offers to schools and teachers.
students become competent users of technology,

but helping them become more accomplishech Improving Teaching with Technology
learners overall.

This report seeks to underscore the connectioff TA has found many examples throughout the na-
between teachers and effective implementation dion of how technology can help teachers with all

technology in schools. parts of their jobs. First and foremost, teachers
want to ensure that their students are learning. If
TEACHING AND TECHNOLOGY: technology can be a resource to enhance student
' achievement and interest in learning, teachers are
THE POTENTIAL '

more likely to invest the time and energy to learn
“You wouldnt want a doctor to remove your 1 yse it in their teaching. However, the relation-
gall bl_adder without the latest technology and ship between technology and student learning is
the skill to use that technology, would you? ItS 1 often framed as a seemingly simple question:
the same with teaching. [Teachers need t00IS, s teaching with computers and other technologies
skills]. . .it's a profession. better than teaching without them? Clearly, com-
Rusty Sweeny, algebra teacher, Piscataquis ~ puters “cannot change leaden instruction into
Community High School, Guilford, ME  go|d "8 and there remain numerous questions
OTA has seen the promise of technology com@bout how, when, and how well alternative
to light in school districts throughout the country,technologies contribute to student learning and
where many teachers are using technology t@chievement. Issues related to measuring the im-
teach their students. Some have found it to be pact of various approaches to teaching, including
catalyst to support school reform, stimulate newthe use of new technologies on student learning
teaching methods, and even redefine the role agire complicated and beyond the scope of this
teachers. But it is not only in the realm of directstudy (see box 1-4). This report’s analysis of the
student contact that technology has benefitegotential of technologies for improving teaching
these teachers. Many other aspects of a teachessd learning focuses on two aspects of the teach-
job—preparing materials, developing lessons, ashg-learning continuum: teachers’ perceptions of
sessing student progress, enlisting parent partickow new technologies help them improve their
pation, keeping up with advances in pedagogy anthstruction and how they see their classrooms
content, and participating in the professional comehanging as a result.
munity—can be accomplished with technology, Many technology-using teachers find that
often more easily and efficiently. When teachergechnology can help them improve student learn-

8 James Bosco, Western Michigan University, personal communication, August 1993.
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BOX 1-3: Technologies in U.S. Schools: Definitions and Availability

What are the technologies available in U.S. schools today and how are they used? Following is a brief
outline of some technologies found in schools and the potential impact of those technologies on teachers
and students.

Computers

A computer is a programmable, electronic machine that can store, retrieve, and process data. Desktop
computers are sometimes called microcomputers because they have a single integrated circuit known as a
microprocessor.

During the last three years, the total number of computers in schools has risen by about 18 percent
annually and, based on those projections, there will be an estimated 5.8 million computers in U.S. schools
by spring 1995. That translates to approximately one computer for every nine students. There is enormous
variability in student-computer ratios (computer density) from school to school and across states. The
greatest disparities are found between small schools (enroliments of 300 or less) and large schools (enroll-
ments of 1,000 or more); schools with fewer students tend to have more computers per student.

Still, sheer numbers of computers do not indicate real access or use. For example, although 35 percent
of all U.S. public schools have access to the Internet, only 3 percent of instructional rooms (classrooms,
labs, and media centers) are connected. Many factors dictate technology use, but the age and power of
the technology seems to be a prevalent influence in K-12 schools. As of 1992, one-half of the computers
used for K-1 2 instruction in the United States were older, less-powerful Apple Il models, yet most software
and applications currently being developed today cannot run on these machines.

Two-Way Communications

Two-way communications that allow teachers and students to share and receive ideas with others out-
side their immediate classroom are an important aspect of telecommunications networking. For basic two-
way communications, telephones and modems are staple equipment. Currently, though, only one teacher
in eight has a telephone in the classroom that can be used for outside calls. In addition, less than 1 percent
of teachers with telephones have access to voice mail, which is a useful tool to leave or retrieve messages
when parents, administrators, or other teachers are hard to reach during the school day.

A modem is a device that allows computers to communicate electronically across telephone lines by con-
verting digital computer signals into analog format for transmission. In recent years, schools have begun
installing more modems for teacher use: in 1989 one-fourth of U.S. schools had a modem that could be used
by teachers or students, and by 1992 the figure had grown to 38 percent of all schools, although more high
schools (60 percent) had modems than middle schools (35 percent) or elementary schools (33 percent).

Telecommunications Networking

Telecommunications networking includes the Internet and other means of accessing shared commu-
nications systems that support digital communications among connected computers.

Local area networks (LAN) link computers and peripherals (e.g. printers) within a limited area, often a
classroom or building. Wide area networks (WANS) connect computers over greater distances, such as
building to building, city to city, and so on. Overall, 75 percent of public schools have computers with
some networking capabilities-either LAN or WAN access—and of those schools, 40 percent report that
machines with these capabilities are located in classrooms;"71 percent say they are located in administra-

1 Many schools responding to the survey reported access in more than one location. U.S. Department of Education, Advanced
Telecommunications in U.S. Public Schools, K-12 (Washington, DC, U S Department of Education, OERI, February 1995), NCES
95-731,

(continued)
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BOX 1-3 (cont'd.): Technologies in U.S. Schools: Definitions and Availability

tive offices; 62 percent, in library/media centers; and only 15 percent in teacher workrooms. Electronic
mail (e-mail) is the most common use of telecommunications reported by teachers who are accom-
plished  telecommunications  users.’

The Internet

The Internet is an international collection of interconnected electronic networks and a set of protocols for
communication between computers on these networks. The protocols also include a large and growing list
of services that can be provided or accessed over the Internet.

Of the schools reporting networking capabilities, 49 percent have WANS; 35 percent of those have ac-
cess to the Internet, and 14 percent have access to other types of wide area networks, such as America
Online, CompuServe, or Prodigy. Of those with Internet access, on average, only 3 percent of schools have
access in instructional rooms (classrooms, library/media centers, computer labs). This means students
and teachers typically do not have access to Internet services.

Television/Video

Nearly every school in the country has at least one television set for instructional use. Video is the most
common technology used for instruction in schools, from sources such as direct broadcast and cable tele-
vision and satellite (distance learning). As of 1991, the typical school had seven television sets and six
videocassette recorders, which teachers typically use to record and show students commercially broad-
cast educational programs. While the use of more interactive video resources, such as camcorders, video-
discs, and CD-ROM is growing, these are not used with as much frequency in schools.

Broadcast television (national networks, such as NBC, CBS, ABC) is received by 70 percent of all pub-
lic schools (61 percent of schools receive PBS). Eighty-three percent of those schools report that broad-
cast access is available in classrooms, and 84 percent report access in the library/media center.

Cable television (subscription television, such as CNN, the Discovery Channel, The Learning Channel)
is available in 74 percent of all public schools, and 70 percent of those schools say access is available in
classrooms, while 85 percent report access in library/media centers.

Closed-circuit  television  (neither broadcast nor cable, but in-house transmission on noncommercial
lines) is only available in 25 percent of schools, but 94 percent of those schools say classrooms have ac-
cess, and 89 percent report access to closed circuit TV in library/media centers.

‘Margaret Honey and Andres Henriquez, Telecommunications and K-12 Educators, Findings From A National Survey (New ‘fork:
Center for Technology in Education, Bank Street College of Education, 1993).

SOURCE: Office of Technology Assessment, 1995, based on Henry J. Becker, “Analysis and Trends in School Use of New Technolo-
gies, " Office of Technology contractor report, March 1994; also, Advanced Telecommunications in U.S. Public Schools, K-72, National
Center for Education Statistics NCES95-731 (Washington, DC:. US. Department of Education, OERI, February 1995), see also chap-
ter 3 of this report.

ing and motivation, address students with differ-  n Students engaged in a group problem-solving

ent learning styles or special needs, expose project based on a software or video simulation
students to a wider world of information and ex- are learning to work as a team, develop exper-
perts, and implement new teaching techniques. tise in specific areas, become more confident
There are many examples of how technology has learners, and weigh the merits of several pos-

enhanced teaching: sible solutions.
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m Teachers involved in an international telecoms.

munications project find their students acquir-["-"-

ing a new interest in geography, and bondin pot-

with students across the globe or in the differe g«

world that exists even on the other side of town m _

m With graphing software, students appear to de L |

velop a deeper understanding of mathematic L_

concepts for which they had learned the formu ' 'y

las but had not applied consistently. ' 3

m Special education students, mainstreamed int

regular classrooms, work on a more equal basi

with their classmates when a computer spea

for them, gives them big print, or adjusts t

their difficulties.

m Students who were on the verge of dropping ou R ﬁ

take anew interest in school when, as part of %

class project, they interview other student IR

with camcorders and create dally NEWS SNOWSgeachers find that using technology can encourage students

n Using CD-ROM, students research a mumme_ to take 'more responsiQiliQ/ for .[heir /garning, .t(.) learn  to .work

d_ig term %ape:j_evalu(z}ting [eSOUrCeS fTom Printyy sars - momatns - e o+

video, and audio media.

After the teacher downloads satellite pictures

of daily weather patterns, students use a netpanels have encouraged as essential for all high

work to compare their weather data with weath-school graduates-problem-solving skills; broad-

er data reported by students around the countryer scientific literacy and mathematical under-

analyzing trends and predicting likely condi- standing; strong communication skills; personal

tions. responsibility, integrity, and initiative; and skills

A scientist working on cancer research carand competencies for the workplace. These work-

come online and advise a student setting up @lace competencies include working with re-

science project on molecular biology. sources, acquiring and evaluating information,

These kinds of experiences, while far from theworking with others in groups or teams, under-
norm in schools today, can and do occur in classstanding complex relationships and systems, and
rooms with access to technology and a teachetising a range of changing technolodiab.
who can skillfully guide its use. In most of the though these skills can be developed without
above examples, teachers find that their studenttechnology, technological tools can help teachers
are doing more than learning generic technologystructure, organize, or enhance the activities that
skills or subject-specific technology applications. facilitate the development of these skills.
Rather, they see them developing the kinds of Accomplished technology-using teachers indi-
skills and competencies that numerous reformcate that using computers has changed their teach-

‘See, e.g. Secretary's Commission on Achieving Necessary Skills, op. cit. footnote 4; Anthony Patrick Carhmeslea and the New

Economy (Washington, DC: American Society for Training and Development, 1991); and William B. Johnston and Arnold H. Racker,
force 2000 (Indianapolis, IN: Hudson Institute, June 1987).



12 Teachers and Technology: Making the Connection

TABLE 1-1

Changing teaching and learning .

Enhancing professional development .
1 .
’I\

Preparing new teachers .

(| )

: Teaching and Technology: The Potential

Resources for teaching abstract concepts, complex systems, problem
solving—and basic skills

Resources for group work and collaborative inquiry

Adaptable to various student learning styles and special needs
Teachers report they:

—Expect more of students

—Are more comfortable with students working independently
—Present more complex materials

—Tailor instruction more to individual needs

—Adopt new roles, more ‘(guide on the side” than “sage on the stage”
—Spend less time lecturing, so classrooms are more student-centered

Preparing lesson plans

Online databases, CD-ROMs, videodiscs, and other electronic sources
help teachers create, customize, and update lessons.

Tracking student progress

Gradebook programs and databases to update student profiles and
maintain records.

Communicating

Telephone, voice mail, e-mail to contact parents, other teachers, or
administrators to plan meetings, discuss student and administrative
concerns.

“Just-in-time” training and support

Satellite, video, cable, or computer access to new ideas, master teachers,
and other experts for training and followup.

Formal courses and advanced degrees

Distance learning technologies for courses not available locally.

Informal educational opportunities

Online contact with teacher colleagues and other experts.

Models of effective teaching

Video can take prospective teachers into classrooms to watch effective
teachers in action.

Computer and video simulations and case studies

Give prospective teachers practice solving teaching challenges in a non-
threatening environment.

Electronic networks

Minimize violation during field experiences, provide support and interac-
tion with college faculty or mentors.

SOURCE: Office of Technology Assessment, 1995
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ing.19 Among the changes teachers reported were With electronic gradebook software, teachers
that they expected more of students, became more can keep and more easily update running grad-
comfortable with students working independent- ing histories and profiles for every student and
ly, presented more complex material, tailored counsel them about problems as soon as they
instruction more to individual needs, and spent occur.

less time lecturing and more time overseeings Teachers can videotape student presentations to
small groups or working one-on-one with stu- evaluate and maintain records of student per-
dents (see chapter 2, box 2-1). Some teachers sug-formance as a part of assessment activities.
gest that using technology has meant they are By accessing an electronic database, a teacher
transforming the educational process—their cur- can quickly locate a host of current materials
riculum and classroom organization. These teach- relevant to next week’s science lesson.

ers report that, ultimately, they see a change im A teacher can retrieve a voice mail message, at
their roles as they become more like coaches, en- a convenient time, about a change in the time
couraging, guiding, and facilitating student learn-  of a parent conference.

ing, and students assume more initiative and Teachers can plan meetings with other teachers
responsibility for their own learning. While notall  online and save time in coordinating multiple
teachers want to make this transition from “sage schedules.

on the stage to guide on the side,” many find itex-  OTA has observed that, as teachers develop ex-
hilarating. pertise in these administrative applications, confi-
dence grows, encouraging them to try additional

[ Assisting with Daily Tasks of Teaching applications to meet instructional and profession-

Teachers perform a wide variety of duties in addi—al development goals.

tion to being instructional leaders, including pre- . .

paring lesson plans and instructional materialsl] Enhancing Professional Development
keeping and transmitting records of student prog- for Today’s Teachers

ress, attending school meetings, meeting with paffeachers are learners too. They take courses,
ents, and staying abreast of the profession. Yatorkshops, and other forms of training to fulfill
schools rarely consider the role of technology irrecertification requirements, learn new instruc-
assisting teachers with the many parts of the jobonal methods, or keep up with changes in their
that go on when the students are not present. Argpecialties. However, the current approach—typi-
few schools have contemplated how teachersally a shortinservice course on a specific topic in
could use their time differently or how teachingwhich a large group of teachers are gathered in one
personnel could be assigned more flexibly (e.g.place for an “injection” of training—is limited and
teachers working with small groups of studentoften disliked by teachers, administrators, and
for some parts of the day, large groups at othgparents alike. For example, a school district may
points) if teachers were freed from mundane taskgather elementary school teachers from across the

that technology could handié. district to spend a morning learning about a new
Technology can assist teachers with daily actistrategy for teaching reading. This “one-size-fits-
vities in many ways: all” model of training is rarely used in other pro-

10Karen Sheingold and Martha Hadlggcomplished Teachers: Integrating Computers into Classroom Préisiive York, NY: Center
for Technology in Education, Bank Street College of Education, September 1990).

11see, e.g., Margaret Riel, “The Future of Teaching,” contractor report prepared for the Office of Technology Assessment, U.S. Congress,
Washington, DC, Jan. 12, 1994.
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BOX 1-4: What Difference Does Educational Technology Make?

When a technology is introduced in education, many people want to compare its effectiveness with that
of existing methods of instruction. In the 1960s and 1970s, a number of studies compared learning via
radio and television with learning via classroom lectures or textbooks. More recently, many studies have
been conducted comparing computer-assisted instruction with more traditional methods of instruction.
These studies have consistently demonstrated that computer-assisted instruction technologies are either
equivalent or superior to conventional instruction." Meta-analyses, which examine the results of many stud-
ies and aggregate their combined effects, show effects that range from .26 to .66 standard deviations,
which represent a sizable improvement on many achievement measures as well as positive attitudinal ef-
fects.?Small, but growing, numbers of studies have begun to examine effects of newer technologies such
as videodisc or telecommunications networks.

Several factors belie simplistic approaches to the important but complex question of effectiveness.
These issues include:

. Conceptual factors—are researchers, parents, teachers, and policymakers asking the right
questions and interpreting available research correctly?

- Methodological factors— is the research designed well enough to answer questions of effective-
ness? and

. Timeliness factors— with rapid advances in technology, including rapid obsolescence of yester-
day’s “new” technologies, do the research results tell interested parties what they need to know
today to plan tomorrow’s classroom uses of technologies?

Conceptual Issues. In general, many available studies of the effectiveness of educational technologies
can be thought of as “horse race” studies because, when interpreted too simplistically, they are expected
to provide evidence that one technology can “beat” another by showing that students “learn more” when it
is used.’This approach can be misleading.'Whenever a new educational treatment is tried its effects are
not just attributable to the technology (e.g., computer, video, books) but also to the particular content (e.g.,
subject matter, targeted skills) and pedagogical approach (e.g., software, teaching materials, teachers, and
classroom environment). The type of learner (e.g., age, previous achievement, special needs) also in-
fluences the effects of these other variables on learning. In other words, it is not the effects of the technolo-
gy by itself that are analyzed in these studies, but the aggregated effects of how the technology is being
used in the classroom context. Available and future research should be interpreted with an eye to these
factors, which can attenuate or enhance the effects of particular technologies.

‘See, e g., C. Kulik and J.A. Kulik, “Effectiveness of Computer-Based Instruction’ An Updated Analysis, ” Computers in Human
Behavior, vol. 7, pp. 75-94; John Pisapia and Stephen M. Perlman, “Learning Technologies in the Classroom A Study of Results”
(Richmond, VA: Metropolitan Educational Research Consortium, Dec. 1992); Alice Ryan, “Meta-analysis of Achievement Effects of
Microcomputer Applications in Elementary Schools,” Educational Administration Quarterly, vol. 27, No. 2, May 1991, pp. 161 -184;
Interactive Educational Systems Design, Inc., Report on the Effectiveness of Technology in Schools, 1990-1994 (Washington, DC:
Software Publishers Association, n.d.).

*Mark W. Lipsey and David B. Wilson, “The Efficacy of Psychological, Educational, and Behavioral Treatment. Confirmation from
Meta-analysis,” American Psychologist, December 1993; Effect size (ES) is a measure of the difference between a control group that
did not use the technology and the treatment group that did. ES is expressed in standard deviation units. “An ES of 17 is quite small
and unimportant, whereas an ES of 33 is modest but important To interpret the numbers more easily, they can be converted to per-
centiles. For example, an effect size of .33 means that the treatment group would be at the 63rd percentile compared with the control
group at the 50th percentile.” (J. Johnston, Electronic Learning, 1987, p 50)

°Barbara Means et al , Using Technology to Support Education Reform (Washington, DC: U.S. Government Printing Office, Sep-
tember 1993), p. 73.

‘Means et al., op. cit., footnote 3, Anmp. Thompson, Michael R Simonson, and Constance P. Hargrave,Educational Technology: A

Review of the Research (Washington, DC. Association for Educational Communications and Technology, 1992).
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BOX 1-4 (cont'd.): What Difference Does Educational Technology Make?

Methodological Issues. Itis important to note that there are several basic factors frustrating research-
ers, teachers, and policy makers looking for simple yes or no answers about technology’s effectiveness.
One is the overall context of real world educational research. As one researcher noted, “Schools are messy
and noisy environments for research, far from the pristine, controlled setting available in the research labo-
ratory, the model on which most quantitative evaluation studies are based. ™Comparable comparison
groups are scarce; interventions with technology are usually a part of broader interventions that also influ-
ence outcomes; and different treatments for experimental and control groups run counter to a teacher's
impulse to treat all students equitably.

A second major flaw in the existing research is the lack of good outcome measures for assessing the
impact of technology-based innovations. Most of the research to date relies on existing measures of stu-
dent achievement (e.g., standardized achievement tests). Although there are many promising efforts to
broaden the kinds of indicators that can be used to assess student achievement, these are not yet in wide-
spread use.’New achievement measures would assess areas that many believe can be particularly af-
fected by using new technologies (e.g., higher-order thinking). Also key, however, is the need to include
outcomes that go beyond student achievement, because student achievement may be affected by stu-
dents’ attitudes about themselves, school, and learning, and by the types of interactions that go on in
schools. For example, some research has documented the positive effects of computer-assisted instruction
on students attitudes about school and learning.”Also promising is recent research that suggests that
technology-based innovations can affect student self-concept as well as interactions between students and
teachers in the classroom environment.” Technological changes are likely to be nonlinear, and technologi-
cal changes may show their impacts not only on student learning, but also on the curricula, the nature of
instruction, “the culture of schools, and the fundamental ways teachers do their jobs.

Timeliness. The rapid pace and the potentially high cost of some technological changes®*create a
dilemma for the typically slower pace of careful research. Policymakers—and taxpayers-faced with de-
ciding whether to invest millions of dollars in an information infrastructure typically want to know whether
their investment will be worth the increased financial burden (assuming technology does not replace exist-
ing methods). For example, they will want to know whether what is on the ‘(information superhighway” will
really help their children achieve, whether putting a telephone on every teacher's desk will really improve
parent-teacher communication, or whether investing in new personnel to provide “just-in-time” support for
technology-using teachers will enhance the instructional capabilities of existing technology investments.
Equally reasonable seem the frustrations of those who have experienced the promise of particular educa-
tional technologies in small experimental programs (e.g., downloading real-time information on weather
data from satellites for science lessons). By the time the external evidence has been compiled, “proving”
that technology integration works and districts are ready to commit to purchases of the appropriate hard-
ware and software, the technology that has been researched may be obsolete and a golden opportunity to
use it for current students will have been lost.

*Joan O. Herman, “Evaluating the Effects of Technology In School Reform, " Technology and Education Reform The Reality Be-
hind the Promise, Barbara Means (cd.) (San Francisco, CA. Jossey-Bass Publishers, 1994), p. 145

°See Testing in American Schools: Asking the Right QuestionsOTA-SET-51 9 (Washington DC: U.S. Government Printing Off Ice,
February 1992),

"Thompson et al., op. cit., footnote 4.

*J. Sivin-Kachala and Ellen R. Bialo,Report on the Effectiveness of Technology in Schools:1990-1994(Washington, DC, Software
Publishers Association, n.d.).

°Jerome Johnston, Electronic Learning: From Audiotape to Videodisc (Hillsdale, NJ: Lawrence Erlbaum, 1987).

“The costs of educational technologies are not known with certainty. What is known is that they will vary considerably depending
on an array of factors. See section on “Costs” later in this chapter

(continued)
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BOX 1-4 (cont'd.): What Difference Does Educational Technology Make?

Directions for the Future. Although there are some promising studies, more research on the broad
variety of educational effects of technology is needed. A more fruitful research approach than merely ask-
ing whether a particular technology works is to ask about the “value added” to instruction when technology
is present in schools; in other words, when, why, and how do technologies improve teaching, professional
development, and, ultimately, learning for children? Increasingly, researchers are concentrating their efforts
on this type of more contextualized research—studying how complex-technology-based innovations “work”
in real classroom settings over time. Such research can help to determine how technology environments
can best be designed to support student learning and what approaches to instruction work best in con-
junction with various types of technologies for what kinds of subject matter. The role of the teacher in imple-
menting and facilitating student learning in such environments is an important focus of such studies. ' *
Additional research models are needed to deepen understanding about which instructional uses of technol-
ogy are most effective and under what circumstances, and how teacher interactions with technology play
into this effectiveness. By taking a more contextualized approach, research can help schools, parents,
teachers, and policymakers understand the necessary steps to diffusing and continuously refining educa-
tional technologies in the schools.

“For examples of this kind of research see A.L. Brown, “Design Experiments Theoretical and Methodological Challenges in
Creating Complex Interventions m  Classroom  Settings, " Journal of the Leaming Sciences, vol. 2, No. 2, pp. 141-178, Cognition and
Technology Group at Vanderbit, ‘The Jasper Experiment An Exploration of Issues in Leamning and Instructional Design, "Educational
Technology Research and Development, Vol 40, pp. 6580, 1992

SOURCE: Office of Technology ~Assessment, 1995,

fessions, and, although it may be efficient for
school districts, many suggest it is not the most ef-
fective way to encourage teachers to learn new
skills or teaching approaches. It appears to be a
particularly ill-chosen method for encouraging
teachers to use technology, where hands-on train-
ing with the hardware and software, curriculum-
specific applications, and followup support are all
necessary.

OTA has found examples of how technology
can provide teachers with “just-in-time training
and support” when and where they need assistance
in many curricular areas. It can transcend the walls
of isolation that separate teachers and extend for-
mal and informal learning opportunities. The fol-
lowing are some examples:

m Without leaving their school buildings, teach-
ers from across the 90 school districts in
sprawling Los Angeles County can participate
in a satellite staff development course on topics

such as how to apply the Cdlifornia history and
social science framework in lessons in their
classrooms.

School counselors from across Wyoming meet
regularly over a compressed video network to
discuss student truancy and behavior problems.
A special education professor at the University
of Northern lowa offers courses to teachers
throughout the state over the lowa Commu-
nication Network. With this fiberoptic net-
work, teachers at each site can see and hear each
other as they develop skills for adding the certi-
fication credits that will enable them to teach
students with moderate, severe, and profound
mental disabilities.

Mathematics teachers use a computer network
to discuss the mathematics teaching techniques
they have observed through video presenta-
tions in the Mathline project sponsored by the
Public Broadcasting System.



= Using cable television, teachers from remoté
locations around the country can take course
leading to a masters in educational technolog
degree from George Washington University in
Washington, DC.

In examples like these, technology can be th
vehicle for providing teachers access to new idea
master teachers and other professionals beyo

their school setting, in both formal and informalfgs

courses and enrichment activities. It can also prd
vide the support teachers need after a course eng
as they apply and refine in the classroom the le
sons and techniques they have learned.

m Preparing New Teachers with
Technology
In colleges of education where technology is a
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integral part of the teacher education preservic@he use of technology in teacher preparation programs is
program technology has been used not jUSt (H)ited, but it can enhance the overall preservice experience.
train prospective teachers about technology, but

also as a resource to enhance the overall teacherence when dealing with text by working with a

preparation experience. For example, live broad-
casts, tapes, video networks, CD-ROMs or video-
discs can provide teacher education students with
case studies or models of effective teaching. Fur-
thermore, technology-whether computer or vid-
eo networks-can create closer connections
among student teachers, college of education face
ulty, and mentor teachers in K-12 classrooms,
whether in lab schools or professional develop-
ment schools closely allied with colleges of
education, or in more traditional student place-
ment activities. Electronic networks can provide a
safety net for communication, sharing knowl-

software simulation called “The Language
Mangler.” Another simulation serves as a sur-
rogate field observation, enabling prospective
teachers to observe, critique, and discuss ways
teachers handle students with special needs in
a variety of settings.

At the Peabody College of Education at Van-
derbilt University, teacher education students
review CD-ROM discs that contain video cases
of mathematics teachers working with stu-
dents. Teacher education students can each
have copies of the inexpensive CD-ROM discs,
play them on computers supplied with CD-

edge, and experience for student teachers in the ROM drives in dorms and on campus, and re-

field, as well as for new teachers launching their
careers. The loneliness and anxiety common to
teachers’ first teaching experiences can be miti-
gated through contact with professors and peers
via electronic networks. The following are exam-
ples of ways technologies have enriched preser«
vice teacher education:

. Teacher education students at the University of
South Carolina appreciate what students with
language learning disabilities might experi-

view teaching techniques individually or in a
group. They add notes and observations on ac-
companying software that serves as an elec-
tronic notebook, which instructors then collect
electronically for grading and return.

All the schools in which the University of Vir-
ginia’s Curry School of Education preservice
students spend their internships are linked to
Virginia’s Public Education Network, permit-
ting the teaching intern, the supervising teach-
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er, and the faculty at the Curry School to confem As do most users of emerging technologies,
via the electronic network throughout the many teachers encounter technical and logisti-
teaching internship. cal problems they cannot solve themselves and
= At the Price Lab School at the University of often lack the training and support necessary to
Northern lowa, a fiberoptic network linkingthe  resolve the problems.
college and the lab school enables teachers im Many feel the need for more knowledge—not
any of the 48 classrooms at the lab school to just about how to run the machines—but about
ship video to teaching methods classes. Teach- what software to use, how to integrate itinto the
er education students see lessons related to top- curriculum, and how to organize classroom ac-
ics they are discussing in their courses and, tivities using technology.
with two-way video and audio, talk to the ® The current assessment system, if it relies
teacher after they see the lesson and hear the heavily on standardized achievement tests, can
teacher’s on-the-spot analysis of what worked also be a barrier to experimentation with new
and what was problematic in that lesson. Since technologies because teachers are not sure
most lab school faculty use technology in their Whether the results they are seeking will be re-
classes, the teacher education students can sed€cteéd inimproved student test scores.
effective modeling of technology use via In addition, issues created b_y te_chnolt_)gy itself
technology. are also factors tp be dealt_ with, including those
= University of Wyoming students conducting r_elated t(_) copyright and intellectual property
student teaching meet via a compressed video "9Nts, privacy of student records, and control
system with their supervising faculty member, of student access to objectionable materials.
collaborating teacher, and clinical supervisor as
often as necessary to discuss problems andl ACCESS Issues
questions arising out of student teaching expegquipment

riences. One basic prerequisite for effective teacher use of
technology is access. Schools have made substan-

TEACHERS AND TECHNOLOGY: tial investments in hardware and software over the

THE BARRIERS past several years, increasing their technology in-

ventories (see box 1-3). OTA finds that, despite
past investments in technology, many schools still
lack the basic technology infrastructure to support
the most promising applications of educational
technology. About half the computers in U.S.
échools are older, 8-bit machines that cannot sup-
port CD-ROM-sized databases or network inte-
grated systems or run complex software. This
= First, there is the question of access to appropriaging inventory limits the ability of many teachers
ate technologies. The question of access is alsg use some of the most exciting applications of
tied to problems of costs. computers—information gathering from net-
= Although most teachers see the value of stuworked databases or CD-ROM encyclopedias,
dents learning about computers and othedesktop publishing, mathematics instruction us-
technologies, many teachers lack a clear undeing analytic graphing and calculating software,
standing about what resources technology caand collaborating in joint projects over networks.
offerthemas they try to meet their instructional Some schools do not always make the most of
goals. the equipment they already have, and some do not

While promising, the above examples of what
technology can do are far from the reality in
many schools, in colleges of education, or in the
daily teaching experience or professional de-
velopment of the typical teacher.There are a
number of common barriers to more widesprea
use of technology by teachers (see table 1-2):
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TABLE 1-2: Teaching and Technology: Current Barriers

Teacher time Teachers need time to:
« Experiment with new technologies.
.« Share experiences with other teachers.

«Plan and debug lessons using new methods that incor-
porate technologies.

« Attend workshops or training sessions.

Access and costs In addition to limited hardware and software, other factors
affect access:
NCAK 7 DR + Costs are high for purchasing, connecting, and training
BRLAK. GLASS

to use technologies.

N
» Technologies may not be located in or near the class-
room.
AN,

* Hardware in schools today is old (50 percent of com-
puters in schools are 8-bit machines) and cannot han-
dle many newer applications.

* New or additional wiring or phone lines are necessary
for telecommunications networks.

“.

Vision or rationale for
technology use

Schools must have plans, and teachers a clear under-
standing of curricular uses of technology.

It is difficult to keep up with the rapid rate of technology
development and changing messages of best use.
Teachers lack models showing the value of technology
for their own professional use.

Training and support n Overall, districts spend less than 15 percent of their
technology budgets on training, but they spend 55 per-
cent of the budget on hardware and 30 percent on
software.

Technology training today focuses primarily on the me-
chanics of operating equipment, not on integrating
technology into the curriculum or selecting appropriate
software.

= Only 6 percent of elementary and 3 percent of second-
ary schools have a full-time, school-level computer
coordinator for technical support.

Current assessment * Existing standardized measurements of student
practices ! ' achievement may not reflect what has been learned
i with technology.
—
[ / * Teachers are held immediately accountable for changes
A . that take time to show results.

SOURCE: Office of Technology Assessment, 1995.
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FIGURE 1-1: Requirements for Effective
Use of Technology

Technology
suited to education
goals

Vision of
Access to curricular
technology applications

W

. Effective .
Inservice > use of < Preservice
training technology training

Administrative T Technical
support support

SOURCE. Office of Technology Assessment, adapted fom Jane L. Da-
vid, ‘Realizing the Promise of Technology Policy Perspective” in Bar-
bara Means (ed ), Technology and Education Reform (San  Francisco.
Jossey-Bass  Publishers, Inc., 1994), pp. 169-189

always locate technology in the most accessible
places. Most computers are still in labs rather than
in classrooms, and modems may be located on a
central computer in the principa’s office, making
it hard for teachers to use them during the course
of aday. Thus, it is not surprising that computers
are not used very often (about two hours per stu-
dent per week, according to coordinators; less, ac-
cording to the students). They are not used
regularly in the teaching of academic subjects—
only 9 percent of secondary school students re-
ported using computers for English class, 6 to 7
percent for a math class, and 3 percent for a social
studies class. The most common uses of comput-
ers are for basic skill practice at the elementary
level and word processing and other computer-
specific skills in middie and high schools. Other
uses, such as desktop publishing, developing
math or science reasoning with computer simula-
tions, gathering information from databases, or
communicating by electronic mail (e-mail) are

much rarer. And, despite the growing interest in
connecting schools with information resources
like the Internet, most school districts with local
area networks do not always configure them or use
them for the most up-to-date applications.

Furthermore, a mgjority of schools are ill-
-equipped to take advantage of the potential pres-
ented by telecommunications networks. Fewer
than one teacher in eight has a telephone in the
classroom that can be used for outside calls. More-
over, most schools lack the connectivity, adminis-
trative and organizationa support, and technical
expertise needed to integrate networks into teach-
ing and learning.

OTA findsthat it is necessary to consider a
new definition of what constitutes “access’ to
technology by teachers and studentsCounts of
equipment, student-computer ratios, dollars spent
and requirements, while important, alone are not
sufficient to define meaningful access to technolo-
gies. It is appropriate rather to consider infrastruc-
ture in a broader sense: type of technology
(including older but overlooked resources such as
the telephone), age, capacity, connectivity, soft-
ware, and services. Organizationa arrangements
—the placement and flexibility of technology—
also affect the ease of use by teachers and students.
For example, a cart of laptop computers that can
be moved anywhere in a school may be used much
more often than a computer lab far from the class-
room. An additional component of a new defini-
tion of access includes the kinds of support
teachers need to use the infrastructure effectively:
exposure to innovative uses, flexible “just-in-
time” training, and ongoing technical support and
expert advice.

If access to technology is an equity concern,
then the definition should be expanded to encom-
pass access to necessary information. Telecom-
munications and networking technologies, in
particular, may create incomparable opportunities
for teachers and students to gain immediate access
to information. Combined with hardware like CD-
ROM players, the excitement and power of video
can be combined with the information transmis-
sion power of the computer and communication
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capabilities of high speed networks. Connectivit
is likely to become the major technology issue oFf
the next several years. Major investments of tim
and other resources will be required to prepar
‘schools to effectively access the information and

eIect_ronic communities telecommunications ca
provide.

COsts

As new technologies, new opportunities for in-'."
creased levels of connectivity, and educational
applications emerge, those concerned with ex
panding the use of technology in schools and b
teachers have turned their attention to the issue ofe costs of technology are a major hurdle for many schoos.
cost. The cost of any new initiative is always an

issue for elementary and secondary education,

which is funded almost exclusively by a combina-  Table 1-3 estimates installation and operating
tion of state and local taxpayers. Some have sUgcosts of selected telecommunications technolo-
gested, however, that there be greater roles for thgies. The table is based on rough estimates by
federal government, private businesses, or SOM@TA of the costs of installing telephone lines in all
combination to ensure that schools obtain newy s classrooms, and by projections made by two
technologies. These suggestions have stimulatedconomists'based on various configurations for

the Congress to direct the U.S. Department Ofonnecting schools, school districts, and/or class-

Education (ED) to estimate costs on a national bazoyms  Analvsis of the estimates suqaests that at
sis“The ED estimate, to be developed by the ' y 9

Rand Corporation under contract to ED, was no t:cetor;:tmnal levelanddepending on a variety of
available at the time this report was prepared. Pre- _ _ _ _
vious attempts at rough estimates, at the state arid estimated one-time installation costs (includ-
national levels, can be informative in illustrating ~ iNg training) may range from $0.08 billion (for
the range of costs-and the range of uncertainty— One personal computer plus modem per school,
involved. connected to the Internet through a school-dis-
States vary greatly in their installed base of trict-based file server) to $145 billion (to have
technology, their technology plans and goals, and One personal computer per student desktop,
the numbers of students served (see chapter 3, fig- With full, ubiquitous connection to the Internet
ure 3-5). Consequently, states will require varying for a complete suite of text, audio, graphical
levels of funding to meet these goals. For all and video applications); plus
states, however, substantial commitments will be= estimated annual operating costs for the config-
required. urations described above (including annual

“See, e.g., Russell I. Rothstein, "Connecting K-12 Schools to the NII: A Preliminary Assessment of Technology Models and Their
Associated Costs," a working paper (Washington, DC: U.S. Department of Education, Aug. 4, 1994); Robert Cohen, "The Cost of NIl Access to
K-12 Schools: preliminary Assessments,” paper provided by Robert Blau, director, Policy Analysis, Bell South, Washington, DC, 1994.

“See,eg., Public Law 103-382, Title III.

“Rothstein and Cohen, op. cit., footnote 12.



TABLE 1-3: Estimated Installation and Operating Costs of Selected Telecommunications Technologies

Range of Range of
estimated estimated
one-time annual
Examples of technology, training, support, Source of installation and operating
and infrastructure configurations estimate training costs costs Limits on capability
Telephone in each public school classroom. OTA® $123.00 mil. $310.00 mil. Phone line could be used to connect to modem.
(low) - (low)“-
$220.00 roil. $333.00 mil.
(high)* (high)®
One personal computer (PC) plus modem per Rothstein, 1994 $80.00 roil. $160.00 mil. Limited access by teachers and students; allows
school, connected to a school-district-based file (low) - (low) - text-based applications only (e.g., e-mail, telnet,
server, connected to the Internet, with minimal ini- $390.00 roil. $560.00 mil. gopher).
tial teacher training, and $2-$10K per year for (high) (high)
teacher support and $1-$5K per year for teacher
training.
An average of 60-100 PCs, modems, and a local Rothstein, 1994 $2.59 bil. (low)- $1.37 bil. (low)- Supports only a few users at a time because it is

area network (LAN) using copper wire per school;
district-based file server to remote locations, IAN,
router to the Internet; initial teacher training of 5 to
20 staff per school, and annual teacher support
and training.

One PC per classroom with additional dialup lines.
Districts support file server to remote locations,
LAN, and router to the Internet; with initial teacher
training of 10-20 staff per school and annual teach-
er support and training of 1-2 support staff per
district, and $10-20K for training. Includes major
retrofitting costs.

Rothstein, 1994,
Cohen, 1994

$7.75 bil. (high)

$5.38 bil. (low)- $1.30 bil. (low)-
$13.26 bil. $3.84 bil. (high)

(high)

$3.38 bil. (high) limited by the number of phone lines going out of

the school.

No real-time access to video or graphics.
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60 PCs per school plus LAN, file server with high-
speed links, and router. District offices have IAN,
file server to remote locations, and router; with ini-
tial teacher training for 40-50 staff per school and
annual teacher support and training of 3 support
staff per district, plus annual training costs of
$15-$35K.

1 PC per desktop, plus school-based IAN, a larg-
er file-server, and router to district office; each dis-
trict has a file server to remote locations, LAN, a
high-speed line to school; and a larger dialup sys-
tem than in previous model; with initial teacher
training for all teachers in all schools, and annual
teacher support and training consisting of 4-5 sup-
port staff per district; plus annual training costs of
$16.5-$38.5K. Includes significant retrofitting
costs.

4 schools per district have PCs, LAN, file server/
router; each district has a file server LAN, a data
line to wide area networks, and dialup lines; as-
sumes initial training costs of $100K and annual
support and training costs of$133K total. Includes
costs of retrofitting school buildings.

Rothstein,

Rothstein,

1994 $11.75 bil.
(low) -
$27.53 bil.
(high)

1994 $65.80 bil.
(low) -
$145.62 bil.
(high)

Cohen, 1994 $35.76 bil.

$1.85 bil.
(low) -
$4.94 bil.
(high)

$4.46 bil. -
$11.28 bil.

$5,49 bil.

Base needed for connecting each public school to
the Internet, allowing use of “limited” video, graph-
ical and text-based network applications.

Full connection to the Internet, supports full suite
of text, audio, graphic and video applications.
Would not support full-motion video.

None: individual schools linked directly to a nation-
al information infrastructure; circuit can accommo-
date very wide array of services including full
motion video.

*Figures do not reflect the fact that one-eighth of classrooms now have phones; thus, these estimates may be too high
"Based on an estimate of 83,389 public schools (Software Publishers Association, 1994), with an average of 20 classrooms per school (Rothstein, 1994).
“Includes additional charges for labor and installation (optional) of $42 upfront charge, plus $16 for 15 minutes (per classroom), for an additional cost of $96,731,240,

‘Calculated for regular (non-centrex) service as follows: $16.77 per line monthly charge + $1.45 per month message unit charge [@20 message units per month] “$18.22 X 10 months in school year X

1,668,000 classrooms = $303,909,600 Figures may not total exactly due to rounding.
“Calculated for centrex service as follows: $18.22 per line monthly charge + $1.45 per month message unit charge [@ 20 message units per month] = $1995 X 10 months in school year X 1,668,000

classrooms = $332,766,000= $291,170,250 Figures may not total due to rounding

SOURCE?" Off Ice of Technology Assessment, 1995, based on Russell I. Rothstein, “Connecting K-12 Schools to the NII: A Preliminary Assessment of Technology Models and Their Associated Costs, " a
working paper (Washington, DC U S Department of Education, Aug. 4, 1994); Robert Cohen, “The Cost of NIl Access to K-12 Schools” Preliminary Assessments, " paper provided by Robert Blau,

director, Policy Analysis, Bell South, Washington, DC, 1994
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- the number of desktops, classrooms, school
buildings, and school districts that are assumed
to obtain access to the system'

+ the amount of retrofitting required of school
buildings (e.g., to install new wiring for tele-
phone and cable lines or to provide additional
electrical power, to deal with ashestos during
required construction); and

- - the amount of support and training required for

3 2 the human resources-the teachers-to make
best use of the new technologies.

Clearly, different assumptions about these fac-
tors-and development of new, perhaps less ex-
pensive, technologies in the futurewdd greatly
affect cost projections. In addition, at the local lev-
el, prices for individual technologies may vary
considerably, meaning that any one school, school
district, or state could experience a considerably
different level of costs than any othér.

m A Vision of Goals and Rationale for

Teachers working together can create a shared vision for TGChﬂOlOgy USG
technology use. Thereis also a gap between having technology
and using it effectively. As described above,
equipment is often placed in locations where it is
.- inconvenient for regular classroom use. Further-
';ralnlng and support for teach_ey s) magnge more, schools and teacher share received conflict-
rom $0.16 billion to $11.28 billion. : .
_ _ _ _ _ing advice over the years about the best ways to
The range in the estimates in table 1-3 is strikyse their technology. As the technology has
ing, and the estimates could easily be far from theayolved, so has the prevailing wisdom on how
mark. Furthermore, these estimates have not coneachers should use technologies in schools-
sidered costs of using additional technologicalfrom teaching programming, to encouraging indi-
configurations that offer potential, such as cellularyjgualized drill and practice, to building computer
telephones and wireless modefhs. literacy, to participating in electronic communit-
_Key factors that appear to account for currenties Conventional thinking also has shifted about
differences in available estimates include: how to organize technology resources, from self-
« the configuration of technologies envisioned contained labs, to one computer per classroom for
for the estimate (from a simple telephone line,teacher demonstrations or single student tutorials,
to technologies that are on the cutting edge); to a few computers per classroom on which stu-

15 See U.S. Congress, Office of Technology Assessment study on wireless telecommunications, forthcoming.

16The policy issues and options section of this chapter provides examples of different state policies (e.g., with respect to group puchas-

ing, with respect to subsidies for telecommunications charges) can affect the costs actually incurred at the local level.



Chapter 1  Summary and Policy Options | 25

dents can work in small groups, to one computer Probably the greatest barrier to technology
per student and on the teacher’s desktop. It igse, however, is simply lack of teacher time-
small wonder that teachers have become cortime to attend training or workshops, to experi-
fused, and administrators frustrated, with manyment with machines and explore software, to talk
educators unclear where they should be headedio others teachers about what works and what
directing technology use. doesn't, and to plan lessons using new materials or
methods. The diverse jobs teachers are asked to do
[ Support and Training anpl_ roles they are asked to play also affect their
. ability to take on another challenge. Teachers are
Other barriers in many schools hamper more €fgiyen very little compensated staff development
fective use of technology by teachers. These inne and there are multiple competing demands
clude lack of time, inconvenient scheduling, o his time. Unless there are significant changes
attitudinal barriers, and barriers of school orgay, yhe rhythm of the school day or changed incen-
nization, curriculum, testing, and other policies. 4 oo for giving teachers more time to learn and ex-

In general, teachers have little in the way Ofyoriment with new technologies, this barrier to

technology support or training available at the'rtechnology use will remain immense.
schools, although many teachers seek training on

their own. Currently schools spend much more o .
hardware (55 percent) and software (30 percen% Other Em?rg_'_”g Issues ) )
than they do on training (15 percent). Less thah'S the p055|b|I|t|e§ for widespread information
half of American schools report that an introduc-networks—and their use by schools, teachers, and

tory computer course is available for teacher§tudents—emerge, other issues are coming to
through the district or a local college. light that may affect the ability of teachers to use

Furthermore, the kind of training, not just technologies for administrative, instructional, and

availability, is important. Much of today’s educa- Professional development purposes. These issues
tional technology training tends to focus on thdNclude copyright and intellectual property issues,
mechanics of operating new machinery, with littlePrvacy of student records, and censorship of ob-

about integrating technology into specific sub-ectionable materials versus protecting students’

jects, how to choose software, and how to oraccess to potentially valuable information.
ganize classes, e.g., to use four computer
workstations or a single computer with a modemCopyright and Intellectual Property Issues
Regular, onsite support for technology use is aCurrently, one of the most widespread and prom-
even more daunting problem. Only 6 percent ofsing uses of telecommunications technology by
elementary and 3 percent of secondary schoolgachers is the retrieval of information from re-
have full-time school-level computer coordina-mote sources, including networked information,
tors; in nearly three-fifths of schools, no one hactollections of books, journals, music, images, da-
any portion of their workweek officially allocated tabases, software, and multimedia works—so-
to coordinating computer activitiesEven in  called digital libraries.’ As students and teachers
schools where someone is designated to spendd@velop multimedia materials or projects, share
least half of his or her time as computer coordinathem with colleagues, and store them in portfolios
tor, very little of this time goes directly to training for student and teacher evaluation, use of copy-
or helping teachers use computers. righted works in the classroom could grow dra-

17 Margaret Honey and Andrés Henriqu&lecommunication and K-12 Educators: Findings from a National SNy York, NY:
Center for Technology in Education, Bank Street College of Education, 1993).
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matically. Some examples of student use of such The nature of digital works also changes how

materials might includés people read or use the woA&which presents

= creating a Quicktime clip from a segment of a"€W challenges to educators for the proper use of

= digitizing a video clip from a“60 Minutes” seg- found that the application of intellectual property
ment law to protect works maintained in digital libraries

= scanning a copyrighted photograph to use in §ontinues to be uncertain; concepts such as “fair
Hyperstudio program use” are not clearly defined as they apply to these

= using music from a compact disc for back-WOrks, and the means to monitor compliance with
ground, and copyright law and to distribute royalties are not

= scanning a copyrighted picture of “Goofy” to Y&t resolved. Resolution of these issues will pro-
use in a project. vide teachers with clearer guidance for using digi-

tal information; meanwhile, school systems must
struggle to remain in compliance with the existing
law.

Teachers’ use of new media and curriculum de
velopment activities using copyright materials
might include such activities as:

= keeping student developed multimedia projectrivacy of Student Records

using materials cited above as examples tQjse of computers by teachers may raise new is-
show others, , ~ sues of privacy for teachers and their students.
= showing multimedia projects at professionalgne area of particular concern is computerization
conferences, _ of student records. Increasingly, educators and po-
= sharing multimedia projects over the schooljcymakers will use data gathered and maintained
district's cable channel, _ _in computers to monitor progress toward educa-
= using an object from a copyrighted authoringsona| achievement standards, determine how well
program in another courseware authoring progyricular content areas are covered, track perfor-
gram for teaching purposes, and mance of all students, and analyze information
= sharing projects on a listserv on the Internet. 5ot special groups, such as disadvantaged and
These applications all raise issues related to falanguage-minority childre#! In some states,
use of copyright material and copyright pro-lawsuits have challenged the right of state educa-
tection. tional agencies to create computerized records by

18 Rosemary Taub, College of Education, Kansas State University, personal communication, August 1994.

19 Digital information differs from information maintained in more traditional forms (e.g., analog) in several ways: 1) digital works are
easily copied, with no loss of quality; 2) they can be transmitted easily to other users or be accessed by multiple users; 3) they can be manipulated
and modified easily and changed beyond recognition; 4) they render text, video, and music to an essentially equivalent series of bits and store
them in the same medium; 5) they are inaccessible to the user without hardware and software tools for retrieval, decoding, and navigation; and 6)
with appropriate software, they create opportunities to experience works in new ways, for example, interactive media.

20y.S. Congress, Office of Technology Assessnféntling A Balance: Computer Software, Intellectual Property, and the Challenge of
Technological Chang&®TA-TCT-527 (Washington, DC: U.S. Government Printing Office, May 1992).

21 National Education Longitudinal Study of 1988, Student Questionnaire, prepared for the U.S. Department of Education, National Center
for Education Statistics.
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collecting individually identifiable data. Typical- pornographic, dangerous, salacious, or otherwise
ly the legality of such data collections is upheld,undesirable material over networks, material that
but not alway#?2 might never be allowed in textbooks, school li-
The Family Education Rights and Privacy Actbraries, or at home. The same information super-
of 1974 (FERPA), commonly called the “Buckley highway that makes it possible for students to talk
Amendment” after former New York Senator to the Archbishop of Canterbury or the state gov-
James Buckley, was enacted in part to safeguagtnor online could also link them to criminals, pe-

parents’ rights and to correct some improprietiegjophiles, or psychopat?8.As one news article
in the collection and maintenance of public reygcently noted:

cords. The legislation establishes the right of par-
ents to inspect school records, limits access to
school records (including test scores) to those who

have legitimate educational needs for the informa- great many worlfs not found on the Shewes of
. . ) most schools. “The School Stopper’'s Text-
tion, and requires written parental consent for the book.” for instance, tells how to short-circuit

release of identifiable data. electrical wiring, set off explosives in school
The growing use of computers to collect and plumbing and “break into your school at night

stqre potgntially sensitive information also re- 5.4 burn it down.” . . .Schools can keep a porno-
quires heightened awareness from computer Users graphic book off the library shelf by not buying
about their responsibility to respect confidential- it put they can’t keep it from entering the build-
ity when accessing data. Itis already evident to Us- ing through cyberspacd.
ers of electronic information technologies that o o4 cators fear that. without proper safe-
functions such as e-mail make the anonymity and uards, concerns like this cc;uld bIocIEthg educa-
ease of manipulating data within electronic comJ ' . L .
munities far more likely tional potential of telecommunications in schools.
' Schools are also worried about the potential for
Censorship and Protecting Student Iiti_gation, since some state_s prohibit “exposing
Access to Information minors to dangerous material or informaticA.”

A particularly challenging issue for K-12 educa- Some schools have addressed this issue by educat-

tion is finding the appropriate balance betweering teachers about the potential “risks” on the In-
encouraging students’ rights of access to informaternet; others have developed network use
tion and protecting students from objectionablepolicies that students and parents must sign. For
materials and potentially harmful contacts overexample, a school districtin Colorado sends home
wide area networks. Bringing the world into thea notice warning parents that potentially “defama-
classroom is a laudable concept, but it can alstory, inaccurate, abusive, obscene, profane, sexu-
have a downside. Educators and parents are coaly oriented, threatening, racially offensive, or
cerned that children will be able to gain access tidlegal material” exists onling?®

The cyberspace battles may prove especially
contentious, because the Internet contains a

22 Aaron M. Pallas, “Statewide Student Record Systems: Current Status and Future Trends,” National Education Goals Panel, Mar. 26, 1992.
Some teachers have also voiced concern that states will use the data for accountability purposes that teachers believe are inappropriate, thereby
jeopardizing local autonomy. While most states do not use their statewide student record systems for accountability purposes, local districts and
state education departments may disagree about the propriety of these purposes.

23 paul Evan Peters, “In Your Face in CyberspaEéficom RevieySeptember/October 1994, pp. 70-73.

24 stephen Bates, “The Next Front in the Book WaF&& New York TimeEducational Life Section, Nov. 6, 1994, p. 22.

25 |bid.

26 |bid.
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Other schools have given accounts and passnarshaled to meet those goals. These approaches
words to teachers only, not allowing students acinclude the following:
cess to telecommunications. However, many,
educators consider this educationally short-

sighted, especially since the possibilities of explo- | 5rious applications of technology can be de-
ration and freedom of inquiry are what many find | e|gped and shared:

so promising about the Interrtincreasingly, . training master teachers, who then serve as re-
schools have put some of the responsibility on the ¢4 \ces for their colleagues:

studen_ts,setting upr_ules fo_rpermissible‘_‘surfing"_ providing expert resource people from other
(browsing through discussion groups orinforma- a4t ich as librarians, computer coordinators,
tion sources) and taking away student passwords or volunteers from business, parent, and stu-
or accounts if they engage in “hacking” (destroy- dent groups;

ing files or other materials on a computer system) giving every teacher a computer, training, and

or“flaming” (using abusive or offensive language e 15 develop personal confidence and exper-
on e-mail). Still others seek technological solu- tise:

tions that block access to certain areas of the Inte(- training administrators so they can serve as

Pet: ?Ie},/(;iort)?em IS u?derway 0[;1 re(\j/erse technology supporters and guide efforts within
Irewalfls” that keep USErs from going beyond pre- i scnools or jurisdiction; and

tscrlbed rare_zr?s Ion the I}?terlnet.n:jJr:tll SEC? pfroto-_ establishing teacher or technology resource
YPES are in place, schools and teachers tace acenters, ideally with ease of teacher access

substantial challenge. through online services.

PROMISING APPROACHES TO Most schools combine several of these ap-

TECHNOLOGY IMPLEMENTATION proaches, and there is no clear evidence that any
one model is more successful than others. OTA

found a number of promising practices, including
the following examples:

developing  technology-rich  classrooms,
schools, or districts, in which local expertise in

The challenge of integrating technology into
schools and classrooms is much more human
than it is technological. What's more, it is not
fundamentally about helping people to operate ™ At Webster Elementary School in St. Augus-
machines. Rather, it is about helping people, pri- tine, Florida, all staff received broad training in
marily teachers, integrate these technologies technology use, but those interested were given
into their teaching as tools of a profession that is more time, more training, and the opportunity
being redefined through the . . proces£® to attend conferences. They became the “local
Some schools and colleges of education are de- experts” that other teachers could draw on for

veloping approaches to technology implementa- assistance or advice.

tion from which others can benefit. The = To ease the burden of setting up alternative ar-
approaches differ, depending upon the existing re- rangements for substitutes, the Monterey
sources (human and technological) at a site, the vi- California Model Technology Schools devel-
sions the sites have developed for how oped the concept of “SuperSubs,” in which
technologies are to be used and what problems teachers on early retirement, armed with
they can address, and the leadership and supporttechnology lessons and resources, substitute

27 “Lifelong Learning and the NII,” unpublished proceedings, Westfields Conference Center, Chantilly, VA., Nov. 18-20, 1994.

28 Barbara Means et alUsing Technology to Support Education Refo@R-93-3231 (Washington, DC: U.S. Department of Education,
Office of Research, September 1993), pp. 83-84.
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for other teachers who are then free to observiechnology-related teacher training, although
still other teachers’ technology lessons and apfederal agencies sometimes choose, in the case of
proaches. discretionary grant programs, to make technolo-

= |n Indiana, four schools were given grants al-gy-related teacher training an absolute priority for
lowing every teacher to receive a computer andne funding cyclé® The programs that provide
printer for use at home or in school, to improvethe most consistent funding for technology-re-
their personal productivity and, ultimately, lated professional development usually combine
instructional efforts. Training, involvement of technology with science and mathematics training
support staff and administrators as well asr include technology-related activities for both
teachers, and broad public commitment helpetkachers and students, as in the Star Schools pro-
to meet the goals of the program. gram.

= |n the Apple Classroom of Tomorrow Teacher In myriad programs, it is up to state, local, or
Development Center Project, principals are enuniversity grantees to decide whether technology-
couraged to attend training with teacher teamselated training is provided at all and in what form.
and commit to providing extra time and re-This is the case with large formula grant pro-
source for teachers to work together, reflect ograms, such as the Title | Chapter 1 (usually re-
what they are learning and doing, and assiderred to as) program for disadvantaged children
their colleagues in technology activities. and the Vocational Education Basic Grant pro-

= Texas supports 20 regional education servicgram, as well as smaller demonstration programs,
centers, with extra funding to support technolo-such as the National Science Foundation (NSF)
gy initiatives, including such areas as technoloTeacher Enhancement program. Even programs
gy preview centers, training first-year teacherswith a primary focus on teacher development sel-
and preservice teachers in technology use, ardbm mandate or recommend that grantees consid-
training personnel on the use of TENET, theer technology as either a topic for training or a
statewide computer network for teachers, withmode for delivery. And with few exceptions, the

connections to the Internet. federal government does not collect data from

These examples suggest a number of importa@fantees in the format or detail necessary to dis-
lessons for implementation (see box 1-5). cern which projects are actually providing

technology-related teacher development, or how

CURRENT FEDERAL SUPPORT FOR much they are spending for it, or what the impact

TEACHER TRAINING AND TECHNOLOGY ~ N@s been.

As in the past (see box 1-6), multiple categorical

programs for different needs and niches continu§EDERAL POLICY ISSUES AND OPTIONS

to comprise the world of federal teacher trainingThe appropriate federal role in education has al-
programs2® Of the 58 programs OTA has identi- ways been debated. The extent to which there
fied that support preparation of teachers to usehould be a federal role in assisting teachers to
educational technology of some sort, most arenake the connection with technology is and will

small (under $10 million)What is striking  continue to be part of this debate.

about most of these programs is the optional There seems to be little question of whether
nature of support for technology-related train-  technologies should be used in the nation’s
ing. Not one program is devoted exclusively toschools for purposes of instruction, administra-

29 The General Accounting Office counted 86 programs supported by the federal government in support of teacher training of all kinds.

“Multiple Teacher Training Programs” (Washington, DC: U.S. General Accounting Office, February 1995).

30 An absolute prioritymeans that only projects that address the priority will be funded in a given year. Priorities change from year to year.
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BOX 1-5: Some Lessons About Technology fmplementation

A number of schools, districts, and states have made the adoption of technology a priority. Important

lessons from these sites include:

Educational rationale should guide technology decisions. Developing a technology plan—
thinking through the goals for technology use at the local site and involving teachers in the plan-
ning process—is key to successful implementation.

Those wishing to invest in technology should plan to invest substantially in human re-
sources. Training, maintenance, technical support and time to learn to use the technology have
proven to be constant and continuing, yet key expenditures. Recently, several states (e.g., Texas
and Florida) have recommended that at least 30 percent of technology funds be spent on training.
Teachers cannot use technology without systemic support. The roles of principals, other ad-
ministrators, and the community are critical in fostering sustained use of technologies. Other
staff, such as media specialists, can provide technical and motivational support for teachers in
their building if time is allocated for them to do so.

When it comes to learning to use technology, “hands-on” training is more than a gimmick
or motivator. Itis a necessity. Teachers must have the chance to make the computer (or camera
or whatever) work, and gain confidence in their own competence, before they try the same thing
with their own class.

Access to equipment is essential. It is extremely frustrating for teachers to learn to use technol-
ogy in a workshop, then return to a classroom where the technology is not readily available.
Many programs are increasing teacher access to technology by letting them take the equipment
home (e.g., laptops, summer loaner programs, etc.) since most teachers put in many hours at
home grading, planning, and preparing. Putting technology in the hands of teachers—allowing
them to see and explore how technology can help them do their jobs—can be an effective way
of motivating teachers to learn about technology.

Although there are a number of models for training teachers and implementing technology,
there is no one best way of using technology or of training teachers to use technology.
Districts are most successful when they have multiple and complementary training and support
strategies.

Followup support and coaching is as essential to effective staff development as is the ini-
tial learning experience. Teachers don't “learn it all’ at a training session—even if it extends
over several weeks. When they return to the classroom the unexpected inevitably happens. At
this point, teachers need to be able to reach out for technical assistance and support.

Many technology-rich sites continue to struggle with how to integrate technology into the
curriculum. Curriculum integration is central if technology is to become a truly effective education-
al resource, yet true integration is a difficult, time-consuming, and resource-intensive endeavor.
When conditions are right—resources, time, and support are high-exciting things happen
in technology-rich environments. Today we are faced with the broader issues of how to move
these lessons to the second stage of dissemination. How can these lessons be translated when
resources aren’'t as rich? When teachers aren’t as enthusiastic or energetic? Issues for policy
consideration include the need to consider the development of products based on research and
experience of experimental sites, seeding of more “real world” projects, and better dissemination
of lessons learned.

SOURCE: Office of Technology Assessment, 1995
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tive efficiency, and teacher professional developthe challenge of school access to the emerging

ment,as appropriate The policy options in this electronic telecommunications infrastructure are

report focus on the question of teachers’ roles irqually critical.

accomplishing this goal, and on the advantages OTA has identified a number of necessary com-

and disadvantages of selected legislative actiorgonents for taking advantage of learning technol-

related to teachers and technology. ogy and optimizing use of technology by teachers.
The array of technology for education is di- These components are summarized in box 1-7 and

verse, changing, and flexible, and these charactediscussed below.

istics enable development of hardware, software,

and learning environments that can suit specia@ Federal Leadership: Legitimizing

needs, allow new approaches to teaching an . .
learning, strengthen teaching, and create excite- Funding, and Targeting Technology

ment in the classroom. The broad and expandin{f it wants to promote the appropriate uses of
range of educational technologies complementtechnology in elementary and secondary schools
the diversity of the American education system. Ir&nd colleges of education, the federal government
the past, federal policy has often floundered on théanmove to fully legitimize the role of technolo-
enormous scale and differences that characteriZy t0 enhance instruction, increase teacher
American schools, compounded by the Strong)roductivity, create new teaching and learning
tradition of state and local control. In thinking Communities, and support educational change.
about policy for technology, decisions can beFederal signals that technology is not only wel-
made to allow for variation, change, experimentacomed but needed in schools will strongly influ-
tion and differing outcomes, and so strength cagnce state and local decisions over the next five
build upon strength. years. Until very recently, with little focus on the
Federal policy over the past decade has togse of technology within the Department of
often focused solely on generating funds for capiEducation, technology was an acceptable expen-
tal investment in hardware. Other policy initia- diture in many programs but was not held up as a
tives have been diffuse and, until recently, therdool for improvement. An important exception to
has been little focus on technology by the leaderthis was the Star Schools Program, initiated by
ship of the U.S. Department of Education. Insuffi-Congress in 1988, which has addressed a number
cient attention has been given to teachepf educational needs for students and, to a lesser
preparation, development and support of learningegree, teachers, through emerging applications
tools and techniques, issues of connectivity, an@f technology.
the constantly growing demands on teachers’ The Goals 2000: Educate America Act (P.L.
time. While costs of hardware will remain an is-103-277) called for creation of an Office of Educa-
sue, it is important to remember that technologyional Technology within the Department of
capacity continues to increase at an astoundingducation. The need for high-level coordination
rate and that hardware costs often drop relevant ©f technology issues had already been recognized
the power one purchases. While direct funding oby the Secretary of Education in the appointment
other financial incentives are, of course, effectiveof a Director of Educational Technology in 1993.
ways to demonstrate leadership and commitmen#n office like this carprovide the much needed
OTA concludes that, if the federal governmentspotlight on technology, coordinate programs,
wants to support the expansion and appropriatend lead in evaluating and disseminating re-
use of technologies in K-12 schools and collegesearch resuls. Continuing to support this office,
of education, federal policy must go beyond fund-and seeing that adequate resources and authority
ing. Leadership; a commitment to research, develre provided, will be critical.
opment, and dissemination; an increased focus on A valuable related step is toake the most of
teachers; and attention focused on issues relatedttoe national long-range technology plan to be
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BOX 1-6: Past Federal Efforts To Support Teacher Development

Although it is in the national interest to have a high-quality teaching force, the federal role in teacher
preparation and professional development has been limited. There are exceptions: spheres where the fed-
eral contribution has been larger and more influential, such as teacher training in mathematics and sci-
ence, and personnel preparation for special education, In general, however, the federal government has
shown caution about becoming too deeply involved in an area traditionally considered a state responsibil-
ity, and until very recently has avoided even the suggestion of minimum federal standards for teacher
education, It is the states that have exercised primary authority for teacher preparation, licensing, and cer-
tification, and more recently, competency testing. Substantial responsibility for preservice education also
rested with universities and for inservice education, with local school districts.

In keeping with this limited role, federal contributions for teacher training have been modest
compared with overall federal spending for education.

Purposes of Federal Involvement in the Past

The federal government became involved in teacher training for a variety of reasons. Often the impetus
was a perceived crisis, such as threats to American competitiveness or widespread teacher shortages, In
other cases involvement was an outgrowth of other federal commitments. The enactment of federal pro-
grams to improve education for the handicapped, for example, created new demands for specially trained
teachers to staff these programs. Similarly, effective implementation of federal drug education programs
required new training for teachers. Other motives for federal action stem from dissatisfaction with the quali-
ty of teacher education or with other aspects of K-12 education.

This diversity of motives resulted in programs that had various purposes, took various forms, and
employed various strategies.

Impacts of Past Programs

Past federal programs had many positive effects on teacher preparation and professional development.
It might be said that the federal government helped give credence to the concept of inservice education
and professional renewal, through such programs as the National Science Foundation teacher institutes
and the National Defense Education Act institutes and Teacher Centers,

developed by the Secretary of Education in ac-
cordance with Goals 2000. This plan could pro-
vide along-overdue strategy for the federal role in
educational technology, not only in ED but across
the government. It is crucia that the Secretary
take maximum advantage of the directive in the
law to join forces with other agencies to produce
coherence and vision at the national level. Using
all national agencies and programs wisely to ex-
pand, evaluate, and build upon knowledge in
educational technology is a policy model that can
also apply to federal programs affecting teacher
preparation and the professional development of
the current teacher force.

The executive branch is involving professional
associations and citizen groups, as well as federa

agencies and researchers, to develop a plan with
foresight and credibility. An important caution,
however, is that the plan must respect and build
upon the extraordinary level of change occurring
in technology capacity and the multitude of devel-
oping applications. The plan should be a frame-
work for an environment of experimentation and
learning, evaluation, and sharing of results. A plan
of this nature could call forth rich results, opportu-
nities to learn from problems as well as successes,
and build respect for state and loca expertise and
decisionmaking.

Goals 2000 contains other provisions that
could set the direction for educational reform for
the next several years and could be used to lever-
age improved technology policy. A key provision
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BOX 1-6 (cont'd.): Past Federal Efforts To Support Teacher Development

Although federal training programs never reached more than a small percentage of the total teaching
force, this should not obscure the fact that many millions of teachers benefited from federally supported
training. In some subject areas and specialties enough teachers were trained through federal programs to
have a significant effect on instructional quality or teacher supply. Mathematics and science is a case in
point. Even if the National Science Foundation institutes reached somewhat fewer teachers than the
agency’'s estimate of half the math and science teachers in the nation, there were still enough trained to
constitute a potent force for improvement within their discipline.

The federal government was also a major force in the growth of certain teaching subspecialties, such as
special education, bilingual education, and instructional media. In a sense there was a chicken-and-egg
relationship between federal funding and the need for specially trained teachers. On one hand, it was the
power of federal mandates that created a demand for some subspecialties in the first place. On the other
hand, federal intervention filled a void because the special needs of some children were not being met
through traditional instruction or teacher preparation.

Federal aid also changed the composition of the teaching force. Scholarships, fellowships, and training
opportunities broadened access to the teaching profession for students from blue-collar or low-income
families and for minority individuals. Federal programs such as Teacher Corps attracted talented and ener-
getic persons into teaching who might have pursued other careers.

Participation in federal training programs produced substantial improvements in the knowledge, atti-
tudes, behavior, and career advancement of many teachers. At the school district level, federal funding
sometimes provided the external stimulus needed to promote change. Federally supported training famil-
iarized many teachers with instructional approaches that were once considered innovative, such as individ-
ualized instruction, interdisciplinary approaches, team teaching, and multicultural education. And, most
significantly for this study, the integration of various technologies into the classroom—including audiovisual
materials, educational television, and computer technologies—was hastened and encouraged by federally
supported training.

SOURCE: Office of Technology Assessment, 1995, based on Nancy Kober, “Teachers and Technology. The Federal Role, ” Office of
Technology Assessment contractor report, May 25, 1994.

authorizes federal grants to states that develop “a
systemic state-wide plan to increase the use of
state-of-the-art technologies that enhance elemen-
tary and secondary student learning and staff de-
velopment.” 31

In addition, states that submit an approved ap-
plication will receive funds under Goals 2000 to
establish state content and performance standards
for student learning. Whether these standards will
instigate the massive reforms desired by advo-
cates will depend on what the standards contain

“Public Law, 103-227, 20 USC 5897.

and how seriously they are taken. The inclusion
of technology issues in these standards, how-
ever, could signal that technology is an ap-
propriate tool for all core subjects, while the
omission Of technology could prove a genuine
setback. Although the federal government does
not have the authority to dictate the substance of
these national and state standards, the law estab-
lished a National Education Standards and Im-
provement Council (NESIC) to review and
“certify” the standards. If NESIC or some variant
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BOX 1-7: Areas for Federal Policy

1. Federal and state Leadership that articulates the value of integrated, technology-based teach-
ing and legitimizes technology as a path to achieve educational goals. This leadership will be mean-
ingful to the extent that it is supported by commitments to fund and encourage technology use, and is
linked to continuing research, development, and dissemination. It can also focus attention on the potential
of technology for providing resources to improve the preparation of new teachers and as a valuable tool for
the ‘“just-in-time training and support” for professional development,

2. Increased focus on teachers, both in training and in the field, including: time and money to
allow teachers to learn to use technology, support for their professional growth, respect for the com-
plex nature of learning and the many demands facing teachers today, and research on how technolo-
gy affects teaching and school change.Congress has taken some steps to promote increased technolog-
y use in schools, and greater support for teachers who use technologies. Technology planners in K-12
schools and in colleges of education can take advantage of such support to further their goals.

3. Provisions to ensure that access to data and information, through services such as the Inter-
net, are available to all teachers and students. The special needs of education are likely to be over-
looked or neglected unless they are built into federal, state, local, and private sector decisions on telecom-
munications regulaton and funding over the next few years, Access to high-quality information and
necessary resources may be today's measure of equity in education.

4. Commitment to research, development, and dissemination that will advance technology use by
and for teachers. The development of powerful curriculum products, tools, and telecommunication re-
sources is often beyond the capability of individual states, districts, or schools. The private sector may be
able to play a greater role in developing new educational technology products than they have in the past,
but some observers note that education may not be a promising enough market unless incentives are
found to aggregate it'Federal support may be needed to infuse the appropriate funding, expertise, and
attention to standardization, evaluation, and dissemination that can facilitate school use of promising
technologies and their applications. Furthermore, research is needed on teachers and technology use if
these applications are to be used most effectively.

"The Software Publishers Association reports that the average elementary school spent $12500 and the average high school
spent $10,400 on software in the 1993-94 school year Sofware Publishers Association, SPA K-72 Education Market Report (Washing-
ton, DC: July 1994), Overall, the annual expenditures made by K-12 schools has been estimated to be approximately $1 hbilion, and
software purchased by K-12 schools has been growing at the rate of about 20 percent per year Ronald E. Anderson, ‘The Technology
Infrastructure of U S Schools,” Communications of the ACM, vol. 36, No 5 May 1993 p 72

SOURCE Off Ice of Technology Assessment, 1995

is supported, its criteria for certifying standards available to support and encourage technolo-
could include a review of whether technology gy-related professional development in current
needs and methods have been considered.” programs, and the Improving America's

Another very critica step that the federal gov- Schools Act (P.L. 103-382), with its amend-
enment can take to provide both leadership and ments to the Elementary and Secondary
dollars is to make the most of the opportunities Education Act of 1965. The Office of Education-

“Legidation has been introduced that would eliminate funding for NESIC (H.R. 977, H.R. 1045, S. 323, and S. 469, dl in the 104th
Congress).
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al Technology will be well suited to lead a reviewconsider integrating technology into the various
of existing and proposed programs to ensure thatrofessional development activities supported un-
they give fair consideration to technology-relatedder this program.
expenditures and to determine whether there are Other federal programs that should be ex-
program regulations, guidelines, and accountingimined include the programs for students with
procedures that either discourage expenditures fgecial needs that are a cornerstone of the federal
technology and professional development or haveyle in education, particularfitle | of ESEA for
untapped potential to encourage them. disadvantaged children (referred to commonly
P.L. 103-382 also included a majorew a5 Chapter 1), the Part B state grant program
Technology for Education Actthat could be the nder the Individuals with Disabilities Educa-
centerpiece of a stronger federal role in providingjgn Act (IDEA) (20 U.S.C. 1400 et. seq.), and
technology-related teacher development, ensufye Bjlingual Education Act (20 U.S.C. 7401 et.
ing greater access and equity in the area afgq ) Together these programs channel almost
technology, a_”‘?' demonstr_atlng and_dls_semmatmglo billion to states and school districts. Educa-
several promising educational applications. o041 technology has become an important tool
The federr_:ll government coutdke several for delivering instruction to the children served by
?J?]Eisnto a%hle_ve dbett;:r use of ;I)rograsz and these and other special needs programs, yet teach-
g aut orized un ercurrent aws. reger- oy professional development has not kept pace.
gl regu_lat_o_ry actions could mclude establish- In Chapter 1, for example, technology contin-
;zghr?(;:gggeisn Ocrorrt:ggtLijtSivepog;?;t rslritggmtg ues.to b_e used primarily for drill and pra_lc_tice of
issuing policy statements highlighting accepi— basic skills rather than for the more promising and
able expenditures for technology and profes- integrated kinds of teaching deS(_:rlbed in this re-
sional development where the law permits, and port. Amendments to Chapter 1 n PL 10.3'38.2’
and discussions about future policy directions in

eliminating unnecessary nonstatutory restric- AR i
tions on the use of funds for technology or DEA, are stressing improved program quality

training purposes. A message from federal lead- and professional_deyglopment in these programs.
ers can send a strong signal of reassurance to st&@" €xample, as justification for changes in Chap-
and local educators that they can acquire and upe’ 1, P.L. 103-382 states that, “Since 1988. . .[the
grade technology and, most important, trainnation has learned that] insufficient attention and
teachers in its use with no regulatory constraintgiesources are directed toward the effective use of
Particular attention should be focused on thdechnology in schools and the role technology can
revisedEisenhower Professional Development Play in professional development and improved
Program, given greater emphasis in P.L.teaching and learning®
103-382, which calls for a larger federal teacher Similarly, the 1994 Bilingual Education Act
professional development effort in several criticalauthorized $215 million in grants for activities in-
subjects. The Secretary of Education could entended to educate limited-English-proficient chil-
courage states, universities, and school districts tdren and youth so that they would be able to “meet

33 public Law 103-382, Title I, 108, Stat. 3520, sec. 1001 (c)(6).



Legislation or Program Level

Program

TABLE 1-4: Major Federal Policy Levers for Enhancing Teachers’ Use of Technology and Teachers’ Professional Development

Goal

Funding®

Improving America’s Schools Act
(P.L. 103-382) (amending and revis-
ing the Elementary and Secondary
Education Act (ESEA) of 1965 and
several other federal education
statutes)

ESEA Title I: Helping Disadvantaged
Children Meet High Standards

ESEA Title 1l: Dwight D. Eisenhower
Professional Development Program

ESEA Title Ill: Technology for Educa-
tion Act

= Star Schools

= Challenge Grants

= National Activities

= Product Development

Major activities supported grants to
states for funding local improvement
programs, family literacy, education
of migratory children, others

Supports professional development
in core academic subjects

Expanding access to and use of
educational technologies, strength-
ening the technology infrastructure,
supporting technical assistance and
professional development

Improve instruction through grants to
telecommunications partnerships for
programming and facilities

Innovative projects, can include
teacher training

Regional technical assistance and
teacher training consortia and other
implementation activities

Develop, produce and distribute
technology enhanced instructional
resources and programming for
instruction or professional devel-
opment

$7,2 hillion

$359 million

$40 million

$30 million

$27 million

$13 million

unfunded
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Individuals with Disabilities

Education Act (20 U. SC. 1400)

O Eligible for reauthorization
in 104th Congress

Goals 2000: Educate America Act
(P.L. 103-227)

Revisions to Communications
Act of 1934

ESEA Title VI: Innovative Education
Program Strategies

ESEA Title VII: Bilingual Education,
Language Enhancement, and Lan-
guage Acquisition

ESEA Title XlI: Education Infrastruc-
ture Act of 1994

Part C Leadership in Educational
Technology, Office of Educational
Technology

Part B National Education Standards
and Improvement Council, Assess-
ment, Development, and Evaluation
Grants

Revisions will be important to pricing
of telecommunications services

In the past, districts have spent
funds on hardware and software
purchases and professional devel-
opment

To educate limited-English-proficient
children and youth to meet the same
rigorous standards for academic
performance expected of all children
and youth

Ensure the health and safety of stu-
dents through repair, renovation and
construction of schools

Educating children with disabilities

Encourage technology as a resource
for providing instruction and profes-
sional development, and teacher
training as part of technology invest-
ments

Grants to states for plans, part of
broader state improvement plans,
to increase use of educational
technologies for learning and staff
development

To be determined

$347 million
$350 million
$100 million
$3.3 hillion
NA

$5 million
(fiscal year
1994)

NA

(continued)
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Legislation or Program Level

Program

TABLE 1-4 (cont'd.): Major Federal Policy Levers for Enhancing Teachers’ Use of Technology and Teachers’ Professional Development

Goal

Other Selected Areas and Activities
Department of Commerce

National Science Foundation

Public Broadcasting Act of 1967
(P.L. 90-1 29)

Advanced Technologies Program -
education activities

Public ~ Telecommunications  Facilities
Program

Telecommunications and Information
Infrastructure ~ Assistance  Program

Teacher  Enhancement  Program

Teacher  Preparation

National Education Infrastructure for
Networking

Applications of Advanced
Technologies

Corporation for Public Broadcasting

Funding®

Develop telecommunications facili-
ties to serve local communities (dis-
tance-learning projects have been
supported in the past)

Planning activities and demon-
stration projects for telecommunica-
tions  networks

Funds teacher training programs in
math, science and technology

Supports projects to improve under-
graduate teacher preparation in
math and science and technology

Demonstrates innovative applica-
tions of networking for education

Funds research and demonstration
in revolutionary technologies for
education

Support for development and activi-

ties in support of education and pro-

fessional development

$29  million

$64  million

$101  million

$18  million

$15  million

$10  million

$285 million
(estimated)

a FY 1995 appropriation unless otherwise indicated
SOURCE  Office of Technology Assessment, 1995,
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the same rigorous standards for academic perfofer a complex set of reasons, and cost is normally
mance expected of all children and youthPed-  one of the smaller issues. Traditional methods of
eral grants were authorized for projects usingonducting school business, reluctance by princi-
educational technologies, “if appropriate,” amongpals to allow teachers more control over their pro-
a range of other permitted activities. Furthermordessional lives, and general fear that teachers will
a subpart of the Bilingual Education Act was de-somehow “misuse” telephones are frequently
voted to professional development and, amongited to researchers as reasons that telephones and
the evaluation components required of recipientsther technology should not enter classrooms.
of bilingual education capacity and demonstratiorCongress may not be able to change such atti-
grants was a demonstration of “appropriateness afides, but it or the executive branch could set
the program’s staff professional development.” the tone by taking steps to encourage the instal-
The recognition of technology and profession-ation of telephones in classroomdAs discussed
al development in these legislative authorizationgarlier in this chapter, costs are likely to be a factor
represents an opportunity to encourage states afghibiting the installation of technologies, wheth-
school districts to use a portion of their programer small or large.
funds for additional professional development in

forming the effective uses of technology for Spe_Research Development. and Dissemination
cial needs children. However, without specific re- ' P '

quirements in legislative language, it will be up toSupport for educational research, development,
grant applicants or the Department of Educatior@nd the dissemination of research results has tradi-
(in regulations or grantee requirements) to ensuréonally been viewed as an area of national con-
that professional development and/or technolog§ern. supported by federal funds. This is also true
are foci. of such activities as they are related to educational
Other programs, such as Star Schools, have #chnologies.
their primary purpose the use of technology to First, more and better information is needed on
meet educational needs. These programs can cofe effectiveness of various technology tools, and
tinue to be leaders in experimentation, helping t@pplications, including whether and how technol-
add to the store of knowledge on how technologygies work for teachers. Are some types of train-
is effectively used. ing or support more effective than others? Are
OTA also finds that while great interest centerghey more effective for some type of teachers (by
on advanced educational technology such as intéield) or by level (elementary versus secondary)?
grated curricula products and multimedia tools Some literature suggests that educational technol-
“small” technology is also needed to bring ogy “takes off” when there is a critical mass of
schools along the learning curveTelephones, teachers committed to using it. Can this be sub-
voice mail, fax machines, calculators, televisionstantiated? Experience has shown that teachers
sets and VCRs, camcorders and editing tools athust be given time to learn and prepare, adequate
have a place in today’s classrooms, but are oftetechnical and content support, and a supportive at-
denied to teachers. In fact, providing a classroortitude from the principal’s office, but surely there
telephone that puts a teacher in direct contact witts more to be learned about teachers and effective-
a parent can facilitate the parent-teacher conress. Although some recent studies are beginning
munication and parent involvement that manyto investigate how the teacher’s work life is
believe is essential to improving student achieveehanged by technologies, there has been little re-
ment. Yet tools as basic as telephones are deniséarch on teachers as members of work groups, or

34 Title VII of the Amendments in Title | of Public Law 103-382.



N
o
—
D
QD
()
=
@D
@
w
QD
=
o
—

i D
(]
=
=
=3
o

[{=]

=
=
QD
=
=

(=]
—
=
D
)
o
=
=
D
D
(=
o
=

t
i

N T TN | SRR
B T ) i v el
[ T I R
| | B i "
-1 1 — L i
W i il i . "N
. L o > |

o 1%
=

|
3

I’llil
N
|

b

Research to date has looked at student achievement,
comparing results of instruction with technology versus other
methods. However, there are other important factors that
make simple comparisons misleading.

sults for use by adopters of new educational
technologies.

Development of advanced integrated curricu-
lum materials, projects and tools could be ap-
propriate investments for the federal government,
continuing along tradition of research and quality
applications. Because the upfront investments are
high, and state and local funds for development
are limited, federal support has been important in
the past. Many of the innovative technology ap-
plications reported on in this study have been sup-
ported by federal research funds, particularly the
National Science Foundatidh.

The work of the Department of Education, the
Department of Energy, the National Technical In-
formation Administration, the Department of De-
fense and its research agencies, and others has also
been invaluable in creating new methods, new
technologies, new materials, and new approaches
with educational technology. Projects of this type
can also enhance the link between teachers and the
research community. Comparatively small
amounts of money in the federal budget have had
substantial impacts on technology use in schools.

Much of the focus and experimentation to date
has been in the areas of math and science; work is
needed in other subject areas. If Congress wishes
to encourage the development of powerful, flex-

on the breadth of activities teachers undertake. Alible learning tools and applications, federal sup-

these are fertile areas for federal research.

port for continuing research and development will

Alternatively, the federal government, states,be necessaryThe development of the next gen-
school districts, and schools could leave the topiceration of integrated curriculum projects can
of effectiveness research to private sector produgtvork hand-in-hand with proposed educational
developers or form research partnerships with lostandards in all curricular areas, and could be
cal university-based, research-oriented collegesindertaken as a national research priority.
of education. One disadvantage of a private sector Congressional concern about timely develop-
approach is that product developers may use rement of new educational technology software was
search as an opportunity for marketing. Publiclyreflected in the 1994 Technology for Education
funded research may be more likely to point outAct’s provisions on product development. Grant
both the positives and negatives of a new technolapplications were encouraged that “promote the
ogy. Clearly, the education community needsacquisition of higher-order thinking skills. ..,
additional exploration of research strategies thatonvert technology resources developed with sup-
will lead to providing both accurate and timely re- port from the Department of Defense and other

“For example, the National Science Foundation's Applications of Advanced Technology program.
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federal agencies for effective use in the classroommands for their time and attention. Mastering
.. .[and] show promise of reducing the costs otechnology use may be only one goal placed be-
providing high-quality instruction.” No funds fore them. Yet using technology with facility is a
were appropriated for this program in FY 1995. daunting challenge for most people; teachers are
The federal government’s seed money for no exception. One of the clearest findings of the
product development can be said to have re- OTA case studies and other research is that even
sulted in a sequential form of public-private  very highly motivated teachers require substantial
partnership. A good example is the Kid Net proj- amounts of time—often over a three to five year
ect initially funded by NSF, further developed by period—before they feel fully versatile with a
TERC (a not-for-profit organization), and eventu-complicated new technology and are able to ex-
ally turned into a marketable product that schoolpand technology tools to fit their particular teach-
can purchase from National Geographic, whiching goals. And finding time in the teaching day
sells Kid Net as part of their profit-making com- and year for training, collaboration, and “messing
pany. around with” technology is a bane of the profes-
Alternatively, Congress could leave develop- sion.
ment of new education technologies entirely to A goal for states and localities that want
the private sector. It is unclear, however, that their schools to function more effectively is to
K-12 schools, with their persistent constraints orfind ways to give teachers time for lesson prep-
resources, represent enough of a market for educaration and learning, and support for continu-
tional technology product developers. For examing work. Exposure to new materials and
ple, the Software Publishers Association (SPA}esources, training in use of actual technologies,
estimates that K-12 schools spent an average ahd development of new classroom patterns take
about $11,000 each on software in the 1993-9¢me. They also require strong organizational sup-
school yea?® In half the school districts surveyed port from principals, administrators, and col-
by SPA, funds for software purchases came prieagues. There is little point in acquiring hardware
marily from discretionary funds held by principals hut making no provision for teacher development
and teachers, from donations or business partnesnd support. Fortunately, technology itself offers
ships, or from school fundraising efforts. Possiblesome inherent solutions, if teachers can have
tradeoffs between public and private sector apequipment to use when they have time, and can be
proaches to new product development would be gswarded for learning. The use of telecommunica-
good subject for further analysis. tions linkages to provide resources and opportuni-
Federal action can improve dissemination ofjes for training is one of the most promising
research results. Experimentation with newaspects of technology, but it cannot be a substitute
technologies is only the beginning; teachers neeghr adequate time. As mentioned earlier, states
to know what works and why. Dissemination of yth a strong commitment to effective technology
research results has not been adequately emphgse are beginning to allot as much as 30 percent of
sized in the past, butittoo can be enhanced and exschnology expenditures for teacher training and

tended through technological means. support. This includes the cost of substitute teach-
ers as well as training resources.

Educating New Teachers, Professional The demographics of the teacher pool and the

Development and Teacher Support school population indicate a substantial increase

People preparing for teaching and teachers in tha the number of teachers required just after the
field face a vast and constantly growing set of deturn of the century. Teacher preparation has al-

36 Software Publishers AssociatidBPA K-12 Education Market Rep@wWashington, DC: Author, July 1994).
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ways been the province of states, colleges and uni- States that are leading technology users have
versities. The federal government has played already adopted this approach. The Texas Educa-
limited role in the general area of teacher profestion Agency recently recommended that districts
sional development, despite the fact that a largellocate 30 percent of their technology funds for
number of federal programs have been aimed dtardware, 30 percent for software, 30 percent to
this issue and some have made animpact in spec#taff development, and 10 percent to maintenance.
ic subjects such as math and science (see box 1-6pr the 1993-94 school year, the Florida legisla-
Prior federal efforts to improve teaching or in-ture allocated $55 million for technology and
crease the teacher pool reflect a scattershot a8.65 million for software, and required that
proach. Preservice programs have includedchools seeking these funds set aside at least 30
fellowships, scholarships, loans, support for certipercent for teacher training.
fication efforts, and some direct training programs The importance of teachers for the effective use
aimed at specific kinds of teachers or curriculaof technology, the need for expanding the popula-
materials. Current teachers have been exposed tion of teachers in the next decade, and the inclu-
summer and academic-year institutes, seminarsjon of teacher professional development in the
workshops, and one-time training sessions. Fediational education goals suggest tit time is
eral funds have provided institutional support toripe to consider whether the nation wishes to
local school districts and schools of education tonake a more direct and coordinated commit-
build their capacity. Strategies to magnify the ef-ment of federal attention and resources for
fect of federal dollars have included targeting keyteacher preparation and professional growth.
teachers who are expected to train their peers @oal 4 of the National Education Goals specifies
promote school change, training teams of teachethat by the year 2000, “the Nation’s teaching force
and administrators from one school, developingvill have access to programs for the continued im-
model training programs and, to a more limitedprovement of their professional skills and the op-
degree, encouraging collaboration betweerportunity to acquire the knowledge and skills
school districts and universities. needed to instruct and prepare all American stu-
A review of many other federal programs (seedents for the next century.” Meeting this goal must
chapter 6) makes clear that in some instancesurely mean competence in working with technol-
technology has been introduced to schools, budgy. Policy decisions to meet this challenge
funding has been limited to the cost of hardware ocould be carried out through the revised Eisen-
software only, with no allocation for the prepara-hower program, through other innovation pro-
tion and support of teachers and other personnejrams such as the Fund for the Improvement
This strategy is a bad investment. of Post-Secondary Education, through broad
Congress could more definitively express itsinitiatives such as the National Teacher Corps,
wishes to see adequate budgets for teacher supporteven through a national-level teacher certifi-
and training in future legislation or report lan- cation. A first step toward making this policy de-
guage. cision would be a review and evaluation of
OTA concludes that an effective policy mecha-existing programs as recommended above, and
nism would be taequire that all applications  consultation with professional societies, educa-
for federal financial help that include technolo-  tors, parents, and others to identify appropriate
gy show adequate budgets for high-quality federal actions.
support and preparation of staff. This approach Colleges of education remain generally low on
would remind anyone preparing an applicationthe totem pole when value is assigned to under-
how important planning is to assure technologygraduate and graduate training. One force work-
will be well used; it will help to assure that teach-ing to improve teacher preparation is a movement
ers will be given support over the long term, notto raise standards for accreditation of teacher col-
just when the technology is brought in the door. leges; state and federal policy decisions that em-
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phasize accreditation (or other outcomebe made in the overall ways these activities are
measures) are likely to encourage improvementonducted.

Awards and honors bestowed by professional

education groups also contribute to higher statu
The fed_eral government can play a role Information Infrastructure
through its grantmaking activities, by encour-

aging and supporting technology applications " the early days of “computer education,” great
when considering funding requests from atténtion was given to the distribution of ma-

schools and colleges of educatiotn particular, chin_es per capita. It is becoming clear that actual
education research centers and major graduafaUity for technology today goes well beyond ma-
educational sites could be strongly encouraged telin€ counts; in fact, machines are a necessary but
adopt teaching with technology, so that new teach?0t sufflcu_ant component of teaching and learning.
ers learn by example. In teaching, as in most othe?tudents in some classes may have access to ma-
professions, the techniques modeled for new erfthines, but nothing available from or through the
trants by their own teachers are extremely powefardware of any real value. Likewise, teachers
ful. If new teachers have not experienced thdeed to be able to locate and retrieve information,
power of learning through technology-basedco”aborate with others electronically, and devel-

tools, they will have less motivation to make theOP @nd share materials at their own pace and for
effort to master these tools themselves. their own needs. In the information age, access to

In addition to relying on the public sector for Necessary information may be the true measure of

support, states, school districts, and schools th&auity. Over the next decade, many individual, lo-
accept offers of hardware or installation from pri-cal, state, federal and business decisions will de-
vate sector Companies (e.g” Computers, Wirinéermine whether this resource is broadly available
schools or providing other hookups to electronicor greatly restricted.
information sources) could request or require that At the present time, computer networks, elec-
the companies also provide meaningful levels otronic communities, software for searches and re-
initial training and continuing support for teach- trieval, and myriad other elements of an emerging
ers. Some companies have provided such Suppdﬂformation infrastructure are coming into use on
on a short term basis (see chapter 4). Compani@shighly idiosyncratic basis. This takes advantage
might be persuaded to agree with requests fo@f technology capacity and caters to individual
more intensive support for technology-usingneeds. It means, however, that teachers, schools,
teachers because technology-friendly teachers af#d students can easily miss the boat.
likely to make more and better use of the technolo- An intense debate is now under way about the
gies provided, and expand companies’ marketgole of education with respect to the emerging na-
Schools may be reluctant to make such demand®nal and global information infrastructure. The
in the belief that the companies will be less likelypolicies that result from this debate may be the
to offer any assistance in the future, but the stratewmost difficult and important decisions of all. All
gy might be worth trying and monitoring, as asectors of the economy are struggling to come to
means of providing more effective private sectogrips with the new opportunities, products, and
support to schools. choices offered through these developing technol-
While it is clear that diffuse, shifting federal ogies and policies. The constantly shifting defini-
teacher training programs that reach only a tingion of the system, changing technologies, entry
fraction of teachers cannot change the professiowf new public and private participants, and the
itis also clear that if a decision were made to intensimple newness of the system mean that it is very
sify the emphasis on use of technology as #&ard to articulate policy choices for the near fu-
resource for preservice and inservice teacher dedre, much less for a decade. Some conclusions
velopment, efficiencies and improvements couldseem clear, however:

Access to the Emerging
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= Having ready electronic access to information Congress is considering a number of ap-
is likely to be necessary for schools. proaches for education and the emerging telecom-

The costs of these services cannot be fully
determined but will include hardware, soft-
ware, connectivity, use of guides and help-
ers to effectively navigate the system, and
fees for line access and use. How the na-
tion’s schools might afford ready electron-
ic access to information, especially in a
time of restricted or even reduced funding
for education, is a major policy concern.
School districts are facing huge costs just
to bring their aging, dilapidated school
buildings to where they meet basic stan-
dards. The General Accounting Office re-
ports that $112 billion is required for the
repairs, renovations, and modernization re-
quired to restore the nation’s 80,000 public
schools to good condition and to comply
with federal mandates related to accessi-
bility and safety regulations, for major
building features such as plumbing and en-
vironmental conditions such as ventilation,

munications complex. Some reflect the desire to
apply the concept of “universal service,” con-
tained in the current legal framework for the
broadcasting system, to schools. There have been
suggestions to set aside portions of the informa-
tion infrastructure for school and other public
uses, and suggestions to provide special sources
of funding for school connections to these sys-
tem38 The education market could possibly be
aggregated into a purchaser that generates sub-
stantial market clout. This model reflects the suc-
cess of some states in centralizing purchasing of
hardware, specifying arrangement for network
connections, and specifying software from com-
petitive vendors. For example, some states have
regulated tariffs and established targeted subsi-
dies for schools. Georgia, for example, through its
state department of telecommunications, procures
telecommunications services for schools at the
same prearranged rate that state agencie¥pay.
In California, the Industry Council for

heating, lighting, or physical security. Technology and Learning worked with the Public
» Intellectual property and privacy issues are imUtility Commission (PUC) in developing a PUC
portant for schools, as they are for other groupsEducationa| Telecommunications Plan for the
= The K-12 education community, and the col-state. When the commissioner, who originally did
lege-of-education communities are not wellnot know that the schools were not connected, met
positioned to negotiate effectively in the openwith the state’s education agency, together they
market or in the regulatory arena for rights andleveloped recommendations that overcharges to
access, and are unlikely to have the funding, lesustomers be channeled to education. This
gal support, and bargaining power to proteceamounted to an estimated $40 million for tele-
themselves, unless there is intervention ocommunications in the schools per year. As a part
guidance from state and national policymaker®f this partnership, Pacific Bell pledged to con-
or the private sector. nect every school in the stdfe Currently, 18

37U.S. Congress, General Accounting Offi§ehool Facilities: Condition of America’s Schofldashington DC: February 1995).

383ee, e.g., National Association of Secondary School Principals, Council of Chief State School Officers, National School Boards Associa-
tion, American Library Association, and National Education Association, press release, Nov. 15, 1994.

39 James Bailey Matthews, vice chancellor, Information Technology for the University System of Georgia, Atlanta, GA, personal com-
unication, Mar. 13, 1995.

40 John Cradler, Far West Education Lab, presentation to National Coordinating Council-Technology in Education and Training, meeting,
Washington, DC, December 1994.
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BOX 1-8: Organization of the Report 1

This first chapter highlights some of the main findings of the study and lays out several policy options
for Congress. It also analyzes several issues related to educational access to the global information infra-
structure, including rough estimates of cost of and possible financing strategies for developing a telecom-
munications infrastructure with various levels of school access. It addresses other issues relevant to
emerging electronic information sources and teachers, such as intellectual property rights, confidentiality
and privacy of records, and limits on student access to potentially obscene or harmful materials.

Each of the next five chapters begins with a summary of key findings from that chapter.

Chapter 2 discusses the potential of technology to support, enhance, and, in some cases, rede-
fine the job of teacher. Based on the actual experiences of teachers as reported in interviews, site visits,
case studies, and published research, the chapter examines why some teachers are using technology and
how it is changing their classrooms and teaching methods. The chapter also describes how technology
can help teachers carry out many of the administrative, productivity, and communications tasks associated
with their jobs. Finally, the chapter considers how technology can be a resource for teachers’ professional
growth, whether through formal professional development courses or informal exchanges with colleagues
and outside experts.

Chapter 3 provides a statistical picture of the presence and use of technology in schools today.
The chapter examines the extent to which schools and teachers have access to various kinds of technolo-
gies, including computers, video resources, telephones, and networking technologies. It also looks at how
schools actually use these technologies: how often, in which kinds of classes, and for which kinds of activi-
ties. Finally, the chapter examines state policies for technology access and use.

Chapter 4 analyzes the factors that influence how effectively teachers implement technology. The
chapter examines multiple barriers limiting teachers use of technology and describes the resources currently
available to support teacher use of technology. Building on case studies of promising practices, the chapter
outlines some approaches that schools and districts are currently using to help teachers learn more about
technology and draws some lessons about technology implementation from these pioneer sites.

Chapter 5 addresses the role of technology in the preparation of new teachers. It examines the
treatment of technology issues in teacher certification requirements and teacher education reform propos-
als. The chapter analyzes the kinds of technology preparation currently provided to teacher candidates.
Drawing on case studies of institutions that have made technology a priority, the chapter also describes
some promising approaches for integrating technology into teacher preparation and highlights ways in
which technology can improve the teacher preparation experience.

Chapter 6 summarizes the federal role in technology-related teacher preparation and professional
development. It outlines current sources of federal support for these activities, the nature and extent of
federal commitment, and new opportunities for federal leadership created by recent legislation. The chap-
ter also examines past federal efforts to improve teacher training and promote technology, analyzing their
impact and their lessons for future federal action.

states are using preferential telecommunications  for interstate service would fall within the author-
rates as sources for expanding the use of technolo- ity of the Communications Act of 1934.

gy."Legislation proposed (and in effect) at ‘he Congress may be left in a quandary as it consid-
state level speaks only to telecommunications ac-  ers how much it should do with respect to expand-
cess rates for intrastate service; any special rates  ing the technological capabilities of elementary

41 Ibid.
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Our children face a future in which technology will touch
every aspect of their lives. Teachers want them to
be ready

and secondary schools and colleges of educatio
Clearly, federal support for aextensiveexpan-
sion of educational technologies, even if it wer
ideologically desirable, could be costlge-

e

cause technologies are advancing so rapidly, ther
may never be an adequate, up-to-the-minute an
swer to the question of whether such investmentg!

are worth their costSome states and local

school districts may be able to take on the burdefd
of investing in new educational technologies,

even without a definitive answer as to the long-

term payoff, but others will not have the resources.

Given the federal budget deficit, and the tax bur-
dens felt by American citizens in all localities, an

level, with whatever sources of funds, the invest-
ments be made thoughtfully. In this case thought-
ful investment will require that infusions of

resources be accompanied by concomitant invest-
ments in the teachers who will be working with

the students and the technologies.

The Department of Education is struggling to
keep attention focused on educational access, as it
works to define what products the education mar-
ket needs and how schools can best participate in
the emerging telecommunications system. Given
the large federal role in interstate telecommunica-
tions issues, if schools are not to be left behind,
Congress will need to pay close attention to this
issue as it debates regulatory and subsidy mea-
sures.

Regardless of decisions made about funding, if
unintended consequences of new technologies are
not to hinder teachers’ access to technology and
telecommunications, policymakers must be vigi-

dant regarding three additional areas pertinent to

education and new information systems. These
areas, discussed earlier in this chapter, are privacy,
particularly with respect to the records of students,
gopyright law, and the tradeoffs between protect-
Ing children from inappropriate materials and
ntoward censorship of emerging networks. Pro-
tection of intellectual property products also re-

uires effective education of the public about
intellectual property rights. This education could
begin in school as students, teachers and admin-
istrators are connected to online information
systems.

extensive federal investment at this time may noCONCLUSION

be possible. The analysis in this report suggest8ringing about change in the diversified U.S.
strongly, however, that whatever investments inschool system is a formidable task. With over 2.8
hardware and software are made, and at whatevenillion teachers in the United States, and 3.3 mil-

42As discussed earlier, the costs of connecting schools, teachers, and studentsto emerging information technologies and sources are highly
uncertain. Available rough estimates suggest the costs on a national basis could be minimal (for minimal interconnectivity) or they could be
astronomical, relative to current spending by elementary sod secondary schools. In the 1992-93 school year, the National Center for Education
Statistics estimates that public and private elementary and secondary schools spent $280 billion (U.S. Department of Education, Office of
Educational Research and Improvement, National Center for EducationStatitiest of Education Statistics, 199@ble 33, October 1993).

43 True costs will likely vary on both a national and local bases depending on what technology plans are developed, the state of current

school infrastructures, technology costs at the time of implementation, and other factors.
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lion estimated to be needed by 2003, any attempt How can policymakers help to realize a vision
to “retool” or provide the entire existing teacherof schools where teachers effectively and careful-
workforce with new skills or knowledge will need ly identify, enlist, and use electronic and commu-
to be done on a very large scale. Most teachersications technology to improve learning?
have many years of teaching experience (the me- OTA concludes that if the federal government
dian is 15 years) and, at a median age of 42, mogtants to maintain or enlarge its involvement in
attended school before computers were used in thkis area, the linchpin of federal policy could be a
classroom. set of initiatives that develop and support technol-
Teachers are an incredibly diverse group. Somegy, and help teachers in their teaching and profes-
already have experience with technology—comsional activities. When technology is effectively
puters at home, for example—while others havénarnessed to goals identified by teachers, schools,
never even been shown how to “boot one up.” Andtates, and national policymakers, it becomes a
some teachers are eager to experiment with newehicle for learning that is powerfully attractive.
ideas even at the risk of failure, while others have One of the principal policy challenges for the
little interest, energy, or time for experimentation.next decade is to lead by example and by commit-
The great majority of teachers probably lie somement. The experience of effective technology use
where in between. in classrooms needs to be widely shared, evalu-
Technology has been viewed by a few as a frillated and used as building blocks. Resources are
by some as a distraction, and by others as an imeeded to develop advanced learning products
triguing but peripheral component of education.(hardware, software, curriculum materials, and
OTA finds, however, that technologies offer thetools focused on educational applications); both
ability to do many traditional things efficiently resources and farsighted regulation will be needed
and quickly, and a way to encourage entirely newwo make electronic communities affordable and
educational opportunities that may be of vital im-well designed for schools. Effective policy and
portance to the next generation of learners. If theseell-organized private sector involvement could
learners are to make the most of the investmentyeate technology options that assure resources
made in educational technologies, support musdre equally available across the country, for all
be given to the teachers who guide and encourageachers, for all students, in all schools.
its use.



The
Promise of
Technology
for Teachers 2

SUMMARY OF KEY FINDINGS

= Although helping teachers use technology well may be the
most important step to helping students, there are almost no
hard data on the impacts of technology on teachers; research
has focused primarily on the implications of technology use for
students. For information about the ways in which technology
can help teachers, one must look to surveys, case studies, and
reports from teachers who are accomplished technology users.

= The experience of teachers who are adept users of technology
suggests that technology is not a panacea for all educational
needs. Nor does it appear that there is one best way for teachers
to use technology—ijust as there is no one best technology for
every teacher to use. Instructional goals, teacher experience,
subject matter or curriculum area, available resources and sup-
port, and student needs are all factors that affect teacher’s
technology use.

= Some teachers use technology in a traditional “teacher-cen-
tered” model of teaching, such as drill and practice for mastery
of facts and content or as tutorials to supplement teacher-con-
trolled activities. Other teachers use technology to support dif-
ferent, more student-centered approaches to instruction, in
which students conduct their own scientific inquiries or proj-
ects or engage in collaborative activities, and the teacher as-
sumes the role of facilitator or coach. The latter kinds of
teachers are among the most enthusiastic technology users,
since technology is particularly helpful in supporting this kind
of teaching.

= Student enthusiasm for technology is a powerful incentive for
teachers to use it. Teachers who are technology users often re-

| 49
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port that technology can make learning more can provide a means to give and receive support
relevant to “real” life and more engaging and from colleagues and enable teachers to expand
motivating to students. their knowledge in all content areas.

= Some technologies offer a new set of alterna-
tives to traditional pencil-and-paper testing byINTRODUCTION

enabling teachers to record, review, and maingey technologiekare becoming standard tools in
tain records of student performance. For examamerican schools. Recognizing the growing role
ple, yldeotaplng a student presentation not only¢ technology in the workplace and in everyday
provides a recorded demonstration of the stuyife school reform panels have stressed the need
dent's understanding of the subject at that timey, provide students with skills to succeed in an in-
but also creates a “living” record of the stu-formation-hased economyState and local cur-
dent's progress throughout the school year thadcjym frameworks have begun to incorporate
can be viewed and discussed by other teachergiandards for teaching students with and about
the student, and parents. technology. School districts are scrambling to

* Simplifying daily tasks, such as recordkeepingyeep up with ever more powerful hardware and
may be the most immediate way to involveggfiware (see chapter 3) and are finding ways to
teachers with technology. As teachers gain ©Xntegrate technology more effectively into
perience with technology, they often discoverjnstryction.
ways it can help them carry out their varied du- At the center of effective use of instructional
ties better, faster, or more effectively. technology is the teacher. For students to be-

= Increased communication is one of the biggesgome comfortable and effective users of vari-
changes technology offers classroom teachergy ;g technologies, teachers must be able to
Technology, particularly new telecommunica- make wise, informed decisions about technolo-
tions options, can transcend the walls of isolayy However, technology is not a cure-all, nor is
tion that plague the profession and allowthere one single technology tool or application
teachers to converse with colleagues, thenatmustoe used bgveryteacher. As one group of
school office, experts in the field, parents, andesearchers suggested, “If we abandon the idea
others outside the boundaries of the school. that technology is a panacea—a magic cure for all

= Teachers who are leaders in telecommunicahat ails our educational system—we would ex-
tions and other technologies are demonstratingect that sometimes technology will make a dif-
how technology can be a vehicle for continuingference and sometimes it will notAll teachers,
formal and informal professional development.nowever, should be confident in applying
Many technology-using teachers report a retechnology when and where appropriateLike

newed sense of professionalism when they takgeir students, they should be “fearless” when it
part in such activities, especially since theycomes to using technology.

have little time for face-to-face collegial activ-
ity outside the classroom. Telecommunications

1 Although many people view educational technology as synonymous with computers, for the purposes of this report, the Office of Technol-
ogy Assessment adopts a broader definition of educational technology that includes computers, VCRs, televisions, telephones, video and still
cameras, audio devices, calculators and other hand-held devices, microcomputer-based lab equipment (such as sensor probes and measurement
devices), videodiscs, CD-ROM, satellites, multimedia, and telecommunications networks.

2 See, e.g., “What Work Requires of Schools: A SCANS Report for America 2000,” the Secretary’s Commission on Achieving Necessary
Skills (Washington, DC: U.S. Department of Labor, June 1991).

3 Jay P. Sivin and Ellen R. Bialo, “Microcomputers and Related Technologies: An Overview,” a report on research covering 1986 through
1990.
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How are teachers dealing with the influx of ment has derived the information for this chapter
technology in schools? How and why do teacherfrom multiple sources. These include the afore-
use technology? In what ways, if any, can technolmentioned surveys of accomplished teachers; in-
ogy help teachers do their many-faceted jobs? Arterviews with and observations of teachers
swering these kinds of questions is a complexgonducted for OTA under contratsite visits by
often frustrating task. Despite the central role ofOTA staff to schools at every grade level across
the teacher in educational applications of technolthe country® conversations with hundreds of
ogy, there has been relatively little research oteachers, administrators, and researchers at con-
how and why American teachers use technologyferences, meetings, workshopsand over elec-
Most research about educational technology hatsonic mail; reviews of literature and evaluations
focused on the impact of technologysindents  of local technology implementation efforts from
little attention has been given to its impact onaround the country; and OTA staff experience
teachers working in and with schools over the last decade.

Furthermore, although teachers’ experienc@Vhile much of the information from these data
and expertise with technology varies, the data thagources is anecdotal, descriptive, and qualitative
do exist about teachers typically focus on a speciahther than quantitative, together these sources
subset—the enthusiastic, pioneering teachergaint a rich, multifaceted picture of teachers’ ex-
who are “accomplished” technology users. Speperiences, often in the teachers’ own words. And
cifically, two major surveys assessed the goals, atwvhile the examples in this chapter are by no means
titudes, and activities of accomplished teacheall-inclusive, they indicate the varied ways that
users of technolody(see boxes 2-1 and 2-2). teachers around the country are using technology
While these data do not discuss technology use iy carry out their jobs.
the average teacher, or by teachers in general, theylt should be emphasized that for teachers to
do offer a vision of how technology can helprealize the potential of technology as described in
teachers. this chapter, certain basic conditions must be pres-

This chapter describes how technology carent, including adequate hardware, software, guid-
support, enhance, and in some cases redefine thace, time, and a school climate that encourages
job of teachers. The Office of Technology Assess-

4 Karen Sheingold and Martha Hadlé&gcomplished Teache(slew York, NY: Bank Street College of Education, 1990); and Margaret
Honey and Andrés Henriqu&zlecommunication and K-12 Educators: Findings from a National S@desy York, NY: Center for Technol-
ogy in Education, Bank Street College of Education, 1993).

5 See especially, the following OTA contractor reports: Melinda A. Griffith, “Technology in the Schools: Hearing from the Teachers,” Octo-
ber 1993; John R. Mergendoller et al., “Exemplary Approaches to Training Teachers To Use Technology,” September 1994; Jerry Willis et al.,
“Information Technology in Teacher Education: Surveys of the Current Status” (Section 3: Survey and Interviews with Recent Graduates),
March 1993.

6 During the project (July 1993-December 1994), staff visited schools in California, Florida, lowa, Kentucky, Maine, Maryland, Montana,
New York, Tennessee, Virginia, Washington, Wyoming, and the District of Columbia. These sites were selected because teachers were actively
using a variety of different technologies throughout the schools.

7 For example, National Educational Computing Conferences, 1988 through 1994; New York State Association for Computers and
Technologies in Education, November 1994; New York State Education and Research Network Annual Conference, September 1994; Califor-
nia Technology Users Conference, November 1994; and Florida State Information Technology Annual Conference, 1994.

8 OTA Focus Group workshops, August 1994; OTA workshop on Technology Implementation Projects, “What Research Reveals About
Teachers and Technology,” Feb. 8, 1994.
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BOX 2-1: How Computer Use Changes Teaching: Results of a Survey of

Accomplished Computer-Using Teachers

In 1990, the Center for Technology in Education surveyed teachers who were “experienced and
accomplished at integrating computers into their teaching. ” The 608 teachers who completed question-
naires included teachers from grades 4 through 12 in all 50 states, drawn from a wide range of public
schools and communities nationwide. '’

The teachers who completed the survey did prove to be experienced computer users; most (73
percent) had used computers in their teaching for five years or more, some more than nine years. When
asked about the effects of computers on their teaching, 88 percent of the teachers sampled indicated
that computers had changed their teaching.

What kind of changes did the teachers report? First, many of the teachers indicated that, using
computers, they expected more of their students (72 percent) and could present more complex material
(63 percent). As one teacher wrote:

| have been able to increase student productivity and enhance laboratory routines by implementing the computer

as a lab tool. Students become better problem solvers and divergent thinkers when they are able to focus their lab

experiments in their own direction using the computer.”

Second, many of the teachers said that the computers permitted greater individualization in their
teaching (61 percent) and facilitated more independent student work (65 percent). Seventy percent of
these teachers felt that the computers allowed them to give greater attention to individual students:

My lectures are shorter on the topics covered by the software. | let the students set their own individual pace, and
take responsibility for their own learning. It gives me more time to float around the classroom and interact with the
students on an Individual basis.’

Third, many of these teachers reported that integrating the computer enabled them to spend less
time lecturing to the entire class (52 percent), or more time to conduct work in small groups and
one-on-one with individual students (43 percent).

| have become more comfortable in the role of facilitator as opposed to a lecturer | am able to encourage children
to find answers for themselves as opposed to giving them answers.*

Data from this survey also suggest that it took time-five or six years—for these teachers to master
the use of computers as a multipurpose tool in their teaching. According to the researchers:

[Five to six years] appears to be the point at which they [teachers] have a well-organized, workable set of
practices. With this foundation, they can flexibly make choices about using new applications and about using familiar
applications  differently.’

* Although inclusive of all regions of the country, the sample was not, nor was it intended to be, representative of all teachers or
schools The researchers wanted to question those teachers who were known for and experienced in the use of computers in their
teaching. To locate such teachers, the researchers contacted state and local technology directors, hardware and software vendors,
professional organizations, leading educators and researchers in the field, and others and asked them to nominate teachers recog-
nized for their accomplishments using computers in their teaching. The final sample of teachers was found to be representative of the
demographics of public schools nationwide in terms of school size, region of the country, size of town or city, and ethnic composition of
student populations. The sample had a somewhat higher representation of high schools and schools from lower income levels

*See “Source” below, p. 14.

*Ibid , p. 15.

“Ibid.

*Ibid., p. 20
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BOX 2-1 (cont'd.): How Computer Use Changes Teaching: Results of a Survey of

Accomplished Computer-Using Teachers

Accomplished Computer-Using Teachers: How Their Teaching Has Changed

AGREEMENT WITH STATEMENT

| can expect more from my students in terms
of their pursuing and editing their work.

| spend more time with individual students.

| am more comfortable with students
working independently.

| am better able to present more complex
material to my students.

| am better able to tailor instruction to
their individual student needs.

| spend less time lecturing to the entire class.

| am more comfortable with small-group
activities.

| spend less time with the whole class
practicing or reviewing material.

T T T

40 60 80
Percent of teachers

o
N
o

NOTE: Based on the questionnaire responses of the 494 teachers (88 percent of the sample) who reported that computers had made
a difference in their teaching

Although many of these teachers were highly motivated, and had developed impressive expertise in
using computers in their classrooms, all of these teachers faced at least some barriers as they tried to
integrate computers into their teaching The barrier most often cited by teachers was the lack of time to
develop lessons that used computers Other significant barriers mentioned were problems with schedul-
ing enough computer time, too few computers for the number of children, too few printers or other
peripherals, inadequate financial support, and not enough help for supervising student use of computers

Why did these teachers persist with this challenging task? Of 29 possible incentives for incorporat-
ing computers into their teaching, the most highly rated by these teachers was that computers became
“a tool for children that works for them in their learning, such as writing, analyzing data, or solving
problems.” Other incentives rated as important were that computers Increased the enthusiasm of the
students and helped teachers make a subject more Interesting; these teachers also reported being
motivated by their own professional growth, with a high share noting that they derived “personal
gratification from the learning of new skills. ”

SOURCE: Karen Sheingold and Martha Hadley, Accomplished Teachers: Integrating Computers into Classroom Practice (New York,
NY Center for Technology in Education, Bank Street College of Education, September 1990)
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teachers to use these resources in innovative waysand-held device to her desktop computer, which
The existence of these conditions is far from comis connected to a schoolwide information man-
monplace, as chapters 3 and 4 explain in more degement system. Other teachers can have access
tail.% Chapter 5 discusses whether new teachets the data, too, so if a student is having difficulty
are being prepared to enter classrooms ready if a certain area, the teachers are able to address
use the technologies at hand. It should be stressggk problem together.
that the accomplished teachers whose experience Teachers must carry out many tasks to make the
is described in this chapter probably make up onlyearning experience a rich one. They must guide
a small percentage of all U.S. teachers. and encourage students, provide varied learning
experiences, keep track of student progress, and
TECHNOLOGY AND THE JOB evaluate student learning. In reality, this means
OF THE TEACHER they must regularly find and organize informa-
Its February, and the 6th grade is at the bed€h. tjon, create lesson plans, grade papers, maintain
This half of the school year, across all subjecleyiensive records, and deal with a range of admin-
areas, 6th graders are working on an environmenigirative duties. And, as with any profession, they

tal theme. They have chosen four sites near t ust keep current with developments in their
school, and every two weeks they return to tho

sites to compile data_l. Today they are Wo_rking in O.TA finds that technology can be a power-
small groups, collecting sgmples of planf[ “fef Wa%1 tool for helping teachers with all the differ-
ter, and crustaceans to bring back to their science

: . ent parts of their job: enhancing instruction,
classroom for further analysis. They will store simplifying administrative tasks, and fosterin
their findings in a computer database, which they plitying S Ting

rofessional growth activities The experience

can access and use in other classes, such as hist%
ry or math, of some teachers further suggests that technology

On the beach, the teacher walks from group an help redefine the role of the teachers, in and

group; using a hand-held, pen-based compute®Ut Of the classroom.

she jots down observations about the studasts  Although teachers have long accomplished the
they are learning She can record notes about a Manifold tasks required in teaching without
particular group's work habits or the individual téchnology, some teachers who have learned toin-
learning styles of a student. The teacher can ustegrate technology tools into their teaching have
the hand-held device to refer to previous observafound them to be useful in ways they had not
tions, recall a student's particular weakness, andmagined. These teachers describe how technolo-
ask questions to see if that student has gainedy makes it possible to meet current instructional
greater understanding of the material or the proc-goals or pursue altogether new goals. Some find
ess. When the group returns to school, as the stthat using various technologies allows them to
dents conduct experiments and record data, theeach in entirely different ways (see boxes 2-1 and
teacher can download her observations from the-2).

9 Chapter 3 looks at the amount of technology present in schools today and teachers’ access to various technologies. Chapter 4 explores
some of the barriers that affect technology use by teachers, as well as some models and lessons for how schools can foster more widespread and
effective use of technology by teachers.

10This is a fictional composite of various activities at sites visited by OTA in spring 1994. However, such projects do exist. For example, the
Global Thinking Project at Georgia State University engages teachers and students in collaborative investigations of their local environments
and in global discussions of environmental issues using a telecommunications network. The project is funded through the U.S. Eisenhower
Higher Education program and the U.S. Environmental Protection Agency.
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BOX 2-2: How Teachers Use Telecommunications: Results of a Survey of

Teachers Who Are Telecom Pioneers

To understand better how telecommunications resources are being used in schools, in 1993 the Center
for Technology in Education undertook a survey of K-12 teachers actively involved in using telecommu-
nications. To find such a group, they posted online announcements on more than 50 educational, com-
mercial, and state-run telecommunications networks. They also solicited respondents through mailing
lists, conferences, state education departments, and professional contacts. Of those teachers who were
contacted in this manner, 550 completed questionnaires.'

The teachers who responded were an experienced group (83 percent had been teaching for 10 or
more years) and were heavily concentrated in jobs directly related to using technology m instruction, such
as computer specialist or library media specialist. Most (82 percent) of the respondents reported using
computers in their teaching for five or more years; on average they had been using telecommunications
for professional reasons for more than four years. Almost all (91 percent) had access to a computer at
home; 73 percent had access to a modem at home.

Teachers were surveyed about the kinds of professional activities for which they used telecommunica-
tions. The most frequently reported activities were those used for collegial exchange, including sending
e-mail to colleagues (76 percent of teachers reported doing so) and posting questions or exchanging
ideas on forums and bulletin boards (62 percent). A substantial number of teachers also reported using
telecommunications for information retrieval, such as accessing databases that contained information
relevant to students (51 percent) and databases of educational research (49 percent), downloading
curriculum materials (44 percent), accessing libraries (39 percent), and accessing information for col-
leagues (46 percent). A quarter of the teachers responded that they used telecommunications for one of
these functions every day. Fewer teachers reported using telecommunications for administrative tasks,
such as planning meetings (34 percent) and obtaining schoolwide information (18 percent) or attendance
records (8 percent), This may be because many of the schools in which these teachers worked did not
have the network infrastructure needed to perform such schoolwide functions. For example, 45 percent of
the schools did not have a local area network (LAN), and 43 percent of those with a LAN reported that it
was restricted to one room.

Teachers were also surveyed about the most frequent uses of telecommunications for student learning,
which were less regular than teacher professional uses. The most frequently cited activities involved
students’ accessing services and databases, Including encyclopedias (57 percent of teachers used them
with students), news retrieval services (54 percent), weather information (50 percent), Educational Re-
search Information Center (ERIC) and other educational databases (48 percent), and scientific databases
(39 percent). Classroom exchange projects were the other major use of telecommunications with students;
these activities included pen pal exchanges (41 percent of teachers reported using these), scientific data
collection and exchange (34 percent), and social awareness exchanges (33 percent). Far fewer teachers
(about 7 percent) reported using telecommunications activities with students on a daily basis

'The authors of the study report that “across size, type of school, and ethnic and economic representation, the schools in our
sample are comparable to national averages Although there is a trend toward more suburban schools m our sample than is the case
nationally our economic data suggest that our sample does not represent more affluent communities. In fact, the percentage of
schools which report that their students receive free or reduced-price lunches is slightly greater m our sample than is the case nation-
ally”

(continued)
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BOX 2-2 (cont'd.): How Teachers Use Telecommunications: Results of a Survey of
Teachers Who Are Telecom Pioneers

How Teachers Use Telecommunications for Professional Activities

MOST  FREQUENTLY
REPORTED  ACTIVITIES

Sending e-mail to colleagues

Using forums or bulletin boards

Accessing relevant student
information

Accessing educational  research

Participating in discussion forums

Accessing information  for
colleagues

Downloading  curriculum

Accessing libraries

2 40 60 80
Percent of teachers

o -

NOTE: Based on survey responses of 550 teachers who were actively revolved in using telecommunications

More than a third of these teachers reported that they served as telecommunications resource
people and facilitators for their colleagues. Approximately one-quarter reported that they were the sole
users of telecommunications in their schools; another quarter reported that several teachers in their
schools used telecommunications for activities unconnected with each other. Only one-tenth of the
respondents reported collaborating with other teachers in their building on telecommunications activi-
ties. More than half of the respondents described themselves as the principal catalyst for their schools’
telecommunications  activities.

The most frequently mentioned barriers to effective telecommunications use included insufficient
telephone lines, lack of time in the school schedule, inadequate communication about school and
district telecommunications activities, and lack of funds to cover the cost of network services.

SOURCE Margaret Honey and Andres Henriquez, Telecommunications and K-72 Educators’ Findings fom a National Survey (New
York, NY Center for Technology in Education, Bank Street College of Education, 1993)
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In addition, some teachers find that technol w

—
can enhance their personal productivity. And
perhaps the most excitifghding-some note .
that technology can help support their profession —

al growth and enable them to continue to learn an :
improve their teaching skills.

There are many technologies available i
schools today, with a wide range of applications t
teaching and learningThere is no single best i
technological medium that suits all teachers S
equally well.Some teachers have focused on ex-_ &
ploring applications of the computer; others a vid-
€0 C_amera or VldeO cassette recorder. And' Iﬂacher Kameron Conner incorporates technology into her
growing numbers, some teachers have become eBassroom instruction when and where it makes sense. Here,
thusiastic about the instructional and professiona? second-grade student records his voice as he reads from a

. . . . . _book. When parents visit the class, they can hear their child
applications of telecommunications technologies eagig and recora a message back 1 the chic
to reach out to others and to a wide range of re-
sources.

Ot WS Al INENTTI R

oa

dent learning, in terms of achievement in certain

Similarly, there does not appear to be one g piect areas, development of skills, and attitudes
best way for teachers to implement technology.tyward school (see box 1-1 in chapter'1).

Different teachers and schools find different rea- Although early research tended to focus on “the

sons and methods for using techn_olog|es. In thecomputer” as an independent variable that some-
survey of teachers accomplished in telecommuy,q, atected the learning procesis becoming
nications, many were using it to send electronicin e asingly clear that technology, in and of it-
mail (e-mail) to colleagues (two-thirds of those qe¢ 4oes not directly change teaching or lear-
surveyed); fewer (approximately 40 percent) USﬁé.“Rather, the critical element is how

it for student pen pal exchanges. technology is incorporated into instructionIn

a review of research on computers and basic writ-
USING  TECHNOLOGY TO ing instruction, for example, the researchers con-
ENHANCE  INSTRUCTION cluded:

Teachers use new technologies for the same rea- . the most effective utilization of computer
son they use books, worksheets, and other teach- software in the basic writing classroom com-
ing tools—to help their students learn. Evidence bines the best of writing instruction theory with
from an array of studies indicates that technology a creative use of computer technology. Only

in the classroom can have a positive impact on stu- well-informed, trained and caring composition

“See, e.g., C.L.C.Kulik~dJ.Kul&, “Effectiveness of Computer-Based Instruction: An Updated Anal@isiputers in Human Behav-
ior, vol. 7, 1991, pp. 75-94; Ann D. Thompson et &kgucational Technology: A Review of the Research,” Association for Educational Corn-
munications and Techology, 1992; J. Pisapia and S.M. Perlibearning Technologies in the Classroom: A Study of RegRishmond, VA:
Educational Research Consortium December 1992); Ellen Bialo and Jay P. Skin, “Report on the Effectiveness of Technology in Schools,
1990-92," Software Publishers’ Association, Washington,DC. n.d.; Stanley Pogrow, "Learning Dramas: An Alternative Curricular Approach
to Using Computers with At-Risk Students," in C. Wagner (efiechnology in Today’'s Schoollexandria, VA: Association for Supervision
and Curriculum Development 1990); and Chery M. KaRgisoners of Time,Research report of the National Education Commission on Time
and Leaming. (Washington, DC: U.S. Government Printing Office, September 1994), p. 29.

“Ann D. Thompson et al., “Educational Technology: A Review of the Research; Association for Educational Communications and
Technology, 1992, p. 43.
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BOX 2-3: “The Adventures of Jasper Woodbury”

In recent years, many researchers and educators have been trying to develop new instructional
approaches that focus on helping students learn to think and reason about important, complex prob-
lems; many are finding that technology can be a valuable tool in implementing these new instructional
approaches. For example, researchers in the Cognition and Technology Group at Vanderbilt University
have developed a videodisc-based set of materials, “The Adventures of Jasper Woodbury, " that en-
gage students in complex mathematical problem solving. Central to these materials is a particular
theory of learning—a “constructivist” approach that emphasizes student opportunities to engage in
in-depth exploration, evaluation, and revision of their ideas over extended periods. The mathematics
content and theory are consistent with the kinds of revisions to traditional mathematics curriculum
suggested by the National Council of Teachers of Mathematics (NCTM).

in

(The Jasper” researchers
have also focused on designing special environments that make learning meaningful to students by
“anchoring” instruction in a real-life context. Each “case” or problem involves complex situations that
require students to formulate and solve a set of interconnected subproblems. The essence of the series
isa set of narrative episodes. In each story, the main character is faced with a complex problem to
solve (e. g., computing the fuel necessary to fly into the forest to rescue a wounded eagle, or drawing
up a business plan, using statistics, for a booth at a school carnival). Students are challenged to solve
the problem using data presented in the story. Teachers are encouraged to have students work in
cooperative groups to consider alternative solutions to the problems. A variety of supplementary and
supporting activities allow teachers to use the materials in many different ways in their classrooms.

Video has been found to be key to the design of these instructional materials, in part, because of its
capacity to anchor the problem-solving situations in real life situations. “The video is also important
because it brings the world into the classroom in a manner that motivates students, and it makes
complex mathematical problem solving accessible to students who have difficulties imagining complex
situations by reading, " the researchers report.

Research about the effectiveness of the Jasper series indicates that, after a year of using the
program, students who received Jasper-based instruction outperformed control subjects on complex
mathematical word problems, as well as on planning and subgoal comprehension problems; they also
demonstrated significantly improved attitudes toward mathematics.

*National Council of Teachers of Mathematics, Curriculum and Evaluation Standards for School Mathematics(Reston, VA: NCTM,
1989).

SOURCE. Office of Technology Assessment, based on Cognition and Technology Group at Vanderbilt University, “The Jasper Series
as an Example of Anchored Instruction’ Theory, Program Description, and Assessment Data, " Educational Psychologist, vol. 27, No.
3, 1991, pp. 291-315.

instructors will help to bridge the gap between in “The Adventures of Jasper Woodbury,” look
technology and humanity.” particularly promising (see box 2-3).
Certain applications, such as the approach tak- Although Jasper is just one example of how

en in the video-based problem-solving materials ~ new ideas about teaching and learning can be im-

“M. Valerie-Gold and M.P. Deming, “Computers and Basic Writers: A Research Update, ' Journal of Developmental Education, vol. 14,
No. 3, spring 1991, pp. 10-14.
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plemented with technology, it also illustrates th
difficulty of sorting out the “effects” of the
technology itself. In this particular example,
many design and implementation features-
theory of learning and cognition, particular math-
ematical goals and skills, varying methods and ap-
proaches for using the materials in the classroom
with students—all combine with the technology
to affect student learning. Additional research is
needed to develop a deeper understanding
which instructional uses of technology are mos
effective and under what circumstances, and how
teacher interaction with technology plays into this s
effectiveness. . .
O . . . Telecommunications projects expose students and teachers to

While improving S_tUdent leammg is a central resources and people that might otherwise be inaccessible,
goal, technology-using teachers express enthuen in ways that were unimaginable only a few yeas ago.
siasm for additional instructional benefits ofFor instance, the Global Schoolhouse project (above)

. __connects classrooms using different technologies, such as
tech_nology that may or may not be refl_ected .|m'Comell University’s CU-See Me software, which requires
mediately in measures of student learning: brmg«te(/jephonefs and cameras mounted nearhthehcompul;‘er so0
; ; ideo conference participants can see each other on their
ing qw@er range of resources to the classrqonjg,omputersl
motivating learners, providing new teaching

tools, accommodating individual learning Styles’have her students work on rewriting, editing, or

and even redefining the role of the teacher. Thesgdding research to the story on the same day. Stu-
applications-discussed in the sections that fol- '

. : dents can browse interactively or conduct elec-
igz\;lﬁ)ell:)g;-huesi?goiggﬁéﬁsllljg?vsgrtéosr}i?(g Y}’genrslgronic research searches in CD-ROM databases,
form.” “relevant,’ “flexible,” and “motivating” in encyclopedias, or ot_her reference works. Thus,

’ ’ ’ not only do technologies allow access to a broader

discussing why they use technology in their CIaSS'range of instructional resources, but they also of-

ol PR B L ke NI TR D

rooms. fer students the opportunity to learn to use elec-

- ) tronic tools to access information and develop

m Bringing New Resources research skills using the technologies they will
into the Classroom face in the future.

As technologies have become more widely avail- Telecommunications creates even broader pos-
able, they have made it increasingly easy fosibilities for transcending school walls and ac-
teachers to access a broader range of materiatessing a wide range of learning opportunities and
they can use in the classroom. At the most basitesources. Today, computers with modems, tele-
level the copying machine has allowed teachers tphone lines, and local or wide area networks en-
make copies of articles, charts, or instructionabble teachers and students to explore worlds
materials from outside sources and share them dbeyond their immediate reach, such as perusing
rectly with students. Supplementary computethe card catalog at the local library for a list of
tools—such as scanners or digitizing cameras—books on a research topic, sharing weather data
allow teachers to bring in outside sources, entewith scientists on a network, or previewing soft-
them into a computer, and customize assignmentware to see if it is appropriate for a particulargrade
for students. For example, a teacher can bring &vel.

timely article from the morning newspaper into  Many of the teachers who access telecommu-
class, scan it into the computer in minutes, andications networks do so after school or at night,
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on their own time and very often on their ownstudents down the block or on the other side of the
dime—but they say it is worth it. For instance, aworld. The number of these telecommunications-
teacher in Arlington, Virginia, said that she paysbased activities is growing rapidly, in part because
for her subscription to America Online becauseof teacher and student enthusiasm for the opportu-
communicating with a scientist at a national reity to collect, share, and evaluate their ideas,
search lab is a great way to get ideas for studewfata, and writing with classes in other schools and
projects or to encourage students in their wérk. states or even in foreign countries. Some of these
Teachers who use telecommunications retinks are initiated by individual teachers on a
sources particularly mention the ways it can “exclass-by-class basis. Increasingly, telecommu-
tend the learning environment” for studehts:  njcations-using teachers are finding that connect-
= “Electronic networks bring real equality of ing to a fistserv 16 gives them immediate access
education to all students. My inner-city stu-to classes sharing a common interest in a particu-
dents were learning and participating with pri-lar topic. For example, “GLBL-HS” is a listserv
vate school students who have access to veigreated by two New York teachers for teachers and
specialized equipment. Through Internet, mytheir students interested in discussing world cul-
students were unaware of the social status dfiresl’ Another listserv, called the “Noon proj-
these students. It was wonderful to watch thenect,” involves classes at different latitudes where
exchange scientific information with studentsstudents measure the shadow of a meter stick at
they would be very uncomfortable with in a noontime. Based on these measurements and the
classroom.” latitude of each site, the classes calculate the di-
= “It has expanded our classroom ... blownameter of the eart}?
away the walls . . . filled us with a sense of pos- There are also a number of more extensive cur-
sibility . . . made us less provincial . . . person-riculum-based telecommunications projects us-
ally involved us with the nation and the world.” ing electronic networks. While many teachers
= “We’re more keenly aware of a world outside have long used project-based teachiramd con-
the classroom, in the sense of being able t@inue to do so without technology, many teachers
reach out to information resources and not opare enthusiastic about what technology can add by
erate in a vacuum.” extending the project beyond the classroom.
Telecommunications can connect students andihese projects have typically been created with
teachers—sometimes instantaneously and simufederal or private support to cover the costs of cur-
taneously—to poets or politicians, musicians oriculum development, organization, and teacher
religious leaders, university professors or resupport. Some projects, such as the AT&T Learn-
searchers on a national supercomputer, or othémng Circle, Kid Link, and the International Poetry

14 Bonnie Bracey, Ashlawn Elementary, Arlington, VA, OTA site visit, Dec. 21, 1993.

15 Comments taken from educators who responded to an online request for information. Gloria G. Frazier and DandefeEmniaiy-
nications and Education: Surfing and the Art of Cha(@exandria, VA: National School Boards Association, 1994), p. 33.

16 | jstservsare lists created on telecommunications networks for discussion of topics of common interest. Some are moderated, with the

organizer guiding and framing the discussion, but others are unmoderated and more free form.
17 NetTEACH NEWS/ol. 2, No. 6, Nov. 29, 1994, p. 7.
18 TERC, “Review of Research on Teachers and Telecommunications,” OTA contractor report, Washington, DC, May 1994, p. 25.

19 project-based teachingfers to teaching activities in which students develop skills and understanding in the context of carrying out
projects that require them to apply these ideas and processes.
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Guild, center around writing and the humani; & ® & "qw . -"'".?

I'r-td-_

ties.” Most projects, however, focus on science W ‘\n , L; - .E
and mathematics, reflecting initial developmental g
support from the National Science Foundation. %’E ""l {m -
They include Global Lab (see box 2-4), an envi- ;u _ 3
ronmental education curriculum primarily for stu-

dents in junior high and high school; the National=

Geographic Society’s Kids Network, which pres-

ents science topics to upper-grade elementaty,

school children; Kids as Global Scientists, in

which elementary school students around th

world exchange, compare, and study weather da

with each other and mentors; and the Weather U

derground, a similar weather study project linking

students throughout Michigadil Projects such as

these can supply the focus and boundaries for in

teraction and can provide teachers with the con- ity ¥ IR, SN AN
tent, accompanying materials, organizationasizudems can 'play” various instruments on the computer with
he|p, and technical assistance they may need tY/D! (musical instrument digital interface) software, which
work telecommunications info_thelr curriculum 7% % 2%, 1%, e i

and lesson plans. interact.

m Developing New Forms of Instruction instrument by its sound only. It is not the same as

Some teachers are creating new teaching toolgaving the real instruments in the classroom-a
with technology that facilitate new forms of luxury most schools cannot afford-but the stu-
instruction. For instance, a teacher who wished talents can “play” the instruments on their own, and
give her students abetter understanding of musid is a lot more quiet. According to the teacher, the
created a multimedia set of musical instrumentssoftware has been extremely successful with her
the students could “play.” Using Hyperc&rd students. “l am already able to see how the chil-
software on her computer equipped with a CD-dren’s increased familiarity with instruments car-
ROM to play sound, she designed her owrries over to the music appreciation class,” she
instructional software around a set of musicabaid. “They are beginning to understand why a
instruments and the sounds they make. Each piccomposer might choose a certain instrument to
ture of art instrument has a “button” the studentsconvey a particular image or emotioh.”

can click on to hear the instrument's sound. The By encouraging students to use computers, vid-
students can play the “game” of recognizing theeo, and telecommunications in tandem with tradi-

"AT&T |earning Circles, based in New Jersey, discontinued its network at the close of the 1994-95 school year, KidLink is an internation-
al dialog based in North Dakota; and the International Poetry Guild is at the University of Michigan, Arm Arbor.

“Global Lab is based at TERC, Cambridge,MA; Kids Network, National Geographic Society, Washington, DC; Kids as Global Scientists,
the University of Colorado, Boulder and Weather Underground, the University of Michigan, Arm Arbor.

“Hypercard is a software program designed to create multiple pathways for moving through a body of related material, allowing the link-
ing together of information following an associative, rather than linear, train of thought.

*Rhonda Coleman,, teacher, as quoted in John Steinmetz, "What Are These Things Good For, Anyway?” technical report for Apple
Computer, Inc., 1993, p. 10.
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BOX 2-4: Global Lab: Collaborative Research for Teachers and Students

The Global Laboratory (GL) Project, developed by TERC'and funded by the National Science
Foundation, engages middle- and high-school students and teachers in collaborative, hands-on, proj-
ect-based investigations of environmental phenomena. Global Lab enables teachers to implement in
their classrooms an advanced form of science teaching that is experiential and process-centered and
that goes beyond memorizing facts and canned lab experiments. A specially designed telecommunica-
tions network links classrooms around the world with data exchange and analysis capabilities. The
network makes classroom collaborations possible on both regional and global scales.

In order to prepare students and teachers for collaborative classroom science, the curriculum uses a
developmental approach that leads students from carefully supported, skill-building activities to more
open-ended research investigations. The sequence is designed to introduce students to the process of
real science, empower them with essential skills for “doing science, ” and then direct them to their own
hands-on, real world investigations. The preparatory phase of the Global Lab year is called “Building
Investigative Skills, " and the investigative stage is called “Advanced Research. ”

Students and teachers begin with a community-building activity in which classes send information
about their schools and community to other sites. As they do this, they learn how to manipulate and
navigate around the telecommunications software. For example, a class in the Czech Republic wrote:*

Our town 1s a very old one It was founded in the 13th century and has evolved under both Czech and German
influences, The town i1s known as the “Pearl of South Bohemia “There are however many factories with smoking chim-
neys and outflows into the rivers, so we have already had experience with ecological problems. So we would be very
glad to help any research into some of them

A teacher in Hawaii describes her class’s reaction to data it received from other Global Lab schools:

The students located GL schools on the map. and looked up information about the schools in our cluster. Dur-

ing this time, my class got revolved with longitudes and latitudes and made some interesting discoveries about their

perceptions of where certain cities were!

The GL curriculum emphasizes the process of science and leads students through a series of
hands-on activities to introduce them to key aspects of this process, such as the importance and
history of collaborative science; the need for calibrations, measurements, standardization, international
units, and reproducibility; and typical sources of errors. Each class selects a local site to study
environmentally over the school year, and they begin to assess its environmental health and quality.
Students start with qualitative observations of their sites, based on their senses (e.g., what do we see,
feel, hear, smell at the site?). Working first without quantitative tools, they soon begin to develop an
appreciation for the need for scientific instrumentation.

At this point, the curriculum introduces students to low-cost, high-tech tools developed or provided
by TERC, and then requires them to use these tools to conduct a quantitative analyses of their study

'TERC, based in Cambridge, MA, i1s a nonprofit education research and development organization, dedicated to science and
math, Since 1990, Global Lab has revolved over 400 classrooms from 30 countries around the world

’Except as noted otherwise, all quotes are all taken from Berenfeld, “Technology and the New Model of Science Education” (see
“Source” below)




Chapter 2 The Promise of Technology for Teachers 163

BOX 2-4 (cont'd.): Global Lab: Collaborative Research for Teachers and Students

sites. This model features an activity called “Environmental Snapshots. ” At the same hour (solar noon) on
the same day, Global Lab students around the world make an environmental profile of their study sites.
They measure parameters such as light intensity, carbon dioxide concentrations, air and soil temperature,
and soil moisture at their study site, then compile their data and exchange it with other schools. They
compare findings with projectwide data and formulate research hypotheses to explain observed phenome-
na. The Hawaii teacher further describes the process:

Then they finally chose which teams they would liketo work on. | asked the Engineering Team to be responsible for
taking measurements of air temperature, humidity, amount of light using a luxmeter, and also a radiometer, to measure
pH... and wind speed. Meanwhile, the Ozone Team watched the videotape on how to assemble their devices. The
Audio Team began writing their introductions... the Art and Writer Team began musing about their study site. It
was a pleasure watching and listening to them comparing notes, discussing their work.

Students and teachers are then prepared to begin the project’'s second phase, Advanced Research
Each classroom begins an in-depth investigation at their site in one of five research fields: including air
and water quality, environmental chemistry, ionizing radiation and stratospheric ozone, and biodiversity
and field explorations. A class in Texas explained their choice:

Our classes chose Environmental Chemistry because we are concerned about the results of local industry and

agriculture in our water, soil, and air Also, we would like to know if the recent flooding has affected the chemical [bal-
ance] in these areas.

The students discuss their work online with other schools and are encouraged to tap into local
resources, outside scientific collaborators, and scientists from TERC. After conducting their investiga-
tions, the students in each classroom prepare a research report and then conduct “peer reviews” 01
other students’ reports. An important part of the curriculum is teaching students about the ethics 01
science and the need for and nature of peer review.

Global Lab presents a challenge to many teachers. Often, participating teachers are learning content
and technology use alongside their students. Furthermore, the open-ended, inquiry-based environment
is different from the practices of many teachers. To help teachers make the transition to project-based
pedagogy, Global Lab provides them with tools, materials reinforcing the concept of contextual relevance
for student learning, a curricular framework, guidance for engaging a class in this model of scientific
inquiry and collaboration, and, perhaps most important, online support. A Massachusetts teacher said:

It's helped me focus more on the research process and the scientific thinking process, whereas before | think I'd
gotten into the rut, having taught 25 years, of just giving them activities, having them fill out the sheets, and that's it. So
this has forced me to start them thinking about hypothesis and guessing and thinking about what makes an experi-
ment valid, and all the variables that could be in the experiment that might affect the data.

A Texas teacher admitted:

The thing was that starting into this project, nobody knew anything, including myself. We had no idea what had to
be done to study the problem we elected. Everybody had to go out and research it, and it turned out that Instead of
learning it out of a textbook or being lectured about it, we were doing everything by trial and error, step by step. And to
me it was more real science than what you normally get in a science class. I've learned more this year than probably
in 13 years of teaching science.

(continued)
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BOX 2-4 (cont'd.): Global Lab: Collaborative Research for Teachers and Students

Although there has been no formal research into the impact of the Global Lab model on teachers,
preliminary evaluations revealed a great variety in the way teachers implemented Global Lab in their
classrooms, These ranged from afterschool science clubs to a full science course,

It is our core curriculum and from it we build other subjects, When we study water in Global Lab, we study water in

history, its relationship to wars, and so on, how cities are created on it, We use it to write for English and we study
English from it, We take all our field trips connected with it

As a project pioneering new teaching paradigms, Global Lab experiences suggest that giving
curriculum support based on a developmental model can encourage teaching with collaborative,
hands-on science investigations, When such pedagogy is enhanced by telecommunications, innovative
software and hardware tools, and online collegial and expert support, this approach to teaching
science reflects the kinds of relevant, inquiry-based scientific study recommended in the emerging
national standards recommended by the science education community *

‘See “Sources” below, Tinker and Berenfeld, p. 15. . . . )

‘See, eg, American Association for the Advancement of Science, Benchmarks for Science Literacy (New York, NY: Oxford Uni-
versity Press, 1993), and National Academy of Science, Natiomal Science Education Standards (Washington, DC National ~Academy
of Science, 1994)

SOURCES Office of Technology Assessment, 1995, based on Boris Berenfeld, ‘Technology and the New Model of Science Educa-
tion: The Global Lab Experience, " Machine-Mediated Learnmg, Vol 4, Nos. 283, 1994, pp. 203-227, Barbara Tinker and Boris Beren-

feld, “Patterns of Use Global Lab Adaptations, " Hands-On/, fall 1994, vol. 17, No 2 (Cambridge, MA TERC), pp. 14-15

tional materials, such as textbooks and other print
or library resources, teachers can also give both
their own lessons and student assignments more
content and depth (see box 2-5). For example, in
the social studies classes in Montgomery County,
Maryland, “ the teachers have been provided mul-
timedia “MacPacs,”” to develop lessons based on
texts, photos, TV or film footage collections on
videodisc, or other powerful content that cannot
be found in other media. Teachers also require that
their students use these resources to create multi-
media reports. Instead of the traditional approach
to written reports (“use a minimum three different
print sources and only one from the encyclope-
did"), a teacher can suggest that students include
clippings scanned in from a newspaper, maps,

pieces taken from primary sources or family jour-
nals, photographs, references from the CD-ROM
encyclopedia, or text with highlighted words that
correspond to a student-created glossary, in addi-
tion to the other traditional research materials.
Students thus must extend their research to in-
clude a variety of information sources; draw upon
multiple ways of representing events, perspec-
tives and interpretations; evaluate which materi-
as work best for the presentation required; and
then synthesize this material into a cogent multi-
media message.

For example, for areport on Martin Luther
King, Jr., ateacher in Kentucky has her high
school students view a full-motion videodisc seg-
ment of the civil rights leader delivering his “I

“Linda Spodles, socidl studies resource teacher, Montgomery County, MD, OTA site visit Dec. 14, 1993.
“The “MacPaC’ workstations each include a Macintosh LC Computer, a CD-ROM drive, a level 111 videodisc player, and a passive-matrix
LCD display panel (for overhead projection of the computer Screen). Each department aso has a 3 | -inch television.
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Have a Dream” speeétPowerful as the speech
is, it takes on additional impact when the student
searches other video materials and discovers pic
tures of segregated lunch counters or water foun-
tains with “Whites Only” signs, views film
segments of speeches by other civil rights leade
and segregationists, reviews documents that sug
port Dr. King's statements, and examines evi
dence in contemporary news articles that sugges
whether or not his dream has been riiéie proc-
ess is as important as the product, as students
develop valuable skills in finding, evaluating,
organizing, and communicating many types of
information using new technologies as well as B8 encour_aging students to use a variety of technqlqgies—-
- . such as video-to supplement the use of more traditional
traditional research materials. Althoth Stu- materials, teachers make both their lessons and the
dents could go to a library, read books, watch vidassignments more meaningful.
eos, and interview people, technology has the

means to bring together all those original sourcgjents more directly than do textbooks and more
materials in an easily accessible place—such as @aditional teaching toof8Many instructional
videodisc or CD-ROM. Students may not other-designers have suggested that the interactive ca-
wise have access to these kinds of sources. Sompeicity of new technologies-wherein children
suggest that this is what using the technology caBan actively interact with information and receive
do best: give teachers the chance to ask and steeedback on their questions or answers-contrib-
dents better ways to find answers to “differentytes to its motivating effects.
questions, richer questions, questions that make For examp|e, asocial studies teacher in Mont-
kids think.” gomery County, Maryland, uses a multimedia sta-
tion (which includes a videodisc player controlled
m Motivating Learners by a computer using Hypercard software) in class;
The nature of new technology-based resourceghere teacher questions were previously greeted
suggests, and discussions with teachers confirmyith silence, high school students now participate
that many technology-based classroom activitie@ctively in class discussions. The multimedia les-
can be motivating to students. Some teachers r&on converts her lecture into more of a demonstra-
port that many students become so involved iion or slide show wherein she can easily show
what they are doing with technology that they ar-maps, charts, graphs, primary source documents,
rive before the firstbell and leave after the last busand video clips of news or historical footage. The
These teachers suggest that technology can becamputer technology allows the teacher to stop,
key vehicle for stimulating learning, primarily be- backup, go forward, or skip to another “file” of
cause it creates environments and presents conteifiages as students ask questions. This teacher
in ways that are more engaging and involve stuwas particularly impressed with the level of in-

BEL THEAT W MR

*Debbie Hall, Shelby County High School, Shelbyville, KY. OTA site visit Apr. 18, 1994.

“David Mintz, National Center on Education and the Economy, personal communication, August 1994,

28 Thompson, op. cit., footnote 12, pp. 11, 68.

29 See, e.g.,David Thornburg, "Killing the Fatted Caffiectronic Learning(New York, NY: Scholastic, Inc., September 1994) 24-25;

Richard Ruopp (cd.},abNet: Toward a Community of Practi¢dilidale, NJ: Lawrence Erlbaum Assoc., 1993).
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MR vk i » as “experts—meteorologists, astronomers, geol-
B N £ W LE T .. Qgists, and space historians-they were chal-
d gl." EFT'E{_-‘#! : lenged to find lost probes in the solar system.
P ol v T Working with the packet of expert material pro-
. F  — 5 vided in the software and analyzing visual clues
E wll ™ |__ | from the videodisc engaged their interest and fo-
- EEN ] W Yy 200 Wy cused their attention, and they learned about the
T WS R N ;

.y . 0 02Z02Z00 2.y solar system in the process. When one student be-
x m came disruptive in class, his punishment was not
g et 4 5 8 ] ~—=  Dbeing allowed to participate with the team for sev-

i

eral days. The teacher said it was one of the most
effective behavior modification techniques he had
ever used.

iI
:

= F ™ e

mr LY A Some teachers contend that their students are
Teachers have found that students working together in small more mOtivated and take greater reSponSib”ity fOf
groups using technology are often more motivated and take their Iearning when they are engaged in technol-
greater responsibility for their learning. ogy-based activities that require them to create

and share content with each other. For example, in

volvement and interest this approach generated ithe Global Exchange weather-mapping project,
students; she reported that they ask more quesniddle school students work in groups of two or
tions, seem less afraid to speak out in class, anthree to become “experts” in specific areas of local
were even talking about it with their parents atweather. The student “experts” collect data using
home™ Internet resources such as weather text and imag-

Another example of the motivating effects of ery, electronic dialogues with local scientists,
technology is described by a teacher in an alternasook research, and other information. The teacher
tive high school who reported that he used a softobserved a higher level of motivation among stu-
ware simulation program as both learning tool ancdents on the Internet compared with students not
behavior motivator for his class of ten 16- tousing telecommunications. “I could see the kids in
18-year-old boys. These students, referred fronthe Internet classroom were more motivated to
their regular schools and placed in the alternativdlearn the material because they knew they would
school as a last chance before placement in a motge sharing it with other kids their own age,” she
restrictive educational setting, were often unruly said, “and | think that the idea of sharing it with
and needed to develop social skills as much asheir peers was a . .very good motivation for
they needed the academic skills they had misseghem.
in their earlier schooling experiences. Engaging . . .
this group was a challenge; yet, almost all weres Individualizing Student Learning
enthusiastic when presented with a science activieachers who use technology also report that it
ity using simulation software. According to this can be used to help them individualize instruction.
teacher, his students loved working with “The This has been one of the greatest appeals of inte-
Great Solar System Rescuéiyorking in teams grated learning systems, computer and software

“Spoales, op. cit.,, footnote 24.

““The Great Solar System Rescue,” Tom Snyder Productions, Cambridge, MA.

“Robert Martin, BOCES, West Nyack, NY, personal communication, November 1994.

*Nancy B.Songer, “Knowledge Construction Through Global Exchange and Dialogue: A Case of Kids as Global Scientists,” University
of Colorado, Boulder, 1994, p. 30. Global Exchange is part of a larger project called “Kids as Global Scientists.”
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BOX 2-5: “Dear President Hoover”

In a Kentucky high school history class, the teacher instructs her students to write a letter to President
Hoover to try to convince him that the Depression is not over. Before class, the teacher goes to the school
library and checks out a videodisc player and a videodisc, called History in Motion, for her students to
use during class. For research to support arguments in their letter, the students can watch the videodisc
to get a feel for the era in which Hoover was president.

The students use technology to see history as it happened: video clips of “flappers” dancing up a storm,
followed shortly afterward by unemployed people on bread lines. One student takes the remote control and
replays the sequence, freezing the frame on the bread line and confirming with another student that “this
is the same decade?” It is the student’s ability to access at the touch of a button the image of a bread line,
the teacher says, and also to replay and discuss meanings of this powerful image, that points to the real
difference between technology-based resources and print. In a textbook, the bread line doesn’t shuffle
forward while students watch the pained expressions on the faces of real people reaching for food.”

The teacher also has Time magazine archives on CD-ROM in her classroom so students—working in
teams of three or four—can peruse and download articles that give credence to their claim that the
Depression is not over. The availability of a product such as the Time CD-ROM not only provides more
information but gives the teacher more opportunities to ask different questions, questions that challenge
the students to investigate a topic in greater depth and think about the implications of the information they
are now able to access. Students can also read other students’ letters from previous years’ classes and
use any typical resources, such as textbooks, to prepare the assignment. This history class-combining
traditional and technology-based approaches to research, communication, analysis, writing, and collabo-
rative learning---connects the students to new resources and information in a way that not only captures
their interest, but appears to encourage and support their participation in learning.

'History in Motion is published by Scholastic Software, New York, NY.
’Debbie Hall, Shelby County High School, Shelbyville, KY, OTA site visit, April 1994.

SOURCE: Office of Technology Assessment, based on Shelby County High School, Shelbyville, KY, site visit, April 1994

systems that correspond to curricula®and can be
presented to each student in a class based on his or
her abilities. The student can work on the materi-
al---often called “drill and practice’ '—until reaching
alevel of mastery, at his or her own pace. Reports
produced by these systems give the teacher are-
cord of what areas were most difficult for each stu-

dent, so that extra assistance can be given in those
particular areas where the student needs help.
Technology has been extremely helpful in rev-
olutionizing individualized instruction for specia
education students, many of whom are now being
served in regular classrooms.”Hardware, soft-

*Curriculum refers to the courses offered by an educational institution (plural, curricula). Most schools have prescribed curricula teachers
must follow throughout the school year and on which students are tested as the basis for passing a course or getting credit for it.

*Special education programs serve children with disabilities that include autism, deafness and hearing impairments, mental retardation,
orthopedic impairments, other health impairments, serious emotional disturbance, specific learning disability, speech or language impairment,
traumatic brain injury, and visua impairments. The Education for al Handicapped Children Act (Public Law 94- 142), renamed the Individuals
with Disabilities Education Act (IDEA) in 1990, guarantees that children with such disabilities be served in normal classroom settings to the

maximum extent possible.
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ware, and assistive devices can help special educa-While this look into the mind of the individual
tion students progress in their learning andstudent is enlightening, it remains a nearly insur-
communicate their knowledge to others in new—mountable challenge to find ways to draw upon
and accessible—ways. For example, scanning déhis insight and work with each individual student
vices convert text into speech so visually impairedn a class of 20 to 30 students, all needing the
students, in particular, can hear the content and réeacher’s attention (see chapter 4). Some teachers
spond to questions. An expanded keyboard witlheport that using technology can allow them to
extra large keys or a touch-sensitive screen astructure their classroom activities so that stu-
tached to a computer monitor are alternative inpulents work more independently, sometimes in
devices that help students with motor control dif-small groups. This may allow the teacher more
ficulties use the computer without struggling with flexibility to organize time to better meet individ-
a mouse. Even a word-processing program with aal student needs. While there are examples of
spell-checking feature can ease the frustration fdnow some teachers work with limited availability
students who have difficulty with handwriting or of technologies, clearly a more systematic under-
spelling so they can progress to deeper levels atanding is needed of the factors that lead to suc-
understanding the subject matter. As even moreess in such situations.
devices are developed to enable special education For example, in some cases, teachers have used
students to learn in innovative ways, it is hopedechnology as a tool for setting up activities in
that teachers will be better equipped to provide apwhich students work in teams where their roles as
propriate instructiof® members of the team are designed to draw upon
Some technology tools, like the Algebra Tu-their personal strengths and interests, to help them
tor,37 enable a teacher to track the paths a studefind areas where they can succeed and develop
takes to reach a solution to a problem, helping theelf-confidence. For example, in a school in San
teacher understand where the student is confus@legd*© the students create adventure games for
and needs help. Other applications such as Texprojects called “Microworlds.” Based upon an-
Browser38 word processing, and databases, cagient cultures, games such as “Exploration in the
provide a “window into the student’s thinking, in- New World in the 16th Century,” are created using
quiry, and problem-solving processes (giving)Hypercard. Teachers organize students into teams
teachers access to students’ misconceptions, tloéresearchers, graphics designers, project manag-
ways in which they sort and categorize informa-ers, programmers, and so forth; as students devel-
tion, the relationships they form among ideas, andp their budding expertise in these areas, they are
the conjectures they makg®”

36See, e.g., Thomas Wall and Jessica Siegel, “All Included: Inclusion of Special Education Children in Regular Classrooms Cannot Happen
Without Technology, Electronic Learningyol. 13, No. 6 (New York, NY: Scholastic, Inc., March 1994), pp. 24-34; also, Carol S. Holzberg,
“Technology in Special EducationTechnology and Learnin@ayton, OH: April 1994), pp. 18-21.

37+Algebra Tutor” was developed by John R. Anderson, Carnegie Mellon University, Pittsburgh, PA, with funding from the National Sci-
ence Foundation, Washington, DC.

38 D.M. Kurland, “Textbrowser: A Computer-Based Instructional Management and Assessment System for Language Arts Instruction,”
Newton, MA, Education Development Center, 1991.

39Barbara Means, John Blando, Kerry Olson, and Teresa Middleton, SRI International; and Catherine Cobb Morocco, Arlene R. Remz, and
Judith Zorfass, Education Development Corporatitsing Technology To Support Education Refaeport for U.S. Department of Educa-
tion (Washington, DC: U.S. Government Printing Office, 1993), p. 69.

40 O’Farrell Community School, Center for Advanced Academic Studies, San Diego, CA. Based on presentation by Roland L. Garcia,
Educational Technologist, at Society for Technology and Teacher Education Conference, San Diego, CA, March 1993.
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called upon to teach others and contribute to theh. =
success of the project as a whole.

m Redefining Teachers' Roles

When technology is integrated into the curriculum
in a comprehensive way, and when teachers feg
comfortable and confident about usingrityriad
changes occur that may ultimately redefine the
roles of teachers. Ondeacher echoed the opinion
of many when she said: “I've gone from being the
‘sage on the stage’ to the ‘guide on the side.”
While some teachers have always taught in this -
way, others report that the change to a coaching
facilitator role can be daunting, especially when it
requires them to venture beyond the teacher-cen-
tered lecturing or presentation model they experi-
enced as students themselves or in their teacher
preparation. Nevertheless, many who take on
these “new” roles find the change is welcome, p
found, and often necessary.
A teacher in the National Geographic Kids Net-
work project summed it up this way:

...1 no longer spend most of my time stand- o ,
Some teachers use technology to tailor instruction to an

Ing in front of my class and Iecturlng or havmg individual student's needs or to structure classroom activities
the students read from a textbodkave be- So students can work more independently.

come a facilitator, stage director, resource man-

ager, master learner, discussion leader, observer,

and evaluator. For me this change has been re- Open Charter School received enough technology
freshing, enlightening. and longverdue. My to make available one computer for every two stu-
students too have changed. There are no longer gents One teacher described the change she has

textbooks or tests with right or wrong answers.
They have become colle?borators ar?d teachers, 9ON€ through as she has grown more comfortable
in using technology:

They have become scientists making predic-

tions, developing hypotheses, and analyzing | don't do things in the same way thadlid

data. And they spend their money buying school them before. | have had to become very inven-

penc[!;%, folders, and banners to send to their pen  tiye when looking for ways thdtthink the

pals. [technology] tool fits best for children. My goals

Teachers at the Open Charter School in Los An- changed, becauselooked not necessarily at the
geles found that their roles were shifting as outcome, but the process by which they were
technology integration took over the school. The getting theré’

L RATT T AR

41 Bonney Bracey, Arlington PubliSchools, on "The Digital Classroom™\WORLDNET television program, Washington, DC, United
States Information Agency, Oct. 26,1994.
42 Joan Bissell et al., Nation@eographic Kids Network and Language Minority Students: The Use and Adaptation of the Hello! Telecom-

munications Unit in California Public Schodlsvine, CA: Department of Education, University of California & July 1994), p. 24.
43 Steinmetz, op. cit., footnote 23, p. 25.
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Teachers' roles are often redefined in classrooms where
technology has been successfully integrated. Some teachers
report that they see themselves as learners alongside their
students when technology is used.

what the computer can do.” Students tend to say,
‘I's a computer, it can do anything.” This is one
thing I've learned, and I learned it from my stu-
dents.” This teacher gained a new way of think-
ing about the technology (it could be
manipulated), the students (they could teach the
teacher), and herself (she didn’t know everything
after all, and that was free). Could this change
have occurred without technology? Perhaps. But
she maintained that, as a journalism teacher, she
would be remiss in her teaching if she failed to ex-
pose students to technologies now commonplace
in her field. So she has let the students help her
with the technology, while she teaches them the
techniques and craft of journalish.

In the Olympia Washington School District,
students are equal partners with teachers in learn-
ing about technology applications. The director of
technology described the district's approach:

Teachers at the school also said that by becoming

Students often introduce technological in-

learners themselves, they had developed greater noyations into the classroom and work with

empathy for their students. Said a teacher, “After
struggling to learn [Hypercard] programming,
now I'm more likely to suggest and provide alter-
natives instead of answers, so children can discov-
er their own answers.”

At least part of the teacher’s new role as “guide
on the side” involves admitting to themselves and
to their students that they don’t have all the an-
swers. In other words, one new role for the teacher
Is as a learner alongside the students. In fact, an
unexpected side effect of technology use is that
students, who are often more comfortable with us-
ing technology than their teachers, end up helping
the teachers. One journalism teacher, initially in-
timidated by computers, found that her students
had a totally different view of technology than she
did. She described her “turnaround” this way:
“Teachers tend to read the manual and say, ‘This is

“Ibid.

teachers in developing course content and goals.
The result is that often initial [technology] use
by teachers does not mimic current teaching
practices. We have found that using students as
technical resources pays better dividends than
teachers depending on colleagues. Kids take to
technology faster than teachers, are more readi-
ly available, and the children's self-esteem is en-
hanced by being a mentor to a teacher. The
Olympia School District does not give any
technology workshops to teachers. Most work-
shops are given to students and they are taught
how to pass this knowledge on to administrators,
teachers, and other students. When teachers are
involved in a technology workshop, they must
bring a student in their class, and together they
learn the skills. The pair pool their strengths, and
exciting things are happening in the district's
schools”’

“Kitty Sharber, Shelbe County High School, Shelbyville, KY, OTA site visit, Apr. 18, 1994.

“Ibid.

“Dennis Harper, Director of Technology, Olympia School District, Olympia, WA, personal communication, August 1994.
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ASSISTING TEACHERS WITH Evidence for how computers can support and
THE DAILY TASKS OF TEACHING enhance the job of the teacher emerged from a
Teachers are asked to do a lot in the time the{pU'-School pilot projectin Indiana in which every

spend inside the school building—then the 'eacher was given a computer and training to use
spend additional hours at home working ont: Two years into the program, teachers reported

school-related projects and materials. According;:at use'o_f the gomputgr had allowed them tq be
to data from the U.S. Department of Education, ore efficient with the time they spent on admin-
teachers spend 35 hours a week on average p §'gra_t|ve tasks, to produce work thatvx{as more pro-
forming their required duties in the school build-'€Ssional, and to be more confident about
ing. Beyond these required school hours, teache@(plor'ng the many potential educational uses of
report spending an average of three additionafomputers (see box 2-6).
hours with students—for example, coaching, tu- ]
toring, and supervising extracurricular activi- L] Keeping Records
ties—and eight more hours a week doing workAs OTA observed in site visits, gradebook or other
activities without students, such as preparing lessecordkeeping software can provide a “hook” that
sons, grading assignments, and attending meegets otherwise reluctant teachers interested in us-
ings. In 1990-91, teachers in public secondaryng technology tools. Most teachers spend large
schools were responsible for an average of fivehunks of their time maintaining records, often
class periods a day, each with an average of 23 stdetailed ones, of student scores on tests and
dents. Public school teachers who were responsijuizzes, daily participation, homework, behavior,
ble for a class for a whole day, such as elementaignd other factors. Computerized gradebook pro-
teachers, were responsible for an average of 2frams are set up as spreadsheets; each time a new
studentg'8 grade is entered and weighted (e.g., homework as-
Technology offers alternative—and sometimessignments, class participation, quizzes, major pa-
time-saving—approaches to many day-to-daypers, and midterm tests), the software can
functions that eat up teachers’ valuable time andutomatically recalculate each student’s grade av-
energy. Teachers who are comfortable usingrages. The teacher can print out the student’s
technology indicate that it can help with many im-grading history and use it as a vehicle for discus-
portant daily tasks, such as keeping records, asing with the student or parents what that student
sessing student learning, preparing and evaluatingeeds to do to improve (“your quizzes were fine,
curricular materials, and increasing communicabut when you failed to turn in those homework as-
tion with students, colleagues, and parents. signments it really pulled your average down”).
OTA finds that teachers, like all profession- One high school math teacher, for instance, regu-
als, tend to use technology when they can seelarly uses an electronic gradebook to counsel stu-
how it will help them become more productive dents one-on-one about problems as they occur,
or do their jobs more professionally. Teachers and she offers to show every student his or her cur-
use technologies in ways that are most valuableent grade average after each quiz or test. “When
for them, whether to record grades or videotapgou have a quiz a week,” she said, “it's too late to
the performance of a school play. tell them [handing back a previous quiz] that they

48 National Center for Education StatistiSshools and Staffing in the United States, A Statistical Profile, 190®&hington, DC: U.S.
Department of Educatioduly 1993), p. 51.
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BOX 2-6: What Happens When Every Teacher Gets a Computer?

As part of a pilot project funded by the state of Indiana, four small schools—three secondary
schools in rural locations and one small elementary school in a suburban setting—received grants to
acquire computers for the personal use of all teachers (as well as administrative staff) and to provide
training for staff on the basic software provided, The project—"A Computer for Every Teacher'—was
just that: all teachers in each school had to agree to participate and, in return, received a computer and
printer for their own use either at home or in school (wherever they chose to keep it),

An evaluation study was conducted of the project in the spring of 1992, after the teachers had had
their computers for two school years. The evaluation of this program found three areas of particular
impact: teacher productivity, professionalism, and empowerment. '’

Productivity Teachers and administrators reported substantial improvements in their productivity,
primarily in completing administrative and management tasks. Teachers recounted spending the same
amount of time on class preparation and administration, but accomplishing more, Teachers reported a
side benefit: the electronic gradebook made it possible to update grades daily, This permitted teachers
to provide more information to the students about their academic standing and what they had to
accomplish to achieve a higher grade, improving student motivation and achievement,

Professionalism: According to the teachers and administrators who participated, the availability of
computers and printers tended to improve the appearance and even the quality of materials they
prepared, Class handouts, tests, flyers, and letters to parents were perceived as looking more profes-
sional and reflecting well on the school. Moreover, teachers perceived themselves as more competent
because they could apply the computer to accomplish professional work, Some teachers in each
school became “experts” on particular programs or aspects of software-such as mail merge—and
gained the respect of colleagues, who often turned to them for help, And by being placed in the role of
learner as they received training about the computer, several teachers said they were impelled to
reconsider their instructional approaches, curriculum, and pedagogy.

Empowerment According to participants, learning to become proficient on the computer was a
great equalizer among the faculty and between faculty and students. Teachers now felt as comfortable
and proficient with computers as their students. They felt secure in suggesting computer applications to
their students and willing to learn from them as well. The staff of each school reported a sense of growth
and collegiality that emerged from the process of learning to use computers together, They described
pride in their school for becoming leaders in the use of computers in education.

‘Teachers and staff completed a questionnaire before the program began in 1990 In the spring of 1992, researchers made site
visits to each school and conducted interviews with most of the participating staff Each teacher was given a diary form and was
asked to complete a log of all uses of the computer for four randomly selected days over a two-week period in May. A followup ques-
tionnaire was also distributed to all staff; 88 percent of them completed this questionnaire A final debriefing session was held with the
four school-site coordinators in late June 1992,

SOURCE: S. Rockman et al., “Productivity, Professionalism and Empowerment: Given a Computer for Every Teacher, " report pre-
pared for the Indiana Department of Education, October 1992.
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need a96 on the next one to get an ‘A Elec-
tronic gradebooks cart therefore become a teach® "
ing tool as well as a personal time saver, ani
additional benefit teachers find useful.

“In schools in which the central office and teach
ers are linked by a local area network with acces
to databases of student records and managemeg
software, these programs can make it simpler fg
teachers to work together or with their department
head or principal to analyze student work, reex -
amine course goals, and adjust the curriculum e
instructional approach when needed. For exa f
ple, at Piscataquis Community High School infi§ . m
_Gu”ford’ Mame' a t‘eaCher who sees that a Stl'lder:’itome teachers are using technology to maintain and update
is having trouble in class can call up a centradiectronic portolios of student work. As more schools explore
grade record file from the computer on s or hefiereie e eesston oo ave oacis
desk to see whether that student is doing poorly i ent performance. Y P

other classes. If so, the teacher will send an e-mail

message to the student’s other teachers to discuss nizational models, to conventional curricula,

the student’s difficulties and decide what actions and, in turn, to existing forms of testifig.

are necessary, such as notifying the counselor and ope of the greatest challenges of alternative

setting up a team meeting with the student's partorms of assessment, such as performance-based

ents. Because every teacher in the school has,@sessment, is keeping track of rich but extensive
computer with access to the instructional managejstories of student performance. Some teachers
ment software, they use the technology as an "eafyre ysing technology to meet this challenge—
ly warning system,"allowing for intervention yaintaining electronic portfolios of student work

before student problems become too entrenchedyp gisk, saving hardcopies of work that students

create on the computer, or requiring students to

RS MO ATRT WD THION Wi e

TR Pl

» Assessing Student Learning demonstrate competence and understanding
As noted in the 1992 OTA repoftesting in Amer-  through multimedia or other technology-based
ican Schools: presentations (see box 2-7). Performance assess-

A quiet, but dramatic, transformation is oc- ment methods, especially Wh?n supported by
curring in education as researchers and practi- t€chnology, help teachers diagnose student
tioners rethink basic beliefs about teaching and ~ Strengths and weaknesses and adapt instruction
learning. These research findings and the accordingly, provide students with immediate
instructional theories they have spawned raise feedback on their performance, let teachers record
serious challenges to traditional classroom orga- and score multiple aspects of competence, and

“Lisa Martell, Piscataquis Communigigh School, Guilford, ME, OTA site visit, Apr. 2,1994.
“See, €.9., Saul Rockman et al., Productivity, Professionaksmh,Empowerment: Given A Computer for Every Teacteort prepared

for the Indiandepartment of Education, October 1992. Also, David Stanton, "Gradebooks, the Next GeneEdéotrghic Learning(New
York, NY: Scholastic, Inc., September 1994), pp. 54-58.

*U.S. Congress, Office of Technology Assessment, Testing in America: Asking the Right Questions, OTA-SET-519 (Washington,
DC: U.S. Government Printing Office, February 1992), p. 45.
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As part of a long-range,
tors designed a specialized “teacher’ productivity tool.” Working with teachers across the state, the
state education department, in cooperation with Florida State University’s Center for Educational
Technology, developed a technology tool designed to flexibly and efficiently address the grading,

school-reform  effort,

recording, and information retrieval aspects of teachers’
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In Florida, teachers designed their own tool-the Tycho™
Teacher Inforrnation Manager--handheld, pen-based
computer that helps them to create, record, and summarize
student observations, report to parents, and keep track of
student progress.

room (or wherever learning is taking place) and record

of Windows-based mobile computing platforms;
‘The Heller Report, December 1994, p. 4,

the Florida School

Year 2000 Initiative, Florida educa-

jobs.

The tool-Tycho™ Teacher Information
Manager'—is a combination of information
management software, a pen-based hand-
held computer, a central host workstation, and
data communications software. Currently, 150
teachers, mostly in grades preK-2, in 20 Flori-
da schools are using Tycho™to create, re-
cord, and summarize student observations,
report to parents, and keep track of student
progress. In Leon County, Florida, the school
district has purchased 1,000 units of a differ-
ent platform, Apple Computer's Newton Mes-
sage Pad teamed with a Wings for Learning
product called “Learner Profile” in another pi-
lot of “smart” handheld devices for student
assessment, “Teachers using these devices
can save lists of selected skills and enter cor-
responding  assessment information for  more
than one student at the same time.

The convenience and flexibility of a hand-held device is obvious as teachers walk around the class-
information
can walk through a class in session with the tool in hand and record what the students are doing as they
are doing it; later, that information can be downloaded onto the teacher's computer for more thorough re-

immediately. For example, a teacher

'Software was developed and marketed by American Management Systems, Inc. Fairfax, VA, Tycho software runs on a variety
teachers in Florida tested Tycho on a Fujitsu hand-held pen-based device,

maintain an efficient, detailed, and continuousanalyze and evaluate the student’s performance.
The teacher and student can view the-tape together

For example, some teachers use video to helpnd discuss progress or areas of concern. The tape
can also be stored and revisited later in the year to
and growth. A teacher can videotape a student presee how far the student has progressed or to sham

history of the student's progre$s.
make objective records of student performance

sentation, speech, demonstration, or performance
and review it later, several times if necessary, to

L3

52 I

the demonstration with parents.




Chapter 2 The Promise of Technology for Teachers 75

BOX 2-7 (cont'd.): Technology Tools for Teacher Productivity

cordkeeping and analysis of student progress. Such products’can also prompt teachers to pay attention
to individual student learning styles by reminding them of previous observations (e.g., accessing the file
for a student named “Jimmy” would show the teacher an observation she made previously that she thought
was important to the student’s progress, such as: “Jimmy is learning to work well in smaller groups”).

Teachers who use such technology tools say that ultimately it makes their daily work easier, more
efficient, or more productive so time can be better spent addressing students’ needs. Even teachers
who don't use these kinds of tools seem to understand the potential: a 4th-grade teacher in Indiana
says the tools could help her prepare student progress reports required by the school teacher on every
student every three weeks. Presently, she needs a week just to get the records together to produce the
reports, If technology could help her organize all that information, the teacher says, she would have
more time and energy to devote to her students when they need it most-as they are learning.’

°Other products are available commercially, such as the CSL Profiles in Hand, an observation and recording tool, developed by
Chancery Software, Inc., Bellingham, WA, that uses Macintosh computers and the Apple Newton MessagePad. The Learner Profile,
from Wings for Learning, Scotts Valley, CA, uses bar codes so the teacher can walk around the learning environment and scan in bar
codes that represent learner outcomes or teacher-specified skills to measure progress and achievement

“Doris Zimmerman, teacher, Shelbyville, IN, personal communication, October 1994.

SOURCE: Office of Technology Assessment, based on information provided by the Center for Educational Technology, Florida State
University, Tallahassee, FL, October 1994

Many schools are caling for students to main-
tain portfolios of student activity, throughout a
year or over several years.” These can be exten-
sive documents. Storage of these materials
(whether drafts of work over time, collections of
pictures, test scores, reports, journal entries, self-
assessment, or other items) on CD-ROM makes
them more convenient to maintain, access, and
update, and saves scarce storage space in class-
rooms and school offices.

OPreparing Curricular Materials

Preparing materials for daily lessons is one of the
largest parts of the teacher’s day. Some teachers
are using new technologies to help them preview,
access, create, and incorporate new materials into

their lesson plans. Word-processing software,
combined with printers, for example, have proved
valuable tools for teachers when preparing work-
sheets, creating tests, and updating lesson plans.
Teachers take pride in being able to use programs
like spreadsheets and word processors to produce
professional-looking documents. As one high
school journalism teacher says, with “the right
computers and software, the school newspaper ac-
tualy looks like a newspaper, not a student publi-
cation.””

Often it is the school media center where video-
disc players, VCRs, computers with CD-ROM ca-
pabilities, and other hardware are available, along
with collections of software and programming for
preview or classroom use. For instance, a teacher

“For example, states such as Vermont now require student portfolios as an aternative form of assessment. Likewise, some schools have
followed suit, including Webster Elementary School, San Augustine, FL, and O’ Farrell Community School, San Diego, CA; both require ongo-

ing student portfolios.
*Sharber, op. cit., footnote 45.
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want to show and stop the presentation at any
point for discussion. As one teacher said, “I can
talk to kids and tell them about things-like the

capability of sea stars to flip over—but now | can

show them. | don’t need to watch an entire film to

get to the part | want to see. And the students can
go back and watch it over and ovér.”

New telecommunication technologies enable
teachers to access information from a variety
of sources-universities, schools, government
agencies, or any organization that has a publicly
available database. From the electronic files in the
database, teachers may access documents, such as
written reports, lesson plans, or research papers;
graphic images such as weather maps and satellite
or still camera photographs; or other kinds of in-
formation. In fact, information retrieval is one of
the most common purposes for which teachers use
telecommunications.”

Teachers who use telecommunications empha-
size several advantages of electronic information
retrieval. They can find sources of information
that are far more current than materials in standard

Multimedia stations with any combination of a computer

videodisc player, VCR, television, or CD-ROM can be used by tethOOkS, such as satellite phOIOS that may be

teachers to preview and pnepare materials for classroom use. 0n|y hours old. In addition, once teachers are com-
A computer connected to a videodisc player with a barcode f .

reader, for example, simplifies customizing classroom fortable u5|_ng the technology, searchlng .fOI’ rele-
presentations. vant materials electronically may be quicker or

more convenient; for example, perusing a library
might go to the school media center, review thecard catalog online is usually faster than going to
teacher's guide and table of contents in a produdhe library to look. Teachers can access materials
like the “Windows on Science” videodiSethd  that may not be available otherwise, such as those
enter the code numbers for a particular segmergreated by colleagues, or information not pub-
she is teaching (e.g., how animals adapt to theilished in traditional ways. Also, teachers who re-
environment). She can review the segmentyieve information electronically can easily store
choose parts she wants, and use a barcode scana&d use the materials when and how they want,
to capture that sequence and play it back in thesuch as adapting lesson plans for their own class.
classroom. Teachers at the Open Charter School in Via telecommunications networks, teachers are
Los Angeles, for example, use computer-con-now being encouraged to participate as contribu-
trolled videodiscs for customized presentations totors to as well as users of electronic resources. For
students. They preselect film clips or images theyexample, the Eisenhower Clearinghouse for

““Windows on Science” is published by Optical Data Corp., Warren, NJ. In 1990, the videodisc series was approved by Texas for purchase
with state textbook funds.

*Steinmetz, op. cit., footnote 23, p. 27.

“Honey and Henriquez, op. cit., footnote 4, p. 19.
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Mathematics and Science Educa®is creating to other professionals, are rare in most K-12

an electronic catalog of instructional plans writtenclassrooms Only an estimated 12 percent of
by teachers in the broad areas of mathematics amelachers (one in eight) in this country have a tele-
science®® Other network service providers havephoné! in their classrooms. As one teacher
created places for teachers to distribute their owpointed out, “Telephones may be the only tool we
instructional plans over a network. Virginia’s Pub-don’t give teachers because we are afraidwiky

lic Education Network (PEN) has areas—calleduse them .82 Some teachers stand in line to use the
Academical Villages, in the Jeffersonian par-one phone available to them (even, in some cases,
lance—where teachers place materials that otherpay phone) in the teachers’ lounge or principal’'s
teachers may download and use in their classffice, to make arrangements for field trips, for
rooms. In fact, the state’s most recent technologyringing guest speakers into their classes, or for
plan, designed to replace the existing Virginia’sscheduling parent volunteers. Actually, a national
PEN system, was influenced in part by the idea o§urvey suggests that the main reason teachers
making teacher-created documents easier to pogfant telephones in their classrooms is to contact

and more accessible to network usérs. parents about immediate problems or concerns,
_ o such as student behavior, attendance, and comple-
[ Improving Communication tion of homeworlé3

Teaching is one of the most isolated professions. There are other duties required of teachers that
Teachers are “classroom bound” most of the would be far simpler if they had easy access to
day with limited access to the outside world; telephones. For example, educators in New York
yet, an essential and vital part of the job of undertook a review of what it takes to convene a
teaching is maintaining open communications meeting of the school personnel required by law to
with parents, other teachers, the school office, meet with the parents of each special education
and other professionals. child to review the child’s Individual Education
Teachers spend a great deal of their time worryPlan54 They found that often six people, in many
ing about, helping, counseling, and sharing incases coming from three different buildings, were
formation with students and parents, yet they areequired to attend these meetings. For the teacher
expected to do so in most cases without the aid ¢6 go to the school office or faculty lounge and
technology. Telephones, perhaps the most stand in line to make all the phone calls necessary
ubiquitous and necessary technology available to setup each meeting literally took hours of play-

58 The Eisenhower National Clearinghouse for Mathematics and Science Education is funded by the U.S. Department of Education and is
located at Ohio State University.

59An Invitation To Share Your Best Work,” brochure prepared by the Eisenhower National Clearinghouse for Mathematics and Science
Education, Columbus, OH, n.d.

60Glen L. Bull et al., “Anthology: Establishing an Evolutionary Path to a Peer Client-Server Internet Architecture for Virginia’s Schools,”
paper presented at the U.S. Department of Education Secretary’s Conference on Educational Technology, Washington, DC, May 8-10, 1994.

61 NEA Communications Survey, as cited by Henry J. Becker, table 3.1: Reported Market Penetration and Estimated Simultaneous Student
Accessibility for Various Electronic Technologies, “Analysis and Trends in School Use of New Information Technologies,” OTA contractor
report, March 1994.

62 “Integrating Technology and Professional Development,” unpublished report, Westfields Conference Center, Chantilly, VA, Apr. 27,
1994.

63 NEA, op. cit., footnote 61.

64 Gregory M. Benson, director, Education Program Development, Office of Educational Technology, New York State Department of
Education, personal communication, Novermber 1994.
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committee wants to leave a message telling other
members about a meeting time, the broadcast
mailbox can handle it. Voice mail lets teachers
leave or retrieve messages for each other and for
outside callers, such as parents, calling in to check
on a homework assignment.

Telecommunications use by teachers, especial-
ly fore-mail, has expanded in the last few yéars,
and with good reason: teachers with classroom ac-
cess to local or external telecommunications net-
works can contact other educators, experts,
scientists, and practitioners to discuss issues re-
lated to their teaching practice, developments in
their field, and classroom experiences. Further-

works offer teachers a chance to connect with

Telecommunications use by teachers has expanded in the other people in a variety of forms. Electronic mail,
last few years, and the number of curriculum-based users groups, and |iStSEI’VS, by at least one esti-
telecommunications projects is increasing as more teachers

and students seek opportunities to share and evaluate ideas mate_’ ,aCCOUHt for nearly 80 percent of the general
and activities with classrooms around the globe. public’s use of the Internet overall; teacher use

seems to reflect this trefid.

ing telephone tag with busy psychologists, coun- Schools do not have to have external network
selors, resource personnel, and parents. Witho@gpnnections to receive some of the benefits of in-
easy access to phones, much less voice mail oreased communications via technology. Many
e-mail accounts where messages can be left, treehools are exploring the use of internal networks
task of corralling all the required players is aas vehicles for enhancing schoolwide commu-
scheduling nightmare. nication. For example, when the principal of Web-

It doesn't have to be that way. In Billings, Mon- ster Elementary School in St. Augustine, Florida,
tana, a local business partnership has enabled theceived a model school technology grant from
district to put a phone on every teacher’s desk irthe state, he chose to use it first to improve com-
the Lockwood Schoof$The telephone system munication in his school by building a “teamwork
connects teachers and students to each other, ittfrastructure” that would connect the teachers in
parents, and to resources outside the school. THes building”Each of the school’s 53 teachers,
phone lines allow for voice mail, use of modemswho were scattered across three building wings
or fax machines from the classroom, and access t@and several mobile trailers, was given a computer
parents as the need arises. Each teacher at ttwnnected to a local area network that links all the
Lockwood Schools also has a “broadcast” mail-classrooms and the principal. Teachers share les-
box to send and receive messages to groups. Fson plans and files of teaching ideas with one
instance, if a member of the school’s technologyanother and have ready access to the principal

65 OTA site visit March 1994.
66 Becker, op. cit., footnote 61.

67 Frank Odasz, teacher on the Big Sky Network Dillon, MT, in a public address, Secretary’s Conference on Educational Technology,

Washington DC, May 10, 1994.
68 "The Managing PrincipalElectronic LearningdNew York, NY: Scholastic, Inc., May/June 1998),26-31.

more, a growing number of teacher-based net-
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throughout the day as questions or problems arisechools nationwide, enabling them to communi-

The principal maintains that e-mail is “the mostcate with one another. Computers housed in each
important technology” in his school; in addition to school’s media center will provide Internet access

checking it constantly throughout the day, he isso media specialists can tap into vast resources
sues a daily e-mail bulletin to update teachers anghd gather information for their schools. Edison

staff on the day’s activities: staff suggest that at the present time the Internet is
The bulletin lets teachers know exactly too complex for individual teachers or students to
what's going on. When a school has morale navigate/l Edison leaders hope that the Common
problems, 99 percent of the time it's because of a  yjll become the center of a geographical commu-
lack of communication. The rumor mill feeds it ang social center for teachers and families.
the gossip chain anq before.you know it, people They foresee richer collegial relationships and

feel left out of the information loop. The net- . . .

joint curriculum development among teachers,

work gives me open communication with teach- . . )
ers69 and increased parental involvement, as bulletins

The principal at Webster Elementary has alscﬁand noticeg are sent home over the network sopar
used the technology to streamline the paperworﬁm,S can discuss student work and school issues
within the building, creating school forms (e.g.,Onllne with teachers and school staff.
letters to parents and field trip requests) and put
them on the network so that teachers can fill thelROQSTERING TEACHER

out and send them back easily. Weekly newsletteBROFESSIONAL GROWTH

to parents, a parent-school voice messaging SYSs wi : .
AN s with any profession, teachers need opportuni-
tem, and a daily video newscast (where studentB yp PP

not the principal, make the day’s announcements es to expand their knowledge, keep pace with de-

. . T elopments in their field, try out new methods,
are also important parts of this principal’s ap-

. oo hange ideas with peers and experts, and refine
roach to using technology in his school to creat& "2 . .
P g 9y their skills (see box 2-8). They are also required, in

a “team environment” centered around open com L . .
munication. And the teachers seem to like it too—most districts, to take a certain number of continu-

according to an outside evaluation, Webster wal!9 ducation credits for recertification or promo-
the only one of the five Florida model schools infioNs- Some of this training comes through
which 100 percent of the teaching staff were parCOUrses or one-day workshops offered by the dis-
ticipating in the technology grant. trict, generally referred to as “inservice training.”
Local area networks (LANSs) are the mode ofMost districts require teachers to attend one or
connection planned for the Edison Project Schodlnore days a year of this inservice training, usually
Design’0 The current plan outlines a goal to pro-0n & limited list of topics selected by the district.
vide every student with a computer at home to ac/Vhile this may be an efficient delivery system for
cess “the Common,” a LAN linking all local the district, it is not always the training that a
Edison teachers, administrators, students, ani@acher needs or would choose on his or her own.
families. Each local school's LAN will be con- In fact, research suggests that professional devel-
nected to a wide area network of all the Edisoropment is more likely to be effective when it en-

69 |bid., p. 27.

70The Edison Project, a private company formed in 1991 and based in New York City, was developed by Whittle Communications, Knox-
ville, TN, to create public schools “where creativity, technological sophistication, high motivation, accountability, responsiveness. . . are the
norm,” and to do so by “spending the same amount [of money] per student as the average school district now spends.”

71The Edison Project Technology Implementation Plan, p. 6; and Nancy Hechinger, The Edison Project, New York, NY, personal commu-
nication, Sept. 12, 1994,



80 | Teachers and Technology: Making the Connection

BOX 2-8: Professional Development in the Lives of Teachers

Professional development is a general term, often used interchangeably with staff development or
teacher training, to indicate the structured or unstructured process by which teachers already in the
classroom expand their knowledge, skills, abilities, or experience to further their effectiveness. Most
states and districts have a requirement that teachers must take a certain number of hours or credits of
such professional development in order to maintain their teaching certificates, or for moving ahead on
the salary schedule.

Yet the amount of work time during which teachers are actually paid for professional development
activities is limited. Compensated professional development opportunities are usually restricted to two
to four days each year; this time often includes district meetings and classroom preparation time at the
beginning of the year. ' Any additional training or learning activities usually occur after school or on
weekends on a teacher's own time. Additional release time for professional development for teachers
can be particularly difficult to arrange, not only because it can be costly (substitutes must be hired to
take a teacher’'s place), but also because of logistical difficulties. Teachers must often still prepare
lesson plans for substitutes; in addition, many want to minimize the amount of instructional time away
from their students since they feel responsible for covering curriculum goals and keeping students and
projects moving along.

Furthermore, teachers experience multiple competing demands for their limited staff development
time. Many different kinds of school-based reforms are being encouraged and most will require new
learning or expertise by today’s practicing teachers:

[Teachers] are faced with a staggering array of complex reforms. Teachers are told that they have to set higher
standards for all students, eliminate tracking, tailor lessons to kids’ individual needs (including those with various
disabilities), adopt small-group and cooperative learning techniques, design interdisciplinary and multicultural cur-
ricula, work in teams with other teachers, promote “critical” and “creative” thinking instead of rote learning, attend to
children’s social and emotional needs, rely on “performance assessment” instead of multiple choice tests, get with
the latest technology, encourage active learning in “real-life” contexts, use fewer textbooks, and become
“agents of change” in their schools.”

The most typical ways teachers upgrade their skills are by taking credit courses on their own at local
universities or attending inservice courses or activities put on by the local school or district. These
inservice activities are viewed as a vehicle to enhance teaching, provide new information to teachers,
or remediate for teacher deficiencies.

Frequently, inservice training entails a single workshop or course for a group of teachers, with the
assumption that “one-shot training” is all teachers need to apply their newly acquired skills, content, or
techniques in the classrooms. Yet research has suggested that teachers learn best, not from one-shot
lectures by experts, but by seeing methods used in actual classrooms, by trying out new techniques
and getting feedback on their efforts, and by observing and talking with fellow teachers.’As one
researcher noted:

!Elizabeth Arnett, “Business People and Educators Have a Lot To Learn from Each Other, 'The Harvard Education Letter, vol. XI,
No 1, January/February 1995, pp. 7-8

*Edward Miller, “The Old Model of Staff Development Survives in a World Where Everything Else Has Changed, ” The Harvard
Education Letter, vol. XI, No. 1, January/ February 1995, p. 2.

°See, e.g., J. Little, “Teachers’ Professional Development in a Climate of Educational Reform, " Educational Evaluation and Policy

Analysis, vol. 15, No. 2, summer 1993, pp. 129-151.
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BOX 2-8 (cont'd.): Professional Development in the Lives of Teachers

The problem of harnessing staff developmentscompounded by its increasingly sprawling prominence On the
one hand, it is correctly seen as the central strategy for Improvement. On the other hand, it is frequently separated
artificially from the institutional and personal contexts in which it operates.

Professional development efforts have evolved over the years in several directions. Two very differ-
ent approaches to professional development have been in competition with each other for the past 40
years—professional development as a form of remediation versus professional development as a
method of culture building within a school:

One approach--deficit training-views teaching as technical work and seeks to improvebiy training teachers in
a set of techniques and discrete behavior. This approach has, in fact, been dominant The other approach---growth
and practice-defines teachers as professionals, views them as having requisite knowledge to act on behalf of their
students, and seeks to develop structures to enable them to collaborate with colleagues and participate in their own
renewal and the renewal of their schools.

Recent research suggests that professional development may work best when schools create
working conditions for teachers that foster continuous learning and professional growth, such as
providing opportunities for teachers to reflect on their teaching practice or to refine ideas with col-
leagues, For example, in the Tupelo (Mississippi) School District, teachers are encouraged to travel to
other school districts to gain a new idea about how to improve practices in their own classrooms If a
teacher convinces the Tupelo district to try the practices that he or she has observed, the district will
pay for the cost of changes in that teacher's classroom.’The superintendent of schools in Tupelo says

You can't tell people how to do things; they have to experience it, and it has to make sense to them. So we provide
[money] for any teacher in the district to go anywhere in America.  to observe cutting edge educational practices

We don't require that they return to the district and change anything, but what's happening Is that they are seeing
other, new ways of teaching.’

Yet the biggest barrier to professional development of teachers is simply lack of time in the school
day or calendar. According to Prisoners of Time, the widely quoted report of the National Education
Commission on Time and Learning:

The greatest resistance of all [to reallocating time in schoolg]found m the conviction that the only valid use of
teachers’ time is “in front of the class;” the assumption is that reading, planning, collaboration with other teachers, and
professional development are somehow a waste of timé

‘Michael G. Fullan, “Staff Development, Innovation, and Institutional Development, " in Bruce Joyce (ed.), Changing School Cul-
ture Through Staff Development, 1990 Yearbook of the Association for Supervision and Curriculum Development, p 4

°Ann Lieberman and Lynne Miller, “Professional Development of Teachers, " Encyclopedia of Educational Research, 6th Ed., vol.
3, M. Alkin (ed.) (New York, NY Macmillan Publishers, 1992), p 1049

°As of early 1992, several “grants” had been awarded to teachers so they could change practices in their classrooms Funding
has been provided through a $3.5-million private endowment to the district. Isabelle Bruder, “Underwriting Change, "Electronic Learn-
ing (New York, NY, Scholastic, Inc., February 1992), pp. 26-27.

" Ibid

*The National Commission on Time and Learning is a nine-member independent advisory board established by the Education
Council Act of 1991 and charged with conducting a comprehensive, two-year review of the relationship between time and learning in
the American schools. Prisoners of Time (Washington, DC: U.S. Government Printing Office, April 1994), p 17

(continued)
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BOX 2-8 (cont'd.): Professional Development in the Lives of Teachers

One of eight recommendations set forth in the Commission’s report is to give teachers time to learn
or prepare better for their work Evidence suggests that teachers are committed to improving their own
knowledge and practice even on their own time. One study of the costs of staff development found that
for every dollar spent by districts and schools directly on formal staff development activities, individual
teachers personally contributed 60 cents in their own time, with no present or future financial com-
pensation. *

Some schools and teachers are finding that technology can be a great resource to facilitate new
kinds of professional development, some technologies may help solve time and distance problems that
have traditionally interfered with collegial interaction. For example, electronic mail can circumvent the
problem of teachers not being free for collaboration or discussion at the same time as their colleagues.
Telecommunications technology can also pull together biology teachers scattered across a large
geographical area or enable teachers to take online credit courses from home. Videotaping technolo-
gies allow teachers to record their own teaching, for supervision and observation purposes; it also
allows the work of “master teachers” to be recorded and shared with others. Telecommunications
technologies are fostering the growth of “electronic communities” of teachers who can share teaching
experiences, problems, lesson plans, and new ideas.

Judith Warren Little et al, Staff Development in California (San Francisco, CA Far West Laboratory for Educational Research
and Development, December 1987)

SOURCE  Office of Technology Assessment, 1995

courages teachers to participate in their own re- B Expanding Qpportunities for
newa rather than supplying teachers with pre- Formal Continuing Education
packaged information or traini ng.iz_Yet many  Technology-based resources can greatly enhance
teachers are far from colleges, universities, or cen- opportunities for convenient, flexible, continuing
tral training resourcesin astate or district that ~ ejcation courses and workshops—whether re-

might offer courses or topics of interest in their  qjired for recertification or taken for personal
teaching field. Technology is one means of filling growth. “ Educational programs and courses of-

this gap. Increasingly, technology can provide  fered over cable or public television, distance-
teachers access to new ideas, master teachers  |eaming networks, packaged video (videotape,

and other professionals outside the school set-  yjdeogisc, or CD-ROM), and telecommunica

ting, and courses and enrichment activities  {jong networks can extend the range of options for
both formal and informal. It can also makeit  j teacher's study (see box 2-9).

possible to provide continuing support after Distance-learning technologies enable learners
gor?étsifknd or after educatorshave“met” over i |ocations distant from one another and/or the
work.

"Ann Lieberman and Lynne Miller, “Professional Development of Teachers” Encyclopedia of Educational Research, 6th Ed., M. Alkin
(cd) (New York, NY: MacMillan Publishers, 1992), vol. 3, pp. 1045-1053.
73 U.S. Congress, Office of Technology Assessment, Linking for Learning: A New Course for Education, OTA-SET-430 (Washington, DC:

U.S. Government Printing Office, 1989).
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instructor to participate in courses via video, auideas in collaboration with other teachers. “Video
dio, and computer technologies. These technoldias a long, successful tradition as a means to sup-
gies are increasingly being used to provideport this form of collaborative learning among
instruction not just for students, but also for teachteachers. Moreover, research supports the notion
ers and other school staff. For example, teachers that shared observation, discussion, and planning
the 90 school districts in Los Angeles County parof teaching in peer groups can lead to improved
ticipate in staff development programs offered bypractice.”® Typically, to learn from other teach-
the LA County Office of Education’s satellite- grs, ateacher has to find time to watch and observe
based Educational Telecommunications Networky, classrooms—a difficult scheduling feat for
(ETN).” This service was developed in responsgnost teachers. Video allows classroom interac-
to the need to provide equitable staff developmenfsns or master teachers to be taped for convenient

for teachers regardless of local budget and geQje\ying. Or teachers can tape themselves teach-
graphic constraints. A range of courses are offereﬁgg, then ask a colleague, principal, or coach to of-
on topics such as “Making Economics Comeferacritique or perspective

Alive in the High School Classroom,”*Grouping One group of researchers has been organizing

T‘or Instructlon n _Language Alts, K.—12, Of teachers into video “clubs” on a school or district
Creating an Emotionally Safe School: Conflict . : )
basis. Teachers make videotapes of their own

Resolution and Peer Mediation.” The program . . .
eer Mediatio € progra r1«-:‘ach|ng and teacher-student interactions. The

and courses are led by experts—many of who ) L
are local teachers—from the ETN studios and serffU0S Watch and discuss one another's videos as

by satellite signal to school sites around théNeII as videos of exemplary practice. The groups

county that have satellite dishes to receive thdave afacilitatorwho helps them focus on relating
broadcast signal. Participants can call in and inteStandards of exemplary teaching to their own
act by telephone with the presenters in the studid’actice’® This can be particularly valuable for
Each participating school site also has a facilitatoptudent teachers or new teachers just learning their

who leads discussions and other activities after th@'aft, butitis also being used as a part of the proc-
broadcast. ess for preparing teachers to meet the standards for

Teachers |00king for ways to improve their Master Teachers set forth by the National Board

own teaching may also engage in what researchef@’ Professional Teaching Standards (see chapter
refer to as “reflective practice.” Technology canS)-

provide valuable resources for extending this con- Telecommunications-based electronic com-
cept. Reflective practice involves asking focusednunities are another vehicle for teachers to en-
questions, sharing concerns, seeking commogage in reflective practicd. An electronic
meanings in teaching practice, or constructinggommunity can be a nonjudgmental forum for

74 Information about ETN provided by Sandra Lapham, consultant-in-charge, Instructional Media and Technologies, Los Angeles County
Office of Education, August 199ETN Program Guide, 1993-94ps Angeles County Office of Education

75 Jeremey Rochelle, Cherie Del Carlo, and John Frederiksen, “Restructuring Through Video-Based Reflection on Practice,” unpublished
manuscript, Institute for Research on Learning and Educational Testing Service, n.d., p. 2.

76 |bid.

77 See, for example, the AT&T Learning Circles project and the TERC LabNet project, started in 1989. LabNet provides support for high
school science teachers; the project is designed as a community of practice, connected mainly by a telecommunications network through Amer-
ica Online. There are currently more than 500 teachers in the project, experimenting with new teaching strategies, reflecting on teaching experi-
ences, sharing resources, solving problems, and building collegial relationships. William Spitz&ostezing Reflective Dialogues for
Teacher Professional Developmé@ambridge, MA: TERC, 1994).
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BOX 2-9: Mathline: A New Approach to Professional Development for Mathematics Teachers

When the National Council of Teachers of Mathematics (NCTM) issued standards for teaching
mathematics, educators around the country applauded this first set of educational standards promoted
by a national professional association. However, agreeing on the standards—and developing the
suggested content, materials, tools and approaches to teaching in support of these standards—was a
substantial challenge. Even more daunting is the challenge of getting the word out to educators and
helping them implement this new vision of mathematics education in schools around the nation. To
respond to this need, the Public Broadcasting System (PBS) created a new framework for professional
teacher education, channeling the resources of its 347 affiliated public television stations nationwide
and their experience in working with local educators.

The opportunity for PBS to enhance traditional educational services to schools came in 1993 with
the launching of Telstar 401, a state-of-the-art satellite greatly expanding programming capacity. This
expanded satellite access, combined with VSATs (very small aperture terminals), telephone, television,
and computer technologies made it possible for PBS to also offer interactive data, voice, video, and
multimedia educational services to teachers and students. “We've tried to bring together technologies

1u

in a way that really services people, ” said PBS’'s executive vice president for education . we started
(with math) because it was the NCTM that was first out of the box with standards” for curriculum, In
collaboration with NCTM,?in the fall of 1994, PBS launched Mathline, the first discipline-based educa-
tional service offered over the PBS “telecommunications highway. ”

The Middle School Math Project, the first of several planned Mathline services, is a year-long
professional development course for middle school mathematics teachers. Each Mathline group has
approximately 25 teachers—some self-selected, some chosen by their schools—and a mentor teacher.
The management of each project is handled locally by the 20 participating public broadcasting
stations, representing 16 states. The local stations do more than broadcast video lessons—they also
distribute course materials over the computer network and offer technical and organizational support to
participants.

With the assistance of NCTM math consultants, the PBS affiliate Thirteen/WNET in New York pro-
duced a series of 25 hour-long video segments, in which teachers demonstrate and model the instruc-
tional approach and content promoted by math standards (e.g., ways to help build students’ skills in
reasoning, estimating, communicating, and problem-solving in math). In the “Something Fishy” video,
for example, a Maryland teacher uses small fish-shaped crackers to demonstrate how students can
learn how proportions can be used to count a large population (e.g., the number of fish in the entire
Chesapeake Bay).’The videos are aired on the local PBS station at a time when teachers can tape
them (at home or school) for viewing later at their own convenience, or several times to study key points in
detail as they choose. The groups discuss the videos in an online discussion facilitated by a master teach-
er. In a discussion of the “Something Fishy” lesson, for example, one teacher commented that, although the
concept was a good one, the technique would never work in most classrooms: “The kids would eat the
crackers before the lesson was over!"4

*Sandra Welch, quoted in Mark Walsh, “Station Break, " Education Week, Oct. 12, 1994, p. 24.

*Funding support was also supplied by the Corporation for Public Broadcasting, the AT&T Foundation, the Carnegie Corporation
of New York, and the Cellular Telecommunications Industry Association

*Walsh, op. cit., footnote 1, p. 25.

“Jinny Goldstein, vice president, Education Project Development, PBS, Alexandria, VA, personal communication, January 1995.
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BOX 2-9 (cont'd.): Mathline: A New Approach to Professional Development for Mathematics Teachers

In addition to the video segments and discussions, two national video conferences are broadcast
live, presenting the opportunity for teachers to talk with math educators and expert teachers from
around the country. The participating teachers can call in their reactions and questions live, tape the
videoconferences for later review, and discuss the ideas and questions generated in their subsequent
computer conferences.

The model is new for professional development—interactive, flexible, reaching teachers in local
communities who might not otherwise have access to high quality professional development. The
teachers’ reactions, halfway through the initial year, have been positive. As a teacher in Spring Lake
Park, Minnesota, said, “Most teachers are isolated in their classrooms. This gives them exposure. " The
facilitator for her project suggests that teachers respond well to being freed from inflexible inservice
training at a set time and place. “They can sit in 10 minutes here or there to participate in the
discussion. You also tend to get a lot more thoughtful responses than you might get in a teaching
seminar. " Despite the fact that they may never meet face to face, the class becomes an electronic
community of learners.

Under a grant from the Rockefeller Foundation, PBS is studying the feasibility of using the Middle
School Math Project as a model for other professional development activities for teachers, across a
range of content areas. The lessons learned in the pilot project for middle school math teachers will
form a basis for considering future steps.

*Walsh, op. cit., footnote 1, p. 25.
°Ibid.

SOURCES: Office of Technology Assessment, 1995; based on Public Broadcasting Service materials and personal communica-
tions, January 1995

teachers to ask questions, solicit opinions, and ex- ers. Unlike schools in some other countries, time

plore personal philosophies with the aim of im- is not set aside in the teacher’s day for working
proving their teaching.” Through these kinds of  with colleagues on a regular basis.”

exchanges, teachers can also build collegial rela- Teaching, more than many other occupa-
tionships and become more adept at learning from tions, is practiced in isolation, an isolation that is
each other. at times crushing in its separateness. Collegial-

ity is non-existent for many teachers, unless hur-

OFosterina Collegial Work ried lunches over plastic trays in unkempt
9 9 lunchrooms are viewed as exercises in col-

with Other Professionals leagueship, rather than the complaint sessions
American schools tend to be structured in ways they are more likely to be. Knowledge is the cur-
that do not encourage collegial work among teach- rency in which a teacher deals, and yet the teach-

" Spitzer, ibid., pp. 7-8.
“In Japan, for example, teachers typically have more students per class (35 to 40 versus 23 in the United States), but Japanese teachers are

only in front of the class four hours a day. Likewise, teachersin Germany are in class with students 21 to 24 hours per week, but their work week
is 38 hours. In these countries, time outside the classroom is considered essentia to the teachers' professional development. National Education
Commission on Time and Learning, Prisoners of Time (Washington, DC: U.S. Government Printing Office, April 1994), pp. 23-27.
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er's own knowledge is allowed to become stale Network, are designed specifically for teacher in-
and devalued, as though ideas were not the life- quiry and growth. Teachers also use commercial
blood of the occupation. The organizational petworks like America Online and Prodigy for
structure of schools, so far as the professional nis nurpose; many of these networks have educa-
staff |slcqnceLr_1ed, IS bu'ltﬁn a_se?els of One-on-  4inal forums. Teachers who use these services
one relationships. Since there is little incentive say that the exposure to new colleagues, ideas, and

for teachers to integrate their behavior with that . te thei thusi for thei
of other teachers, they tend to go their own ways. resources can invigorate their enthusiasm for their

Teachers are so accustomed to working on their OWn learning (see box 2-10). As a recent survey of
own that they are surprised when someone tries accomplished educators’ use of telecommunica-

to act as a colleague and collaboffte. tions found:

As discussed in chapter 4, most teachers’ days ... the opportunity to communicate with oth-
allow them little time or specific opportunities to  er educators and share ideas [is] one of the major
share ideas and communicate with colleagues, and benefits of this technology. Obtaining rapid
there is little incentive for them to work together. ~ feedback on curricular issues and other topics of
Some teachers who have had regular opportuni- prof_essmnal interest, and keeping current on
ties to interact with other teachers—in person or Subject matter, pedagogy, and technology trends
electronically—report that the collegial support 2'€ &lso important incentives.
they receive far exceeds their expectations. One A teacher in Kentucky who subscribes to the
teacher in Florida who team-teaches once a weeiervice Prodig# and regularly uses it at home,
said, “l could never go back to teaching alone. noted that she has forged an online relationship
can’timagine how | did it before® This teacher With people in her state department of education.
received time and support from her school to plaril didn’t even know who they were when | first got
and prepare lessons with other teachers; she fénline,” she said, “but we had some of the same
that the chance to draw on another teacher’s expeguestions we wanted answered, and they didn’t all
tise and contribute her own knowledge was inhave to do with my school. I still haven’t met them
valuable. As one education writer pointed outface-to-face, but | feel like | know therf>”

“The beginning of the end of isolation is bringing Some learning opportunities allow teachers to

teachers together. Teachers feel more powerf@lontribute to the resource base of expertise, not
when they are part of a group with a common purjust take from it. For example, the Bellevue Wash-

pose than when they labor on their oWA.” ington School District network—called Belnet—

Some teachers have found online resource$ias been used to further the district’s philosophy
such as listservs, bulletin boards, or e-mail, to be af peers learning from peers. Teachers use the net-
convenient and time-saving way to connect withwork for planning and joint teaching efforts. New
colleagues and other professionals or resourcedeas about instructional practice, materials, and
outside the school. Some networks, such as TEstrategies pass through the network, as do discus-
NET in Texas, Virginia's PEN, and the Scholasticsions about using technology to promote learning.

80 Gene I. MaeroffThe Empowerment of Teachers: Overcoming the Crisis of ConfildaaeYork, NY: Teachers College Press, 1988),
p. 3.

81 Nancy McLaughlin, Webster Elementary School, St. Augustine, FL, OTA site visit, Apr. 20, 1994.
82 Maeroff, op. cit., footnote 80, p. 24.
83 Honey and Henriquez, op. cit., footnote 4, p. 19.

84 prodigy—like America Online and others—is a commercial telecommunications networking system that charges a monthly fee (approx-
imately $9.95) and hourly rates ($2.95/hour) for use of the network. Costs include software for connectivity.

85 Debbie Hall, Shelbyville, KY, OTA site visit, Apr. 18, 1994.
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: Teacher Collegial Exchange Using Telecommunications

Perhaps one of the greatest benefits for teachers using telecommunications technologies is the ability to
engage in collegial exchanges—the opportunity to talk with other teachers about teaching. For example, a
teacher in Alaska can communicate with a teacher in South Carolina to discuss the ways in which both are
using The Diary of Anne Frank in their respective literature classes; these teachers can share lesson plans,
collaborate on activities online, discuss students’ difficulties or successes, and generally offer support to
each other as the school year progresses.

Below are some examples of teacher dialogs in which teachers discuss some of the ways they use
telecommunications in their teaching and in their professional life. These teacher comments came from
BreadNet, the telecommunications network established by the Bread Loaf School of English at Middlebury
College in Vermont, for secondary school English teachers. The enthusiasm and sense of collegial support
is common among telecommunications users worldwide

| must assure you that the network has changed my classroom. This year we have opened up our room to the
rest of the nation, We are isolated here, especially in the cultural sense. My class has become aware of the differences
and similarities of students in Hawaii, Vermont, Mississippi, South Carolina, as well as bush and urban Alaska. Dis-
cussions in class often center around how differently or similarly students we are communicating with view a certain
idea. When we went on a recent trip to see the Anne Frank exhibit in Anchorage, students commented they wished
everyone we had been writing to [throughout the year] could have been with us My students will never again view
Native Alaskan culture in the narrow fashion theyh ad viewed it before this year, Just that one concept change is worth
the whole project.—Teacher, Trapper Creek, Alaska.

Let me share with you a very real success story. Kelly, a very bright 11th grader in Honors English, was painful-
ly shy, She would take a “O” before she would stand before her classmates and speak. However, as soon as she
began to “talk” online, | saw her begin to shine She expressed her views on our [class] poems in a clever, insightful,
and witty manner. | took her to the conference in Myrtle Beach and while she would still not speak before the
educators at our inservice, there has been a great deal of change in her at our school. She has gained confidence from
positive feedback online and is now preparing to do a special oral presentation on Wordsworth for her classmates.

I honestly feel that the telecommumcations experience allowed her to view herself on another and more positive
light— Teacher, Pawleys Island, South Carolina.

My children were able to participate in two projects on Bread Net. One was responding to the Korean Tale “Story
Spirits,” which went into a publication with responses from Alaska and Virginia. They were very proud and excited to
see their responses printed alongside those of middle and high school students! The parents were also im-
pressed. The children also contributed to a statewide newsletter about what was happening our schools.

One of the most exciting things | participated in was the Alaska publication of “A Day in the Life of a Teacher.” It
made me rethink my philosophy and set down honest thoughts The thoughts of my colleagues astounded me and
gave me new directions in my own thinking. The establishment of the Alaska Teacher-Researcher Network folder [on-
line] gave us an easy avenue for communication that we have had difficulty establishing on the university system.
This is due to the ease of the software. | have been able to connect to colleagues around the nation on a
beginning project about the inclusion of special education students in the regular middle and high school classroom

While BreadNet has not become a regular fixture in my classroom [for instructional purposes] for a number of
reasons, it has become a definite fixture m my professional life Being able to communicate with colleagues in my
state and nation on such an expedient basis has opened new avenues for me in my professional life. —Teacher, Ju-
neau, Alaska

SOURCE: Office of Technology Assessment, based on teacher comments contained in unpublished documents obtained from Jim
Maddox, Director, Breadloaf School of English, compiled for PBS Retreat, Apr. 27, 1994,
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E e - e incorporated into their own teachifig

e m o . . __@mae  CONCLUSION
i . | The central question for a teacher has always been:
I AN e YTIREMEE % how can this help my students? This is as it should
= ﬁ=ﬁ=! be, and will not change as technology enters the
. - B T -
. — S . S c_lassroom. However, although research on educa
- \'“' - tional technology has consistently focused on
e — A = how it mayor may not benefit students, students
E— . WSS SN “ues  are not on their own in schools. It maybe time to
=....E ' Lﬁ% rewrite the question and direct more research ef-
BN . 4 ucOES SOFTSEESRIEE  forts to explore some answers for teachédglp-
m > ing teachers may, in fact, be the most important

step to helping students.

The examples in this chapter illustrate several
ways in which technology can help teachers im-
prove instruction, change the teaching and learn-
ing process, fulfill daily tasks, and engage in
regular professional development. But these vi-
sions of what is possible are far from the reality in
L many schools and for the typical teacher. As the
The system, which is connected to the Inteme.t'next chapter will show, many schools do not have
also provides a followup to staff development; i pagic technology infrastructure to support tele-
when teachers complete a class, they can gaiymmunications and other newer applications.
additional help, or advice from their peers onand as chapter 4 will explain, there are schedul-
Belnet.” _ _ ing, organizational, curriculum, and other barriers
~ Sometimes collegial support is an added benein many schools that hamper more effective use of
fit of a student-centered project, as shown by thaechnology by teachers. Furthermore, as chapter 5
Georgia ClassConnect project, a trial project thakxplains, if new teachers are not well prepared to
connects four high schools and four collegesuse technology as they enter the classroom, they
Teachers at any of the eight sites have a chance #tart teaching at a disadvantage. Chapter 6 sug-
teach a group of students at any or all of the othegests federal programs are attempting to improve
seven sites. Classrooms are equipped witthe nation’s capacity to help teachers learn about
technologies to facilitate full interaction: moni- technology.
tors, cameras, instructor and ceiling-suspended Still, as this chapter and others indicate, teach-
microphones, a fax machine, a document camer&rs in a wide range of settings are overcoming the
and a personal computer that controls the equipbarriers, blazing new trails, and learning lessons
ment at each location. Although the primary focusfrom which others can benefit. Clearly, technolo-
of this pilot project is distance learning for the stu- gy implementation is a challenging task. Teachers
dents, teachers have learned methods and strateeed support if it is to become a reality.

Teachers use technology for many reasons, but ultimately
getting and keeping students engaged in learning is the
strongest motivation.

B0 Jobn B Merpendodler 1 al., "Exvemplary Approaches io Trining Teachers o Uise Technidogy, ™ OTA coniractor report. Sepiember | 994,
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SUMMARY OF KEY FINDINGS

= Research to date has collected only minimal data from teachers
about how much technology is available to them and how they
use various technologies for instructional or professional use.

= Projections suggest that by spring 1995, U.S. schools will have
5.8 million computers in use for instruction—about one for ev-
ery nine students. Nevertheless, a substantial number of teach-
ers still report little or no use of computers for instruction.

= Compared with other countries, the United States leads the
world in the sheer number of instructional computers in
schools. About half the computers in U.S. schools, however,
are older, 8-bit machines that cannot support CD-ROM-sized
databases or network integrated systems or run complex soft-
ware. This problem is particularly pronounced in elementary
schools. When compared on the availability of the more pow-
erful 16- or 32-bit computers, the United States falls well be-
low other countries. This aging inventory limits the ability of -
many teachers to use some of the most exciting applications of '
computers.

= During the past two years, the most rapid growth of technology
in schools has been in CD-ROMSs, videodiscs, modems, and
local area networks (LANS). Available data are weakest in pro-
viding information about how much access schools actually
have to these newer technologies, much less how they are be- ~
ing used. P

= Video is the most common technology used for instruction in =~y
schools; sources include direct broadcast, cable, satellite, or
videotaped programming. As of 1991, the typical school had
seven TVs and six videocassette recorders (VCRs). Most
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teachers make some use of video instruction
during the school year, but data about kinds of
use and effectiveness are lacking.

The most common uses of technology in

schools today are the use of video for present-
ing information, the use of computers for basic

skills practice at the elementary and middle-

school levels, and the use of word-processing
and other generic programs for developing

are present to varying degrees in school build-
ings, they are not yet generally found in class-
rooms. Fewer than one teacher in eight has a
telephone in the classroom. Furthermore, most
schools lack connectivity, administrative and
organizational support, and technical expertise
to integrate electronic networks into the teach-
ing and learning process. Major investments of
time and other resources will be required to

computer-specific skills in middle and high
schools. Other uses of technologies—such as
desktop publishing, developing mathematical
or scientific reasoning with computer simula-
tions, information gathering from databases or‘NTRODUCTlON

CD-ROM or networks, or communicating by As demonstrated by many promising examples
electronic mail—are much rarer in the class-throughout the United States (see chapter 2),
room. Technologies are not used widely intechnology can be a rich resource for teachers of
traditional academic subjects in secondaryall kinds to use in various educational settings.
schools. With available technologies, teachers can solve a
Schools do not always locate their technologyrange of educational problems, meet a variety of
in the most accessible sites. Most schools stillearning goals in all curriculum areas, and serve
place a majority of their computers in computervarying age levels or student populations. In addi-
labs rather than individual teacher’s classtion, technologies offer teachers tools for accom-
rooms. Similarly, modems may be located orplishing a variety of administrative tasks and for

a central computer in the principal’s office, enhancing their own professional development.
making it difficult for teachers to integrate  Before teachers and students can use technolo-
computer or telecommunications activities gy for these ends, however, they must have access
with other learning or professional activities 1 the hardware and software. How widespread is

prepare schools to effectively use electronic
communities.

during the course of a day.

access to various technologies in classrooms

High schools are more likely than elementaryyogay? How much and what kinds of technologies

schools to have newer or more powerful com
puters, LANs, hard disk drives, laser printers

‘are available to the typical teacher? How are avail-
'able technologies being used? This chapter at-

videodisc players, and distance-learning Capat'empts to provide an objective statistical portrait

bilities. The greatest disparities in the distribu-
tion of computers among schools at the sam
level (i.e., elementary, middle, secondary) ar
found between small schools and large schools.
Schools with fewer students tend to have many
more computers per student. This pattern of
more resources per student in smaller school$
also holds for video equipment such as VCRs
and TVs. "
The majority of K-12 schools are ill-equipped

to participate in the opportunities presented by
telecommunications networks. While tele- =
phones, modems, fax machines, and other tele-
communications links with the outside world

of the presence and use of educational technolo-
ies in American schools. The technologies cov-
ered include:

computers of different levels of power and
sophistication;

computer-based equipment such as CD-ROMs,
printers, and LANS;

video resources such as televisions, videocas-
sette recorders, cable, satellite, and videodisc
players; and

telecommunications networks and other tech-
nologies for two-way communication of voice,
data, and graphics.



Chapter 3  Technology Access and Instructional Use in Schools Today | 91

Statistical information in this chapter comesplications have been increasing so rapidly in the
principally from three major nationwide surveys past several years. Telecommunications networks
of schools, teachers, and students conducted in tlalow teachers to interact with other professionals
United States between 1989 and 1998e U.S. and take advantage of resources beyond the limits
portion of the 1992 Computers in Educationof their school or community. This chapter will
Study of the International Association for thediscuss the ways in which schools are obtaining
Evaluation of Educational Achievement (IEA), access to these networks and factors that affect
the 1991 National Study of School Uses of Televitheir participation.
sion and Video conducted by the Corporation for

Public Broadcasting (CPB)and the 1993 Com- WHAT TECHNOLOGIES DO SCHOOLS
munications Survey of Member Teachers of they\WN AND HOW ARE THEY USED?

NaXEQaI E;jutﬁatlon Ass;uagont (NEA?[' tionall Available survey data provide a picture of which
ough these are the best, most nationa Xechnologies schools own and how much the aver-

repres‘?”ta“"‘? data souréecmrrently available, age school has. In examining these data, however,

they still provide only a rough estimate of what "o .ot remember that the presence of hardware

schools are doing with technology. In part, this igg only a first step. To use hardware effectively,

because the landscape is changing so raloldly?chools also must acquire the computer software

hardware and softwar(_a avallak_)le in todgy_s Marynd video programming that give it life and must
ketplace have grown in technical sophisticatio

dd di 4 with wh "brchestrate the available equipment to make it ac-
and decreased In cost compared with what Wag, qipe 1o teachers and students. Teachers need to
available just a few years ago. In addition, much o

h iiabl dat ¢ incinals oPte the value of using technology, have an idea of
€ avanable survey data come Irom principais R,y 1o yse technologies effectively to accomplish
technology coordinators who tend to focus mor

technol q t the buildi &heir instructional goals, and must receive the
on technology access and use at the buliding (H:aining and continuing support necessary to over-
district level rather than the classroom levsl.

I t national dat K come the inevitable challenges technology poses.
general, recent national Survey dala are weak- Estimating the amount of hardware avail-
est in providing information about the class-

text of technol d teach able in schools today is relatively easy com-
room context of technology use and teachers: ,raq with estimating how frequently it is used
professional use of computers

and for what purposes. Yet information about

Available data are also lacking regarding acces§ o ses of technology is necessary for under-
and use of telecommunications networks by

teachers and schools—in part, because these ap-

1 Much of this chapter is adapted from Henry J. Becker, “Analysis and Trends of School Use of New Information Techrumintysestor
report prepared for the Office of Technology Assessment, March 1994. In this contractor report, results of a number of major national surveys of
educational technology were synthesized and analyzed. See appendix B.

2 Ronald E. Anderson et aComputers in American Schools, 1992: An Ovenvieternational Association for the Evaluation of Educa-
tional Achievement Computers in Education Study (Minneapolis, MN: University of Minnesota, 1993).

3 Andrew L. Russell and Thomas R. Cursidy of School Uses of Television and Video: 1990-1991 Scho¢h¥eayton, VA: Corpora-
tion for Public Broadcasting, February 1993). Also, see Research Triangle InStitdieof the School Uses of Television and Video: Methodol-
ogy Repor{Research Triangle Park, NC: Research Triangle Institute, Mar. 20, 1992).

4 Princeton Survey Researdtational Education Association Communications Survey: Report of the Fir{@rigseton, NJ: Princeton
Survey Research Associates, June 2, 1993).

5 This chapter also includes information from reports in progress or published and technical documents related to these three studies. The
major features of these three studies and the four other studies used in the analysis are described in appendix B.



92 Teachers and Technology: Making the Connection

FIGURE 3-1: Teacher Reports of Access and Use of Technology Resources, 1991
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SOURCE: National Education Association, Status of the American Public School Teacher, 1990-1991 (Washington, DC: 1992)

standing the status of technology in today’'s
schoals.

One nationally representative survey of teach-
ers illustrates the gap that often occurs between
having access to technology and actually using it.’
Teachers who reported having various technology
resources “readily available” at their worksite
were asked if they used that resource “regularly.”
About 70 percent of teachers who have access to
video resources use them regularly, and about 60
percent with access to personal computers use
them regularly (see figure 3-1). Among teachers
who have access to multimedia, videodiscs, on-
line databases, and other newer technologies, an
even smaller share report using them regularly.

dComputers

Of their total expenditures to date for technology
(as defined in this report), schools have spent the
most on computers. Over the past decade, schools
have spent roughly $500 million on new comput-
ers. Between 1989 and 1992, for example, schools
added 1.1 million computers, increasing their in-
ventory by nearly 50 percent, from 2.4 million to
3.5 million.

The typical high school in 1992 had 54 comput-
ers (median), and the typical elementary or middle
school had about 25 (see figure 3-2). The United
States leads the world in sheer numbers of com-
puters in schools (see box 3-1), although many of

*National Education Association, Status of the American Public School Teacher 1990-91 (Washington, DC: National Education Associa-

tion, 1992).
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FIGURE 3-2: Installed Base of Computer and Video
Technologies in Typical Schools, 1991-92
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NOTE: Figures given are medians. Computer data from 1992, video from 1991.

SOURCES: R.E. Anderson (ed.), Computers in American Schools 7992: An Overview (Minneapolis, MN: University of
Minnesota, 1993). A.L. Russell and T.R. Curtin (eds.), Study of School Uses of Televisions and Video: 1990-97 School
Year (Arlington, VA: Corporation for Public Broadcasting, 1993).
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BOX 3-1: Results from an International Study of Computers in Education

In 1989, the International Association for the Evaluation of Educational Achievement (IEA) conducted its
first Computers in Education study of schools in 23 countries, including Austria, Germany, Japan, the Neth-
erlands, and the United States. ' Surveys were conducted in each of three types of schools: elementary
schools (those with a 5th grade), middle schools (those with an 8th grade), and high schools (those with
the last year of secondary education). Within each school sampled, the principal, a computer coordinator,
and several teachers completed questionnaires. At that time, nearly 100 percent of schools in the United
States had some access to computers. Advanced 16- or 32-bit computers were found to be rare all over
the world.

In 1992, the survey was repeated in the aforementioned five countries, and in eight more. In addition,
the 1992 study also tested over 69,000 students in grades 5, 8, and 11 in 2,500 schools to assess their
practical computer knowledge. Western European students had the highest scores, followed by American
students, then Japanese students. The Western European countries in the study have a formalized com-
puter education curriculum, while the United States does not. Japan only recently has introduced comput-
ers into its educational program.

Results from the survey indicate that the United States leads the world in raw number of school comput-
ers as well as in computer density (the ratio of computers to students). However, because American
schools started introducing computers years before most other countries, they now have many more older
8-hit machines. If countries are compared on the median percentage of their school computers that are 16-
or 32-bit computers, the United States falls well below the other countries.

“Twenty-three  countries participated in the 1989 study, and 13 m the 1992 study Curently, published data are avaiable for the
1992 survey of these five countries.

SOURCE: Ronald E Anderson (ed), Computers in American Schools 1992: An Overview, IEA Computers in Education Study (Minne-

apolis, MN: University of Minnesota, 1993)

those in current inventory are older 8-bit models,
as discussed below.

Projections based on these data indicate that as
of spring 1994, the number of computers used for
instruction in K-12 public and private schools to-
taled about 4.95 million.'During the last three
years, the total number of computers in schools
has risen by about 18 percent annually-about
700,000 more computers per year---compared
with an annual net of about 15 percent during the

1980s." Further projections suggest that by spring
1995, instructional computers in the United States
will number about 5.8 million units----or approxi-
mately one computer for every nine students.’

Age and Power of Computers

Over the past decade, most schools have acquired
computers incrementally, making purchases on
different occasions. Consequently schools often

"Ronald E. Anderson, “Hardware Projections in K-12 schools,” technical memo from the IEA Computers in Education Study, University
of Minnesota, Oct. 22, 1994. Projections based on 1992 IEA data, op. cit., footnote 2, and Quality Education Data, Technology in Public

Schools, 1993-94 (Denver, CO: Quality Education Data, 1994).

8 Although industry sales indicate about 1 million units are sold each year, the instructional inventory only increases by 700,000 because

schools discard some and use some mainly for administrative purposes.

*Anderson, op. cit., footnote 7.
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FIGURE 3-3: Inventory of School Computers by Age/Power of Computers, 1992
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SOURCE: R.E. Anderson (cd.), Computers in American Schools 1992: An Overview (Minneapolis, MN: University of Minnesota, 1993),

have machines of varying age and power. The
8-bit Apple Il computer, the most popular com-
puter marketed to K-12 schools for use in instruc-
tion in the 1980s, still comprises a large portion of
school computer inventories even though it is no
longer made and cannot run most newer software.
As of 1992, one-half of the computers used for

*These machines include the Apple Il1gs and the IBM XT 8088.

instruction in the United States were 8-bit com-
puters, primarily Apple Ils. An additional 26
percent were somewhat more powerful but still
comparatively limited computers with 16-bit pro-
cessors and 8-bit transmission buses (see figure
3-3). 10 Most new software being designed today
cannot run on either of these types of machines.
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Outdated inventories are particularly pro-school building, CD-ROMs, and laser printers.
nounced in elementary schools. The number of he first three each promise 10-fold or greater in-
newer 16- and 32-bit computers has grown mostreases in access to programs and data beyond the
rapidly at the high school level, where the inventotypical floppy-disk-based computer. Laser print-
ries have been shifting fairly quickly away from ers—especially in conjunction with LANs—
Apple Il and toward IBM PC-compatibles. (Many promise substantial improvements in both the
school districts moved Apple lls from high speed and appearance of printed output. All of
schools into elementary schools.) In 1992, over 4éhese innovations have been widely implemented
percent of the elementary schools had no compuin business settings. What about in schools?
ers newer than Apple I, With hard disks and LANSs, teachers and stu-

Why are there still so many Apple Il computersdents can store program and data files without
in K-12 schools? First, until recently their unit worrying about the mechanics of loading pro-
costs remained lower than the more powerfujrams from diskettes. As of spring 1992, hard
16-bit models. Second, until only four or five disks and LAN-connections were each available
years ago, more software aimed at the school magn about 20 percent of all K-12 school computers.
ket was available for the older model computerBased on current purchasing trends, the Office of
And third, schools tend to continue to outfit labsTechnology Assessment estimates that at least 25
and classrooms with more of the same kind opercent of school computers have both LANs and

computers they already own, to accommodate alard disks today, and perhaps one-third now have
the students in a classroom at the same time @ne or the other.

within a reasonable period. LANs are somewhat less prevalent in elemen-
tary schools than in high schools: 16 percent of
Enhanced Capabilities and Peripherals elementary school computers were part of a LAN

In the brief history of personal computers, therecompared with 24 percent of high school comput-
have been several technological advances th&fs. Similarly, hard disks are found much more
might be called “order-of-magnitude” improve- often on high school computers. As of 1992, 30
ments—changes involving a 10-fold increase irpercent of high school computers had hard disks
speed, miniaturization of components, or acompared with only 12 percent of elementary
10-fold improvement in capabilities. For exam-school computers?
ple, at the beginning of the 1980s, floppy disks CD-ROM drives allow storage of and easy ac-
quickly replaced audiocassettes as input-outputess to large amounts of data, including text com-
storage devices because they enabled users to &ired with detailed illustrations, animation,
cess data at least 10 times as fast. Obvious exasrund effects, and spoken language. Schools are at
ples today are the 16- and 32-bit computers whose much earlier stage in acquiring CD-ROM stor-
order-of-magnitude increases in RAM memoryage than hard disks and LANs, although CD-
and speed accommodate much more compleROM drives are among the fastest growing
software than older machines; slowly these newetomputer peripherals. According to one survey
models are displacing 8-bit computers in schoolsconducted during the 1992-93 school year, 44 per-
Four other order-of-magnitude improvementscent of U.S. public schools had at least one com-
in personal computers have the potential to revoputer equipped with CD-ROM, nearly triple the
lutionize computer use in schools: hard disk storpercentage found two years earlier; as with other
age, LANs that connect computers within thecomputer technologies, high schools were more

11 Anderson, op. cit., footnote 7.
12 Hard disks and LAN data from 1992 IEA survey, op. cit., footnote 2.
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likely to have CD-ROM than elementary school
(see figure 3-4).Unfortunately, surveys have
not yet collected data on the number of scho
computers equipped with CD-ROM, nor o
whether computers so equipped reside on a net-
work, what levels of schools have them, or how
much they are used. CD-ROM equipped comput-
ers tend to be placed in the school library or medias
center, to make them accessible to a larger num
of students and teachers.

Since the mid-1980s, when teachers and st
dents began using computers as word processo B e
schools have also invested heavily in printers. | — .~ " i
1989, for example’ schools had one prlnter for Vabout rar of an public ~ schools have at least one computer
ery three computers, a|th0ugh more than 90 PErwith a CD-ROM drive. They are often placed in central
cent of these printers were the slower dot-matrixocations like this high school library
kind. Four years later, dot-matrix printers still
made up nearly 90 percent of the inventory offessional activities. Another key factor that affects
school computer printers. Between 1989 angow teachers use computers is the location of the
1992, high schools acquired an average of one lagomputers within the school building. Placing
ser printer, but they also acquired seven more dotseveral computers in a common location, such as a
matrix printers per school. Even less changgomputer lab, enables teachers to use computers
occurred at elementary and middle school levelsyith the whole class simultaneously, but also
In 1992, only one-sixth of elementary schools andmakes it more difficult for teachers to integrate
one-third of middle schools had a laser printer forcomputer activities with other learning activities
teacher or student use, compared with about twothroughout the day. When computers are in labs,

thirds of high schools. teachers lack the easy access needed to use them as
Together these data suggest that some of th@n everyday tool or resource. About one-half of all

more promising uses of computers by teacherscomputers used for instruction in 1992 were lo-
and students-desktop publishing, mathemat- cated in centralized computer labs, while about 35
ics instruction using analytic graphing and cal- percent were located in teachers’ classrooms. The
culating software, information-gathering from  rest were placed in other special instructional
CD-ROM encyclopedias or network data-  rooms, libraries, office§As schools’ invento-
bases-can only be accomplished in a limited ry of computers continues to grow, more comput-
way, if at all, on most of today’s school com- ers will probably be placed in classrooms,
puters. although experience from the past decade sug-
gests that this is likely to occur gradually.

Location of Computers OTA site visits suggest that schools with a sub-
As discussed above, the speed, memory, and pestantial inventory of technologies are investing in-
ripherals available on school computers affect thecreasingly in laptop computers, which can be
ways teachers use them in their teaching and pronoved around the school building and taken home
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“Market Data Retrieval,Educational Technology 1993: A Survey of the K-12 Marf@helton, CT: Market Data Retrieval, 1993).
“IEA data, op. cit.,, footnote 2.
*Ibid.
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FIGURE 3-4: Percentage of Public Schools Owning Specific Technologies, 1993
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by teachers and students. Some schools place their
laptops on carts that can be wheeled around to
make any teacher’s classroom into a temporary
computer lab. *No data are available on the num-
ber of laptops currently owned by schools. Simi-
larly, some districts and states are investing in
computers for teachers (workstations) equipped
with software and tools commonly needed by
teachers. Again, no systematic data are currently

available on teachers access to this kind of
resource.

Differences in Computer Resources

Among Schools”

The student-computer ratio”gives some indica-
tion of how many students have to share a comput-
er. This ratio has declined dramatically over the

“See, eg., John R. Mergendoller et al., “Case Studies: Exemplary Approaches to Training Teachers To Use Technology,” contractor report

prepared for the Office of Technology Assessment, September 1994.

"Unless otherwise indicated, the data in this section are taken from Ronald E. Anderson et a., Computers in American Schools 1992; An
Overview, International Association for the Evaluation of Educational Achievement Computers in Education Study (Minneapolis, MN: Univer-

sity of Minnesota, 1993).

*The number of students enrolled in a school divided by the number of computers available for students to use.
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past 10 years; as of 1992, United States schoofé
averaged one computer for every 13 students
Closer examination of available data suggests
however, that there is enormous variability in stu-

e ekl OO

example, there are vast differences betwee
schools with the lowest “computer density” (in the
20 percent of schools with the fewest number o
computers per capita) and those with high com3
puter density (in the 20 percent of schools with the

largest number of computers per capita). For exs . - 3
ample, elementary schools with high computem
density average only seven students sharing / .

computer, while those with low computer density
average 35 students sharing a computer (see ta
3-1).
There is also a wide range in student-compute
ratios across StateS-Vafying from a low of eightf’lacing computers together in a computer lab is common
students per computer in Wyoming to 22 per comand supports some forms of instruction. Teachers also need
puter in New Hampshire (see figure 3-5). Thisy ™0™, 1% o= tecine o in Ml classroam if ey are
variability may reflect the fact that some schools,
districts, and states launched large-scale technolo-
gy initiatives over the past several years, whilewhere the differences are most pronounced, small
others have emphasized different educational reschools have approximately 14 students per com-
forms, placing less emphasis on computer aguter, while large schools have 24 (see table 3-I).
quisition. This pattern of more resources in smaller schools
Another way of looking at whether computers also holds for video equipment such as VCRs and
are equitably distributed is to compare the sty-televisions. This finding may reflecthe tenden-
dent-computer ratios of schools having differentcies of many districts to allocate technology funds
demographic characteristics. Using the most repon a per building basis, rather than a per student
resentative national data available, this kind ofbasis. It could also reflect commitment to provid-
analysis shows that the most pronounced differing every school building with what is viewed as a
ences in computer density among schools at thécritical mass” of technology (e.g., 30 computers
same level (e.g., comparing elementary schooldor a lab).
with each other) are between small schools and The percentage of minority students in a school
large schoolsSchools with fewer students tend has a different relationship to student-computer
to have many more computers per capita. Sta- ratios across the three school levels. While there
tistical analysis suggests that these differences a@e small differences among elementary schools
not simply due to differences between urban andvith different proportions of minority children
rural schools. For example, in middle schools,(see table 3-I), there are no differences among

19 Ronald E. Anderson, "State Technology Activities Related to Teachers" contractor report for the Office of Technology Assess-
ment, Nov. 15, 1994.
20 CPB data, op. cit., footnote 3.
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TABLE 3-1: Average Student-Computer Ratios in 1992 by Computer Density,
School Control, School Size, and Percent Minorities

Elementary Middle High School

Computer density*

Lowest 20% 34.5 35.5 31.4
Middle 60% 15.8 14.0 10.4
Highest 20% 7.2 54 3.7
School control

Private 20.5 18.2 15.2
Public 175 15.1 11.9
School size’

Small ‘15.9 14.4 11.5
Large 22.5 24.3 17.1
Percent minorities

0-3% 16.7 14.0 125
4-24% 18.6 16.2 125
25-100%. 18.7 18.3 12,4

“Schools were di vided into three groups based on the computers per capita. “Highest 20%” refers to the 20% of schools
that have the most computers per capita, “Lowest 20%” refers to the 20% of schools with the fewest number of comput-

ers per capita.

*The dividing point between small and large schools was at an enroliment of 500 students at the elementary level, 700
students at the middle school level, and 1100 students at the high school level,

SOURCE: R.E. Anderson (cd.), Computers in American Schools 1992: An Overview, (Minneapolis, MN: University of

Minnesota, 1993), table 2,3, p. 17.

high schools. The largest differences appear in
middle schools, where schools with less than 4
percent minority enrollments have an average of
14 students per computer, while schools with
more than 24 percent minority enrollments have
18 students per computer.

Ratios of students to computers do not indicate
which students within the schools have access to
and experience with computers. Research done in
the 1980s found that in the early years of computer
adoption in schools, poor and minority students
had less access to computers both at home and at
school. In addition, data showed small gender dif-
ferences favoring boys over girls in access to com-
puters in school.” Some recent data from the |IEA

study suggest that while girls are still somewhat
less likely to report using computers at school or
receiving instruction in computers, ethnic minor-
ity students are slightly more likely than white
students to report having had these opportunities.
The authors of this report write:

The advantage of ethnic minority students
over white students will come as a surprise to
those who read the statistics from previous stud-
ies in the early to mid- 1980s. Further investiga-
tion of the forces behind this pattern is needed,
but we might speculate that the minority advan-
tage at the 5th- and 8th-grade levels stems from
the success of programs like Chapter One which

“See Rosemary E. Sutton, “Equity and Computers in the Schools: A Decade of Research,” Review of Educational Research, winter 1991,

vol. 61, No. 4, pp. 475-503.
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FIGURE 3-5: Average Number of Students per Computer by State, 1994
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NOTE: Students per computer is a measure of how many students have to share a computer. Smaller numbers (e.g., 8.0) mean that fewer students

have to share a computer.

SOURCE: Quality Education Data, Technology in Public Schools, 1993-94 (Denver, CO: 1994).

fund the purchase of new technology to be used
with disadvantaged students.”

How Much Do Students Use Computers?

There are few reliable data about how much the 4
million-plus computers in schools are actually be-
ing used; the only estimates are rough ones. One
problem is that reports of use vary greatly depend-
ing on the source. For example, using reports of
computer coordinators and making certain as-

# Anderson, op. cit., footnote 2, p. 81.

sumptions about shared use of computers (i.e.,
that one-half of the time students share a computer
with a peer, and both are profiting from its use si-
multaneously) yields the following estimates:

= Computers are used about one and three-quar-
ters hours per student per week at elementary
schools.

= Computers are used approximately two hours
per student per week at middle schools.
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be sitting idle much more than the adults reported,;
students may be underestimating their experi-
ences; some students may be having rather inten-
sive computer experiences while the rest are
having more limited, occasional, or exploratory
ones. Available data do not provide answers to
these questiorfs.

The data from both the coordinators and the
students suggest that, in the aggregate, older stu-
dents who use computers to any significant extent
use them two to three more times during a typical
week than younger students do. However, uni-
versality of use—providing experience with com-
puters to all students-is more likely at younger
grade levels. For example, student data suggest
that 74 percent of all 5th graders used computers
during the year on more than a few occasions, in

Schools are beginning to invest in laptop computers Comparison to 57 percent Of lith graders.
because of the flexibility they provide. These students use

computers like books or notepads, taking them wherever

they go. How Many Teachers Use Computers?

Data on the number of teachers who use comput-

= Computers are used approximately three hour€rs vary greatly depending on how one defines a
per student per week at high schools. “computer-using teacher.” Two different defini-
= On average, computers are used about tw#Pns-one quite inclusive, the other much more

hours per week per student across all schooftringent-yield very different estimates. In addi-
levels? tion, these definitions have focused on use of com-

uters for direct instruction with students only; no
The students therzl;elves, however, repoﬁata are available on other teacher uses such as ad-
much less frequent use:

ministrative tasks or professional development.

+24 minutes per week in grade 5, In the 1992 IEA survey, a “computer-using
» 38 minutes per week in grade 8, and teacher” was defined liberally as a teacher who
«61 minutes per week in grade 11. “sometimes” used computers with students. Us-

At most, this is only one-third of the time esti- ing this broad definition of how much teachers
mated from the coordinator reports. There are sevthemselves report using computers, 75 percent of
eral possible explanations. School computers maypth-grade teachers, and about half of 8th- and

“Based on the 1992 IEA data, these estimates are, of comkseges and do not indicate whether all students have this same experience
with computers or whether some students monopolize their use—either because of their own preferences, the course-taking patterns of different
students, or the assignment practices of different teachers.

“In the Becker contractor report for the Office of Technology Assessment (see footnote I), the estimate of total computer time for a student
was made by adding the number of occasions of computer use the study reported for each of nine subjects. Answers were coded according to
grade level. Each occasion was multiplied by the number of minutes estimated for that grade level, and the total number of minutes was divided
by 30, representing the roughly 30 weeks that had elapsed during the school year up to the time the questionnaire was completed.

*Another possible reason for the apparent inconsistency between teacher and student reports is that many teachersomaybbavet
all) their students in a class or some (but not all) of their classes use computers, or they allow students to do so at their option without systemati-
cally requiring computer use of all students.
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11th-grade teachers were found to be “computer- For example, IEA survey data indicate that the
using” teachers. most common activities on computers for elemen-
A more stringent way to define “computer-us-tary students have been drills in basic skills and
ing” teachers is to include only those teachers whimstructional games. Also popular at all levels are
clearly required most or all students to do work orgeneral “computer literacy” activities: use of vari-
computer® Under that definition, about one- ous instructional programs and generic computer
half of 5th-grade teachers, one-third of 8th-gradeapplications such as word processing. School
English teachers, and one-fifth of 11th-grade Engeomputer coordinators estimate, for example, that
lish teachers qualify—roughly 20 to 30 percent-students spend the most computer time learning to
age points fewer than under the other definition. ltype on computer keyboards and use word-pro-
an even more stringent criterion is employed, oneessing programs. Interestingly, the estimated
related to frequency of usé the percentage of share of computer time students spend on mathe-
teachers who identify themselves as “computematics declines between elementary school and
using” is even lower—about one-third the size ohigh school from 18 to 8 percent, suggesting that
the original group.Thus, the percentage of math teachers are using computers primarily for
teachers classified as computer-using teachers students to practice arithmetic skills rather than to
is quite variable and becomes smaller as defini- solve higher-level mathematics problems. Be-
tions of use become more stringent. tween 1989 and 1992, the one significant change
in the allocation of student computer time was a
Instructional Uses of Computers by Teachers  one-third decline in the time spent teaching stu-
Over the past decade, the advice of “experts” iflents computer programming as a part of comput-
educational technology about what teachersr literacy education.
shoulddo with computers has been constantly Available data suggest that in secondary
changing—from BASIC programming, to Logo schools, computers are used relatively infre-
programming, to tutorials provided by integratedquently for teaching and learning in tradition-
learning systems, to generic computer applicaal academic subjects, far less than in classes
tions such as word processing, to activitiefocused on teaching studentgbout comput-
integrated with existing curricula, to student-ers?® Although most middle-school and high-
developed multimedia presentations, and now tschool students reported using computers for at
telecommunications-based learning communileast one academic subject, for most subjects, this
ties?8 (see box 3-2)According to survey data, meant using computers only once or twice over
however, when teachers are using technology most of the school year. If one examines only
for instruction they do so in much more tradi- those classes for which students had used school
tional ways. computers on at least 10 occasions during that

26 The criterion used by Becker (see footnote 1) was that at least 90 percent of a teacher’s students actually have used computers for their
class as reported by the teacher. This presumably counts only those cases where students use computers at the teacher’s instruction rather than

totally on their own initiative.

27 For example, when the class is using computers, a typical student will do so at least once during the week; or during the school year an
average student will have had six experiences using any one of several types of software such as word processing, “print shop” programs, or

desktop publishing.

28Henry Jay Becker, “Computer Experience, Patterns of Computer Use, and Effectiveness—An Inevitable Sequence or Divergent National

Cultures?"Studies in Educational Evaluatipwol. 19, 1993, pp. 127-148.
29 |EA Student data, op. cit., footnote 2.
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BOX 3-2: Timeline of Changes in the Prevailing Wisdom of “Experts” About How

Teachers are told to:

Rationale:

Teachers are told to:

Rationale:

Teachers are told to:

Rationale:

Teachers are told to:

Rationale:

Teachers are told to:

Teachers Should Use Computers in Schools

1982

Teach students to program in BASIC.

“It's the language that comes with your computer. ”
1984

Teach students to program in LOGO.
“Teach students to think, not just program. ”

1986

Teach with integrated drill and practice systems.
“Individualize instruction and increase test scores. ”

1988

Teach word processing.
“Use computers as tools, like adults do. ”

1990

Teach with curriculum-specific tools (e.g., history databases, science

simulators, data probes).

Rationale: “Integrate the computers with the existing curriculum. ”
1992
Teachers are told to: Teach multimedia hypertext programming.
Rationale: “Change the curriculum—students learn best by creating products for an au-
dience. ”
1994
Teachers are told to: Teach with Internet telecommunications.
Rationale: “Let students be part of the real world.”

SOURCE: H.J. Becker, “Analysis and Trends of School Use of New Information Technologies, " Off Ice of Technology Assessment con-

tractor report, March 1994.

school year (i.e., once every three weeks since the
survey ‘was completed 30 weeks into the school
year), more than one-third of secondary school
students reported using computers this often in a
computer class, but for other subjects the percent-
ages were much lower: 9 percent for an English
class, 6 to 7 percent for a math class, and only 2 to
3 percent for a social studies or science class.
Since word processing is a major activity in sec-
ondary school computer education classes as well
as in business education classes, it seems clear that
high school is still primarily a place to learn
how to use word processing, rather than a

place where teachers have students do word
processing in order to achieve other academic
goals. Thisis even more likely for other applica-
tions, such as spreadsheets and database pro-
grams, which have been less integrated by
teachers into subject-matter instructional prac-
tices than word processing.

At the elementary school level, the survey
data suggest that students use computers over-
whelmingly in an exercise mode-doing drills
and playing various kinds of games with
instructional content—rather than in a pro-
ductivity mode, using computers as a tool to

l
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solve problems or create products-or example, public school was 6.3, or one for every 1.9 televi-
53 percent of 5th graders said that they usedions. As with televisions, elementary, middle,
school computers to play games on 10 or more o@nd high schools have about the same number of
casions during that school year, while 13 percenVCRs per capita. The typical school has one for
said they did word processing. Similarly, about 6%every five teachers.

percent of 5th-grade teachers report that comput- Teachers use VCRs for showing commercially
ers in their classes are mainly used for languageroduced videos and for recording programs from
arts skills practice and games, while 18 percentable or broadcast television and showing them
say they are used primarily for writing and wordlater. Most schools maintain a library of prere-
processing; about 17 percent report both catega@orded cassettes. Based on Corporation for Public

ries of use. Broadcasting (CPB) data, 67 percent of teachers
reported that they record shows at home for school
[ Video Technologies use, and many others said that they ask other

The past several years have witnessed a growirf 0! personnel to make recordings for them.
interest in teaching that uses video as a resource. It IS interesting to note that, unlike most sur-
This is due, at least in part, to the expansion of€YS 0N computers in schools, data on video and

cable programming with educational content, thd€levision are given at the classroom level, or per
widespread availability and familiarity with vi- teacher, rather than per student. This may reflect

deocassette recorders, developments in computdf® fact that, unlike computers, video technolo-
based video, and an increase in the supply i€sareseenmore as technologies to be controlled
videodiscs for schools. by the teacher, who presents information to

For the next several years, the basic projectiofr0UPS Of students or the entire class, rather than
mechanism for video will likely remain the televi- ©€chnologies operated by individual students.

sion set or the composite (computer) monitor.
Nearly every school in the country has at least oneable and Satellite Connections
TV set for use in the instructional program. Ac- Teachers have an increasing number of sources of
cording to a 1991 survey of public schools, thevideo programming beyond prerecorded cas-
mean number of sets per school was 12; the meettes, educational broadcasting, and recordings
dian per school was seven s#éts. made at home. Between 1991 and 1993, there was
Unlike the case for computers, the availabilitya 25 percent increase in the proportion of schools
of television sets is nearly the same among elewith direct cable connectio#3,so that now as
mentary, middle/junior highs, and high schools.many as three-fourths of all schools have cable
In 1991, there were slightly more than four televi-somewhere in the school building. Another sur-
sion sets for every 10 full-time teachers at each ofey found that roughly one-third of all teachers in
those levels. In a 1993 survey, 41 percent of teachihe sample reported having cable TV service in
ers reported having a television set in their owrtheir own classroom3 “Access to cable” can
classrooms?! mean different things to different schools, how-
Almost every school in the United States has a¢ver, depending on the channels carried by the lo-
least one VCR. As of 1991, the mean number peral cable provider and the type of service to which

30 CPB survey, op. cit., footnote 3. The large difference between mean and median suggests that while most schools have a few television
sets, a small minority have made a substantial investment in televisions, enabling most teachers to have one in their rooms.

31 NEA Communication Survey, op. cit., footnote 4.
32 Market Data Retrieval, op. cit., footnote 13, p. 140.
33 NEA Communications Survey, op. cit., footnote 4.
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more likely to have satellite dishes than are middle
or elementary schools (see figure 3°4).

One contributor to the recent growth of satellite
dishes in middle and high schools has been the
Channel One project created by Whittle Commu-
nications, Inc. (and now owned by K-l Commu-
nications). Whittle installed satellite reception
systems in schools that committed to show stu-
dents “Channel One,” a daily 12-minute news
program, which includes two minutes of commer-
cials. Each participating school also received two
VCRs and enough 19-inch television sets to put
one in each classroom.

By the spring of 1993, three years into the pro-
gram, approximately 12,000 schools were receiv-
ing Channel One, according to Whittle. A
three-year evaluation report of Channel One trans-
Unlike videotape, which must be played in a linear fashion, lates this to mean an audience of over 18 million
videodiscs allow stqdent_s and te_achers to browse through, teens, or almost 40 percent of the 12-to 18_year_
capture, and piay video images In any order olds enrolled in schodiWith these participation
. numbers, the Channel One offer seems to have
the school subscribéOne study, for example, ¢ontripyted substantially to the installed base of
reported that, although 61 percent of schools regigeq technologies in middle and high schools

%hroughout the country. Some evidence suggests
System (PBS), and almost as many had access {3+ this impact may be greater in poorer school

national commercial broadcast networks, far few-yistricts. One survey found Channel One partici-

er had access to comme.rcial cable channels thgagmon to be higher among districts with a poverty
offer a number of educational programs, such ag;e exceeding 25 percent than in districts with

the Discovery Channel (35 percent) or the Leam'poverty rates under 5 percent (42 percent vs. 25
ing Channel (16 percent). percent) .38

An increasing number of schools and districts
are obtaining satellite dishes, giving them a wider .
selection of proggimming than that offered by Videodisc Players
their local cable distributor. According to one re- Teachers use instructional videodisc differently
port, the proportion of schools directly accessinghan they use videotapes. Teachers commonly
satellite broadcasts nearly doubled between 199Y¥ideotape proggmming to show in a linear for-
and 1993 As of 1993, 50 percent of all school mat; for example, to have students watch a
districts reported having a satellite dish as did 171.0-minute instructional television segment or an
percent of all public schools. High schools areéhour-long program from beginning to end. An

34 Andrew Russell, CPB, personal comrwation, Dec. 9, 1993.

35 Market Data Retrieval, op. cit., footnote 13. The specific rate of increase reported was 85 percent.

36 Ibid., and CPB survey, op. cit., footnote 3.

37 Jerome Johnston and Evelyn Brzezin3ldking the Measure of Channel One: A Three Year Perspgétive Arbor, MI: University of

Michigan, Institute for Social Research, January 1994).
38 MDR, op. cit., footnote 13.
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instructional videodisc, by contrast, usually con-schools and 90 percent of middle and high
tains many thematically related but short (under 3chools. Some 8 percent of all schools even had
minutes) discrete segments of action and still vidtheir own TV studio in 1991, including 22 percent
e0. The teacher or student can access and directiy high schools. But not every school makes this
control the segments of visual and audio materiequipment available to teachers or students. Ac-
als. Using a remote control, barcode reader otording to one survey, just slightly more than half
computer equipped with hypermedia softwarepf the schools with camcorder or studio facilities
the teacher can browse through, access, and plaged these for student instructional activities, in-
different segments of video in any order—usingcluding giving students production experience or
them, for example, to illustrate and enhance a prdeedback on their own performance in a classroom
sentation or discussion. activity.41

The number of public schools with at least one
videodisc player doubled between 1991 and 1993{ow Much Are Video Technologies
to 41 percent? During that period the variety of Used in Schools?

educationally appropriate videodisc software in-ayaijlable data on teachers’ use of video resources
creased substantially, and at least two states glafiect conditions in the spring of 1993For tele-
lowed videodiscs to appear on the list of “texts”\;isjons. VCRs, and other video resources whose

approved for adoption as options to printed texty,se has been reasonably stable over time, the 1991
books. As with many other technologies, morgntormation is still useful: for videodisc, CD-

high _schools report having a videodisc p!ayertharpQOM, and emerging technologies where use is
do middle and elementary schools (see figure 3'4)expanding quickly, the 1991 data are clearly in-
Still, in terms of access, the question is NoOt fficient.

whether a schodhas videodisc equipment but, st teachers in the United States make some
rather, what proportion of teacheran usethe ;s of video-based instruction during the y&ar.
videodisc equipment without difficulty. Ina 1991 |, the CPB survey, about 80 percent of U.S. teach-
survey of teachers, only 12 percent reported thalys sajg they had used instructional television or
they had videodisc players readily available 1Q,i4aq some time during the school year. About
them in their schools. Furthermore, less than half,o_naif of all teachers (51 percent) said they had

of those teachers reported actually using the vidseq Tv or video in teaching in the past month.
eodisc regularly for instruction (see figure 34). The teachers most likely to have used video re-

camcorders cently are elementary school teachers and second-
) ) ary science and social studies teachers.
Camcorders and other video equipment allow stu- “Ectimates derived from the CPB data suggest

dents and teachers to undertake new kinds gfi4t across all subjects, secondary students, on av-
learning activities, such as making their own V'd'erage spend one and-one-half hours per week

eo reports or recording student presentationgyaiching video material in school. The average
Most schools have at least one camcorder; as of

1991, this was true of 80 percent of elementary

39 MDR, op. cit., footnote 13, p. 81

40 NEA, op. cit., footnote 6, pp. 53-54.
41 CPB survey, op. cit., footnote 3.

42 |pid.

43 Although the survey questions specifically asked about “video,” use of film media was not explicitly addressed in instructions to teach-
ers, making it difficult to know how much film use is incorporated into these statistics.
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elementary student is estimated to watch video iare accessible only to school administrators. Ac-
school for slightly more than one hour per week.cess to telephones, in particular, is currently a ma-
jor technology issue being discussed by teachers’

[ Technologies for Two-Way organizationsAlthough one-third of all teach-
Communication ers in a recent survey felt it was “essential” to

The instructional technologies discussed abovga\’eha t_elep_hﬁner:] n:jthelrlclahssroqm,r(])nlylone
are used primarily to transmit information or to l€acher in eight had a telephone in the class-
it jdoom that could be used for outside calld_ess

than 1 percent had access to voice mail. Most

another function of instructional technology hers h K s f h hool offi
where applications are expanding rapidly—to fa{¢achers have to make calls from the school office

cilitate two-way communication, allowing teach- ©" @ faculty lounge, where many colleagues share

ers and students to share their ideas, questiorfsP0ne and most conversations cannot be held in
and productions with the world outside of theirPrvate. Sixty-three percent of teachers surveyed
school. As schools attempt to make learning felt it is “essential” for parents and teachers to be

more meaningful to students and to anchor it able to contact one another during the school day;
in “real world” examples and experiences almost three-quarters of teachers feel that having

more and more educators are looking for tech- telephoneshm the classroom W°|U|d Improve
nological tools that help teachers and students Parent-teacher communication at least “some-

. . . "4
to communicate with the outside world. what. - ,
Schools are acquiring and exploring a range of Among the reasons for restricting teachers’ ac-

technologies and tools that facilitate tWO-WayceSS to phone services are concerns about costs

communication. These include new ways of usin@"d unregulated use. Installation and monthly
older technologies such as telephones, facsimil&harges tend to be prohibitive for a restricted
machines (fax), and modems; combinations ofCN00! budget, in part because phone companies
different technologies, such as distance-learningﬂe_n charge schools higher-priced business rates
systems; and new kinds of telecommunicationd®” Installation and message unit charges.
hardware, software, and services. Because many Teachers seem less interested in having access
of these latter applications are so new in school® f@x machines. Although approximately one-
and are expanding so rapidly, up-to-date surve urth of teachers had access to a fax machine in
data about access are not available. Howevel'€ir School, most did not view it as an important
some data have been collected about telephond@Structional resourc# Since fax machines are

modems. fax machines and distance-learnin&glatively rare in schools, it is likely that most
technologies in schools; these are discussed b bachers are not aware of their instructional or ad-

low. ministrative potential.

Telephones and Fax Machines Modems

Telephones and fax machines are two commuModems, which allow computers to communicate
nications resources with great potential for teachelectronically across a telephone line (“telecom-
ing and learning; too often, however, they usuallyputing”), have been available almost from the be-

44 NEA Communications Survey, op. cit., footnote 4.

45 Edmund L. Andrews, “MCI Plans To Enter Local MarkeT$)e New York Timegdan. 5, 1994, p. D1; and U.S. Congress, Congressional
Budget Office,Promoting High-Performance Computing and Communicat{®vashington, DC: U.S. Government Printing Office, June
1993), pp. 39-43.

46 NEA Communications Survey, op. cit., footnote 4.
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ginning of personal computirfd.Although many by schools in remote, rural, or sparsely populated
districts have modems, they were originally dedi-areas and by other schools that lack traditional
cated primarily to administrative uses. With theeducational resources, such as a qualified teacher
advent of new educational applications of elecfor a low-enrollment course. Distance-learning
tronic networking, however, modems have betechnologies allow high schools, for example, to
come an important gateway to telecomputing. offer courses, such as advanced calculus, Jap-
In recent years schools have begun installinginese, and Russian, that may not be available
more modems for teachers to use for instructiongtherwise.
activities. For example, in the 1989 IEA survey, The prevalence of distance learning is difficult
slightly more than one-fourth of U.S. schools hadg, estimate, in large part because its definition is
a modem that could be used by teachers or styieyact and inconsistent. In a 1991 survey, about
dents. By 1992, that percentage had grown 10 387 harcent of districts reported having some ca-
percent overall, including 60 percent of all high,,iry for live video with interactive capabili-

schools, 35 percent of middle schools, and 33 peﬁ—esw Another survey found that in the 1992-93

cent of elementary schodiS. school year, 28 percent of districts had some dis-

As W't.h other technqlogles, the presence of %ance-learnlng capability and that 11 percent of all
modem in a school building does not tell much . S .
, schools were involved in distance-learning—

about the average teacher’s access to telecompui-

ing. Many teachers may consider access to a m louble the number from their data taken two years

dem anywhere in the school sufficient for theearlier?30 In this survey, high schools were much

occasional special project. Over the long runnore likely to have distance-learning capabilities

however, if telecomputing is to be used regularly,(25 percent) than either middle (10 percent) or ele-

classroom access to a modem or alternative cofiléntary (8 percent) schools, probably because
nection will be necessary. high schools use it to offer advanced courses for

which they may not have enough students to hire a

Distance-Learning Technologies qualified teacher. o o
The most established educational technologies for N @Pout 70 percent of the districts with dis-
two-way communication are those used in distance-learning capabilities, two-way interaction is
tance learning. For more than a decade, schoolnited to voice-only interactivity through dial-up
have used live one-way video technologies videlephone lines; an arrangement that allows only
satellite or broadcasting in conjunction with two-a small number of the participating classrooms to
way audio (via phone lines) or other two-way me-communicate on-air with the studio video instruc-
dia such as computer networks or fax machines t®r during a given class period. About 20 percent
expand learning opportunities. Some distanceof districts’ distance learning employs two-way
learning projects also involve two-way video video. Available surveys do not assess the number
communication through microwave or fiberoptic of classes or students using distance learning for a
transmission. Distance learning is most often usegortion of their instructional time.

47Wireless modems, using cellular technology, are also now available. Their use in schools is still very limited, due to the expense of initial
purchase costs and the costs of per minute charges when used for connecting to networks outside the building.

48 |EA data, op. cit., footnote 2.
49 Calculated from CPB data, op. cit., footnote 3.

50 Market Data Retrieval, op. cit., footnote 13. District percentages from the MDR file are, however, questionable because of the low re-
sponse rate in that survey.

51 |bid., and CPB Survey, op. cit., footnote 3.
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options for telecommunicationsonnections are
shifting, as individual modem dial-up connec-
tions give way to more sophisticated and higher
speed connections to WANs and the Internet;
these options include connections via LANSs,
high-speed phone lines, dedicated connections,
and so forth. Other models of connectivity include
Integrated Services Digital Network (ISDN), sat-
ellites, digital cable, or other linking technologies.
Several connectivity formats are described briefly
below; however, no national data are currently
available regarding how many schools and dis-
tricts are using any of these options.

ACDTEPPLE DOAPLUITER, L
-

Direct single modem dial-up

Connectivity often begins with a pioneering indi-
vidual teacher making personal connection to a

A camera mounted on the computer takes pictures or videos network through a dial-up modem-in some cases
of learners at one site and sends them to students at other a regular telephone line and a computer outside
locations, adding a personal touch to collaborative group . L . .
Work. the classroom, in the principal’s office or the li-

brary. The teacher might access any of several ser-

H defined. th f dist | . vices with different features: one aimed primarily
OWEVEr defined, the use of distance eammgat Internet connection (e.g., the World Wide Web);

in K-12 settings has increased considerably in the

last | While th 10 stat one that seems easy to use, such as America On-
ast several years. lle Tewer than stales Werﬁ"ne; a state-level network, such as The Texas

participgting in diStance-!eamin.g projects_ ir]Education Network (TENET); or a special interest
1.987’ Vlrtua”y. ev‘?ry state IS now mvo.l\./ed with network such as EcoNet for ecology. Most dial-up
@stance leammg.m SOmE way. l.n addlt.lon to US-services now offer some form of Internet connec-
ing distance I.ear.nlng for stUdent. instruction, m(?'nytivity, and through that, access to other services, a
states and .dI.StI‘IC'[S use it for Yldeoconferencmgfactor that is gradually reducing earlier problems
teacher training, and professional development.. . onnected networks

(see chapters 4 and %).

. o LAN-Internet (director indirect)
Technologies for Linking to without video

Wide Area Networks and the Internet” To reach the Internet directly, a user must go

There are several possible ways schools can linkirough an Internet node. Nodes are allocated by
up with wide area networks (WANS) in general,regional network providers who provide network-
and the Internet in particular (see box 3-3). Theng hardware as well as the electrical connection.

“Market Data Retrieval, op. cit., footnote 13.

“Much of this section is taken from TERC, "Review of Research on Teachers and Telecommunications" contractor report prepared for the
Ofice of Technology Assessment May 1994.

*However, it is important to note that “Internet connectivity” comes indifferent levels, starting with e-mail only and progressing through

access to file transfer, Wide Area Information Servers (WAIS), and other services. Dial-up services have to support each major server function
like these separately, and are quickly augmentig their services. However, "full" Internet connectivity of the kind that would support video may
not be practical through dial-up providers for some time.
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Some schools have established their own Interneise video. An Internet connection through a
node and server at a school and connect that to th&-1"1.5 Mbps (megabits per second) line con-
school’s LAN. The server can be a point of presnected to a school LAN could support the entire
ence on the network where resources of valuschool.
within the school can be published. As of Decem- Although many network services are currently
ber 1994, there were 189 Internet sites in K-12ffered via single modem dial-up, dedicated ac-
schools2® For example, the Ralph Bunche Schoolcess to the Internet is becoming increasingly at-
in Harlem has its own Internet server. A singletractive because, although it entails higher costs
low-speed data-only line (e.g., 56 Kilobits perup front, it may be more cost-effective and certain-
second (kbps)) is sufficient to support multiple usdy less limiting in the long run. Furthermore, these
ers, providing they do not require video or heavyconnections can support multiple users simul-
use of high-bandwidth services, such as the Worlthneously, offer access to many of the most
Wide Web (WWW). innovative and high-powered telecomputing in-
Other schools avoid the costs of an Internehovations, and serve as a common mode of access
node by using an indirect connection; that is, conto a broad range of electronic communifiés.
necting their LAN to another one nearby that has Despite the advantages and growth of alterna-
Internet connectivity. This nearby connectiontive connectivity scenarios, few schools currently
could be a district headquarters, a college, the highave any connectivity options. In those that do,
school, or a friendly business. Again, a 56-kbpsnost are still using a single phone line connected
dedicated line can support a few dozen teachets a dial-up modem and comput&dack of tele-

who use relatively simple applications. phone lines in schools and especially in class-
rooms is cited as the greatest barrier to
LAN-Internet with video teachers’ participation in electronic communi-

Sending video images over networks requiresies.>® As discussed above, many of the tele-
substantial bandwidth and entails higher costphones that do exist in schools often serve
than other options. Networking capacity that hanadministrative purposes and are not available to
dles digital video will also increase the perfor-teachers for classroom use or for making outside
mance of all other kinds of networking. In calls to networks. For example, a recent study of
addition, there are new kinds of network-based’ENET reports that “84,683 phone jacks were in
multimedia presentation software, such as WWWTexas’ 1,058 school districts. However, only 2
browsers like Mosaie®that can be used only over percent of the classrooms had access to a phone
networks with video capacity, even if they do notline.”5®

55 Gleason Sackman, Coordinator, SENDIT, North Dakota State University, personal communication, December 1994.

56 Mosaicrefers to a class of software tools that originated with the National Center for Supercomputer Applications’ Mosaic. Several soft-
ware tools are now available with similar functions.

57 For example, see Yvonne Marie Andres, “Hello Internet: Tools for the Classroom, Comparison of Internet Connectivity Options,” Global
School Net Foundation, Bonita, CA, May 1994.

58 Margaret Honey and Andrés Henriguelecommunication and K-12 Educators: Findings from a National S¢Ney York, NY:
Center for Technology in Education, Bank Street College of Education, 1993).

S9WEB Associates, “TENET After One Year,” paper presented at the annual meeting of the Telecommunication in Education Association,
February 1993.
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BOX 3-3: Telecommunications Terms and Concepts

The creation of networks for microcomputers ushered in a new era in the development of computers.
Computer networks use electronic pathways (wired or radio-based) to connect one computer with other
computers, enabling a person at one terminal to communicate with other people, to transfer information
electronically, and to use computers in a distant location.

Local area networks (LANs) consist of computers connected together in the same physical area, usually
within one building. LANs can be connected to other LANs, expanding the people and computers with
whom users can communicate. Networks of computers able to communicate over larger distances are
called wide area networks, or WANs. LANs are often a building block for a WAN. WANs may span cities,
states, or even continents; most are closed systems set up for a specific group of users (e.g., private cor-
porate networks or state networks). The Internet is neither a LAN nor a WAN but an “Internetwork™--a net-
work of networks that share a common set of protocols. It provides access to databases and networks
around the world. LANs are typically used to share resources, such as printers, and to deliver instructions;
schools typically use WANs or the Internet to access external resources. ’

The most common network connection for K-12 educators to state networks or the Internet is typically
made by using a modem and a telephone line. The modem modifies the digital information used by the
initiating computer so that it can pass across telephone lines. Another modem at the other end restores the
information to a digital form that can be used by the receiving computer.

Information Services

A variety of information services with varying levels of sophistication are available to help people com-
municate and transmit information across computer networks. To use an information service, a computer
must have client software to communicate with the server software at the other computer.

The most common services of computer networks are electronic mail (e-mail), transfer of computer files,
and remote log-in. E-mail allows the user to send messages to another person, a group of people (a list), or
an electronic forum (also called an electronic bulletin board) where many people can read them. Computer
networks also let users copy and transfer electronic files from a computer where they are stored, called the
server, to the user's machine. These files may be written documents, maps, graphics, images or video, or
software files. Remote log-in enables a user at one location to use a computer at a distant location for such
activities as searching through library catalogues or making airplane reservations. These three services are
the building blocks of more sophisticated applications of networks. Some types of connections may sup-
port only one or two of these three basic uses; for example, a connection may permit sending e-mail to a
distant colleague but may not support transferring files from that colleague’s computer.

One popular service is a chat room. In a chat room, messages entered by any user immediately show
up on the screen of all users, and a written record of the conversation is maintained. Chat rooms are a form
of synchronous communication (participants must be available at the same time); e-mail, by contrast, is an
example of asynchronous communication (users can communicate on their own schedules).

A small but growing number of teachers are gaining access to other kinds of information services avail-
able through the Internet, such as Gopher, World Wide Web, and Wide Area Information Servers (WAIS).
These services enable people with Internet connections to view and transfer files or to access extensive
databases (e.g., articles, graphics, software, current weather and weather forecasts, or stock market
prices). The basic prerequisites for access include the appropriate client software and a modem or other

'See Denis Newman et al , “Local Infrastructures for School Networking Current Models and Prospects,” Technical Report
No, 22 (New York, NY Bank Street College of Education, Center for Technology in Education, May 1992)
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BOX 3-3 (cont'd.): Telecommunications Terms and Concepts

connection to a WAN; in addition, the WAN must support the desired service. “Internet connectivity” can take
place at many different levels. Some WANSs have restricted connections to the Internet that allow only certain
kinds of services, such as exchanging e-mail or using Gopher but not using World Wide Web or WAIS.

A IAN or WAN that is fully connected to the Internet will support any of the varied and growing services
that follow Internet protocols—procedures defining how to make new services work over the Internet—and
will allow users to link with any other computer that is also fully connected.

Organization and Support Structure

As yet, there is no one organization responsible for administering or supporting the Internet, so getting
support in the use of Internet services has been a problem for teachers. Organizations that currently pro-
vide teachers with connections have only limited support for beginners and have given little thought to
helping beginners acquire the necessary client programs. Some help is available, however, in the form of
books, electronic documents, and commercial products that combine books and ready-to-use software.’

Some support structures do exist. For each electronic community of teachers, whether organized
around a curriculum project or a topic of mutual interest, there is typically a group that provides the orga-
nization and a support structure to help define that community. Typically, the group provides such elements
as a name, a registration procedure, a framework of expectations, a timeline, print or electronic materials,
and support services. Examples of organizing structures include: curriculum projects, such as AT&T Learn-
ing Circles, NGS Kids Network, and TERC’s Global Laboratory; discussion groups, such as the Consortium
for School Networking (CoSN); and programs, such as NASA's Spacelink.

Educators can access information services through either commercial service providers, such as Amer-
ica Online, CompuServe, Prodigy, Delphi, and Apple’'s eWorld; or through nonprofit service providers, such
as state-supported networks. Both commercial and nonprofit providers are actively soliciting participation
of teachers, schools, and districts. While these organizations do not presently provide full connectivity to
Internet resources, they do offer extensive support to users. Some of the state networks have text-based
menu systems. Commercial providers use graphical software to support inexperienced users and provide
extensive user support through e-mail, answers to frequently asked questions (FAQs), and an “800" num-
ber. They also have designed ways to minimize connect time (the time when the phone line is actually in
use), thereby keeping down the cost of their services.

*For example, Ventana Media has published the “Internet Membership Kit, ” which includes a set of Internet client programs,
required protocols, and documents for both Mac and Windows platforms Purchase entitles the user to free Internet account setup,
one month'’s free service, and six hours of free online time through an Internet service provider.

SOURCE: TERC, “Review of Research on Teachers and Telecommunications,” Office of Technology Assessment contractor report,
May 1994

Faster modems and LANS that enable multiple  that only 11 percent had access to wide area net-
users to connect to outside networks at the same  work services as well as aloca area network; none
time are not yet commonly available in schools. A of these schools used their LAN to distribute data
1990 survey of 485 California schools reported  from the WAN.* Although these data are surely

“Denis Newman et a., “Local Infrastructures for School Networking: Current Models and Prospects,” Technical Report No. 22 ( New
York, NY: Bank Street College of Education, Center for Technology in Education, May 1992).
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out of date by now, they suggest a problem that reworks aim to provide services at little or no charge
mains significant nationally: to teachers. For teachers who are not local—a sig-
Teachers’ and students’ access to the educa- Nificant proportion—800" numbers are often

tional services now appearing on the Internet is Provided at substantial expense to the state.
problematic, because few schools have informa- State networks vary considerably in their
tion infrastructures capable of routing data to in-  scope, purpose, sophistication, and support ser-
dividual classrooms. Unlike higher education, vices. Among the most ambitious are Virginia’'s
K-12 institutions typically have neither host  PEN (see chapter 5), which aims “to guarantee ac-
computers poweriul enough to allow direct ac-  cegs to the Internet to every public school educator
cess to the Internet nor a wel_a of t_elephones and at no Charge?’3 and TENET (see box 3-4).
modems that could enable individual Internet -\ iates have established networks with
usage through dialing up a provider. Further, .
many schools do not have networks that trans- ga:[eways to pther networks. For example, Flori-
mit data around the entire building, and the net- d&'s Information Resources Network (FIRN) pro-
works in individual classrooms often have such Vides free electronic (e-mail) to all educators and a
low bandwidth that sending educational materi- Menu that offers access to many Internet-based
al from computer to computer is very slow. In-  services. FIRN also supports distance-learning
terconnecting different types of networks within  services, an automated card catalog, a technical
a school or district is also a complex technical  assistance system, staff development teleconfer-

challenge®! ences, and satellite-delivered training for teach-
ers4
State-Level Networks Other states have established less ambitious

An increasing number of states are organizing andetworks, offering such services as e-mail lists,
funding state networks for teachers and studentdews groups, and computer conferencing. Indi-
and sometimes for other public agencies and bus&na, for example, supports both a statewide fiber-
nesses. In a 1993 survey, 33 states reported supptic network for education called Intelnet, and a
porting one or more telecomputing networks, forbulletin board called IDEAnet for educator com-
K-12 instruction®? Six more states had a partially munications, conferencing, and database access.
operational network, and nine more had one in th¥lontana administers the Montana Educational
proposed or planning stages (see figure 3-6). Telecommunications Network (METNET), con-
Some of these networks use a design wherebyecting individual schools with Distance Learn-
teachers dial into local computers, which in turning Centers, Regional Training Centers, and
process and store messages. These local comp@empressed Video Sites. Oklahoma encourages
ers are placed to maximize the number of teacheschools to link up to SpecialNet, a network de-
who can reach them through local rather tharsigned to facilitate special education. New Jersey
long-distance telephone calls. Most state netkink (NJLink) served over 4,000 teachers in 1993,

61 Chris Dede, “The Technologies Driving the National Information Infrastructure: Policy Implications for Distance Education,” paper
commissioned by the Southwest Regional Laboratory in connection with the U.S. Department of Education’s Evaluation of Star Schools, Octo-
ber 1994, p. 11.

62 Educorp Consultants Corporatidtetworks Now: The 1993 Survey of How States Use Telecommunication Networks in E(Rication
noke, VA: Educorp, 1993).

63 Glen L. Bull et al., “Considerations Underlying the Architecture of a State Public School Telecomputing NeBwasgattium for
Educational Telecomputing: Conference ProceediRgpbert F. Tinker and Peggy M. Kapisovsky (eds.) (Cambridge, MA: TERC, Apr. 18-19,
1991), pp. 121-134.

64 Anderson, op. cit., footnote 19.
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FIGURE 3-6: Status of State Support for K-12 Instructional Telecomputing Networks, 1993

[ ] Operational
ZA4 Partially operational
[ ] Planning/proposed

Rhode Island
[] washington, DC

No plans

RN Information not available

SOURCE: Educorp Consultants Corp., Networks Now. The 7993 Survey of How States Use Telecommunication Networks in Education (Roanoke,

VA: 1993).

offering free information resources, communica-
tion with other educators, and other network
Services.

Other Networks

Other networks in which educators participate
have been organized by school districts, commu-
nities, and the private sector. School districts use
networks to foster districtwide educational goals
and to link with local and out-of-town electronic
network resources. While district networks often
include only such services as exchanging e-mail
within the district, posting messages on bulletin

boards, and reaching the Internet with e-mail,
some are more ambitious. The Boulder Valley In-
ternet Project, for example, is a collaboration of
the local university and the school district that
aims to link as many schools as possible with
high-speed connections and to encourage teachers
to use these resources. Similar efforts are under
way in other districts.”

Community-based electronic networks link
many of the functions of community life with one
another. In these electronic communities, anyone
in the geographic area served can participate. As
of January 3, 1995, there were 130 of these local

*Rrports about other district projects can be found in Kenneth M. King and John Clement, EDUCOMoward a National Network Infra-
structure for K-12 Education: Final Report on a Fact-Finding Mission,” unpublished manuscript, 1990.



116 | Teachers and Technology: Making the Connection

BOX 3-4: The Texas Education Network (TENET)

With 40,000 participants and a 1993 average of 100,00 log-ons per month, the Texas Education Network
(TENET) is among the largest and most successful state efforts to open the world of telecommunications
technology to teachers. Established in 1989, TENET aims to provide connectivity to all educators and stu-
dents in the state via a local or 800-number telephone call. The University of Texas in Austin operates TE-
NET via the THEnet (Texas Higher Education Network) backbone and houses its central resources and
operations  staff.

Teachers in grades K-12 pay $5 per year for an account; university faculty and teacher education stu-
dents pay $25. Participants receive such services as e-mail, news groups, conferencing, file transfer, cur-
riculum guides, Internet gateway, and access to national, state, and local user groups.

Several aspects of TENET support preservice education and professional development for teachers.
Through special interest groups, teachers can share information and discuss educational issues. TENET
also has online training and maintains information files on a range of topics pertinent to teachers.

Among the most notable features of TENET is its major teacher training component. The network main-
tains 80 master trainers from all regions of the state. Master trainers provide support to school technology
coordinators, Regional Education Service Center (RESC) support staff, and others. They also communicate
regularly on a TENET special interest group and provide workshops and other training sessions for teach-
ers. Among the training issues addressed are how to join electronic teacher groups for professional devel-
opment, how to locate and download instructional materials, and how to use telecommunications to involve
students in global projects or collaborative writing.

The state has steadily increased its financial commitment to TENET since its creation, and in FY 1994
invested about $2.5 million in the network’s operation. In FY 1995, the state will spend $4.5 million on the
network. As TENET becomes more popular, Texas is grappling with how to meet demands for additional
phone lines and storage space at reasonable cost.

SOURCES: JR. Mergendoller et al, “Case Studies Exemplary Approaches to Training Teachers To Use Technology, " Office of
Technology Assessment contractor report, September 1994; Educorp Consultants Corp., Networks Now: The 1993 Networks in
Education (Roanoke, VA: Educorp, 1993) Connie Stout, Director, TENET, personal communication, November 1994; Geoffrey Fleich-
er, Interim Executve Deputy Commissioner for Curriculum, Assessment, and Professional Development, Texas State Department of
Education, personal  communication,  January 1995,

FreeNets in 42 states, according to an online sur-
vey.” These networks offer bulletin boards for
students sharing work, expedite inquiries to local
public agencies, facilitate information sharing and
research, provide local databases, and so forth.
With over 35,000 registered users and over 10,000
log-ins per day, the Cleveland FreeNet, operating
out of Case Western Reserve University, is prob-
ably the largest community network in the world

and a model for community-based networks.”
The network provides users with everything from
e-mail services, to information about health care,
education, technology, recreation, law, auto me-
chanics, or just about anything else the host op-
erators would like to place on the machine.
Anyone in the community with access to a home,
office, or school computer can connect to the sys-

“Elizabeth Reid, National Public Telecomputing Network (NPTN) survey, Jan. 3, 1995.
“Doug Schuler, “Community Networks: Building a New Participatorgoiegiioatidns of the ACM, vol. 37, No. 1, January
1994, pp. 40-48; and Sister Dolores Stanko, National Public Telecomputing Network and Community Computing, distributed over e-mail by the

Cleveland FreeNet, on Dec. 12, 1992.
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tem, 24 hours a day, and use these services. All fere currently engaged with their students “in an
itis free and all of it can easily be accomplished byn-line collaborative teaching or distance learning
a first-time user. [activity]” (4 percent were), and whether they
Not surprisingly, community-based networks“had access to” public electronic mail and in-

face the challenge of developing viable models oformation utilities such as Prodigy (19 percent),
low-cost network services that are accessible to aCompuserve (14 percent), America Online (7 per-
community members. Some keep costs low by ofeent), and Dialog (9 percent). In addition, 4 per-
fering users access to larger networks for the cosient said they had access to the Internet through

of a local telephone call. their school. Altogether, nearly 25 percent of the
NEA sample of responding teachers reported hav-
Use of Telecommunication Networks ing access to at least one of these telecommunica-

Reasonably current national survey data providdons services. While the NEA sample i%b”o'[
some information concerning the school use ofePresentative of the U.S. teaching populatron,

telecommunications hardware and software fofl the same percentage were applied to all U.S.
information gathering, electronic mail, and col-SCN0OIS, it would mean that as many as 600,000

laborative instructional work. In the 1992 IEA teachers nationwide were involved in telecom-

survey, data collected at the school level indicate@Uting- . -
that in 10 to 15 percent of schools at least one 'N€ €xtent of telecomputing activity among
teacher used electronic mailfinformation net-1€achers is not well understood—especially now

works (e.g., Compuserve); usage was higher at tH® potentir_;ll opportunities for participation are
high school level than in elementary schoolsMushrooming. Furthermore, although the number
Approximately the same percentage of highOf telecomput_lng teachers is growing rapidly,
schools reported using online databases such Jse€ data indicate that the great majority of U.S.
Dialog. IEA also asked separately about tWot(?acr_lers still (_jo not have access to telecommu-
instructional programs involving telecomput- NICatIoONs services.
ing—AT&T Learning Circles and the National
Geographic’s Kids Network. According to the Telecommunications Software
survey, AT&T Learning Circles had been tried inln addition to access to hardware, teachers’ partic-
about 4 percent of schools nationwide at all levelspation in electronic communities is often deter-
and the K-8-oriented Kids Network garnered parmined by the ease of use and functionality of
ticipation in 6 percent of elementary schools and &vailable telecommunications software. Accord-
percent of middle schools. Altogether about 20ng to TERC, to meet the needs of teachers, tele-
percent of schools reported using one or more tel&éeommunications software should have the
communications service. However, no informa-following features: a user-friendly (“point-and-
tion was available about the number of teacherslick”) interface (see figure 3-7); netwodon-
using the service at any given site. nectivity among multiple computer systems
A year later, the 1993 NEA Communications(MS-DOS, Macintosh, etc.); multiple options for
Survey inquired of its sample how many teachergsonnectivity, including the Internet; the capacity
had ever participated in a “learning network atto send formatted nontext enclosures, such as
school, such as the AT&T Learning Network orgraphics, spreadsheets, and data video images; the
the National Geographic Society’s Kids' Net- ability to enable theaamemessage or formatted
work” (6 percent had); whether the respondentslata to be sent to multiple parties who use diverse

68 The NEA survey excludes teachers from most large city districts and others that are not NEA members (see appendix B).
69 Much of this section is taken from TERC, op. cit., footnote 53.
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FIGURE 3-7: America Online’s LabNet Main Screen
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1994

software and hardware configurations; the ability
to download and manipulate files at user comput-
ers without re-formatting; and be capable of being
easily updated.

There are a growing number of Internet-based
telecommunications software tools for informa-
tion searching and retrieval. NCSA Mosaic and
other similar tools are among the most powerful
because they provide a user-friendly means of
connecting with World Wide Web and Gopher re-
sources on the Internet. The Web includes online
documents that consist of text, images, sounds,
video, and animation on a range of topics, such as
Gaelic texts, art exhibits, movie clips, and elec-
tronic magazines. Documents can include foot-
note like links to other files, so that by pointing

and clicking, the user can move from one docu-
ment to retrieve relevant information from other
documents located elsewhere on the Internet. In
addition, the telecommunications functions in the
Mosaic interface are automated so as to be nearly
invisible to the user. However, Mosaic is useable
only through a direct, relatively high-speed con-
nection, and this type of connection is still rare in
school settings.

Telecommunications, with the access it can
provide to resources beyond the classroom walls,
has considerable educational potential. Yet the ev-
idence reviewed here indicates that most schools
are not equipped to participate in these oppor-
tunities.

(|l
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STATE POLICIES ON ACCESS AND USE policy with mandating courses about comput-

State policies can be an important influence off™S rather than assisting teachers to learn to
teacher use of technology. A telephone survey an§ach with a range of technologies.
review of state literature done under contract to
OTA indicates that states have taken diverse ag- Computer Courses for Students
proaches to addressing the challenge of educatiofiwelve states require that public schools offer
al technology® This section summarizes some ofcomputer-related courses such as keyboarding or
these data. (See, also, chapter 4 for discussion cbmputer literacy, while an additional 20 states
state technology policies related to inservicelecommend to districts that such courses be of-
teacher training and chapter 5 for state policies ofered. For example, since 1984 Arkansas has re-
teacher certification and technology.) quired high school students to take a one unit
course in “computer science;” a new planto be im-
[ State Staffing for Technology plemented in 1996 requires_ Arkansas schopls to
] offer more advanced, elective computer science
Oneiwaythatstates can |_nfluence local technology, ,rses as well. Washington State law requires
use is through state staffing and support for educgq a4t each school district provide an opportunity
tional technology. Staffing policies vary consider-¢, high school students to take at least one course

ably across state;. In qne state, th.e educatiqnﬂ“computereducation," or allow students to take
technology coordinator is an associate cCOmMisy in another district.

sioner; in others, a part-time consultant. Some

coordln_ators gre Iocaf[ed within a media d|_V|S|on,D Student Computer Competency
others in an instructional technology unit, and
some in a telecommunications office. Some statd0day 19 states mandate computer competency

educational technology units have budgets in thEeduirements for graduating seniors. Additional-
many hundreds of million dollars; other stateg’: @S states define and set new achievement stan-
fund little more than a single staff person. dards consistent with the Goals 2000: Educate

America Act (see chapter 6), many are attempting
. to address skills students will need to work with
[J Technology Integration technologies. Maine law stipulates that schools
All but seven states reported that they require omake instruction in the use and application of
recommend integrating computers or informationcomputer skills available to secondary students
technology into the curriculum (see table 3-2).and requires each student “to demonstrate profi-
About 25 percent of the states actually mandateiency in the use of computers that include load-
the integration of computer technology across thing, operating, and applying fundamental skills.
curriculum. For instance, the lowa Legislature inThis may include word processing, keyboarding,
1993 established an Educational Technologyleveloping a data base, accessing data, and using
Consortium charged with developing technologysoftware.”! Maine recommends that technology
plans for the state that ensure “equity of accesdie built into the curricula in grades 7 or 8, but
and assist schools with the integration of hardwarkeaves it up to the districts to establish their own
and software into their curricula. However, theplans and procedures. Utah requires that every
way technology is to be integrated is less clear. high school student be computer literate before
fact, some states continue to equate technology graduating, which students may demonstrate by

70 Anderson, op. cit., footnote 19.

71 Dennis KuncesPlanning Guide for High School Diploma Computer Proficiency Require(demjusta, ME: Maine Department of
Educational and Cultural Services, 1989).
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TABLE 3-2: State Education Technology Policies, September 19942

Requires
Promotes Requires Mandates computer Requires
technology computer computer training for inservice Students
integration in ~ course for competency teacher technology per
curriculum students for students  certification training computer

State name 1) 2 ®)) 4) (5) (6)
Alabama v/ v v/ 17.7
Alaska v 8.6
Arizona v v 12.3
Arkansas s/ s/ v 14.0
California v/ v 19.5
Colorado v 11.2
Connecticut v 13,8
District of
Columbia v v/ v v 12,9
Delaware v 18.5
Florida v 11.3
Georgia v 12.8
Hawaii 4 S 18.8
Idaho 4 14.5
lllinois 15.9
Indiana v 111
lowa v 10.2
Kansas v/ v 9.9
Kentucky v 12.0
Louisiana v v 19.5
Maine v 4 v 14,4
Maryland. v v 13.8
Massachusetts /o v 16.3
Michigan v v 13.4
Minnesota v 11.1
Mississippi v v v 17,9
Missouri v 13.4
Montana v 10.6
Nebraska v v 10.4
Nevada v/ v 13.6
New Hampshire v '4 v 22,0
New Jersey v v/ v 15.4
New Mexico 4 v v 12.4
New York 4 12.3
North Carolina v v 13.1
North Dakota 10.4
Ohio v v/ 16.0
Oklahoma v v v "4 13,5
Oregon 4 v 13,0
Pennsylvania v v 14.7
Rhode Island v v v 16.2



Chapter 3 Technology Access and Instructional Use in Schools Today 121

TABLE 3-2 (cont'd.): State Education Technology Policies, September 19942

Requires
Promotes Requires Mandates computer Requires

technology computer computer training for inservice Students

integration in course for competency teacher technology per

curriculum students for students  certification training computer
State name (1) 2) (3) (4) 5) (6)
South Carolina v 13,7
South Dakota v v v 10,4
Tennessee v v v 18.4
Texas v v v 12.1
Utah v v v 13.3
Vermont v 19.9
Virginia v v 13.0
Washington v v v 10,9
West Virginia v v 4 11.2
Wisconsin v v 11.4
Wyoming 4 8.1

*An ' [0 "in the column means a state has that policy A blank cell means that the policy does not exist.

The definitions of the column check lists areas follows:

(1) State requires (or recommends) that public schools integrate computers or information technology in the curriculum

(2) State requires that public schools offer computer-related courses such as keyboarding or computer literacy

(3) State has a mandate for computer competency or performance standards for students related to information technology

(4) Teacher certification in the state includes a requirement for training in computers or technology (see chapter 5)

(5) State has a requirement for inservice computer or technology training (see chapter 4).

(6) Microdensity is defined as students per computer. (Data from QED, 1994 report on Technology in Public Schools, QED, Denver, Colorado.)
SOURCE: R.E. Anderson, “State Technology Activities Related to Teachers,” OTA contractor report, Nov. 15, 1994

taking a computer literacy course or passing a test
of technology-related skills and knowledge.”

Many states, like Vermont, do not mandate
technology competency, but recommend that dis-
tricts make computer competency a graduation re-
guirement. North Carolina recently has designed
an innovative, detailed competency-based curric-
ulum in technology including considerable em-
phasis upon “information skills.” Beginning in
1995, students will have to pass a performance-
based competency test.

The state survey suggests that the amount of
educational technology hardware in a state is not
correlated with the state’s tendency to establish re-

guirements in either student technology com-
petency or in teacher technology training.
Therefore, OTA finds that the relative amount
of computer technology available in a state
should be used with great caution as an indica-
tor of that state’s commitment to technology in
instruction (see table 3-2).

CONCLUSION: ISSUES WITH POLICY
AND RESEARCH IMPLICATIONS

The data examined in this chapter suggest severa
themes, issues, and questions that have implica-
tions for future policy decisions and research

"Utah State Board of Education, “Elementary and Secondary Core Curriculum Standards,” Instructional Technology, Utah State Board of

Education, Salt Lake City, UT, n.d.
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4 = EF the presence of connectivity hardware, software,

I P : L and semvices. As the earlier discussion suggests, it
% HEE ' T e s now possible to use the same technology in sev-
EE i ir_ﬁ= eral different ways, depending on what the pur-

i —— =1 _‘- Bhnmmmmmmmn  Pose of the user is, which kinds of software and

. I L e e Peripherals are available, and how multiple

(B e . e technologies are combined or connected. It is also
:li.-::..ﬂl_ .. T important not to overlook older technologies,

im ~such as the telephone (see box 3-5).

i
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!
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Classrooms such as this one, with five computer workstations
as wall as a television monitor, offer teachers flexibility in
teaching with technology Many states are seeking funding

A second step might be to examine whether ex-
isting technologies are arranged and organized in
a way that is conducive to frequent and effective
use by teachers and students. Are different kinds
of technologies located in a central place or in in-
dividual classrooms? Can existing equipment be
made more mobile? Is there a LAN, and could it be

to provide this level of technology access in all classrooms.

used for more purposes than at present? Are cer-
tain kinds of technologies “reserved” for certain
agendas. This section discusses the importance kinds of teachers and students, such as advanced-
developing anew definition of access to technolo-level science students or business education stu-
gy, the importance of two-way communication, dents? Is the hardware situated so that it can be
additional research needed for policymaking, andised effectively for different kinds of instruction,
strategies for better understanding effectivesuch as group projects, buddy learning, or individ-
instructional practices. ual study or research?

A third step might be to examine the kinds of
support that teachers need to use the infrastructure
aeffectively: to integrate technology into their ev-

presented throughout this chapter is the need tsryday “?ach'”Q' to use technologies fo_r two-way
begin thinking differently and more critically communication, and fo use technologies to en-

about what constitutes “access” to technology bycOUrage the best instructional practices. These

teachers and students. Conventional data on infra§Upp°rtS’ discussed in more detail in subsequent

structure-numbers of computers in a school, stuhapters, might include exposure fo innovative
dent-computer ratios, and school ownership of'S€S; high-quality professional development, and
various kinds of video and telecommunications °"90ing technical support and expert advice.
equipment—are insufficient measures of mean-
ingful access to technologie$Vhat is called for Jital
is a new way of defining access that examines ~ Communication
the kinds of infrastructure, organizational ar-  The potential of new technologies to facilitate
rangements, and other supports teachers needtwo-way communication has changed dramatical-
to use technology effectively in the classroom. ly in recent years and holds great promise for
Under such a definition, a first step might be to changing teaching, learning, and professional de-
look at the availability of hardware and software, velopment. Telecommunications and networking
but in a more discerning way than just countingtechnologies, in particular, create incomparable
computers. Key factors include the age and poweopportunities for teachers and students. And new
of hardware and the kinds of peripherals and softhardware, such as videodisc or CD-ROM players,
ware the equipment can support. Also crucial aremakes it possible to combine the excitement of

« A New Definition of Access
One overarching theme emerging from the dat

» The Importance of Two-Way
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BOX 3-5: Planning for School Technology Use: Two State Examples and Cost Estimates

Technologies are used by schools for many reasons and to accomplish different goals. Technologies for
teaching and learning vary in key characteristics: how richly they convey information, how suitable they are
for whole classroom versus individual student use, how many pieces of equipment are required for simulta-
neous use by an entire class, how portable they are, how interactive and adaptable they are to individual
student or teacher needs, and how flexibly they can be used by teachers in a school setting. These char-
acteristics affect which technologies schools acquire and how they use them.

To some extent, therefore, the amount and type of hardware and software a given site “needs” depends
on the educational goals it expects to meet using technology. As a part of this planning process, some
states and districts are trying to designate some basic levels of technology to which each building and
classroom should have access and to estimate the costs of such an infrastructure.

For example, Kentucky's Master Plan for Education Technology calls for a communication system for
voice, video, and data that will interconnect all computer workstations in the classroom, school, district,
office, public library, and Kentucky Department of Education with other statewide and national education
networks. ' Goals for instructional technology include a telephone in every classroom, a portable teacher
workstation for each of the 36,000 teachers in the state, and a computer workstation for every six students.
About 100,000 additional workstations will be needed to meet the student workstation goal. Taking into
account existing infrastructure that meets the standards of the Master Plan, the state estimates that $560
million will be needed to implement the plan over a period of six years.?

Implementation of the Kentucky plan began in 1992. The one-time costs of hardware and software will
be shared equally between the state and local districts. The ongoing maintenance and operations costs at
the state and district levels will be funded by the state, while local school districts will bear the mainte-
nance costs of the system’s school, classroom, and family/school connection levels.

A recent initial planning document from the New York State Department of Education outlines the poten-
tial costs of implementing a vision of an even more advanced technological infrastructure for K-1 2 schools
in that state. This plan outlines the costs of putting a basic amount of new technology in every public
school building throughout the state and networking them.’A three-stage deployment is envisioned. The
first stage would put five workstations with multimedia and network links in the library-media center of each
of the state’s 4,016 public schools. The second stage would put one workstation in each of an estimated
187,000 classrooms and network them to a wide area network and the Internet via a broadband T-1
connection (1.5 mega bytes).4 The third, full-blown model adds four more workstations in each classroom.
The table displays the technologies and costs for this three-stage deployment, as well as the estimated

*Kentucky Department of Education, "Master Plan for Education Technology, ” Council for Education Technology, Apr. 30, 1992

*Revisions to Master Plan for Education Technology, adopted by Kentucky State Board for Elementary and Secondary Education
November 1993.

°Existing hardware, software, and networking in schools were Ignored in this cost model. In addition, this model reflects an esti-
mate of the total life-cycle costs, exclusive of consumable materials (e. g., printer toner and paper) and furniture for a five-year period.
The life-cycle cost analysis takes into account not only hardware and software, but also maintenance, technical support, training,
networking, and other “hidden” costs. This model particularly emphasizes the staff development and technical support components
of successful technology implementations. Basic list prices are considered in the cost model, since the model's author considered it
Impossible to estimate any discounts that would be applied on such a large-scale purchase. M. Radlick, “A Cost Model: Implementing
Technology in New York State Public Schools—A Paper for Discussion,” New York State Education Department, Albany, NY, Novem-
ber 1994

“Building wiring would be fiberoptic cable to all classrooms, and copper from thereto the desktops. Every workstation should be
networked to the Internal LAN resources and out to the wide area network, including the Internet Networking and network resource
must be able to support high-bandwidth applicatlons, including multimedia and interactive video from other sites. Included in the
multimedia capability is videoconferencing at the workstation level Radlick, ibid.

(continued)

il
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BOX 3-5 (cont'd.): Planning for School Technology Use: Two State Examples and Cost Estimates

Proposed Five-Year Cost Model for Implementing Technology in New York State Public Schools

Additional
cost for the 4
remaining
Network , years in
. infrastructure ~ First-year hardware
Stage of model ~ Technologies  (per building) cost lifecycle Total cost
Stage 1 .5 worksta- .56 kb link to  $371,593,000  $436,991,200  § 808,584,200
Putin the tions with Internet includes about includes about
library-media software,’ .1 router $73 million for ~ $233 million for
center of each IAN, and In- 1 qaryer training and training and
Bublic school ternet con- . .- | ‘ support per- support per-
uilding nections . mr:t(l.?wgiséo% sonnel sonnel
(total =4,016) .1 laser nection to
printer library/media
.1 CD-ROM center’
tower
.1 color LCD
projector unit
Stage 2 .1 workstation .T-1 network  $3,627,350,000 $2,616,200,000 $6,243,550,000
Put into each with soft- link includes about includes about
classroom ware, LAN, ,initial costs  $769 million for $1.7 billion for
(total = and Internet of network  training and training and
187,000) connections connections ~ Support per- support per-
.1 laser to class- sonnel sonnel
printer rooms
.1 color LCD
panel
Stage 3 «4 worksta- $2,992,000,000 $1,047,200,000 $4,039,200,000
Add into each tions with no additional
classroom: software, training and
IAN, and In- support
ternet con-
nections
Total costs $6,990,943,000 $4,100,391,200 $11,091,334,200

= $500

“Total cost of each workstation estimated at $3,500. Workstation includes a 486 (DX2) or Pentum or Macintosh Power PC 7100 with
CD-ROM and color monitor Basic operating system (Windows or System 7) assumed to be bundled. Cost = $3,000, Addtional ap-
plication ~ software ~ cost
"The cost of network Connections is assumed to average $7,500 per Classroom, The initial network connection to the [Norary/media
center is assumed to average $15,000
‘Includes hardware and sofware maintenance (1 O percent), training, support, and cost of Service across T-1 and 56-kb links
SOURCE: M Radlick, “A Cost Model Implementing Technology in New York State Public Schools—A Paper for Discussion, " New York
State Education Department, Albany, NY, November 1994,
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BOX 3-5 (cont'd.): Planning for School Technology Use: Two State Examples and Cost Estimates

costs for operating, maintaining, upgrading, training, and support over a five-year life cycle. The estimated
total cost comes to just over $11 billion over five years.’

The New York state annual education budget for 1992-93 was slightly more than $21 billion. In 1992-93,
New York schools spent an average of 2.2 percent of their total education budgets on technology, which
includes hardware, software, network technical staff, instructional staff, and supplies and material. The total
amount spent across the state that year was about $360 million.Thus, fully implementing this cost model,
even across a 10-year period, would require a substantial increase in the percentage of the education
budget invested in technology.

°About 37 percent of the total is for Instructional hardware and software; 17 percent for building the network infrastructure; 21
percent for ongoing costs such as maintenance, upgrades, and line charges; 9 percent for training; and 16 percent for staff support

personnel.
*Michael Radlick, “Technology Expenditures in New York State Schools, ” unpublished draft, New York State Education Depart-

ment, Dec. 7, 1994.

SOURCE: Office of Technology Assessment, 1995, based on Kentucky Department of Education, op. cit., footnotes 1 and 2, and

Radlick, op. cit., footnotes 3 and 6.

video with the information transmission power of
the computer and the communication capabilities
of high-speed telephone.

Given these trends, connectivity is likely to
become the major technology issue of the next
severa years. Although few up-to-date data are
available, it appears that a very small percentage
of teachers have access to the kinds of telecommu-
nications and networking technologies needed,
for example, to participate in a global science
project, or contact distant colleagues for advice on
attention-deficit disorder.

Policymakers might respond by developing
new kinds of guiding principles for access to and
use of telecommunications. This is aready occur-
ring in discussions at the federal, state, and local
level about educator access to a “Nationa In-
formation Infrastructure.” Other issues to be
addressed include the issues of copyright, confi-
dentiality, funding and subsidies, and limiting stu-
dent access to some forms of information (see
chapter 1).

Framing policies in these areas will not be an
easy task, since the field of educational telecom-
munications is still so young and fluid. New uses
for telecommunications are emerging al the time,

and it is not yet clear what classroom applications
are possible or most effective.

OAdditional Research Needed for

Policymaking
Help in framing policy could come from more ex-
tensive research. Available data are weak regard-
ing the very newest technologies available to
teachers—new forms of analog video and digital
multimedia technologies like videodisc and CD-
ROMS and new opportunities for telecommunica-
tions via computers. There are few data on how
much or in what ways teachers are taking advan-
tage of existing network access. In what ways are
student-learning routines affected by the avail-
ability of telecommunications access to the out-
side world? How is a teacher’s professional life
affected by these resources? Future studies of
educational technology should focus on the
uses of those new media—not simply their
presence, but how they affect the learning of
students and the jobs of teachers.

Having access to technol ogies does not ensure
that they will be used well. As noted in this chap-
ter, more comprehensive use could be made of



126 | Teachers and Technology: Making the Connection

the current technology inventory in schools. [] Effective Instructional Practices

Evidence for restriction in current usage can bgsrrently the most common uses of technologies
found in the persistence of drill-and-practice.i, gchools reflect educational philosophies of
games, keyboarding instruction, = “COMPUterjngrction that view students as recipients of in-

classes,” and certain kinds of video viewing. It iy mation dispensed by the teacher (or by the

hard to draw clear conclusions about how ex's.tmgechnology) and the acquisition of specific skills

¥nd knowledge-However, many technology ex-
ts feel that the real potential of technology
s in its capacity to support pedagogical ap-

however, because teacher use is an area where d
on educational technologies are weakest. Surve
to date have collected o_nIy minimal data directly ¥oaches that encourage students to become
from teachers about their own access to and use §

. ctive participants in their own learning and to
technology. Knowing that technology resources . - L .
) L . acquire critical thinking skills and more com-
are in a school is insufficient to understand wheth- .
) . plex understandings
er and how teachers are using them. Observations . :
The potential for more than an electronic black-

of and interviews with teachers could help to pro—b di £ th N i ;
vide the kinds of contextual information that >°&r¢ IS One of the most compelling reasons for

would illuminate many of the questions surroundpl_Jrsuing educational technology (see chapter 2).
ing the gap between access and use Right now, however, a gulf exists between the
New research might examine several issues r@mbitions of technology experts and software de-

garding teacher use. How and why do teachers ugglopers and the practice of teachers in class-

technology in instruction across the various cur/°°Ms. Helping teachers use technology to

ricular areas? How do teachers integrate videdacilitate different educational philosophies and
taped presentations, for example, in different_teaCh'ng pract_lces WI|! require substantial change
subject matter? How are teachers using camcord? currlculum, instructional methods, and teacher
ers, telephones, or telecommunications linksnderstanding. _
Which resources are effective for which educa- N addition, further study is needed about the
tional goals? To what extent do teachers us8uality and relative effectiveness of various
technology for other parts of their job, such as carlnStructional uses of technologies and their ap-
rying out administrative tasks, participating in Plications. How effective are instructional com-
professional development, communicating withPuter games in helping students acquire specific
the world outside SChOOI, or inv0|ving parents inSki”S and knOWIedge? What is the effectiveness of
the schooling process? various kinds of video viewing experiences? How
Furthermore, the discrepancies between teaclgffective is browsing of digital libraries as a re-
er and student reports about how many minutegearch tool? What elements make for a quality
students use computers, and between teachers dhtlltimedia program? What is the most effective
district-level educators about how many teachergse of distance-learning technologies? For exam-
are “computer-using” teachers, suggest the nedele, distance learning can vary greatly in quality
for deeper analysis of what constitutes technologind instructional philosophy, from teacher lec-
“use.” How long or how intensive must an interac-tures transmitted by satellite, to more interactive
tion with various technologies be to constitute dearning sessions where students can conduct ex-
meaningful learning experience for studentsPperiments with the distant teacher looking on or
How many learners can use various technologiegxchange observations and data in real time.
at the same time in a beneficial way? Is tracking Finally, OTA finds that access to any tech-
occurring in how students are permitted to use vamology in a school is just a starting pointThe
ious technologies? What constitutes teachenextchapter will explore the barriers teachers face
“use”? as they try to use technology, as well as some im-
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plementation models and lessons from places athe appropriate hardware, software, and training
tively attempting to overcome these barriers. Ago pursue these goals and applications, and contin-
the next chapter suggests, to use technologies afing support to overcome the obstacles presented
fectively, teachers and administrators must have im adopting technology for instruction or teacher
vision of how they can best be deployed; they neesupport.



Helping
Teachers Learn
About and Use

Technology
Resources4

SUMMARY OF KEY FINDINGS

= Most teachers have not had suitable training to prepare them
to use technology in their teaching. A majority of teachers re-
port feeling inadequately trained to use technology resources,
particularly computer-based technologies. Although many
teachers see the valuestiidentdearning about computers and
other technologies, some are not aware of the resources
technology can offer them as professionals in carrying out the
many aspects of their job.

= |n a majority of schools, there is no onsite support person offi-
cially assigned to coordinate or facilitate the use of technolo-
gies. Even in schools where a technology coordinator exists,
most of the time is spent supervising students, or selecting and
maintaining software and equipment. Very little time goes di-
rectly to training or helping teachers use technologies.

= To use technology effectively, teachers need more than just
training about how to work the machines and technical sup-
port. To achieve sustained use of technology, teachers need
hands-on learning, time to experiment, easy access to equip-
ment, and ready access to support personnel who can help them
understand how to use technology well in their teaching prac-
tice and curriculum.

= Schools and school districts are using a number of different ap-
proaches for training teachers and implementing technology.
These include developing “technology-rich” model schools;
training a cadre of teachers who train and help their colleagues;
providing expert resource people; giving every teacher a com-
puter; training administrators alongside teachers; and estab-
lishing teacher resource centers. Data do not confirm that any
one strategy is more effective than another; often they work in
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combination. Districts may be well advised toINTRODUCTION

use multiple training and support strategies taing giscussed in chapter 3, most schools and teach-
lored to the educational goals of the local sitegrg tgday have at least some access to multiple
= Lessons from experienced implementation s of video and computer-based technologjies.
sites suggest that those who wish to invest iR mych of this technology is not being used to its
technology should plan to invest substantially, gtential and most classroom environments are

in human resources. Currently most funds foiyjj| not significantly influenced by technologies.
technology are spenton hardware and software. |, contrast to chapter 2, which provided exam-
Increasingly experienced technology-usingp|es of promising uses to which teachers are put-
sites advocate larger allocations for trainingng new technologies, the first part of this chapter
and support. _ . examines why teachers do not use technologies

= Support for technology use from the principalyyore and factors that affect how technology
and other administrators, from parents and thg,mes to be used in schools. This section draws on
community, and from collgagues can create dublished surveys of technology use among
climate that encourages innovation and SUSggachers, the research literature on technology use,
tained use. _ » site visits made by Office of Technology Assess-

* Schools should avoid acquiring technology forment staff to schools and districts throughout the
technology's sake. Developing a technologycoyntry, a contracted series of interviews with and
plan—thinking through the goals for technolo- 5pservations of teache?sind conversations with
gy use at the local site and involving teacherg,ngreds of teachers and administrators at confer-
in the planning process—is an important steRynces and meetings and over electronic mail.
in ensuring that the technology will be used by e chapter then describes some approaches
those it is intended to support. Many districtSscpaols have used to overcome barriers and imple-
have found that it works best to start with smalljent educational technology more widely. Final-
focused efforts, which can engender 1€SS0nSy 4rawing on places where technology has been a
success, and experience before committing tBriority, the chapter suggests lessons learned
more large-scale programs. about fostering technology implementation. In

" Although sites have made significant progress,qgition to the sources listed above, these sections
in helping teachers learn to use generic teChnoly .\ on the research literature on educational and
ogy tools such as word processing, databasegchnological innovation, studies and evaluation
and desktop publishing, many still struggleeports from technology implementation projects,

with how to integrate technology into the cur-gng 5 series of case studies contracted by OTA.
riculum. Curriculum integration is central if

technology is to become a truly effective educa-
tional resource, yet true integration is a diffi- FACTORS THAT INFLUENCE

cult, time-consuming, and resource-intensivel ECHNOLOGY USE BY TEACHERS

endeavor. Research funding is needed to hel@/hy don'tteachers make wider use of instruction-
explore and develop technology tools bestl technologies? What is the experience of teach-
suited for specific curriculum areas, especiallyers as they encounter new technologies in their
disciplines other than science and math. schools? This section first provides a general

1 Most teachers do not yet have access to or experience with telecommunications networks and related technologies. See ch. 3.

2 Melinda A. Griffith, “Technology in Schools: Hearing from the Teache@sfice of Technology Assessment contractor report, October
1993.

3 John R. Mergendoller et al., “Case Studies of Exemplary Approaches to Training Teachers To Use Technology,” Office of Technology
Assessment contractor report, September 1994.
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overview of some factors that influence the exten
to which teachers use technology. These includ
availability, time, and differences among teachers
in their attitudes toward change and technology
This section then focuses on three specific areas
1) training and understanding, 2) onsite support,"
and 3) systemic factors such as planning and th
assessment system.

Clearly, before teachers can use the technolor\
gies they must first have access to them. As chap:
ter 3 has suggested, the amount of computer and
video technologies used for instruction in schools
has grown considerably in recent years. Most
teachers now have some access to these technolo-
gies. Yet as chapter 3 has also iIIustrated many of

F
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tines. In addition, a substantial portion of the :.r
school computer inventory is made up of older, ¢
less-powerful machines. Access to telecommu- Jr
nications technologies is especially limited. Be-
yond these problems of access to machineg® 0 learn to use new technologies, teachers need time for
hOWEVGI’ lie a number of other Important barriers ands-on” exploration and collaboration with colleagues.
to more widespread use of educational technolo-
gies by teachers. new thingsEven accomplished technology-us-
First, it is important to recognize that technolo- ing teachers, who are highly motivated, rated
gy tools require time to master. Hardware andhe lack of time as among the most problematic
software, no matter how “user-friendly,” are com- barriers to technology use in schools.
plicated and constantly changing. In any profes- Furthermore, teachers are an incredibly diverse
sion, time must be invested in learning how to usegroup. Some teachers express eagerness to experi-
a particular piece of software to accomplish work-ment with new ideas, even at the risk of failure,
related goals; furthermore, keeping up withwhile others say they have little interest, energy, or
upgrades or new software requires ongoing intime for experimentatiofiThe great majority of
vestments of time. But teachers, in particular, aréeachers probably lie somewhere in between these
“prisoners of time:” as a national study recentlytwo poles. As one educator explained, “Most
underscoredAmerican schools require teachers schools have a bell curve distribution of teachers
to spend the vast majority of the school day en¥anging from the aggressive, active, enthusiastic
gaged in actual instruction, which leaves little of-innovators to those who are counting the hours un-
ficial time for planning, preparation, or learning til retirement.”Even the most energetic and inno-

4 National Commission on Time and LearniRgsoners of TiméNashington, DC: U.S. Goygment Printing Office, April 1994).

5 Karen Sheingold and Martha Hadley, “Accomplished Teachers: Integrating Computers into Classroom Practice, "Center for Technology
in Education, New York, NY, September 1990. See ch. 2 for further information on this study.

6 See, e.g., Michael Fullan, The New Meaning of Educational Change (New York: Teachers College press, 1991).

7 David Thornburg, quoted in Electronic Learning, vol. 13, No. 6, March 1994, p.16.



132 | Teachers and Technology: Making the Connection

vative teachers experience many competing the way | want it run. . . | just don’t want to do
demands to learn new things—new curriculum it. . .Don’t want to changé?

standards, teaching methods, behavior manage- The kinds of pedagogical beliefs and practices
ment techniques, assessment methods, techniquggeacher holds may also influence whether he or
for working with special needs children, and so orgphe yses technolody.For example, one inter-
(see chapter 2). _ view study found that “high-tech” teachers tended
This is also true when it comes to technologyq hold a student-centered approach to learning
Teachers, like others who use technology, fallg . inquiry methods, collaborative learing,
along a bell curve in which there is a small pert3nds_on practices) and had used the technologies
centage of innovators and visionaries eager to g, implement this philosopHy? The “low-tech”
new things, a larger number of those who fOIIOWteachers (those who, despite being given opportu-

t_he :e?dr(])f otréers, atr:d a4sr1na_lll_groEp who are ,‘:’jke'ﬁ"lties to use technologies, were not doing so) were
tical of change(see box 4-1). Teachers vary wi © more diverse in their teaching approaches. Some

ly in their experience with and knowledge of held student-centered educational beliefs but were

gar(s:h;?:g?gé ng:neex;enﬁcllervsvr?illreesiye?sa;]/Zvceorzrg/u}FlUCtant to use technologies because of personal
' . PI€, o §Cars or inhibitions or because of problems with

been shown how to “boot one up.” Some teachers o . :
accessibility and scheduling of equipment. Others

may be unclear about what technology can offer . . "
e were described as taking more traditional ap-

them because they have had very limited experi- ) . .
proaches to teaching (e.qg., following the routines

ence with technologies or little exposure to mod- . _
els that use technology to enrich the curriculumOf the textbook, using a_Iecture format); these
deliver instruction in different ways, or improve teachers repprted not using ‘Fechnolpgy beca}use
personal productivity. Furthermore, there prob-th,ey feared it would undermine their authority
ably are some teachers who will actively resist ofVIth Students or because they felt pressed by the
avoid learning about technology for reasons thaf!Mber of district-mandated curriculum require-
may not be well articulateliThe words of one ments and therefore did not feel they had instruc-

high school geometry teacher illustrate that som&onal time to give to additional activities. .
teachers don’t want to change: No systematic data exist to tell us what consti-

tutes the normative “technology experience” of
years, you build up a file on your subjects. . .For f[eachers in sphools today, nor_wh_ethertechnology
me to go into teaching computers. . .| would S More readily used by certain kinds of teachers.
have to start all over. | would have to actually sit However, talking to teachers—hearing their con-
down and work everything out, and it would re- ~ cerns and stories—can help in finding what is re-
quire a lot more work on my part to run a class quired to encourage more widespread use of

I'm the old-fashioned type—after so many

8 See, e.g., Geoffrey A. Moor€rossing the Chasm: Marketing and Selling Technology Products to Mainstream Cugtéeveiéork,
NY: Harper Business, 1991).

9 See, e.g., Ronald G. Ragsd&termissible Computing in Educati¢New York: Praeger, 1988).

10 Janet Ward Schofiel@omputers and Classroom Cultyféew York: Cambridge University Press, in press), ch. 4.

11 see, e.g., Larry Cubafieachers and Machines: The Classroom Use of Technology SincéNg20rork: Teachers College Press,
1986); Larry Cuban, “Public School Teachers Using Machines in the Next Decade,” Office of Technology Assessment contractor report, Oct. 8,
1994.

12«High-tech” and “low-tech” teachers were identified in each district by the district computer coordinators. Margaret Honey and Babette
Moeller, Teachers’ Beliefs and Technology Integration: Different Values, Different Understar@erger for Technology in Education, Tech-
nical Report No. 6 (New York, NY: Bank Street College of Education, August 1990).
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BOX 4-1: Acceptance of New Technologies: A Marketing Theory

This figure illustrates one market-based model of how any new technology product attracts new cus-
tomers throughout its life cycle. The very small group of innovators pursue new technology products
aggressively; they are “technologists” and make technology purchases simply for the pleasure of exploring
the new technology product. Early adopters are not technologists, but find it easy to imagine and under-
stand the benefits of a new technology. According to this theory, there is a large “chasm” or gap between
the early adopters and the next and much larger group-the ear/ly majority. Winning the interest of the early
majority is key to market success since they represent about one-third of the consumers; this groups
shares some of the early adopter’s ability to relate to technology, but they are also driven by a strong sense
of practicality. These individuals want to see “well-established references” before investing substantially.
This chasm exists, in part, because these individuals do not want to have to “debug” someone else’s prod-
uct—they want their technology to work properly and to be easily integrated.

The late majority differs

The Technology Adoption Life Cycle

from the early majority mostly
in that they feel less comfort-
able about their own ability to
handle a technology product.
As a result, this large group
(again about one-third of the
total) wants to wait until some-
thing has become an estab-
lished standard. Finally, there
are the /aggards who don't
want anything to do with the
new technology. Generally, in
marketing plans, laggards are

viewed as not worth pursuing.

This model suggests that

within any group of individuals, such as teachers, there will be tremendous variability in their willingness to
explore and accept new technologies. Clearly there is a small group of teachers who have been active
innovators and have eagerly embraced new technologies in schools. Similarly many schools have teachers
who could be called “early adopters. " But today, the challenge may still lie in “crossing the chasm” and

getting the next, and much larger, group of teachers sold on the usefulness and practicality of technology
use for them.

SOURCE: Geoffrey A. Moore, Crossing the Chasm: Marketing and Selling Technology Products to Mainstream Customers(New York,
NY: Harper Business, 1991).

technology. In the section that follows, a number
of common barriers that have been identified in
the technology implementation literature will be
discussed and highlighted from the teacher’s per-
spective. In a real school setting, some, al, or
none of these barriers--or other barriers-maybe
present. The discussion that follows is not meant

to reify these barriers or make teachers or policy-
makers feel that the situation is hopeless. Rather,
it is intended to help aert policymakers and other
readers to factors they should consider if they de-
sire to integrate technology into teaching and
learning.
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[ Training in Technology Use and Many teachers have not had the opportunity to
Understanding Potential Applications observe and learn about the wide range of educa-
Teachers’ Perceptions tional uses to which technology can be put—par-

ticularly various ways it can be incorporated into
When asked what would help them use technologiferent curricular areas. For example, evidence

gy better, many teachers mention the nee_d fokollected by OTA suggests that some non-
more knowledge about how to use variousechnology-using teachers, while they endorse the
technologiest-or some, this means operational jmportance of student access to computers and
skills, i.e., how to make the technologwork. In  ther technologies, don’t see why technology
one survey, a majority of teachers said that theypoyld be used itheir classrooms or what re-
felt they needed training in orderadequately use gqyrces technology can offitem as they try to
a personal computer (56 percent), standard compeet their instructional goals. One high school
puter software (61 percent), multimedia softwargeacher, who did not use the computer he had been
(62 percent), instructional videodiscs (67 per-iven for his class of gifted and talented students,
cent), and online databases (72 percent). Far fewggp|ained, “It didn’t do anything | couldn’t do eas-
felt the need for training in using video resources;er and cheaper on the blackboatéIh that same
only 7 percent of teachers said they needed traifkigh school, a home economics teacher stated, “If
ing to adequately use a videocassette record¢reould see a really good use for a computer |
(VCR), 9 percent for a television monitor, and 14yoyld use one. . .but | have yet to think of any-
percent for instructional videotap&s. thing | could do on a computer that | can’t do by
Some teachers worry that their lack of knowl-myself just as well 26
edge might result in embarrassment or “feeling Teachers who want to use technology also
like a fool” in front of their students. For some may find that educating themselves enough to
teachers, this situation may be intolerable. As onge aple to use a particular piece of hardware or
teacher said: software can require considerable amounts of
You can’t have trouble or be messing with the ~ extra time and effort.1” One teacher, who de-
machine in front of a class. It may be due to my scribed himself as a technology “want-to-be,”
lack of confidence, but | have to be comfortable said, “Itis just prohibitive time-wise to go through
with it if I'm going to use. . . My computer pho- and read through everything, to figure out how to
bia, I'm actually over that. I'm not afraid of us-  do everything, every time | want to do something
ing the machine anymore, like | was, but I am new."18 Fyrthermore, finding and integrating
afraid of how they [the students] might redt.  gqfvare into the existing curriculum can be diffi-
For other teachers, the greater need is un- cult without a fairly comprehensive knowledge of
derstanding what the technologies cardo. available software.

13 National Education AssociatioBtatus of the American Public School Teach@90-91 (Washington, DC: 1992).

14Keith F. Allum, “Technological Innovation in a High School Mathematics Department: A Structural and Cultural Analysis,” unpublished
Ph.D. dissertation, Princeton University, June 1991, p. 185.

15 Schofield, op. cit., footnote 10, ch. 4.
16 |bid.

17 susan A. Zammit, “Factors Facilitating or Hindering the Use of Computers in Schedisational Researchvol. 34, No. 1, spring
1992, pp. 57-66; Barbara Means etldsing Technology To Support Education Refdaghington, DC: U.S. Department of Education, Sep-
tember 1993).

18 Griffith, op. cit., footnote 2, p. 57.
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Teachers may also need more knowledge
about how to organize and effectively manage ¥
their students in technology-based environ- [
ments.Some teachers have just one or two com -
puters in a classroom, and are not sure how to usg
them well when only few students at a time cange
work on the computer. One teacher described thé
problem of managing a classroom of students with
limited technology this way:

It is hard enough to figure out how you are go- &=

ing to allow 25 students access to the computer =
and equal time.. .That's a huge task, and if you

don't really know the benefits and the advan-

tages and the disadvantages and all the things _ f —

that whatever system you have and whatever . _ _
. Teachers who want to integrate technology into their
software you have can offer, the management is

) ) classrooms need to bear in mind the time and effort required
Justsuch a nightmare that you turnoff the whole  to preview and select appropriate software materials.
thing.”

Even when teachers have more equipment
orchestrating its use often requires knowledge o -
about how to really teach with it or how to or- ﬁ‘é?/\lllag:ﬁ?:/h()fag[ilglmgrainin or coursework about
ganize learning activities to make optimal use , g
of the technology.For example, one French techf?ology and its educational uses have teachers
teacher had to learn how to structure her classerﬁlad' Available data suggest that most teachers
differently once she got technology: eventually ave had very little. In one survey, less than half of
she learned how to rotate her stud,ents throug}I\he American schools reported that an introducto-
workstations that included a station with comput—try (t:ompltjterl coulrseuls a\)/a}llatzlﬁ _(e{therhlg_éﬂe dis-

. : : : trict or at a local college) for their teachérhis
gg?;g:sd;glr%nrgﬁ;?ﬁ: aendrgcﬁggpn with tape re pattern was particularly pronounced among teach-
guage p ' ers in middle schools, where only 27 percent of

’ dg Wﬁ;\g gltrhe-géadv(\e/oﬂ(aesdsinag?:lgs,?ss\fvr?;rg‘g schools reported the availability of such a course

number of things gre going on at a time, o it comparedfwnlh 51 percenthofé?lgh schools and 43

didn't bother them at all. It drove me crazy, but | percent of elementary S.]?f 00'S. f ¢

could see it was benefiting them. | felt tom. | As regards video, a different set of data found
wanted to be with this [student]. | wanted to be that fewer than one-fourth of teachers reported
with that group. It was just a question of con-  having had training in the instructional uses of

vincing my soul that when there is noise and ev-  Video or television. Fewer than one teacher in 20

erybody is doing something different, leaming  reported having received formal training over the

is taking place. It's difficult for mé. past three years in such topics as evaluating video

il

A | ) T R SO A

“Ibid., p. 54.

“Schofield, op. cit., footnote 10, ch. 4.

“Ronald E. Anderson (g4 Computers in American Schools 1992: An OverviéiA Computers in Education Study, (Minneapolis: MN,
1993), pp. 52-53.

#lbid.
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counts for another 30 percent (see figure 4-).
Training accounted for only 15 percent. Noting
that a higher portion of technology budgets is now
devoted to software, the authors suggest:

At one point in time, districts expected that

e teachers would create software and budgeted no
\\ dollars toward software purchasing. That has
changed dramatically over the past 10 years. If

. any problem remains, it is found in the percent-
| age of overall budgets devoted to computer

! training.”
\ | Hardware These national patterns are reflected in an eval-
T ! AL uation study of a major Educational Technology
S J_,,-’” Initiative in Utah that provided schools across the
~ i g state with money for technology. In the third year

e of the initiative (1992-93), the average Utah ele-
mentary school received $15,365 and spent 68

NOTE: District Computer technology —coordinators were asked to esti- percent on hardware. 20 percent on software. 6
mate the amount of their total computer budgets spent in the above ! y

ree categories, N = 3927, percent on repairs, and 6 percent on training. With
SOURCE: Market Data Retrieval, Education and Technology, 1993: A Its bUdQEt of $31’369’ the average Utah Secondary
Suvey of the K72 Marfet (Sheton, CT: 1993), p. 1L. school allocated 75 percent to hardware, 15 per-

cent to software, 6 percent to repairs, and 4 percent

programming or curriculum coordination using to training?’ Data from the evaluation indicated
instructional television (ITV) materiaf$As  that inservice training, though limited, had an im-
noted above, however, this is an area where teaclportant effect-teachers who received inservice
ers feel more comfortable, and less in need dfaining were more likely to use computer
training. technology than teachers who did not receive

Data on expenditures for educational training. Furthermore, teachers receiving training
technology indicate that far more resources were more likely to use computers to stimulate
have been allocated to hardware and software higher-order thinking and creativity. Overall,
than to training or technical support. For ex-  however, the evaluators of the Utah project con-
ample, in 1992-93, a national survey asked districtiuded that the current allocation of funding to in-
technology coordinators to estimate how much ofkervice training was not sufficient to realize the
their total district computer budgets fell into eachpotential of the state’s considerable investment in
of these three categories. This survey found thabardware.”
approximately 55 percent of all technology spend- As states such as Utah gain more experience
ing goes to hardware, while software spending acwith technology implementation, more are be-

“Andrew L. Russell and Thomas R. CurtiSudy of School Uses of Television and Video: 1990-91 School (%dargton, VA: Corpora-
tion for Public Broadcasting, February 1993).

“Market Data Retrieval,Education and Technology, 1993: A Survey of the K-12 Mat#telton, CT: MDR, 1993), p. 11.

#John R. Mergendoller et al.The Utah Educational Technology Initiative: Evaluation Updatdlovato, CA: Beryl Buck Institute for
Education, January 1994), p. 11.

26 John R. Mergendoller et allnstructional Utilization, Teacher Training and Implementation of Utah’s Educational Technology Initiative
in School Districts and Colleges(Novato, CA: Beryl Buck Institute for Education, June 1992).
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coming convinced of the importance of investingNature of Training

substantially in technology training, especially inThekind of technology training provided is as im-
the early years of the technology adoption procportant to teachers as the availability of training.
ess. For example, Florida has revised its policy toSome teachers observe that the content of training
ward technology training. For the 1993-94 schoothey receive is inadequate; there seems to be a fo-
year, the Florida legislature allocated $55 millioncus on basic training in the mechanics of operating
for educational technology and $8.65 million for the machines, with little training about integrating
educational software. The appropriation requiredechnology into various subjects or learning to use
that schools applying for these technology fundst as a pedagogical tool. One observational study

set aside at least 30 percent of the money for traisf computer use in a high school found that:
ing.2’ The Texas Education Agency recently rec-

ommended that districts allocate a substantial
portion of their technology funds for staff devel- its restricted technical focus. Specifically,

opment, suggesting that districts just getting teachers tended to be critical of the fact that the

started allocate 30 percent of their technology training often focused primarily on issues such
fundS to hal’dware, 30 percent to SOf'[W&I‘e, 30 pel’- as how to Opera‘[e the Computer without g|v|ng

cent to staff development, and 10 percent to main- them much advice or assistance with two funda-
tenance?® While Washington State does not mental issues. . .what software was available to
require inservice training in technology, the state assist in accomplishing their educational objec-
spends about 40 percent of its $4.5 million tives and how to organize the class to make effi-
technology budget on teacher training activities cient and effective use of students’ time when

One of the characteristics of the training
teachers were most likely to complain about was

(see box 4-2%2 there were a small number of computers in the
One of the barriers to increasing technology classroon??
training for teachers is the many competing Poorly timed or piecemeal training can also be

priorities for limited staff development time 3%  a problem. Sometimes training is provided before
This makes scheduling technology training diffi- the hardware or software arrives or before teachers
cult. Districts have multiple instructional goals, know what equipment they will be using. One
approaches, and philosophies they want teachetsacher described her school’s policy in this way:
tolearn about and use. In one district, for example,

WheLe. th_e InLegratlo_n IOf Whﬁle languagé done very piecemeal. We acquired certain
teaching into the curriculum is the current educa- pieces of equipment. We acquired certain kinds

tional priority, training not directly related to this ¢ software, whether someone donated it or we
goal is discouraged because it takes time that the pyrchased it or the librarian wanted it or the
central administration wants teachers to use for computer specialist wanted it. . .It's difficult

implementation of the whole language tech- enough to sort of initiate getting training on a
niques32 certain kind of equipment and then. . .the next

Technology acquisition seems to have been

27 A Technology-Ready StateElectronic Learningvol. 13, No. 2, October 1993, p. 58.
28 Mergendoller et al., op. cit., footnote 3, p. 6.
29 R. Anderson, “State Technology Activities Related to Teachers,” Office of Technology Assessment contractor report, Nov. 14, 1994.

30 See, e.g., Jonathan W. Gallishaw, “The Integration of Technology into Education: A Study of Schools in Southeastern Massachusetts,”
thesis submitted to the graduate school of Bridgewater State College, May 1994.

31Wwhole languagés an approach to teaching reading in which students learn words in context rather than by phonetics.
32 Griffith, op. cit., footnote 2, pp. 25-26.
33 Schofield, op. cit., footnote 10, ch. 4.
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BOX 4-2: Teacher Inservice Technology Training: State Requirements and Resources

A recent OTA-sponsored telephone survey and review of state literature found that states rarely man-

date inservice training in technology for teachers. Only Alabama and the District of Columbia require any
inservice training in computers or technology for all teachers, In Alabama, five days of general teacher
training are required per year; some of these inservice days must include some training about technology,
but local districts can decide how much. Alabama also requires additional training for personnel who will
serve as computer assistants and computer education teachers. Alabama has several state Department of
Education staff assigned to assist schools with their technology training and followup, including technical
assistance at school sites. The District of Columbia’s recertification process requires that each teacher
complete five credit hours of technology instruction (60 hours) every five years. The District's central train-
ing center has a small staff of persons who not only assist in the technology training but work with the
schools on technology problems throughout the year.

Until this year, Texas required a minimum of 20 hours of inservice training per year for all teachers, in a
range of areas. A recent change in legislation now allows local districts to set their own standards, Texas
funds the majority of the teacher technology training in the state through 20 regional service centers. Mis-
sissippi is developing a new state educational technology plan that is projected to include a specific re-
quirement for inservice technology training.

While most states do not mandate technology training for teachers, some support training in other ways
by “strongly” recommending training, providing offsite resources, or encouraging local districts to provide
funding for training. For example, Vermont strongly recommends that districts provide training for teachers
in “all forms of educational technology. " Florida established technology centers at universities and other
sites to provide resources, training, and curriculum development services.

Montana has established 15 regional training centers, interconnected by a state telecommunications
network, the Montana Educational Technology Network (METNET). METNET facilitates the sharing of teach-
ing resources among the centers through bulletin board systems that feature curriculum guides, lesson
plans, and cooperative learning projects.

SOURCE: Ronald E. Anderson, “State Technology Activities Related to Teachers, " Off Ice of Technology Assessment contractor re-
port, Nov. 14, 1994.

year might come and you are faced with new | went to an all-day training session. ..1
equipment, something you are not realy famil- didn’t even know the basics of computers. . .At
iar with, * one point they were talking about a menu. |

started wiping my glasses. ..1 kept cleaning my
glasses looking for the word menu. Then | got
upset, started running to the bathroom like a
child because | don't know what is going on
here. Finaly | raised my hand timidly. [I said] “I

It is also a challenge to structure training for
teachers with widely varying experience with and
knowledge about technology. Finding oneself in a
training session that is too complicated or ad-

Vanced can be eSF_)eCia”y frustrating and discour- don’'t see anything that looks like food. . ." It
aging for the novice technology user, as a school was overwhelming for me. .1 was not computer
librarian described: literate. ”

*Griffith, op. cit., footnote 2, pp. 52-53.
*Schofield, op. cit., footnote 10, ch. 4.
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= Onsite Support and Assistance

Teachers’ Perceptions

Typically, formal training sessions in the uses and
mechanics of educational technologies provide
only the basic knowledge that gives teachers an
impetus to further experiment. Beyond this,
teachers consistently report that having a person &t
the school site who can help them makes all th
difference in the likelihood of their going further
with technology-someone who is knowledge
able about technology and can help them wit
questions or problems. For example, when aske
what one factor would help her decide Whethes'echnical support is important in schools, but teachers also
and how to use a computer, one teacher repliedneed informal, onsite assistance with tasks such as setting up

If | could have a few hours one-to-one with a equipment in class or trouble-shooting problems with
hardware or software.

really competent teacher that has used it—just

let me ask questions [about] what I'm afraid of

about a computer, what | don’t understéhd. half an hour at a time. Some teachers purposefully

The inevitable technical and logistical prob- Miss the time slots: “You're not supposed to, but
lems that arise with technology are one reason People do, because it is a pain.” According to this
many teachers feel the need for onsite assist- teaCher,' the SChe'dU|Ed time lSlOtS .a.re too short to
ance.These include such problems as machinegccomplish anything, the lab itself is poorly orga-

that won't work as promised, restricted access tdized, and “some of that stuff up there is so old. . .
locked closets filled with equipment, media cartsand there are always a couple of computers bro-
that must be scheduled and shared among markgn.”
classrooms, equipment that remains broken for Even experienced technology-using teachers
weeks or even months because no one knows ho@an find themselves preoccupied with trouble-
to fix it and repair requests take weeks or monthghooting hardware and software problems, rather
to process. For example, one teacher who had {fan assisting students in their learning activities.
coordinate computer use with others in her grade]he following notes made by a researcher observ-
said that she would rather not have the computehd & high school lab illustrate the trials that can
than to “scuffle around the school” looking for it. arise; in this case, three teachers, all fairly knowl-
It had become a “pain,” rather than an asset to thedgeable, were trying to help a half-dozen or so
classroom? students who liked to use the computer lab during

Problems with scheduling shared resourceeir lunch time:

such as computers in a lab can also create frustra-  The students. . continue to have a lot of very
tion.”For example, one elementary school teach- nitty-gritty problems. Kathy can't get the printer
er reported that all teachers at her school are going. . .She’s scowling and says in an annoyed
scheduled to use the computer lab twice a week for tone of voice, “Please help me.” Mr. East sug-
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36 Ibid., p. 28.

37 Griffith, op. cit., footnote 2.

38 Zammit, op. cit., footnote 17.

39 Griffith, op. cit., footnote 2, p. 42



gests several things, and after they try out four or
five different approaches they finally get the pa-
per to print out. Ms. Prentiss has been working
with Sharon on word processing. . .For the last
10 minutes cries like, “I don't believe it” and
“Oh, no. Not again!” have been emanating from
both of them. . .She can't get [a second] printer
to work. . .At this point Mark calls to Ms. Pren-
tiss, “I need help. . .” Ms. Prentiss puts her head
down on the desk briefly. She looks at me with
what appears to be a mixture of mock and real
despair and trudges over to Mark. [Later in the
same period] Dan is trying to use a printer which
Mr. East thought he had fixed. Dan's essay
comes out quadruple spaced. In addition, every
single word is underlined. Ms. Prentiss looks at
it and breaks into almost hysterical laughter.
Dan looks annoyed. Ms. Prentiss says, “I'm
sorry, this is just too much—too, too much!. . .”
Mr. Adams and Mr. East are still working on the
second malfunctioning printer. Mr. Adams says,
“You know | have a trick. What | do with my
[home] computer is just turn it on its side and hit
it. Maybe that will work here. . .” They turn it on
its side and give it a whack as one of them holds
the tension on the paper feed. The machine be-
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advice on choosing relevant software and inte-
grating it into a specific lesson, suggestions for
ways the technology can be used to meet partic-
ular curricular goals, or ideas about how to or-
ganize the whole class to use four computer
workstations or a single computer with a mo-
dem. Some schools attempt to overcome these
barriers by having a person onsite who has respon-
sibility for technology coordination within the
building.

Availability of Onsite Computer Support#

OTA finds that onsite technology support person-
nel for assisting teachers are limited in most
schools. The percentage of schools that assign a
full-time nonteaching position to coordinate
teachers’ and students’ computer use did not
change at all between 1989 and 1992 and remains
very small. In 1992, as in 1989, only 6 percent of
elementary schools and 3 percent of secondary
schools employed a full-time school-level com-
puter coordinator who did not also have teaching
responsibilities. In nearly three-fifths of all

gins to work40 schools, there was no one in the school who had

As the above examples suggest, a great deal 81 porti_on c_)f their workw_e_ek officially allocated
what teachers need to know about technology caf@ coordinating or supervising the computer pro-
not wait for a scheduled training session. As d@ram. In about one-fifth of these schools, one per-
most individuals dealing with new technologies,son, usually a regular teacher or the school media
teachers also need informal assistance—ofteppecialist, has at least half of the job officially de-
with a kind of immediacy that does not lend itselffined in terms of computer coordination responsi-
to afterschool telephone calls. This kind of assistbilities.
ance might include help setting up equipment or In those schools where there is a “major” com-
trouble-shooting hardware and software problemguter coordinator, how do they report spending
in the classroom—the more “nuts and bolts” kindtheir time?2 As a group, the “major” computer
of technical support. coordinators report spending an average of 38

However, as discussed in the next section, hours per week on tasks associated with computer
teachers also need pedagogical support such ascoordination. But working with teachers to use

40 Schofield, op. cit., footnote 10, ch. 4.

41 Data in this section are from the 1992 International Association for the Evaluation of Educational Achievements (IEA) Computers in
Education Study as described in Henry J. Becker, “Analysis and Trends of School Use of New Information Technologies,” Office of Technolo-
gy Assessment contractor report, March 1994. For further description of the IEA study and its findings, see ch. 3 and app. B.

42 For this analysis, “major computer coordinators” includes two groups—"official computer coordinators,” those whose official job de-

scriptions included at least half-time computer coordination duties, and those who reported spending at least 20 hours per week on the tasks of a
coordinator, even though their “official” job description required less.



Chapter 4  Helping Teachers Learn About and Use Technology Resources | 141

computers is a very small part of their job, takingtary schools, ITV coordinators at the secondary
up an average of only 3.6 hours per week, or ledsvel seemed to have more varied responsibilities
than 10 percent of their total computer coordinathan those in elementary schools.

tion time#3 Most of their coordination time is

spent teaching or supervising students who are u§j Systemic Factors Influencing

ing computers in computer education classes orin Technology Use

other SUbJeCFS' Hardware and softwar_e mamte]-n the last several decades, researchers have begun
nance occupies a larger percentage of time for th

h Ki ith h ¥ understand some of the processes involved in
_?_LOUp’OO_PAe;.VeJag:’ than Worh m? W'.th teac ersbringing about change in schools. Effective im-
us, Inds that even schools with an on- plementation of new practices or innovations in

site coordr:natﬁr dlobnot grovw_le teachershwnh schools is influenced by many factors; these deter-
very much school-based assistance with COM- ine the extent to which new educational prac-

puters. tices are adopted and maintained over time.
Schools are organizations with many different

Onsite Support for Instructional players and constituencies. Some school cultures

Television and Video#4 promote and encourage innovation, others do not.

Although two-thirds of schools have a person desfeachers are only one part of this complex system
ignated as a coordinator of instructional televisiorthat includes district administrators, principals,
or video, it is very rare for this to be a full-time parents, students, local communities, and govern-
position. In all but 3 percent of schools surveyednental agencie®
in 1990-91, that person had other duties; most Some educators think that training and onsite
often he or she was the school librarian, or elsassistance are the primary ingredients necessary to
was a teacher, computer coordinator, or adminidacilitate widespread technology use among
trator. teachersWhile these ingredients are impor-
Whatever their other responsibilities, ITV tant, OTA finds they are not sufficient to assure
coordinators performed a variety of support functhat technology will be explored and used by
tions. As reported by the school principals, theséhe majority of teachers in a school or district.
included recording programs for teachers’ lateiOther factors that affect whether teachers use
use (in 81 percent of all schools), distributingtechnology resources include policies that encour-
teacher guides to programs (82 percent), assistirage teacher experimentation and collaboration,
with equipment (90 percent), training teachers tdhe presence of incentives for teacher use of tech-
use video in their teaching (56 percent), coordinathology, administrative leadership about technolo-
ing previews and screenings (53 percent), andy, and public understanding and endorsement of
helping to produce instructional TV and videothe importance of technology as a learning and
materials (35 percent). Mirroring the fact that vid-teaching tool. Two of the most critical among
eois used more in secondary schools than elemetiese are:

43 The “official” computer coordinators (that is, those with job definitions where computer coordination responsibilities constitute at least
one-half of their job) spend somewhat more time in teacher training, but even they average only five hours per week in that activity

44 Data in this section are drawn from Andrew L. Russell and Thomas R. Curtin, “Study of School Uses of Television and Video: 1990-91
School Year,” Corporation for Public Broadcasting, February 1993, as described in Henry J. Becker, Office of Technology Assessment contrac-
tor report, March 1994. For further description of the CPB survey and its findings, see ch. 3 and app. B.

45 See, e.g., Michael G. Fullan, op. cit., footnote 6; William A. Firestone and H. Dickson Corbett, “Planned Organizational Change,” in
Norman J. Boyan (ed.Handbook of Research on Educational Administrafidew York: Longman, 1988); David K. Cohen, “Educational
Technology and School Organization,” in Raymond S. Nickerson and Philip P. ZodFeéatemlogy in Education: Look Toward 20Q20lls-
dale, NJ: Lawrence Erlbaum, 1988).
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= having a vision and plan for using technology new machines. . .which many private schools
to meet instructional and professional goals, Simply cannot afford’

and Furthermore, many school systems have not
= evaluation and assessment policies that encoupegun to explore the ways that technology can
age technology use. help them function better or differently as institu-

tions and workplaces$:ew teachers have been
Clarity of Goals: Articulating an e.ncouraged to view new technologies as p_rofes—
Educational Rationale for Technology Use sional tools that can help them do their jobs
A lained in chanter 2. teach h better, more efficiently, or in new ways.For
\S exr:jatlneh mlc apter 2, teac (_etrsw oare eXp?’ﬁany teachers, the technology that has most revo-
rienced technology USETs can Clte many reasolgy, i eq their working life has been the copying
for using technology in their classr_ooms. _Less exfnachine; not only has the drudgery of the ditto
perlencec_}l USErs, howe"ef’ sometimes give rath%achine and preparing masters been eliminated,
vague rationales for adopting technology—for ex ut copying substantially broadens the range of

?mﬁ Ie,I bef:iys;ahst;uientf need to b(tahef[(%osedt aterials a teacher can easily make available to
echnology, Its the Tuture—reasons that do Nolg, antg, Yet, some teachers report that access to
offer a vision of how technology might be used or

o : and use of copying machines is restricted or
aclear directive as to what a teacher mightneed tQ, 1o . 1o in E[Jgeif]school buildings—for exam-
do differently.

: le, there may be long lines at machines durin
It is not only teachers that may lack a clear unp y J g

derstandi t what technol fer th precious times when teachers are not in charge of
erstanding ot what technology can oter theMy, ;. gy, gents or budgetary restrictions on the
however. Responding to external pressures t

“modernize ” hool 4 districts h 8mount of paper teachers are allowed to use.
mo grthﬁ, slome s.f[:h oots ar? IS rlcls a\ée a%hen so many schools do not encourage teachers
guired technology without a ciear goal or educay, ,se eyen the most basic labor-saving tools, it is

tional :atlcl)nk?le_ fﬁ: Its gslléﬁ Ftor exan:ple, dath not surprising to find that teachers are not sup-
computer 1ab might Symbo'ize o parents an orted in using more advanced technologies.
public that a school is well-equipped to prepar

children for the world of the future, even if the
computers are never turned on. As one teach
said:

ompatible Assessment and

valuation Systems
Ultimately, teachers will evaluate themselves and
be evaluated by others based on the performance
competition with private schools and Mr. Miller, of their stuc_lents. Teachers may b.e reluctant to ex-
the vice-principals, and the counselors romance periment with new ways of teaching or new tech-

the parents at the beginning of 9th grade. “You Nological tools unless they are reasonably sure
sure want to send your students here. . .Let me results will be reflected in improved student test

show you what's going on. . .” They [visit] the ~ scores* Seldom can such an assurance be made,
room downstairs showing them the marvelous becauséraditional standardized tests may not

[Having a computer lab is] something you
can brag about to parents...We're in direct

46 Means et al., op. cit., footnote 17.
47 Janet W. Schofield and David Verban, “Barriers and Incentives to Computer Usage in Teaching,” Technical Report No. 1, Learning Re-
search and Development Center, September 1988, pp. 30-31.

48.S. Congress, Office of Technology Assessniggdting in American Schools: Asking the Right Questdma-SET-519 (Washing-
ton, DC: U.S. Government Printing Office, February 1992).
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be particularly good measures of the kinds of

learning fostered by innovative uses of some
technologies? This problem was illustrated by
the experience of a California school that pur
- chased computers for all its students and teacher
as well as videodisc players and television pro
duction equipment. These technologies were use
for challenging projects, such as producing a tele
vision news show, that required students to work
together and engage in planning and solving
problems.

When test scores on the lowa Test of Basi
Skills for the first year of this project failed to
show any increases, disillusionment set in. The
computers were removed from students’ desks @
even sold and a new school board, stressing ‘a f
“back-to-basics” approach, was selected. All this
happened in spite of the fact that the new approach
had hardly been in place long enough to reason-
ably be expected to show a strong impact and thaoy
the lowa tests are not an appropriate measure of ¢
the ability to work cooperatively or to plan com-
plex projects. ,

The evaluation -and assessme_nt SySte-m %}/I h school teachers develop their own projects as part of a
which teachers are JUdged can be either an ince lgRC LabNet workshop, Whgre theyleaen ;mw to irﬁplemem‘

tive or disincentive for technology use by teach-project-based investigations in their classrooms.

ers. When decisions regarding promotions or

tenure take technology use and expertise into ac- _

count, teachers are encouraged to experiment and However, evaluating teachers on how often or
work in this area. Furthermore, if teachers are exhow well they use technology in their teaching can
pected to use technology as a tool in their own dehave drawbacks, especially if, for example, the
velopment, this sends strong signals to th@rincipal is not well versed in the various ways
profession. For example, teachers seeking natiorteachers can use technology effectively. More-
al “Master Teacher” certification from the Nation- over, teachers may feel it is unfair to evaluate them
al Board of Professional Teaching Standards mugf they have not received training and support in
fulfill a number of requirements to apply for the technology use. For example, one teacher who
certification, including using technology to vid- shared a computer among three classrooms ad-
eotape their own classroom instruction and goingmitted to her principal during her end-of-the-year
to an assessment center to evaluate other teache®valuation that she did not use the computer
videotapes of instructional practices. much. She cited the logistical struggles associated

W TR TREEL OO DR WO

49 Means, op. cit., footnote 17; Joan L. Hern@valuating the Effects of Technology in School Reform” in B. Means (&kghnology
and Education Reform: The Reality Behind The Promise Bancisco: Jossey-Bass, 1994).

50 Means, op. cit., footnmote 17, p. 88.

51 Lynda Richardson, "First 81 Teachers Qualify for National Certification,” The New York Times, Jan. 6, 1985, f6.
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with sharing the computer and the problems stenmplanning, and more, have these places provided
ming from a lack of any computer experience otteachers to help them learn about technology and
training. This teacher was marked down on heunderstand how it might help them meet their
evaluation form for not using the computer, andeducational goals? What incentives have these
her overall rating was lowered from “outstanding”sites offered teachers to enlist their interest, enthu-
to “good.” The teacher felt quite angry about this.siasm, and commitment? What other conditions

stating, “If she wants me to use it, then she needsre necessary to assure that technology is used
to train me and she needs to have a computer avagffectively?

able in my room.®2 Schools and districts have undertaken different
strategies to get technologies used more widely in
APPROACHES TO ENHANCE their educational programs. These approaches
TECHNOLOGY IMPLEMENTATION share certain characteristics and they are not
1 Overview mutually exclusive; most schools combine more

than one approach. The choice of approach will
/ary depending on the educational goals a site

ing technology adeptly. The experiences of thes opes to a_tchieve with its technology and existing
places and people offer examples of strategies, pitcnological and human resources at the site.
falls, and lessons for others that are beginning thEN€re are not a great deal of independent data on
process of integrating technology into teachinghne €ffectiveness of these different strategies or
and learning. which ones work best for different goals or in vari-
Through case studies, a workshop, site visitsQUs kinds of schools. In describing these strate-
and literature reviews, OTA has examined the exdies, OTA offers examples of approaches that
perience of schools, districts, and states where tiflistricts and schools say have worked for them.
adoption of technology has been made a prior- Behind each technology implementation strat-
ity_53 Many of these places were “early adopters'egy lies a set of decisions about how best to allo-
and have several years of experience with theate scarce technology resources. Each place has
process of technology diffusion. How have theymade decisions about how to invest in and distrib-
gone about infusing technology into classrooms®te hardware and software—not only which
What resources, such as training, onsite supportechnology to buy, but whether to concentrate re-

There are many schools that have thrivin
technology efforts, and many teachers who are u

52 Griffith, op. cit., footnote 2, p. 60.

53 In addition to the works directly cited, the next two sections also draw on the following: Arkansas Department of EtMBAIDN,
Phase | Research and Phase Il Programs: Instructional Microcomputer Project for Arkansas Clagkititani®ock, AK: 1992); California
Department of EducatioBuilding the Future: K-12 Network Technology Planning Gyi8lacramento, CA: 1994); Central Kitsap School
District, Strategy 2020: Creating a Culture for Char{§éverdale, WA: 1991); Chapel Hill-Carrboro City Schodsyving Ahead with a Vision
of Instructional Technology Ug€hapel Hill, NC: spring 1991); J.D. Ellis, “Teacher Development in Advanced Educational Technology,”
Journal of Science Education and Technojagy. 1, No. 1, 1992, pp. 49-65; M. Fullan, M.B. Miles, and S.E. Ande&tcategies for Imple-
menting Microcomputers in Schools: The Ontario Gaseonto: Ministry of Education of Ontario, 1988); D.S. Hurst, “Teaching Technology
to Teachers,Educational Leadershipol. 51, No. 7, April 1994; S. Milton et aMicrocomputers and Other Educational Technology in the
Florida Public Schools: Impact, Access, Implementation and Policy I§3atahassee, FL: Center for Policy Studies in Education, June
1989); S.E. Persky, “What Contributes to Teacher Development in Technoledy@ational Technologyol. 30, No. 4, 1990, pp. 34-38; D.
Paul, “An Integration/Inservice Model That Work$,H.E. Journalvol. 21, No. 9, April 1994, pp. 60-62; J.D. Russell, D. Sorge, and D. Brick-
ner, “Improving Technology Implementation in Grades 5-12 with the ASSURE MdddlE. Journalvol. 21, No. 9, April 1994, pp. 66-70;

J.H. Sandholtz, C. Ringstaff, and D.C. Dwykraching in High-Tech Environments: Classroom Management Revisited, First-Fourth Year
Findings Apple Classrooms of Tomorrow Report #10 (Cupertino, CA: Apple Computer, Inc., 1990); L. Schrum, “Tales from the Trenches:
Educators’ Perspective on Technology Implementatidoiitnal of Technology and Teacher Educatigsl. 1, No. 4, 1993, pp. 409-421; P.A.
Sturdivant, “Technology Training. . . Some Lessons Can Be LearBdd¢ational Technologyol. 29, No. 3, 1989, pp. 31-35.
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sources to make some sites “technology rich” o
spread the technology more thinly across ma
more sites. For example, some states and distrig
have creatednhodel technology schoolglescribed

- more fully below, choosing to invest heavily in a
limited number of “technology-rich” sites. Even
within a building, there can be different models of
implementation: distributing technology re- !
sources evenly among classes, as opposed to plac- —
ing all the technology in a lab or other central
location or targeting placement in certain class;
rooms, grades, or curricular departments. e

Schools and districts mus't also determine hO\% the “train-the-trainers” model, teachers are selected for
to allocate human resource investments to asSUkrensive technology training in specific applications so they
that the techn0|ogy will be used ef-fective|y in can then return to their schools and train other teachers to
school buildings. Most of the strategies describedemen those technologies.
below make significant investments in three ele-
ments of teacher support: appropriate and timelpreach.In this model, selected teachers—those
training; expertise to support and help teacherswho are most enthusiastic and motivated to learn
and time for teachers to learn, “mess around” withabout a particular topic—are given intensive
technology, and work with colleagues. Some sitesraining. These teachers return to their buildings
have chosen to develop a few “master teachers” ayhere they demonstrate and provide onsite train-
a site who are then responsible for teaching anfhg in the new techniques to other teachers. Teach-
training their colleagues, referred to as thein-  er-trainers can share new knowledge with other
the-trainers” strategy. Other sites choose to investteachers in any number of ways, including one-
more in providing aronsite expert,such as on-one peer tutoring or school-sponsored work-
technology coordinator, who can support teacherghops on release days or in the summer. An
and keep the school moving forward on incorpo-advantage of this model is that teacher-trainers
rating new technologies. Still others choose to distan continue to be available to other staff after the
tribute the expertise by providing a critical massformal training has ended.
of teachers at one site with technology tools and This train-the-trainers model has been used to
opportunities to learn, experiment, and adapt theupport school improvement and change for a va-
tgchnology to their own instructional need_s: Addi- riety of curricular and pedagogical goals in the
tionally, giving every teacher a computetraining  past, and has also been adopted in some places to
school and district administrator@nd establish- facilitate the integration of technology into class-
ing technology resource centers afmplementa-  rooms. For example, in 1984-85 the Jefferson
tion strategies, often used in combination withCounty (Kentucky) School District launched a
these other approaches. Each of these strategiesrigajor four-year plan, called the New Kid in

o R TRiEl

described in the section below. School ProjectA 32-unit networked computer
o _ lab was installed in each of the district's 87 ele-
m Training the Trainers mentary schools and five teachers from each

A common strategy used to train teachers in mangchool were chosen to participate in a 60-hour
different topic areas is the “train-the-trainers” ap-training program at a central district site. These

*Mergendoller et al., op. cit., footnote 3.
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teachers were then expected to train other teachegan in 1989, the school held training sessions for
in their schools. The district offered participatingall staff two afternoons a week, from 2:45 p.m. to
teachersrelease time, stipends, and inservice cre8:30 p.m., as part of the normal workday. As
it for their training activities. Jefferson County teachers began to feel comfortable with the
used the same training approach when it impletechnology and show enthusiasm, planners of-
mented major technology initiatives in its middle fered them the opportunity to become an expertin
and high schools. An independent evaluation o& particular piece of hardware or software. Those
the New Kid in School Project, six years after itswho were interested were given extra time to learn
inception, concluded that the trained teachers haabout the technology, more one-on-one training,
emerged as instructional leaders in their schoolsnd opportunities to attend technology confer-
and took key roles in managing and guidingences. A central list identifying these “experts”
technology use. was posted in the building, and when other teach-
The idea of training more than one person froners had problems with a particular piece of hard-
a site seemed to be a key ingredient for the projware or software, they could consult the resident
ect’s success. As one superintendent said, “Thexpert. According to the principal, teachers have
change process follows an old notion, that twajeveloped pride in their new skills and have be-
people in a building can support each other and egome quite self-sufficient. Technology use within
courage the change to take hotd.However, the building no longer depends on outside facilita-
training teachers in groups is not the only factotors or a single onsite expert. The principal notes

required for success. with pride, “Our teacher experts do the train-
Another factor critical to the success of manying.”57

train-the-trainers projects is the availability of
support and resources for the teacher-trainers on - .
they return to their buildings. If these trained?ﬁ Providing Appropriate Technology
teachers are expected to share their knowledge Resource Personnel
with colleagues, they must be given time and adSeveral models have been used to supply the con-
ministrative support. Furthermore, research sugtinuing specialized technology support that teach-
gests that there are personal characteristics thats find so valuable. These include providing
affect success; effective onsite technology leadertemporary onsite support from commercial ven-
need interpersonal and organizational skills, aglors or the school or district, or continuing sup-
well as technical knowledge, in order to interestport provided onsite by the school or the district.
and motivate colleagues less inclined toward us- At the beginning of a technology initiative,
ing new technology® when a school is implementing a new technology
An extension of the basic train-the-trainersplan or making a significant investment in hard-
model is being used at Webster Elementaryvare, bringing in a facilitator or resource person
School, a model technology school in St. Augusfrom outside of the school may be an important
tine, Florida. When their technology program be-component of that plan. Research on implementa-

55 |bid., pp. 7.4.

56 For example, see Neal B. Strudler, “The Role of School-Based Technology Coordinators as Change Agents in Elementary School Pro-
grams: A Follow-Up Study,” paper presented at the annual meeting of the American Educational Research Association, New Orleans, LA, Apr.
5, 1994; Matthew B. Miles, E.R. Saxl, and A. Lieberman, “What Skills Do Educational ‘Change Agents’ Need? An Empiricalivigou”
lum Inquiry vol. 8, No. 2, 1988, pp. 157-193.

57 Cathy Hutchins and Roger Coffee, “Teacher Experts: Empowering Staff Through Technology,” paper presented at the meeting of the
National Association of Elementary Principals, Orlando, FL, Mar. 8, 1994, p. 2.
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tion of innovations in schools has consistently schools, the concerns of teachers that appear to
shown that onsite assistance contributes to effec- affect their adoption of technology-based in-

tive implementation of new ide&8 For example,
if a commercial vendor is supplying a large

novations, and the need for coordinating the
“nuts and bolts” of educational computi?gy.

amount of software and hardware to a site, its Regarding the ongoing concerns of teachers,
package will often include a resource personthe researcher wrote:

employed by the vendor, who spends a designated

When will technology become a high enough

amount of time at the site training teachers and pjority for a majority of teachers so that they

helping to “work out the glitches” with the
technology. Alternatively the district or school
may commit funds for a district employee or

pursue it as a regular part of their professional
responsibilities? Data gathered indicate that we
are still in an awkward transition period in

teacher at the school to facilitate the technology which the benefits of teaching and learning with

implementation for an initial year or two. Often

technology do not necessarily outweigh the

this strategy assumes that the facilitators will costs. While teachers are increasingly citing the

“work themselves out of a job” after the initial im-

plementation phase.

Some evidence suggests, however, that it may
be difficult for onsite technology facilitators to
phase themselves out completely. A researcher
who visited three Oregon schools to observe the

benefits that students derive from computer use,
they must weigh the costs in terms of their time
and the difficulties of managing to find ap-
propriate software and then get adequate com-
puter access for their students. It follows that as
the quantity and quality of technology-based ap-
plications increase in the schools, more teachers

computer programs at two different pointsintime, i make technology a high priority. Mean-

seven years apart reported:

During the initial study, all of the [computer]
coordinators projected that they would work
themselves out of their jobs in anywhere from
two to five years. Implicit in this goal was the

idea that as teachers became comfortable with
computers and various software programs, they
would eventually use them in their teaching and

no longer rely upon the help of a coordinator.
While this is a laudable goal to work toward, in
retrospect, it underestimated complexity of

educational change with technology and the

amount of sustained effort that it would require
of teachers. . .

Three factors. . .contributed to the difficulty

that coordinators found as they attempted to

“work themselves out of their jobs”™: the rapid

pace of technological change as it pertains to

58 Firestone and Corbett, op. cit., footnote 45.
59 strudler, op. cit., footnote 56, p. 18.

60 |bid., p. 19.

61 Mergendoller et al., op. cit., footnote 3.

while, the support provided by an effective coor-

dinator serves to “tip the scales” for teachers

weighing the costs and benefits of technology

use80

Jefferson County (Kentucky) provides an ex-
ample of a districtwide attempt to provide a
centralized resource pool of experts who advise
and train teachef®. This very large urban district
(96,000 students, 5,000 teachers, 153 schools) has
been expanding and refining a major technology
initiative begun in 1984. The District's Computer
Education Support Unit, now staffed by 22
people, has primary responsibility for countywide
technology training and support. In addition, the
support unit has many other responsibilities,
including helping schools determine their tech-
nology needs, integrating technology into the cur-
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riculum, and overseeing implementation of the Monterey Model Technology Schools
state technology guidelines. To provide technicalMMTS) Project is one such example—a partner-
support, the support unit maintains a “help desk’ship between the Monterey Peninsula Unified
that any county public school employee can calSchool District and the California Department of
with a question; the help desk receives 20 to 3&ducatiorf® The MMTS project represents one
guestions a day. Support unit staff have preparedf six projects funded by the California Depart-
50 independent inservice units on topics thament of Education “to develop and validate a wide
range from basic computer operation, to softwareange of technology-based instructional and ad-
selection and use, to integrating video intoministrative programs, practices and planning
instruction. The unit has several training roomsprocedures to be disseminated to other schools
set up with appropriate equipment, where inserthroughout California® Although there are 24
vice workshops for teachers are held. Twelveschoolsin the Monterey Peninsula Unified School
Computer Inservice Teachers are employed by thBistrict, only four (two elementary, one middle,
support unit to provide direct support to teacherand one high school) are Model Technology
and schools (see box 4-3). This is a coveted postchools. The four schools were selected not on the
tion; last year the unit received 60 applications foibasis of their readiness to adopt technology, but on
two positions. In 1993, the support unit costtwo other criteria—schools had to be located in a
approximately $916,000 for staff operation—acommunity where the demographics of the stu-
tiny fraction (0.2 percent) of the district's $500 dent body mirrored the state as a whole, and the

million budgett? schools participating had to provide a continuum

(i.e., the elementary schools fed into a participat-

[J Model Technology Schools ing middle school and then the participating high
and Classrooms school).

A number of states and districts have set up model The project was funded by the state, and all
technology schools, that is, regular schools irieachers in the participating schools—whose in-
which a special emphasis is placed on developintgrest in and familiarity with technology varied
student skills with and through the use of technolgreatly—were asked to commit themselves to the
ogy. By creating technology-rich environmentsproject8® It was recognized that teachers embrace
and enlisting the involvement of those teacher#nstructional technology use at different rates. By
and administrators who are most enthusiastidringing together the technologically naive and
model technology sites can “pave the way” forfearful with the proficient and adventurous, it is
other schools to follow and can yield lessons tgossible to build a climate of mutual support and a
guide later technology investments. These sitegulture of school technology use. It was antici-
can also serve as living laboratories that others carated that this process was more likely to be ex-
visit and learn from.

62Qverall, Jefferson County Schools spent about 1 percent of the yearly budget on technology purchases, installation, upkeep, and support.
Ibid.

63 |bid.

64J.D. Cradler et allvionterey Model Technology Schools: Cumulative Research and Evaluation R8p@¥1,992 (as cited in Mergen-
doller et al., op. cit., footnote 3, p. 6.4).

65Those who did not want to work in a school endorsing substantial technology use were given the opportunity to transfer to other schools in

the district, but none did. Some teachers chose not to participate during the first year of the project; some of these teachers and some others later
transferred to other schools or retired.
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BOX 4-3: Computer Inservice Teachers in Jefferson County

In Jefferson County, Kentucky, 12 computer inservice teachers (CITs) work directly with the teachers in
the districts’ 153 schools. Each CIT is currently assigned to 16 schools, a challenging load in the opinion of
many. Typical duties include:

= talking on the phone or in person with school technology coordinators to schedule teacher training
workshops or ensure that the pace of the school's technology spending is on track;

= trouble-shooting software and hardware problems;
ordering equipment for schools through the district's procurement service;

* working with individual teachers to integrate technology into their instruction;

» working with the school technology committee and the technology coordinator to review school technol-
ogy needs and prepare a technology plan;

» presenting three-hour afterschool workshops for the teachers in their assigned schools; and
presenting all-day workshops on a particular computer topic such as Hypercard or using spreadsheets
in history classes.

With so many different demands, CITs have found that they must rely on each other for expertise and
support. CITs carry a Powerbook with an internal modem. This allows them to access the Computer Sup-
port Unit e-mail system, and leave and receive messages for each other or their supervisors at any time.
Although the expertise of each CIT is somewhat different, they share a core knowledge about feasible ways
to integrate technology into instruction. As one CIT put it:

We start with curriculum first, We ask teachers, “What do you want to do?” Then we look to see how technology can
accomplish it. But it always comes back to the curriculum first. Do you really need the technology, or have you just
been sold a line?

The CITs respect the teachers they work with and appreciate the human dimension to technology infu-
sion. As one teacher told us:

Computer Resource people are not insulting when they talk with you. And the attention and support they give you
is just incredible. They don't tell you what to do, they invite you to do it. They just put this little bug in your ear and walk
away. “You know, " they say, “You really should try telecommunications. Take a look at this World Classroom pro-
gram....” and then you think, “Hmmm. This does look interesting. .“ The Computer Inservice Teachers set the
stage and the environment, and then | drive myself to learn it.

Another teacher talked about the informal process of technology infusion that occurs within a school:

First the Computer Inservice Teachers help you. And then you finally get it down and it spreads. It's exciting Other
teachers see you using technology. All you got to do is show what your kids are doing to another teacher. They see that
the kids are so excited and learning things and they want to do it in their class. So they learn it, and the teacher next
door comes down and says, “Now Cindy'’s kids are using computers; | want mine to use them too. When are you going
to show me how to do it?”

SOURCE: John R. Mergendoller et al , “Case Studies of Exemplary Approaches to Training Teachers to Use Technology, " Off Ice of
Technology Assessment contractor report, September 1994, pp. 18-19.

portable to other schools than selecting a school
where all teachers are “ready” to use technology.

Originally funded in 1987, the first five years
were focused on developing technology imple-
mentation projects and training, with dissemina-
tion activities targeted for year six onward.

First-year training centered on “Technology
Awareness Days’ focused around the subject
areas of language arts, mathematics, and science,
to provide a general overview of what could be ac-
complished with educational technology. Gradu-
ally, what began as a technology training program
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At Monterey Model Technology Schools, teachers produce a
video for dissemination to other schools as part of the

(T e — matics Courses, Using Laptops for Process
§= .:u '-_;I' — ’:_; a2 Writing, and Using Vide@nd Camcorders
'_F b el | across the Curriculum.

§= i im : T_echnology Training Sem?n_arsMore exten-
g_-z!-._ sive two-day hands-on training workshops are

offered to teachers on six different technology

Y e L e | configurations:  Telecommunications, ~ One-
3 WS AN Bl | Computer Classroom, Laptops and Process
i E?“‘-‘m y ‘§= ¥V|r|t|ng, MTLJIt|med|]fa,t\|/|det()t, Intstrurc]:tlor}al
Vi Nk & i elevision. Teams of at least two teachers from
E = -H the same school must attend together to facili-
%‘-_L‘ b R - tate support when they return. In addition to

spending considerable time on hands-on explo-
ration of hardware and courseware, participat-

ing teachers develop an individual project to
use in their own classrooms.
3. Teacher Productions. TheMMTS teachers
have produced several documents, discs, and
videos showcasing the projects they have im-
plemented in their classrooms. These are based

district's teacher training.

evolved into instructional mentoring, changing
the focus from broad curriculum areas and operat-
ing skills to an emphasis on targeted student out-
comes and behaviors. At this point, MMTS _ )
developed the Classroom Intervention Plan (CIP), ©n the CIPS described above. Selected project
which became the centerpiece of the MMTS descriptions and productions in the MMTS
technology infusion model. Each teacher or teach- Products catalog are shown in box 4-4.
er team develops a CIP outlining the curriculum On a smaller scale, some schools or districts
emphasis (and its relationship to their school'shave chosen to start with model technology class-
planning goals and those of the California curricu-rooms instead of schools. The Integrated Technol-
lum framework), the desired and measurable endgy Classrooms (ITC), begun in 1987 in
results; the necessary hardware, materials, anBellevue, Washington, are one such exarffple.
staff development; the evaluation plan; productsUnder a pilot program in two elementary class-
and procedures for dissemination; and a budgetooms, teachers who had demonstrated enthu-
(including substitute time). In addition to hosting siasm for using computers were given a range of
scheduled visits by interested teachers and adminnstructional technologies. The theory was that
istrators, the Model Technology Schools provide concentrating technology expenditures in a single
three types of training and dissemination activi-classroom would demonstrate the value of
ties to teachers from Monterey and other districtechnologies.
in California: The program has been very popular and suc-
1. Technology Demonstration Center3each-  cessful in drawing in other teachers. The number
ers who are well-trained veterans of the MMTS of ITC classrooms has grown from two in 1988 to
program hold a day-long session in which theymore than 60 today. The ITC teachers, each in a
demonstrate their knowledge for a group of 2 todifferent school, have worked with colleagues in
12 teachers. Topics include such things as Info-their buildings to model technology use and help
Trek and Telecommunications, Logo in Mathe-teach others about it.

**Mersendoller et al., op. cit., footnote 3.
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BOX 4-4: Teacher Productions Showcasing Promising Practices

The following are examples of handbooks, software, and videos produced by Monterey Model Technolo-
gy School teachers to illustrate technology activities they have used in their classrooms.

Minds in Motion
A series of learning activities for the elementary classroom using LogoWriter™and Lego® logo kits in
cooperative learning groups.

Integrating Technology into the California Writing Project
This guide stands as a roadmap for teachers who wish to enhance the writing process through the use
of instructional television, video, and computer technology.

Into the Eye of the Atom
This physical science unit has been developed to assist students in visualizing and conceptualizing the
structure of atoms and molecules using laser, video, and computer technology.

Database of Dietary Choice
A guide to creative uses of databases and spreadsheets in the home economics curriculum.

The Whole CAKE: Computers Assisting Kids in Education

A team of elementary teachers developed this integrated, technology-based instructional model to help
students improve their oral and written expression, increase exposure to quality literature, develop good
handwriting skills, and improve the quality of television viewing.

Lit Vid Kits

This model was developed as a means of creating motivating language arts experiences in a school-to-
home format for elementary students. Its focus is on English language acquisition and non-English-speak-
ing parent education. It includes reading, listening, viewing, speaking, and writing activities related to the-
matic units in literature and science (available in English or Spanish).

An Integrated Approach to Geometry Using Manipulative, Robotics, and Computers
This collection of classroom learning activities was developed to meet the needs of middle school stu-
dents facing difficulties in mastering geometric concepts.

Echoes
This kit provides teachers with a model for developing units that intensify student interest in civics and
economics and enhance cooperation in teamwork settings.

ARTT
This resource outlines planning, building and management of video libraries to enhance the instructional
process in a secondary arts program.

SOURCE. California Model Technology Schools Project-Monterey, 1995.
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[ Giving Every Teacher a Computer range goal of improving student performance. It

Although this strategy is still quite rare and exper- is based on the belief that teachers are informa-

imental, some schools and districts are giving tion-age professionals who Shou'd be using con-
emporary technology to accomplish their work.

each teacher a computer to use as a personal anof3 : :
. . . . y using such technology, their personal pro-
professional productivity tool. As discussed in ductivity will improve and, consequently, so

chapter 2, computers can help teachers carry out i their instructional efforts and impacts in the
many aspects of their job, such as keeping records, ¢|3ssroonf?

updating lesson plans, and constructing tests. The CET ¢ d training that f
rationale is that as teachers begin to see direct program grants covered tramning that to-

benefits from technology, in terms of saving timeCUS€d On basic computer functions and software
or expediting routine tasks, they will becomeseIeCted by each school. Training at all sites in-

more motivated to learn about computers. And aS'Uded basic elements of wordprocessing, graph-

teachers gain confidence with and understandin{§S: SPreadsheets, and databases; most teachers
of computers and related technologies in theilVere alsotaught how to use a gradebook program.

own work, they may begin to experiment with us_Participants viewed the rgquirement toinvolve all
ing technologies with their students. While somgProfessional staff as an important component of
training is still important in this strategy, the realthe program; “everyone means teachers, adminis-
learning is believed to come from giving teacherdrators, and support staff, all working together on
unlimited access to the technology (and potentialthe same tasks of mastering computers and soft-
ly more time on the equipment), new motivationware. 8
for learning to use it, and a community of peers This formal, public commitment also gave le-
who are trying to master the same tools. Becauséerage to the coordinators when it was time to
teachers do much of their p|anning and paperwort(ain the school staff. While there was some reluc-
at home, some sites allow teachers to take thel@nce—and training did not turn around every
computers home routinely or keep them thereteacher—almost all teachers and administrators
others provide laptop computers they can carrjearned how to accomplish some basic functions
back and forth. on the computer. An outside evaluation of the
One innovative program that uses this strategyproject two years after it had been implemented in
and is sponsored by the Indiana Department dhe four sites concluded that the program was
Education, is called A Computer for Every Teach-highly successful in meeting its goals and helped
er (CET). Begun in 1990, CET made competitiveteachers improve their productivity, enhance their
grants to four small schools on the basis of propossense of professionalism, and increase individual
als. Participating schools had to assure that afind institutional esteef?.(See box 2-6 in chapter
teachers and other professional staff in the schodl.)
would participate. Every teacher in the funded Results of another experiment in Utah, the
schools received a computer and printer for use &L ifestyle Change” Project, indicated that teach-
home or in school, as they saw fit. The prograners are highly motivated by the opportunity to
aimed: have a computer of their own. Recognizing the
.. .to improve teacher productivity and en- ~drawbacks of training teachers to use technology
hance teacher professionalism with the long- that is only sporadically available to them, this

67 Saul Rockman, James Pershing, and William Ware, “Productivity, Professionalism, and Empowerment: Given a Computer for Every
Teacher,” report prepared for the Indiana State Department of Education, October 1992, p. 3.

68 |bid., p. iv.
69 |bid.
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project put a computer in the hands of all teacherm'f !
and administrators in Utah’'s Morgan School Dis- "

trict. To qualify for a computer, which could be
used at school or at home, teachers had to
‘complete a comprehensive program of training,
including a course introducing Macintosh hard-
ware, a gradebook package, word processing,
graphics manipulation, a program for developing
classroom tests, Hypercard for software author-
ing, and a course on videodisc/CD-ROM. Teach-
ers were also required to complete a portfolio of
computer-generated materials such as grade-
sheets, worksheets, Hypercard stacks, videodi
lessons, and word-processed documents.
An outside evaluation of the Lifestyle Change
Project concluded:

The “Lifestyles” Project of the Morgan
School District has succeeded in enlisting the Including principals in school-based technology training

active involvement of 84 out of 86 potential par- means they will be informed and comfortable with the
ticipants From the results of a written question- technology, and more likely to provide leadership and support

| . ’ ) . ! for school wide technology use.

naire, a series of Interviews, onsite observatlons,

and an examination of individual assignments

completed, the Project receives high marks for integration activities in their schools”Some

both involvement and attitude change. Along a technology implementation efforts are building

number of dimen_sions. . this has the earmarks on these lessons by including principals or other
of being a superior projett. key administrative staff in training opportunities
o o offered to teachers.

Training Administrators One approaches to include principals in school-
Research on the adoption of innovations irbased teams chosen to receive intensive training
schools consistently points to the key role of ad4n technology use. For example, the Apple Class-
ministrative leaders in successful implementatoom of Tomorrow Teacher Development Center
tion. Involved and supportive superintendents aré’roject looks at the commitment of the principal
central to districtwide reform efforts, and princi- when selecting teacher teams for training. Not
pals are key to implementation within the schoolonly are principals encouraged to attend portions
building? OTA has consistently found that of the training program with the teacher team, but
when administrators are informed about and they also must commit to the following condi-
comfortable with technology, they become key tions: release time for teachers to attend project
players in leading and supporting technology training sessions, time for teachers to meet and

O Wi

AR LR LI O IO LD O

70 Nick Eastmond and Inhae Kim, "An Evaluation of the Project ‘A Lifestyle Change’ Final Report," unpublished manuscript, Apr. 9, 1992,
pp. 22-23.

71 Fullan, op. cit., footnote 6; Firestone and Corbett, op. cit., footnote 45.

72 See, U.S.Congress, Office of Technology Assessnientier On!: New Tools for Teaching and Learni@TA SET-379 (Washington

DC: U.S. Goernment Printing Office, Septemb888); Linking for Learning: A New Course for Educati@TlA-SET-430 (Washington, DC:
U.S. Government Printing Office, November 1989); Mergendoller et al., op. cit., footnote 3; Griffith, op. cit., f@tnote
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plan each day, time for teachers to reflect on pramf Tomorrow (ACOT) and Indiana examples dem-

tice, and acknowledgment of the importance obnstrate the feasibility and importance of enlisting

their teachers’ efforts to the rest of the staff. principals in the diffusion of technology in
Since 1990, Indiana has sponsored a statewidsshools.

training program specifically for principals. In its

first two years, the Principals’ Technology Lead- i

ership Tr)faining Program F;erved almost%'ryoo Indi-D Ezgaobdlrscglrége;teecrf;nology

ana principal$# Over the course of a year, each e _
principal takes four days of professional trainingSome states and districts have established tech-

with other principals at a central site. By schedul0l0gy resource centers where teachers can ex-
ing sessions at different points in the year, the praeeriment with different hardware, try out software
gram built in time for principals to go back to their Programs before buying, consult experts, and re-
schools, practice what they learned, and talk t§€ive training. For example, Calcasieu Parish
staff and better define what they needed an@ChOOlS in Lake Charles, LOUiSiana, established a
wanted. In the workshops, principals learneddistrict “Tech Center” that offers training on dif-
about a broad range of techno|ogy and Soﬁwartﬁrent technologies, a satellite dish to receive or
available for classroom and office use and had Eecord educational teleconferences, and online
chance for hands-on exploration of a large colleccomputer access to a library of over 100 current
tion of equipment. periodicals and other resources. The center re-
Participating principals have been very enthumains open until 7 p.m., three nights a week, and
siastic about the Technology Leadership Prograni$ open on Saturday morning.
In addition to reporting that they felt more confi-  Texas supports 20 Regional Education Service
dent and credible in dealing with technology, andcenters (RESC) that provide a wide range of ser-
better able to use technology for administrativevices to school districts in their region on a variety
tasks, participating principals said they were moref educational issues, including technold§l-
capable of creatively using capital project fundsthough RESCs receive operating funds from
writing grants, or justifying expenditures to many different budgets, the Texas Education
school boards. After the training, many principalsAgency distributes $6 million a year to RESCs
conducted training for their teachers; others respecifically to support technology initiatives.
ported that they were better equipped to thinkEach RESC has considerable flexibility in the way
comprehensively about the technology in theifunds are used but is expected to carry out the fol-
schools and how best to use it. Principals rated dowing activities, at a minimum: 1) maintaining a
update session, held the following year, as veryfechnology Preview Center where district per-
valuable, and most principals endorsed the neesbnnel can “investigate and select technologies
for some kind of ongoing “refresher programs.” appropriate to meet local needs;” 2) helping dis-
Although there are no systematic data on the etricts train teachers, administrators and other staff
fects of training principals, the Apple Classroomin technology-related topics; 3) training first-year

73 Cathy Ringstaff, Keith Yocam, and David C. Dwyer, “ACOT Teacher Development Center Annual Progress Report: Year One,” unpub-
lished manuscript, n.d.

743, Rockman and K.R. Sloan, “A Program That Works: Indiana’s Principals’ Technology Leadership Training Program,” report prepared
for the Indiana State Department of Education, San Francisco, CA, June 1993.

75 As described in Metropolitan Education Research Consortium (MERC) Research Brief #8, “Developing Exemplary Technology-Using
Teachers,” May 199MERC's Workyol. |, No. 2, 1994.

76 Mergendoller et al., op. cit., footnote 3.
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teachers in technology use; and 4) disseminating] Key Issues for Investing in Technology
material from the Texas Center for Educational

Technology. (See box 5-3 in chapter 5.) Access _ _

A typical RESC has at least one training room>€everal factors seemto be essenﬂaj for making the
equipped with computers, all with connections topest use c_)f har_dware and software in schools. The
TENET, the statewide computer network forfirst condition isready accesdo hardware' and
teachers. Some of the computers also have netoftware. Access cannot be assessed simply by
work connections to the Internet. (See box 3-4 id0oking at the numbers—how much hardware and
chapter 3.) This room or an adjacent room generaﬁOﬁV\_’a_r? a school owns t(_ells you little about its ac-
ly serves as a Preview Center. RESCs purchaé‘@ss_lblllty. To be accessible, technology must be
software and hardware for the center, and severgadily available for teachers to use when they
software publishers provide copies of their prod€ed it:
ucts to each center at no charge. Most RESCs offer .. .not simply for uses that can be predicted
a continuous series of workshops, seminars, and in advance and squeezed into a fixed time slot.
training sessions on various topics related to For example, teachers are far more likely to use
technology use in schools; teachers are the prima- video for instruction when the choice and timing
ry users of these staff development activities. are gnder their control. .Slmllarly, teachers and
Larger RESCs have as many as five or six staff administrators are less likely to use telecommu-

. . nications networks when they must go to a re-
who work full time in the technology area. . .
mote location to do so. Nor can students exploit

the full power of word processing if they must

LESSONS ABOUT TECHNOLOGY wait for their daily or weekly scheduled time in a
IMPLEMENTATION lab.77

Based on OTA-contracted case studies and site Ready access to equipment is also a precondi-
visits, and a number of other research and evalusion for teacher training. It is extremely frustrating
tion studies, OTA has drawn some lessons abotior teachers to learn to use technology in a work-
how to foster effective use of technology by teachshop, then return to a classroom that does not have
ersin K-12 schools. Sites that have made technoit. Some have experimented with postworkshop
ogy a priority, such as those described abové;Try and Buy” programs that supply teachers with
provide lessons about how to implement newnecessary equipment for four to six weeks or so, to
technologies, how to make decisions about acenable them to become more familiar with a
quisition and investment in technologies, andechnology before the school decides whether it
what kinds of support can help teachers us&ants to buy it. Schools are trying to increase
technology effectively. Leadership necessary tdeacher access by letting them take equipment
infuse technology comes from many sources: thome.

state, the district, and the individual school (see Access also requires keeping hardware and
box 4-5). Ideally, all these work together to sup-software in up-to-date working order. For schools
port the teacher’s efforts to learn about technologyo incorporate technology into their program in a
and use it to meet classroom goals. meaningful, long-term way, they must recognize

77 Jane L. David, “Realizing the Promise of Technology: A Policy Perspective,” in B. Means (ed.), op. cit., footnote 49, p. 178.
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BOX 4-5: State Planning for Technology: The New Jersey Experience

The State of New Jersey provides an interesting example of the planning process involved in bringing
technology into K-1 2 schools, and how that process has evolved over time.

In 1986, the New Jersey Department of Education developed Education/ Technology in New Jersey: A
Plan for Action, which outlined the department’s role in helping districts develop policies, practices, and pro-
grams to increase student learning through computers and other forms of educational technology. It was rec-
ognized that changes in technology would probably necessitate a new plan within a few years. In 1991 New
Jersey Commissioner of Education John Ellis initiated a process for developing a statewide long-range plan
for educational technology, an idea reinforced by the Quality Education Commission of New Jersey. In Febru-
ary 1992, the Department of Education formed a 60-member task force composed of individuals representing
school districts, higher education, business and industry, research laboratories, museums, libraries, govern-
ment and community agencies, and other major educational stakeholders. The task force produced the sec-
ond version of Education/ Technology in New Jersey: A P/an for Action, completed in 1993.

The vision outlined in the 1993 plan is a bold one: “All New Jersey students will be able to use the tools of
educational technology effectively, holding in their own hands the means to shape their own destinies.” The
outcomes envisioned in the plan include the following: student access to learning technologies, high-quality
professional development and training for educators, multimedia workstations for all teachers, online access
for administrators to gather and report data, school facility retrofitting to integrate technology throughout
school operations, and equitable funding to each school district through a technology entitlement that pro-
vides funding on a per pupil basis each year to districts with an approved technology plan.

The overall plan has four broad “action plans” that were slated to be fully in place by 1997. These action
plans are:

+ Building Educational Leadership: “To establish coalitions of key stakeholders” that will build on the
state’s human, capital, and corporate resources and provide vision, leadership, and support to imple-
ment local technology plans.

+ Preparing Educators for New Roles: “To provide educators with ongoing, accessible educational
technology preservice and inservice professional development opportunities that prepare them for new
roles as facilitators of the learning process and improves instruction and learning. ”

+ Modernizing Learning Environments “To provide leadership with financial and legislative support to
restructure the educational environment in school facilities” by constructing a voice, video, and data
communication network in each school.

+ Developing Networks and Technology Infrastructure “To provide vision, leadership, and support in
the construction of statewide voice, video and data networks” to deliver timely resources and integrate
data management among districts, other agencies, and the Department of Education. Networks will be
governed by a coordinated organization with representation from public schools, libraries, vocational-
technical centers, community colleges, four-year colleges or universities, government, and industry.

The second action plan, dealing with professional development, has five primary objectives:

+ Establish a network for professional development with collaboration of K-12 education, higher educa-
tion, and the private sector.

+  Provide statewide support for ongoing, accessible staff development opportunities to integrate educa-
tional technology into Instruction.
Provide resources to prepare educators for new roles, including the establishment of educational
technology training and support centers.

"New Jersey Department of Education, Educational Technology in New Jersey A Plan for Action (Trenton, NJ Apri 1993), p 1
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BOX 4-5 (cont'd.): State Planning for Technology: The New Jersey Experience

. Collaborate with higher education institutions and classroom practitioners to develop and provide
educational technology preservice opportunities.
.Prepare educators to use technology to acquire more detailed knowledge about student performance.

The implementation of the overall plan has been contingent on appropriations provided by the state
legislature, Five funding recommendations were proposed for the state legislature:

= appropriate $50 per pupil for every full-ime K-12 student in New Jersey public schools—roughly $60
million—and renew annually to keep the technology current;

= appropriate a one-time investment of approximately $8 million to fund development of a statewide fiber-
optic telecommunications network capable of carrying voice, video, and data transmissions;

= provide an annual $1 billion appropriation to provide financial incentives, such as low-interest loans, to
districts for construction and retrofitting projects to support technology infusion;

= create a “megasystem” for data management to streamline administrative tasks and increase commu-
nication between districts, agencies, and the state, at an estimated cost of $30 million over three years;
and

= appropriate funds for technology modeling incentives to develop and demonstrate exemplary uses of
educational technology, at a cost of $5 million the first year, $10 million the second, and $15 million the third.

The State Board of Education was encouraged to take a number of actions, including:

» requiring student performance proficiencies with the new and emerging technologies,
= requiring provisions for new and emerging technologies in new construction and retrofitting plans, and
=« requiring staff training in technology be included with all technology purchases made by districts.

Recommendations were also made to the State Department of Education:

« create a clearinghouse of educational technology resources, accessible to the entire education community,

« provide technical assistance for the effective use of technology in the instructional process, and

= provide leadership in constructing and developing a statewide network and interagency data manage-
ment system.

Local Education Agencies (districts) were encouraged to:

= develop and implement a multiyear technology plan;

« designate a technology coordinator for the district;

= (esignate funds for the purchase and maintenance of technology, and for professional development in
technology use; and

= develop, approve, and implement a board policy on the infusion of technology into the curriculum and
school operation.

Despite the extensive planning, assignment of responsibilities and attention to detail, political realities
have made it difficult to carry out the plan as envisioned. The major barriers have been fiscal constraints
and changing political administrations, which has meant re-submitting proposals many times over and sub-
sequently losing valuable time. Two years ago, budget constraints led to a reduction in the staff of the state
Educational Technologies Office from 11 to two. Governor Christine Todd Whitman's austerity program has
also trimmed the budgets of most state agencies considerably. Nevertheless, the Educational Technologies
Office has been able to maintain its efforts on a limited budget, and this year was granted a $500,000
appropriation with which to begin implementation of the technology plan.

SOURCE: Julia Stapleton, Education Technology Coordinator, New Jersey Department of Education, Educational Technology in New
Jersey: APlan for Action (Trenton, NJ: New Jersey Department of Education, April 1993).
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that there will be considerable costs. Technology Plans should not be ironclad; they should make
must be repaired, upgraded, and replaced. In addit-possible to revise or adapt as the implementation
tion, seemingly small but ongoing costs—paperprocess proceeds. Lessons can be learned, and
printer ribbons, discs—have been known to cripsome parts of programs can be imported or
ple some technology initiative§chools must changed. Sites have learned that they need to be
not view technology as a one-time investment flexible and encourage experimentation and shar-

but must budget for maintenance, upgrading, ing.They have found that they have to expect to
and replacement costs. change and update their plans as the program

evolves, as teachers gain expertise, and as

. . technologies and applications advance.
Instructional Vision

A second factor related to equipment that schoolsystainabilty

should consider is the suitability of particular programs have found that it is extremely im-
technologies. Available technology must beportant to think about continuation of the
suited to the educational godisr which itis in-  technology program from the beginning.Al-
tended. Investments should not be made |%ough seed money can get th|ngs Started, a suc-
technology for its own sake, but because it facilicessful program will need to think about how
tates or extends instructiohhis requires thata  technology use can be built into the continuing
well-defined instructional vision should pre- culture of the school. Research on organizational
cede the technological one; teacher involve- change has suggested that for innovations to be
ment in defining this vision is essential. built into the organization on a regular and perma-

Most successful districts and schools havenent basis, adjustments must be made in at least
spent considerable time and effort planning forfive ways:

technology infusion before purchasing and dis- new practices must be codified as rules;
tributing equipment. Often states or districts re-s curriculum must be revised to accommodate
quire individual schools or classrooms to develop the innovation:;

a technology plan. The planning process requires training programs must be established for new-
people to think through the reasons for the comers to the district;

technology before they buy it. It also helps to as= evaluation procedures have to reflect the new
sure that sound educational reasons guide the practice; and

technology decisions, instead of technology driv-= project-related activities must be supported as
ing the educational process. Furthermore, the line items in the regular district budgét.
planning process brings people together and re-

quires them to consider technological and instruct] Key Issues for Investing

tional priorities. Although the resulting written  in the Human Resources

plan affords a useful guide, it should be seen as@nce a site has accessible technology suited to its
starting point, subject to revision over time. None-particular purposes, what else is needed? Perhaps
theless, it is the process itself that animates indithe most central lesson from successful imple-
viduals, focuses their attention on instructionalmentation sites is that those who wish to invest in
goals and technology’s role in meeting them, andechnology should also plan to invest substantial-
supports cultural changes in technology use. ly in human resources. For every investment in

78 M. Huberman and M.B. Milennovation Up Close: How School Improvement W@Nesv York: Plenum, 1984); Firestone and Corbett,
op. cit., footnote 45, p. 331.
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Life cycle cost models from business and in- F B
dustry support the critical role of training and > i R -
support. These models suggest that hardware —-_— _—-BL
and software reflect approximately 30 percent - ‘-i-lﬁ -:1_"-

of the total system cost over the technology’s
life cycle. Too often funding initiatives ignore

the entire set of funding components and focus
on hardware and software. And yet, experience
has shown that only by addressing the other
components, as well as the hardware and soft-
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In workshops, teachers have opportunities to explore
different technologies in ways that can be transferred to
the classroom.

ware, will the technology expenditures be suc-

cessful. This is most particularly true of the staff

development cost component . . . Teachers need
extensive and on-going training not only in how

to use technolog?/, but how to fully integrate it

into their curriculum, instruction and assess-

ment practices.

lessons using Hypercard and a videodisc player.
There is no one generic course or workshop that
can effectively teach teachers all that they need to
know about technology.

There is abundant evidence that “one-shot” or
short duration training programs have little im-
Redefining Training pact. Teachers need time to learn, plan, try things

Some of what teachers can do with technology caQut; Téflect on their successes and failures, revise,
be learned on their own through experimentatior@"d 11y again. This takes time—months, if not
and self-instruction. But there are other things that/®a'S- . - .
teachers can learn best by attending a workshop or Incentives like providing release time for
watching an experienced teachargood staff de- teachers or paying them for staff development can
velopment program will have opportunities for Increase the participation of teachers in good staff
both types of learning. development programs. But release time can be
“Hands-on” training with technology is more problematic. Many teachers want to minimize the
than a gimmick or motivator; it is a necessity.2mount of time they spend outside their class-
Teachers must have the chance to make the confooms (and find the job of preparing plans for sub-
puter (or camera or whatever) work and gain conStitutes a time-consuming task). Some sites have
fidence in their own competence before trying thetried to find creative and low-cost approaches to
same thmg with their class. Moreover’ the differ- release time, such as COI’ldUCtIng Inservice activi-
ent types and applications of technology will re- tiES. onsite and having a teacher from the building
quire different amounts and kinds of training,as instructor (see box 4-6).
support, and mentoring. For example, learning to Staff development is most effective when it is
use a telephone voice-mail system for communi-individualized. This means matching learning op-
cating with parents and teachers is likely to requirgoortunities to the needs of specific teachers so they
less training than learning to create multimediacan choose what they need to know, how they

79 Michael Radlick,A Cost Model: Implementing Technology in New York State Public Scijaidany, NY: New York State Education
Department, November 1994), p. 11.



160 | Teachers and Technology: Making the Connection

BOX 4-6: SuperSubs: Making It Easier To Learn About Technology

When teachers leave the classroom, they usually prepare lesson plans for the substitute teacher (sub
who will take their place. Because the regular teachers are trying to guide a stranger into the instructional
routines that are second nature for them, the sub release lesson plans are often much more detailed and
take more time to prepare than a regular lesson plan. In the Monterey Model Technology Schools (MMTS),
this caused a problem: teachers didn't want to take the time to be trained in technology use because each
time they left their class to visit other classes or attend training sessions, they had to labor over lesson
plans for their substitutes, But without the training, they couldn't use the technology.

The MMTS staff sought a “turnkey” solution: a generic substitute teacher who could come into a class
with a minimum of preparation required of the teacher who was to be released. Since the project was about
technology, they thought it would be appropriate if the substitute provided technology-based learning ex-
periences while their regular teacher was also becoming more proficient in technology use. Another con-
cern was that of cost. If considerable substitute activity was to be central to the training model, the substi-
tute service had to be cost-effective.

Thus was born the “SuperSub Service, ” a strategy that enabled MMTS staff to continue to individualize
the staff development assistance they provided while reducing the burden teachers experienced when pre-
paring for a substitute. Briefly, this strategy:

m provides for weekly release time for teachers during the work day (ranging from 45 to 270 minutes);

¢ removes the necessity for teachers to prepare lesson plans for the substitute teacher;

m provides a technology-enhanced problem-solving, critical-thinking skill development lesson aligned
with the district curriculum for each SuperSub to deliver; and

m provides the teacher with written feedback about the SuperSub’s lesson as well as a followup activity.

To maintain continuity and lower the cost, the SuperSub Service is staffed by four Monterey district
teachers and administrators who elected to take early retirement. All district teachers who elect to retire
before the mandatory retirement age are required to contribute 30 days of work to the district each year for
three years. By drawing on this network of early retirees, the MMTS Project did not exacerbate the existing
difficulty district schools have in finding qualified substitute teachers, and released the funds that would
have been spent on substitute teachers for other purposes.

SuperSubs are equipped with an Apple portable computer, a LCD projection device, a notebook of les-
son plans and suggested followup activities, necessary supplies such as scissors and crayons, and a
letter the SuperSub can use to describe what went on while the regular teacher was away. A schedule of
SuperSub visit days is established at the beginning of the school year. The schedule lists both the days
SuperSubs are available and the staff development activities teachers can participate in on those days.

If the demand for SuperSubs is evidence of the program’s effectiveness, this approach to provide re-
lease time for teachers is an effective one. Between the second and third year of the program, use of Su-
perSubs doubled, while use of full-day regular substitutes and afterschool training sessions declined. Proj-
ect funds originally allocated for full-day substitutes were reallocated to additional instructional materials or
attendance at technology conferences. Increasingly, teachers are using the SuperSub service as an oppor-
tunity to share their skills with their school colleagues or observe how their colleagues teach their classes.
Teachers appreciate that their own professional development activities can be scheduled within the school
day at a time they choose. They also like the continuity the SuperSub service provides—the same Super-
Sub returns several times over the course of the year and gets to know the students and the teachers,
making the substitute teacher experience a more positive one for everyone involved.

SOURCE John R Mergendoller et al ,“Case Studies of Exemplary Approaches to Training Teachers to Use Technology, " Office of
Technology ~ Assessment ~ contractor  report,  September 1994
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wish to learn it, and the time frame in which theyporting teachers in their efforts to integrate
will learn it. This matches the “just-in-time” train- technology throughout their teaching is central
ing models increasingly adopted by business anid technology is to become a truly effective
industry. educational resource, yet true integration is a
Followup support and coaching after the difficult, time-consuming, and resource-inten-
initial learning experience are essential to ef- sive endeavor.In many places technology is
fective staff development. Teachers cannot treated as a content area separate from the basic
“learn all” they tried at a training session, eveniifitcurricular areas. Students and teachers are ex-
extends over several weeks. When they return tpected to become skilled in using technological
the classroom, the unexpected inevitably haptools. Yet few resources and expertise are avail-
pens. At this point, teachers need to be able to aaeble to help teachers put the technology to work in
cess technical assistance and support. Some sit@slivering curriculum in traditional content areas,
structure courses so that they meet periodicallguch as English, math, or social studies. Learning
through the year or for a month or two, rather thamo use the hardware and master the software tools
one or two long days. Participants can try out nevis not enough; learning how to teach with
skills, practice, then come back to class and disechnology—harnessing the tools for instruction-
cuss or refine their approaches. During teachersil ends—is a much more complex and lengthy
initial efforts to integrate technology into the process.
classroom, it helps a great deal to have supportim- |f the goal of using technology is to change how
mediately and continuously available. Increasingteachers teach and how children learn (for exam-
ly, schools are finding that electronic netWOI’kSple, adopting more cooperative learning or more
linking participants with instructors and each oth-student projects), then teachers will need support
er provides a resource for continuing support.  and training to learn new pedagogical methods as
well. More technology or more use of technolo-
Technical and Pedagogical Assistance gy will not be sufficient to assure other innova-
Because districts, schools, and teachers varjons or reforms. As discussed above, teachers
Wide|y in their “techn0|ogica| readiness,” most and administrators also should have a shared
successful sites have found that they need to préducational philosophy and a shared vision of
vide a variety of resources and supports such d¥w technology can facilitate that philosophy.
those described in this chapter. Some kind of To get going, many technology programs have
onsite technical support—someone to set uphad to rely on a few particularly eager and dedi-
trouble-shoot and fix the machines—is usuallycated teachers in a school. However, burnout can
necessary. also be a real problem for these teacher-innova-
However, sites are increasingly realizing thaftors, who are actively exploring technology
it's not just technical expertise that is required ofresources, trying to keep up with new develop-
good support resource personnel. Some technol®ents, and helping their colleagues. If a site truly
gy-using educators are arguing that a new kind ofvants to encourage its expert teachers to help their
professional is needed in schools—conversant inolleagues, these individuals could be compen-
the technical issues but also experienced anshted and recognized for their efforts.
knowledgeable about teaching methods, curricu- Although enthusiastic individuals may help
lum, students, and instructional design. spark technology efforts, experience suggests that
Although most sites have made significantschools should not rely exclusively on a small
progress in helping teachers learn to use generi@adre of “gurus.”As a long-term strategy for
tools such as word processing, graphics, and deskentinued technology use, expertise should be
top publishing, many are struggling with how toshared among multiple individuals at a single
integrate technology into the curriculurBup-  site.ltis easy for a school to fall back on a technol-
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ogy guru who knows how to fix computers whenlike to take the classes and want to participate in
they don’t run and can suggest new strategies faechnology in classrooms; and about 30 percent
using technology. But technology gurus mayare resistant, don't take the class, or come only to
move to a new school, leaving the original schooget specific help with a particular problem. To
without a resource. Training multiple individuals reach this last group, Bellevue has encouraged
increases the chances that expertise will remainmore onsite inservice activities, conducted by a
Furthermore, students can be effectively teacher in the building®
tapped as resources to help teachers with

technology. At some sites, teachers bring a S.tu'Administrative and Community Backing

experiences. They are eager, available, and “fregEhe role of the principal i.S (_:rucial in promoting
(see chapter.2) Some knowlédgeable s,tudents bthOOI techr!ology use. Slmllquy,_ for technolqu
i et% become diffused across a district, leadership by
fhe central administration, especially the superin-
endent, is critical. These findings are supported
by the organizational change research, which has
. consistently found thathange efforts do not
Incentives succeed without active administrative leader-
Programs that seek to involve a large number  ship, particularly by principals. Research has
of teachers should identify incentives that en- shown that leaders perform four important tasks:
courage teachers to use technologyMany  «(a) obtaining resources, (b) buffering the project
teachers will not be motivated by the mere presfrom outside interference, (c) encouraging staff,
ence of more technology in their classrooms, buind (d) adapting standard operating procedures to
they can be motivated by a concrete vision of howhe project.81
it can help them meet their instructional goals. For Community support and understanding of
example, encouraging teachers to find their owRhe goals of technology use are also critical.
favorite uses of technology or develop specifici essons from experienced sites indicate that with-
areas of expertise can be an effective long-termgt community support and buy-in, many new
strategy. As noted above, putting technology ingeas fail to take hold in schools. Teachers and
the hands of teachers can be a good motivator fihoo| administrators can educate and convince
teachers. Some districts have given teachers corfye community of the necessity and importance of

puters as a “reward” for undertaking training.  their particular educational vision. As one noted
Sites also have found that they may have t0 aGagearcher writes:

cept that some teachers will never really become
interested in using technology. An alternative ap-
proach is to focus on gaining the interest and ac-
ceptance of a critical mass .of tegchers. For powerful business people and officials

example, the technology coordinator in Bellevue,  gjected at the local and the national levels. In the
Washington, described three types of teachers: ypjted States today, probably the most impor-
about 10 percent are the self-taught enthusiasts, tant agents of change in the community are the
highly motivated, who will try anything; about 60  parents, in their dual roles as advocates for their
percent are those making “hesitant progress,” who children and citizens of the society. . .If the

this requires a teacher comfortable with lettin
some of the expertise reside with the student.

An essential partner in any kind of education-
al regimen is the community, represented by
many individuals ranging from respected elders

80 Mergendoller et al., op. cit., footnote 3.
81 Firestone and Corbett, op. cit., footnote 45, p. 330.
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community fails to support the desires and stan- Some sites have found that small efforts that fo-
dards of school people, the educators are des- cus on one educational need or goal can be an ef-

tined to fail®? fective way to get started using technology. For

example, technology implementation in the Mon-

[J Conclusions About the terey Model Technology Schools was instituted
Process of Implementation one classroom at a time, based on the teacher’s

If there is a single overarching lesson about th&lassroom Intervention Plan. Similarly, at Web-
process involved in these efforts it is teiective ~ Ster Elementary School in St. Augustine, Florida,
technology implementation takes more time teachers with expertise in a particular application
and effort than many anticipate when firstun-  became the role models for their colleagues. By
dertaking technology initiatives. Based on the staying small and focused, specific goals can be
experience of sites visited for this report, and readdressed and successful outcomes are more like-
ports in the literature, it appears that five yeardy. Initial success engenders enthusiasm, interest,
may be an appropriate time frame for large-scal@nd confidence, which then begets more success.
technology infusion. Change is not sudden and Evidence clearly indicates that when condi-
dramatic; it takes hard work on the part of manytions are right—resources, time, and support are
people over time to see the benefits of these efgh—exciting things happen in technology-rich
deavors. school environments. A key issue today is how to
None of the schools or districts portrayed heraglisseminate broadly the lessons of certain
has experienced a smooth or uncomplicated proschools. How can the technology tools and knowl-
ess of technology training and implementationedge be shared with schools whose resources are
Changes have been continually necessary to ovenet as rich? Or when teachers are not as enthusias-
come unforeseen obstacles, such as staff reassigit, energetic, or motivated? Who can help to sup-
ments, delays in equipment delivery, gapgort states and districts in promoting and
between technology knowledge and utilization, odisseminating successful strategies (see chapters
budget cuts, or to capitalize on unexpected suct and 6)? Future efforts should focus on better and
cess. State, district, and school-technology stafinore comprehensive dissemination strategies and
have continually revised their technology imple-on ways to seed more projects in more challenging
mentation plans based on evaluation results or urschool environments.
expected events.

82 Howard GardneiThe Unschooled MingNew York, NY: Basic Books, 1991), p. 255.
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Preparation of
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SUMMARY OF KEY FINDINGS

= The need to prepare new teachers to use technology effectively
is beginning to receive more attention in state certification
standards for teachers, in accreditation standards for colleges
of education (COESs), and in various efforts to reform and up-
grade teacher education. State policies and leadership still vary
widely, however, as does the extent of attention to technology
in teacher preparation programs. Moreover, there has been
little incentive to link reforms in colleges of education with re-
form of K-12 schools.

= Technology is not central to the teacher preparation experience
in most colleges of education. Consequently, most new teach-
ers graduate from teacher preparation institutions with limited
knowledge of the ways technology can be used in their profes-
sional practice.

= Most technology instruction in colleges of education is teach-
ing abouttechnology as a separate subject, not teachitig
technology across the curriculum. The majority of teacher
education faculty do not model technology use to accomplish
objectives in the courses they teach, nor do they teach students
how to use information technologies for instruction. Seldom
are students asked to create lessons using technologies or prac-
tice teaching with technological tools.

= Placing student teachers with technology-using teachers in
technology-rich environments can provide valuable appren-
ticeships and can extend the quality and quantity of “hands-on”
technology experience for many teacher candidates. Many
K-12 schools have better technology facilities, and more ex-
perienced technology-using staff than do colleges of educa-
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tion; however, technology is not always con-
sidered as a factor for student placements. Fur-
thermore, schools where students do practice
teaching may not be located near the colleges
of education, increasing the difficulty of plac-
ing teacher education candidates in classrooms
with the teachers who best model effectives
technology use.

Video can extend the range of student observa-
tion into classrooms with the best teachers,
wherever they are located. Whether live broad-
casts from a classroom or tapes, they can pro-
vide teacher education students with models of
effective teaching and the opportunity for re- =
flection on what constitutes good teaching.
Video can also document case studies and re-
cord observations for teacher education stu-
dents to discuss and reflect upon in greater
detail after a lesson has been presented.
College of education administrators—espe-
cially deans—are key players in any effort to
improve teacher preparation programs. Yet
they are often constrained by the fact that col-
leges and universities have not provided the fi-
nancial support necessary for supplying COEs
with the state-of-the-art equipment needed for
preparing their graduates. Furthermore, as in
the K-12 schools, investments by COEs in

classrooms, and university faculty, whether
through lab schools, professional development
schools, or traditional student placement acti-
vities. Students can connect to mentoring and
information resources over great distances, ex-
panding opportunities for apprenticeships.
Electronic networks can provide a safety net for
communication, knowledge, and experience
for student teachers in the field, as well as for
new teachers launching their careers. The lone-
liness and anxiety of the first teaching experi-
ences can be mitigated through contact with
professors and peers via electronic networks.
If coverage of information technologies is to
break out of the isolated role it plays today and
become an integral part of the teacher education
curriculum, several things must happen. K-12
and university educators must work together to
integrate technology into curriculum and class-
room practice; teacher educators and K-12 staff
must receive considerable technology training
and support; models must be developed with
technology supporting specific content areas;
and teacher education faculty incentives must
be revised to encourage greater use and integra-
tion of technology for instruction.

hardware and software are rarely matched witlllNTRODUCﬂON

those for faculty training and support.

There are approximately 1,300 institutes of higher

= Models of change exist and can provide lessongducation preparing future teachers in this coun-
for those seeking to build a bridge between retry. In the 1990-91 school year, nearly 100,000
form of K-12 education and reform of teacherstudents graduated with a bachelor’s degree in
education, using technology as a resource fotleacher education in the United Statésthe next
change and as a solution to some commodecade, the nation’s schools will need to hire
problems in teacher preparation. However, th@bout two million teachers(See box 5-1.)
diversified nature of teacher education makes Ideally these new teachers should be able to use
dissemination of these models difficult without a range of technological tools to provide effective
federal leadership and support. instruction and help their students become com-

= Technology can forge stronger connectiondortable with and knowledgeable about technolo-
among student teachers, mentor teachers igy. The most direct and cost-effective way to

1National Center for Education Statistibsgest of Education Statistics 1993 S. Department of Education, OERI, NCES 93-292 (Wash-
ington, DC: October 1993), p. 250.

2 |bid.
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BOX 5-1: Factors Affecting the Demand for New Teachers

The number of teachers needed in our nation’s schools is greatly affected by population changes
such as those caused by birth or immigration rates. Projections indicate that the school-aged popula-
tion is growing. As a result, if current policies such as pupil-teacher ratios remain the same, schools will
need about 3,3 million teachers by 2003—1.4 million more than are currently employed. Furthermore,
the amount of teacher turnover, Which accounts for the largest proportion of the demand for new
teachers, is projected to increase each year between 1993 and 2000. Much of this is due to increasing
retirement rates as the teacher workforce ages.’Even retirement rates, however, are not predictable.

The teaching force is unbalanced with respect to age and experience. Younger teachers—those un-
der 35—are a smaller portion of the teaching force than at any time in the last 25 years, and half of all
teachers are over 42, making them eligible to retire at age 55—within 13 years. An important supply-
and-demand question is how soon these retirements will occur, and thus when replacement will be
needed. Current retirement patterns show a strong tendency for teachers to stay until 62 or 65. If this is
the case, then demand for new teachers will increase more slowly. Budget problems in states could
make early retirement offers very attractive—in fact, epidemic. Replacing older teachers with younger
teachers significantly reduces education costs, even with somewhat increased retirement costs °

What about newly qualified teachers? How many of them go into teaching and for what reasons?
About 32 percent of newly qualified teachers who were teaching in 1987 reported that they became
teachers because they enjoyed working with children, 30 percent because they found teaching satisfy-
ing, and 28 percent because they had always wanted to be a teacher. However, despite their training,
28 percent of those newly qualified for teaching did not apply for a teaching job.’An examination of all
1985-86 bachelor's degree recipients who were newly qualified teachers suggests that 58 percent were
employed as teachers the year after they graduated, 31 percent were employed in jobs other than
teaching, and 11 percent were not employed.’

‘Defined as the number of teachers leaving current positions. - ,
2 National Center for Education Statistics, projections of education statistics to 2003 (Washington, DC December 1992), pp.

T2-16.
‘National Research Council, Teacher Supply Demand, and Clarify (Washington, DC. 1992), pp. 275-276
‘National Center for Education Statistics, American Teachers: Profile of a Profession (Washington, DC May 1993), p. 125
“bid., p. 27.

educate teachers about technology is through the  HISTORY AND CURRENT CHALLENGES
preservice education they receive in colleges of  OF PREPARING TEACHERS

education or other indlitutions. One of the most important tasks of society is to en-
What is the role of technology in current teach- e that each successive generation acquires the
er preparation programs? To what extent do states,  knowledge, technologies, skills, and customs es-
COES, and national bodies for reforming teacher  eenigl to maintain that society. For over a century,
education recognize the potential and importance e primary responsibility for carrying out this
of technology? How do the COES that are leaders  (aqy g rested with the ingtitution of the Ameri-
in technology approach preparation? This chapter
seeks to address these questions.
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can public school—and more specifically with theprofession, the principle of taxpayer support and a
American school teach@r. new vocation for womenr®”With these innova-
The history of teacher preparation has been ongons, the Lexington Normal School opened in
of changing expectations. In the 17th and 18tlguly 18309.
century teachers—like doctors and lawyers—had Although growing numbers of 19th century
no formal educational requirements as prerequiteachers attended normal schools, others took
sites for practice. Those who taught elementaryart-time or short courses, and some continued to
subjects were expected to know how to readhave little or no formal preparation for teaching.
write, and do basic arithmetic so they could teacly, the Midwest and West, the line between normal
these skills to their charges. The most highly eduschools and post-elementary schooling blurred, as
cated were those who taught in the privat_e SeCcoN@re normal school became a place where parents
ary schools, a group made up predominantly 0fgnt their children for a higher education, a sort of

clergy. During colonial times, teacher quality Was, 5 qemy or high school rather than an institution
variable; some teachers were barely literate Wh"?or training teachers. As normal schools evolved

o]Ehe;rsI_ ppSSGSSStg adcollege degrene. Tgetlmpci::]aqﬁ?o the model for general secondary schooling in
of religious orthodoxy was One NOLeworthy .. \iiqwest and West, their contributions to
constant. Few considered teaching their primary.. . -ner training grew uneven

career or goal in lifé. Later, when normal schools evolved into teach-
In the first decades of the 19th century, the '

“common school” was established in New Eng_ers colleges and then into colleges of education

land. Common schools created a tradition ofVithin larger institutions of higher education, dif-

education that was free, supported by taxes, anf&rences, of opinion emerged about whether the
universally available to all students. With theC0ll€ges’ main goal should be the preparation of

surge in students attending common schools, Fpach_ers or education theory and research. If[might
became clear that a formal, institutionalized apP@ said that normal schools evolved from single-
proach to preparing teachers was necessary. 9oal institutions to lower-level institutions within
Although the first documented school for thethe higher educational hierarchy. As one educator
training of teachers in the United States opene@bserved, “Thus, the normal school developed
under private auspices in Concord, Vermont, iinto a pale imitation of the university, doing what
18237 it was the development of “normal the university does, namely research, less well
schools” by Horace Mann in 1839 that promisedhan the university, and not wishing to do well
to fill the glaring shortage of qualified teacherswhat it historically did—prepare teachers.”
and to define teacher competence. Mann'’s vision Even after normal schools, and then teachers’
aimed for “a new kind of school, a new kind of colleges, had become widespread, a sizable pro-

3 See, e.g., James Bosco, “Schooling and Learning in an Information Society,” OTA contractor report, Washington, DC, November 1994,

4Wayne J. Urban, “Historical Studies of Teacher Education,” in W. Robert Houston et alHadgbook of Research on Teacher Educa-
tion (New York, NY: Macmillan, 1990), p. 60. See also L.A. CrerAimerican Education: The Colonial Experience 1607-1(" 83w York,
NY: Harper & Row, 1970).

5 Richard J. Altenbaugh and Kathleen Underwood, “The Evolution of Normal Schools,” in John |. Goodl#&iaztes . Where Teachers
Are Taught{San Francisco, CA: Jossey-Bass Publishers, 1990), p. 137.

6 |bid., p. 138.
7 Urban, op. cit., footnote 4. See also Cremin, op. cit., footnote 4.
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portion of teachers still lacked much formal train-
ing well into the 20th century; as recently as 1940,
less than 50 percent of the teachers in the United
States held a bachelor’s degfee.

The education of educators has obviously
reached higher ground in recent decades; today, 0
almost all teachers (99 percent) have at least e
bachelor’'s degree, and almost half (46 percen{: :
have a master’s degree or highevertheless,
other factors bedevil teacher preparation pro#
grams, including misconceptions about teachings
as a profession; misinformed perceptions of the
intellectual capabilities of teachers; and negative
stereotypes of women and minorities, who tradi-
tionally make up a large part of the teaching
force.”

Teacher education programs today must ad
dress countless areas-usually within a time
frame of three to four years, at best. Teache
education graduates not only need to be skilled i
content, methods, cognitive development, assess
ment practices, pedagogical theory, education hisTechngéigﬁzﬁfﬂﬁm;’;!r;segetﬁigftrgznst:osnr;n::acﬂeerges of
tory, technology, and classroom management, buf; 2"
the>;/ may alsogr):eed to know about druéJ educatiorlgg ueaton program
AIDS, environmental issues, social and family is- . . . . .
sues, and whatever else the public decides schodi@ns In _thelr teacher preparation programs is
should handle. Although, ideally, “the mission for & d2unting task.
teacher education should arise out of the mission
for schooling,” the problem is that the mission of REFORM IN TEACHER EDUCATION
schooling is itself unclear, indeed, schools in gen-The way that new teachers are prepared is often
eral operate under “fragmented godls.” under public scrutiny-in the media and préss,

Schools have a difficult task keeping up with as well as by educators themselves. Many colleges
changes in what society asks of them. For col- of education across the country have tried to im-
leges of education to anticipate these redefini- plement reforms that address public concerns, yet

L . ”
x
EEEESSANTT AP kRS S

*Richard I. Arends, "Connecting the University to School," in Bruce Joyce @tajpging School Culture Through Staff Development
(Washington DC: Association for Supervision and Curriculum Development, 1990), p. 118.

*Natioal Center for Ecucation Statisti€shools and Staffing in the United States: A Statistical Praf#80-91, OERI, NCES 93-146
(Washington, DC: U.S. Department of Education, July 1993), pp. 39,42.

*Judith E. Lanier, "Choices for the Twenty-First Century: Will Universities Strengthen or Close Schools of Education?” vol. LXXIII, No.
4, Phi Kappa Phi Journal, fall 1993.

"John I. GoodladTechnosyol. 2, No. 3, fall 1993, p. 5.

“See, €.g., Thomas L. DeLoughry, "EDUCOM conference Focuses on Ways To Improve Teahiogicle of Higher Educationyol.

XLI, No. 11, Nov. 9, 1994, p. A21. Also, David L. Clark and Terry A. AstliRedirecting Reform” Phi Delta Kappan, vol. 75, No. 7, pp.
513-520.
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the skepticism persists: some think undergraduate ceive a significant part of their preparation must
programs produce classroom teachers with lim- also be good

ited expertise in the subjects they are expected to Colleges of education, state departments of
teach, while graduate schools prepare specialistgjucation, and professional associations have
who spend little time in classrooms; others findiried many approaches over time to standardize,
the form and format of teaching in colleges ofimprove, and professionalize teacher preparation.
education antithetical to “real” learning, with Forexample, the National Council for the Accred-
those who prepare classroom teachers modelingation of Teacher Education (NCATE) has devel-
the “chalk and talk” lecture teaching style. Manyoped a “Continuum of Teacher Preparation” that
observe that there is never enough time for stuncludes quality-assurance measures in three
dents to be exposed to good teaching or for studeghases—preservice, extended clinical preparation
teaching under the watchful eye of a competenind assessment, and continuing professional de-
supervising teacher, nor enough top-notch teackselopment. The continuum depends upon coop-
ers in model classrooms close enough to the cokration and coordination with the state education
lege of education to provide enough successfudythorities, school districts, and other profession-
student teaching placements. al organizations, such as the National Board for
In November 1994, the National Commissionpyofessional Teaching Standards (NBPI%).
on Teaching and America's Future began amdditional reform efforts involve developing new
18-month exploration of the profession. It be-models of interaction between COEs and K-12,
moaned “shortfalls” and “woeful neglect of teach-improvements in teacher certification and licen-
ing” while addressing new approaches to theyre procedures, and changes in the accreditation

problems teachers face amid “challenging newsf schools and colleges of education. Technology
education demands.” The commission plans t@an play a role in all these efforts.

“identify successful strategies to resolve teacher
shortages, especially in urban areas and in mat@ .
and science, as alternatives to hiring unprepare Ra”y'“_g Calls for Teacher
teachers 13 Education Reform
Unprepared teachers are only part of the probFhe release of the repdxtNation at Risk®a dec-
lem. The interaction between K-12 schools andide ago brought public awareness of the quality of
teacher education programs is an important, gerAmerican schools to a new high; nevertheless,
erally overlooked variable. In the words of onecolleges of education and their professors were
educator, neither leaders of the charge to reform, nor consid-
If schools are to be good, the general and profes- €r€d key elements in implementing change. Two
sional education of those who teach in them Major repqrts released in the late 1980s began to
must also be good. If teacher education is to be change this trend. The reports of the Carnegie Fo-
good, the schools in which future teachers re- rum on Education and the Econokiyand the

13 The National Commission on Teaching and America’s Future was created through funding from the Rockefeller Foundation and the
Carnegie Corporation to establish “a national blueprint to determine how teachers in all communities can be supported and prepared to meet the
needs of the 21st century classroom.”

14 John I. Goodlad, “The National Network for Educational ReneviliDelta KappanApril 1994, p. 632.

15 Arthur E. Wise, Director, National Association for the Accreditation of Teacher Education, personal communication, Nov. 9, 1994.
16 National Commission on Excellence in EducatiéiNation at RiskWashington, DC: U.S. Government Printing Office, 1983).

17 Ccarnegie Forum on Education and the Econgiyation Prepared: Teachers for the 21st Cen{ifashington, DC: 1986).
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Holmes Group? addressed improvements in thefor entry into the profession, and connecting
preparation of new teachers as a key link to educdrigher education institutions to schools, through
tional reform. In addition, the American Associa-the development ofprofessional development
tion of Colleges for Teacher Education (AACTE) schools Professional development schools are
and the Association for Teacher Education madelaces where both teachers and university faculty
efforts to codify knowledge needed by newcan systematically inquire into and take part in
teacherd? teaching practice to improve it.

In its 1986 reportA Nation Prepared: Teachers ~ The Holmes Group’s agenda has not met with
for the 21st Centur§Pthe Carnegie Forum’s Task universal acceptance. Many educators have de-
Force on Teaching as a Profession—made up afried the exclusivity of the organization; other
business and government leaders and union amdiucators were concerned about the creation of
school officials—called for sweeping changes inone specific model of teacher preparation, espe-
education policy. Among the eight recommendac<cially one that required—as the Holmes Group’s
tions, two were specific to the preparation of newdid—a four-year liberal arts major followed by a
teachers: 1) require a bachelors’ degree in the arfith year of graduate study in education. Another
and sciences as a prerequisite for the professionsiicking point has focused on problems associated
study of teaching; and 2) develop a new profeswith the content, cohesiveness, and quality of
sional curriculum in graduate schools of educainstruction prospective teachers receive in the col-
tion leading to a Master in Teaching degree, basdéges of arts and sciences. Some have been con-
on systematic knowledge of teaching, internshipsgerned that the fifth-year model the Holmes Group
and residencies in the schéél. advocates may not provide enough time for poten-

Another influence for reform has been thetial teachers to take all the requisite courses, ob-
Holmes Group? a coalition of deans from the serve teachers, participate in internships, and
graduate schools of education at research univedevelop teaching skills in their subject matter
sities that, in 1983, began a study of ways to respecialties.
form teacher education and the teaching The group’s most recent repétteiterates the
profession. Their 1986 repoifipmorrow’s Teach- value of professional development schools and
ers23 developed a common agenda that include@mphasizes the need to make COEs accountable
eliminating the undergraduate education majoro their profession and to the public. In addition,
strengthening and revising both the undergraduatide new report says Holmes plans to create al-
curriculum and graduate professional training ofiances with other organizations, such as AACTE
teachers, creating new professional examinations

18 Holmes GroupTomorrow’s Teachers: A Report of the Holmes GrEgst Lansing, MI: 1986).

19M.C. Reynolds (ed.nowledge Base for the Beginning Teadii@msford, NY: Pergamon Press, 1989); W.R. Houston (gdr)ibook
of Research on Teacher Educatitdew York, NY: Macmillan, 1990).

20 Carnegie, op. cit., footnote 17.
21 bid., p. 3.

22 Starting as an informal consortium of 17 education deans, the group took both name and mission from Henry Holmes, Dean of Harvard
Graduate School of Education, who in 1927 suggested, “America has yet to be persuaded that the training of teachers is a highly significant part
of the making of the nation.” Lynn Olson, “An Overview of the Holmes Grobpi'Delta KappanApril 1987, p. 691. Today the group in-
cludes deans of more than 80 education schools in research institutions.

23 Holmes Group, op. cit., footnote .18

24Holmes GroupTomorrow’s Schools of EducatigBast Lansing, Ml: 1995).
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and national teachers’ unions, to support reforntases, state departments of education determine

efforts in teacher preparatiaA. qualifications to teach based on a requisite num-
ber of courses. State approval generally comes

[ Certification and Licensure from reviewing specific teacher education pro-
of New Teachers grams on a program-by-program basis, resulting

The education systems being challenged by cutn hundreds of sets of standards for teacher prepa-
rent reforms are based on a legacy begun in th@tion with varying levels of quality. “The gener-
19th century, when many states took over th@lly minimal state-prescribed criteria remain
functions of examining and credentialing newsubject to local and state political influences, eco-
teachers. Typically, the state departments ofiomic conditions within the state, and historical
education controlled public normal schools (andconditions which make change difficuf®”
later teachers’ colleges), and certification became In general, there isstandardteaching license
a question of completing the course of instructioror certificate. Each state sets its own standards that
offered by these institutions. Today, state requireindividuals must meet by completing an approved
ments for teachers are created by state legislaturdeacher education program and fulfilling state or
However, because public school teachers ardistrict continuing professional development re-
employed by local boards of education (on the recquirements. (Half the states require students to
ommendation of the superintendent of a district)jake a state or national test prior to admittance to a
and these boards are made up of lay people, ieacher education program. See table 5-1.) States
might be said that the public is involved in em-issue botlprovisionalandpermanentredentials.
ploying teachers. Thus there is a divided responsA provisional certificate means a teacher is ade-
bility—among the public sector, universities andquately prepared for initial employment but must
colleges, and public schools—for what should beneet some additional conditions of further
the basis of teaching. coursework or experience (or both) before receiv-
In other professions—medicine, law, engineering apermanentertificate. There are alsmer-
ing, architecture—states have delegated thgencyteaching certificates, usually issued on a
responsibility for licensing to autonomous stan-yearly basis, for those who are not yet qualified to
dards boards composed of practitioners who edeach but who are needed in areas of shortages.
tablish the standards and processes of themergency certificates are also used for candi-
profession for the nation. Teaching does not foldates who lack formal qualifications but whom a
low this modeP®Instead, each state sets its owndistrict wants to hire for special skills or other
licensure or certification process for educatbrs reasons.
and issues different types of certificates. In some

25Ann Bradley, “Holmes Group Urges Overhaul of Ed. Schodlsication Weegkvol. XIV, No. 19, Feb. 1, 1995, pp. 1, 8.

26 Gail Huffman-Joley, “State Standards Boards Will Create a Stronger Profesyimtity TeachingNCATE Newsletter, vol. 3, issue 1,
fall 1993, p. 6.

27 American Association of Colleges for Teacher Educafieacher Education Policy in the States: A 50-State Survey of Legislative and
Administrative ActioffWashington, DC: spring 1994), p. vii. While the tefitsnseandcertificateare often used interchangeably, the Office
of Technology Assessment uses the following terminology adopted by the American Association of Colleges of Teacher Education for its sur-
vey of teacher education policy: ‘l&enseis the official recognition by a state government agency that an individual has met state-mandated
requirements and is therefore approved to practice as a duly licensed educator in thaistifteateis a credential awarded by the profession
in recognition of advanced skills or achievement. Some states use the term ‘certificate’ to describe what is more commonly referred to as a
license. Acredentialrefers to either a license or certificate.”

28 George M. Dennison, “National Standards in Teacher Preparation: A Commitment to QDafipitle of Higher EducatigrDec. 2,
1992, p. A-40.
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Not all teachers today are prepared for theimore than 500 colleges of education accredited by
jobs. The National Commission on Teaching andhe National Council for Accreditation of Teacher
America’s Future suggests that, among the morEducation still offer alternative certification pro-
than 200,000 teachers newly hired each year, orgrams31
in four (50,000) are not fully prepared for their ~Some critics assert that alternative certification
jobs. In the country’s largest school district, Newcandidates lack sufficient pedagogical under-
York City, more than half (57 percent) of the 4,500standing, which is difficult to acquire after one be-
teachers hired in 1992 were unlicensed. In faclgins teaching? This is likely to become an even
more than 15 percent of all schools and 23 percegjreater concern as standards for teacher education
of central city schools nationwide had vacancieprograms in general are rais€tMoreover, given
in 1991 they could not fill with a qualified the high attrition rate of beginning teachers in gen-

teacher? eral, there is concern that those entering teaching
without a strong base of pedagogical skills and ex-
Alternative Certification perience may be particularly ill-prepared to han-

Alternative certification programs vary by statedle troublesome settings.
and are designed for nontraditional students tak- Alternative certification does not automatical-
ing accelerated preparation for teaching. Oftenly imply hiring outside the teaching profession, as
these programs are aimed at encouraging peopf®me critics contend. It also provides a way to
with special skills or experience (such as retiredring in qualified teachers from other states. For
military personnel) to go into teaching as a mid-example, Oklahoma—in adopting the Master
career change. Many of those entering the profedeacher certification that has been developed by
sion through alternative preparation programghe National Board for Professional Teaching
begin with emergency certification until they Standards—will waive its state certification for
meet the full requirements of their teaching areacertified teachers from other states who pass the
After a period of expansion, the number of NBPTS certification assessments. NBPTS is de-
states offering alternative certification programsveloping advanced standards and assessments for
decreased from 43 in November 1993 to 36 irteacher performance that encompass various com-
May 199430 Some states have more than one alponents such as portfolios, certification center as-
ternative program for licensure; others havesessment activities, and essay examinations
dropped alternative programs due to funding diffi-designed to demonstrate teacher knowledge and
culties or lack of support from prospective stu-skill. Teachers who meet these standards will be
dents, school districts, or institutions of higherdesignated as “Master Teache#$.In fact, this
education. However, approximately 200 of thekind of flexibility for teachers who want to move

29 Linda Darling-Hammond, “The Current Status of Teaching and Teacher Development in the United States,” background paper for the
National Commission on Teaching and America’s Future, New York, NY, November 1994.

30 AACTE, op. cit., footnote 27, p. v.

31 wise, op. cit., footnote 15.

32 See, e.g., Jonathan Schorr, “Class Acti®hi' Delta Kappanvol. 75, No. 4, December 1993, pp. 315-318.

33 James B. Stedman, Congressional Research Service Report for Congress, “Teachers: Issues for the 101st Congress,” Feb. 23, 1990, p. 21.

34See, e.g., Arthur E. Wise, “Professionalization and Standards: A Unified System of Quality Ass@duncation Weegklune 1, 1994;
and “The Coming Revolution in Teacher Licensure: Redefining Teacher Preparttiori'in Teacher Educatiomol. XVI, No. 2, summer
1994, pp. 1-13. See also, Lynda Richardson, “First 81 Teachers Qualify for National Certifidé¢ianyork Timeslan. 6, 1995, p. A-1.
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TABLE 5-1: State Requirements for Entrance to Teacher Education Programs?

University/college of
State or Minimum grade education entrance Other state
State national tests’  point average standards requirements

Alabama v v v v
Alaska v/

Arizona v

Arkansas
California
Colorado
Connecticut
Delaware v
District of Columbia
Florida’

Georgia

Hawall

Idaho v/ e
Illinois

Indiana v
lowa

Kansas v v/

Kentucky v v 4
Louisiana * v 4

Maine
Maryland
Massachusetts
Michigan v
Minnesota /N

Mississippi v v 4
Missouri v

Montana

Nebraska v/ v v
Nevada v

New Hampshire 4

New Jersey v 4
New Mexico v

New York

North Carolina v v/

North Dakota v/ v v
Ohio 4

Oklahoma v v
Oregon v/ v
Pennsylvania

Rhode Island v
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TABLE 5-1 (contd.): State Requirements for Entrance to Teacher Education Programs?

University/college of

State or Minimum grade education entrance Other state
State national tests’  point average standards requirements
South Carolina v v v v
South  Dakota v v
Tennessee v v v
Texas v v
Utah 4
Vermont v v v
Virginia v v
Washington v 4
West  Virginia
Wisconsin 4 v
Wyoming v

*American  Association of Colleges of Teacher Education, Teacher Education Policy in the States, A 50-State Survey of Legislative and Administrative
Actions  (Washington, DC. AACTE, 19%)
"For example, National Teachers Exam, Pre-Professional Skills Test PRAXIS, California Basic Skils Test.

‘Standards set by individual Institutions of Higher Education (HE)/Schools and Colleges of Education.
‘For example, interviews, other demonstrations of basic skills competencies, course requirements.

“Up to 10 percent of an IHE's admission may be to individuals who do not meet standards

'Standards are for regents restitutions only
“Up to 10 percent of an IHE'S admission may be to individuals who do not meet standards, but candidates wil have to meet standards for licensure

"State requires candidates to take the Pre-Professional Skils Test but scores are not used for screening purposes. The low-scoring candidates are
fargeted for  assistance.

‘Minimum GPA requirement applies only to graduate program candidates, there is no minimum GPA requirement for undergraduate candidates

states had such a requirement for certification of
al teachers.”

States take various approaches to technology
certification requirements. For example, Califor-
nia requires a one-semester course, New Jersey
and Texas require a three-credit course, and Kan-
sas and Wyoming require a one-unit course.
Washington state law specifies that al teachers
must have general knowledge of instructional

between states is one aternative measure NBPTS
is encouraging nationwide.”

Technology and Certification

The importance of technology in teacher certi-
fication is gaining momentum. A recent survey
under contract to the Office of Technology As-
sessment (OTA) found that at least 18 states re-
quire training in computers or technology for all

teachers seeking certification.™ Although that
figure is far from a mgjority, it represents an in-
crease over just a few years ago: in 1987 only 12

uses of the computer and other technological de-
velopments. In Michigan, recent legisiation man-
dated that teachers have “a working knowledge of

* Joanna Richardson, “States Offer Incentives to Teachers Seeking National Board Certification,” Education Week, Sept. 7, 1994.
“Ronald E. Anderson. “State Technology Activities Related to Teachers” OTA contractor report, November 1994,
1n addition to the 12 states that required computer-related courses for all teacher certification in 1987, six states had such requirements for

teachers in certain subject areas (business, computer, or media education). U.S. Congress, Office of Technology Assessment, Power On! New
Tools for Teaching and Learning, OTA-SET-379 (Washington, DC: U.S. Government Printing Office, September 1988), p. 209.
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public or private schools with individuals from
the military and business who have degrees in spe-
cific content areas needed by the schools. In this
field-based preservice program, candidate practi-
tioners work in classrooms as contracted fret-year
teachers under the supervision of the teacher edu-
cators from the College of Education at the Uni-
versity of South Florida. A school-based team
assists and evaluates the candidate’s performance
throughout the year. Technology proficiency is
imperative in this model, since candidates are
trained on and expected to use Florida’s Informa-
tion Resource Network (FIRN), a statewide teach-
er network, to communicate with each other and
with the Alternative Teacher Preparation program

Technology is becoming more important for teacher office. Candidates use lesson plans distributed
certification. Eighteen states currently require training over FIRN and can take courses Wh”e Off Campus
in computers or technology for all teachers seeking . . .

certification. via distance learning.

modern technology and use of computers” ance Accreditation of Colleges of Education
that the university that graduates the teacher can©ne of the major issues in the professionalization
didate “demonstrate [this knowledge] to the satis-of teaching and teacher education is the accredita-
faction of the school or district before antion of schools and colleges of education. Unlike
individual may engage in student teachifig.” those who practice law, medicine, social work, en-
And since 1985, Idaho teachers have been regineering, architecture, or other professions,
quired to “develop skills to use computer technol-teachers do not have to graduate from an institu-
ogy,” including word processing, databasetion accredited by the profession. In fact, today
management, and general instructional use. ldah@ss than half the schools of education are profes-
and Wisconsin, according to the survey, follow thesionally accredited.
preservice guidelines for technology training de- There are two accrediting tracks for colleges of
veloped by the International Society for Technol- education: state standards boards and the National
ogy in Education (ISTE) and approved byCouncil for Accreditation of Teacher Education.
NCATE, the national professional accreditation State standards boards have been created over the
body (see box 5-2). last 20 years, and now exist in 11 stdt®eme
Technology is also receiving heightened atten-are appointed by the governor, and a few report to
tion in some alternative certification programs. Inthe legislature. Some have complete responsibil-
Florida, an alternative preparation program con-ity for establishing standards and implementation
nects institutions of higher education and localprocedures for licensure, while others have only

*See State of Michigan 87th Legislature, Enrolled House Bill No. 5121, sec. 1531b, Dec. 31, 1993.

“Molly Drake, University of south Florida, personal communication, December 1994. The University, located in Tampa, currently serves
seven Florida school districts with its Alternative Teacher Preparation program. See also, Eric Schmitt, "Peace Dividend: Troops Turn to Teach-
ing:" New York Times, Nov. 30, 1994, pp. B-1, 12.

“Wise, op. cit., footnote 15.
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BOX 5-2: Curriculum Guidelines for Accreditation of Educational

Computing and Technology Programs

The Accreditation Committee of the International Society for Technology in Education (ISTE) in 1992
developed a set of “Curriculum Guidelines for the Accreditation of Educational Computing and Technol-
0gy Programs, " which was approved by the National Council for the Accreditation of Teacher Educa-
tion. The basic guidelines suggest that all teachers should be able to:

1. Demonstrate the ability to operate a computer system in order to successfully use software.

1. Evaluate and use computers and related technologies to support the instructional process.

3. Apply instructional principles, research, and appropriate assessment practices to the use of comput-
ers and related technologies.

4, Explore, evaluate, and use computer/technology-based materials, including applications, educational
software, and documentation.

5. Demonstrate knowledge of uses of computers for problem solving, data collection, information man-
agement, communications, presentations, and decisionmaking.

6. Design and develop student learning activities that integrate computing and technology for a variety
of student grouping strategies and for diverse student populations.

1. Evaluate, select, and integrate computer/ftechnology-based instruction in the curriculum of one’s sub-
ject area(s) and/or grade level.

8. Demonstrate knowledge of uses of multimedia, hypermedia, and telecommunications to support
Instruction.

9. Demonstrate skill in using productivity tools for professional and personal use, including word proc-
essing, database, spreadsheet, and print/graphics utilities.

10. Demonstrate knowledge of equity, ethical, legal, and human issues of computing and technology as
they relate to society and model appropriate behaviors.

11, Identify resources for staying current in applications of computing and related technologies in
education.

12. Use computer-based technologies to access information to enhance personal and professional
productivity.

13 Apply computers and related technologies to facilitate emerging roles of the learner and the educator.

SOURCE: Excerpt from goals established by the International Society for the Accreditation of Technology in Education, Accreditation
Committee, Eugene, OR 1992

partial responsibility.“ Most are autonomous and NCATE was created about 40 years ago, and its
determine the credentials, licenses, standards, as=  mission today is to establish and help support a
sessments, and examinations for entry and ad-  quality system for preparing future teachers
vancement in the profession. In most cases, the  throughout schools of education. The reorganiza-
boards also approve specific college or university  tion of NCATE in 1986, with its subsequent adop-
teacher education programs. tion of a set of standards for teacher education in

“AACTE, op.cit., footnote 27, p. vi.
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1988, has been another key force in teacher educpertant to assure the public that institutions have
tion reform. Until this restructuring, the organiza- met high standards and provide a philosophical
tion accredited individual teacher educationand intellectual foundation for teacher education,
programs, a task which duplicated in many way®nly 521—or 41 percent—of the 1,279 state-
the state’s functiof2 This might explain why col- approved teacher education institutions have
leges of education have found requirements fosought and received NCATE appro%al(As of
state program approval and NCATE accreditatiorSeptember 1994, 41 additional institutions are
to be duplicative, although both are voluntary. candidates, awaiting an accreditation W8jt.
There are other concerns with duplication, ag-urthermore, the National Board for Professional
well. Institutions must sometimes undergo multi-Teaching Standards (NBPTS) does not require
ple reviews to satisfy different kinds of require-that candidates for its advanced professional certi-
ments, including university system requirementsfication (“Master Teachers”) be graduates of ac-
subject-specific curriculum guidelines in the 17credited teacher preparation programs. However,
associations recognized by NCATE, and guideNBPTS and NCATE are working together “to en-
lines for programs such as math and English desure that standards for accreditation and standards
veloped by the National Association of Statefor advanced certification are compatible and con-
Directors of Teacher Education and Certificationgruent.”9
(NASDTEC)#3 To minimize this potential for In revising standards in 1988 to reduce duplica-
overlap, NCATE so far has entered into partnertion, clarify language, and emphasize areas of im-
ships with 33 states to cooperate in their review oportance, NCATE also placed a new emphasis on
institutions** For example, Florida has agreedtechnology. The NCATE standard “Pedagogical
that its state teacher education institutions nee8tudies for Initial Teacher Preparation” suggests
only undergo a single review rather than three difthat professional studies for all teachers include
ferent reviews by the state board, the universityknowledge about and appropriate experiences
and NCATE#® with eight areas, one of which is educational com-
NCATE’s role as the national professional ac-puting, including the use of computer and related
creditation body has not been without controvertechnologies in instruction, assessment, and pro-
sy. As one educator asserts, “NCATE demandgessional productivity. Under the standards for
high standards but has no mechanism to really aguality of instruction for teacher education facul-
sist institutions in making the changes need€d.” ty, a new indicator was added stating that “instruc-
Although many suggest that accreditation is im-

42Ted Sanders, “A State Superintendent Looks at National AccreditaibhPelta KappanOctober 1993, pp. 165-170.

43 See also the “1992 NASDTEC Outcome-Based Standards and Portfolio Assessment,” a set of standards that serve as a resource for states
considering, developing, or implementing outcome-based approaches for teacher education and certification.

44 Jane Liebbrand, NCATE Director of Communications, personal communication, Sept. 23, 1994. See also, Karen Diegmueller, “NCATE
Analysis of Education Schools To Help Forge Partnerships with St&idscation WeekMar. 24, 1993, p. 27.

45Wilmer S. Cody, “National Accreditation—An Effective Use of Resourd@adlity TeachingNCATE Newsletter, vol. 1, Issue 2, winter
1992, p. 1.

46 Allen Glenn, Dean, College of Education, University of Washington, Seattle, personal communication, Jan. 6, 1995.
47 Diegmueller, op. cit., footnote 44.

48 Liebbrand, op. cit., footnote 44.

49 |pid.
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tion reflects knowledge and use of varioushas published a set of model standards as re-
instructional strategies and technologie®.” sources for states considering outcome-based ap-
Qualifications for professional education faculty proaches to teacher education and certification. It
also must include “faculty modeling the integra-is a first step in developing essential national
tion of computers and technology in their fields ofstandards for obtaining the initial professional
specialization.” Finally, there is a standard to enteaching certificate and entering the teaching pro-
sure that facilities, equipment and budgetary refession. In the future, NASDTEC plans to work
sources in the colleges of education are sufficientith states to develop instruments, tasks, and ma-
to fulfill its mission and offer quality programs. terials for evaluating whether prospective teach-
One indicator states that “facilities and equipmengrs have the skills, attitudes, and knowledge for
support education communication and instructeaching. NASDTEC also plans to develop tools
tional technology needs, including computerssuch as multimedia professional development
and they are functional, and well maintainé4.” systems and portfolio assessment models for dem-
In addition, NCATE endorsed the curriculum onstrating competence in teaching with technology.
guidelines for educational and computing tech- Technology is also central to the NASDTEC
nology programs developed by ISTE (see boutcomes, both as a separate subject area and inte-
5-2). grated with content areas across the curriculum.
Another organization acting as a catalyst to reFor example, one standard states that “the begin-
form and improve the standards of teachers is thging (high school) teacher during planning, deliv-
Council of Chief State School Officers (CCSSO).ery, and analysis activities correlates, integrates,

The CCSSOrs task force on licensing standardsand applies computer-supported learning, produc-
called the Interstate New Teachers Assessmeﬂbn, and management systems in classroom
and Support Consortium (INTASC), is working to teaching,” in order “to broaden student knowledge
develop common licensing standards for newapout technology, to deliver direct instruction to
teachers, from the perspective of the state depari| students at different levels and paces, to use
ments of education. INTASC has worked with 22technology as a motivation for higher order learn-
states over the last three years to develop modglg, and to produce computer assisted solutions to
standards that require teachers to demonstraiga|-world problems33
knowledge and skills; the new standards are in-
tended to replace the current teacher preparatio .
program approval system with a system based o@ K-12 Reforms, Colleges of Education,
achievement®2 Both the CCSSO and NBPTS are  and Technology
also National Council for Accreditation of Teach- Reform efforts that link colleges of education and
er Education constituents, so the platform is beind¢-12 schools are not commonplace, but such col-
set for shared expectations for teacher educatidaborations are vital if the current teacher work-
reform. force and future teachers are expected to be able to
In addition, the National Association of Stateapproach teaching and learning in an effective,
Directors of Teacher Education and Certificationcohesive manner. Typically, K-12 reform and col-

50 The International Society for Technology in Education recommended NCATE’s adoption of this standard. Margaret Kelly, California
State University, San Marcos, personal communication, Sept. 13, 1994.

51 National Council for the Accreditation of Teacher Education, “NCATE Standards” (Washington, DC: 1994).
52 Arthur E. Wise, “Professionalization and Standards: A ‘Unified System of Quality AssuraBdagation Wegklune 1, 1994, p. 48.
53 NASDTEC Standards Committee, “NASDTEC Outcome Based Standards” (draft), March 1993, p. 19.
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understanding of what this alignment between
COEs and K-12 requires. Nevertheless, some col-
laborative partnerships among universities,
schools, districts, regional education agencies,
and state education agencies have shown great
promise. For example, the University of Virginia
teamed up with the Virginia state education
agency to create Virginia’s Public Education Net-
work. California State University’s telecommu-
nications system spawned a collaborative,
statewide K-12 staff development project, the
California Technology Project, supporting free
K-12 telecommunications and preservice teacher
links.” Faculty at the University of Central Flori-
da and the University of South Florida have been
very active in technology training and develop-
ment projects in collaboration with the Florida
state education agency. And the Texas Education
Agency’s grant program supports technology-rich

§ g faculty are not aware of all the technology require-
: A 7o o ments for teacher certification in their states.

a == % Often at the state and federal level there is little
B — f

E L.

E

At Mississippi State University elementary teachers from

around the state are trained to use multimedia computer professmnal_ dev_elopment S(.)h00|S (See box 5'3)'
equipment for a new 8th-grade course called Computer At the University of Washlngton, three reform
Discovery that helps students understand how computers efforts-the Center for Educational REI’]GW&L the

d in diffe t : . . . .
are tised in dliierent careers Institute for Educational Inquiry, and the National

Network for Educational Renewal—are jointly
leges of education reform are viewed as separa®eating an agenda for the simultaneous renewal
issues. Indeed, “during the past 100 years or soof pre-kindergarten through grade 12 schools and
of focusing on school reform, very little attention the education of educators. Twenty-five universi-
has been paid to the role of reforming teacheties and 100 school districts are linked by the Na-
education.” tional Network as part of this undertaking, and the

This situation is no different when it comes toInstitute supports work at the educational settings
technology education and implementati@DE  involved in the network.

faculty rarely work with other agencies, such  The renewal of teacher education requires the
as school districts or state education agencies,  availability of schools that are in the process of

on projects related to technology integration, renewing. Schools that are renewing are as in-
according to data from the survey conducted dispensable to good teacher education as teach-
for OTA. *Likewise, manyteacher education ing hospitals are to good medical educafion.

54 John. I. GoodladTeachers for Our Nation's SchodSan Francisco, CA: Jossey-Bass, Inc., 1990).

55 Goodlad, op. cit., footnote 14.

56 Jerry Willis et al., “Information Technology in Teacher Education: Surveys of the Current Status," OTA contractor report, March 1994.
57 Kelly, op. cit., footnote 50.

58 Goodlad, op. cit., footnote 14.
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Indeed, in the 19 institutions of higher educatioruses of technologyMoreover, emerging evi-
in the state of Washington, teacher education stuidence suggests that technology can make sev-
dents are placed in schools the very first quarter adral positive contributions to the overall
their teacher education programs. At the Universipreservice experience.
ty of Washington, 60 hours of school-based expe- For example, OTA case studies of four colleges
rience is required to be considered for admissioof education where technology is an integral part
to the teacher education progréfn. of the preservice programs found technology be-
The professional development school moveing used in a number of ways to enhance the over-
men#Ois a similar example of a K-12 and univer- all teacher preparation experiefféelechnology
sity collaboration. Institutions such as thecan capture the reality of the classroom: a video-
University of Utah and the University of Houston tape of a teacher conducting an actual class can
have forged relationships with public schools to‘anchor” preservice students to the complex and
increase opportunities for teacher education stureal-life interactions of students and teachers.
dents to observe and practice technology integraFechnology can facilitate access to and commu-
tion. Both Utah and Houston have discoverednication with additional resources, such as experts
however, that university faculty and K-12 teachersn the field or informational databases on CD-
require considerable staff development and ongdROM available to teacher education students and
ing support to make the connections. Unless unifaculty on the same network. Technology can also
versity policies (e.g., tenure, promotion, and merisupport and enhance traditional approaches to
salary increases) are changed to reward COE fateacher-developed curriculum materials and
ulty for undertaking collaborative projects with instructional practices. While these kinds of pro-
K-12, there is little incentive for faculty to invest grams demonstrate the possibilities, the under-
the substantial time and effort required for work-lying question remains: how well do most
ing closely with schools. colleges of education prepare new teachers to use
Increased COE collaboration with K-12 musttechnology?
be balanced against the additional drain on the
limited technology and support resources avail{] Preparing New Teachers
able in colleges of education. As discussed in the To Use Technology
section below, these COE technology resourc

- R Role for Colleges of Arts and Science
are limited.

Teachers teach as they have been taught. Since

most teacher education students receive much
TECHNOLOGY IN TEACHER EDUCATION of their content instruction in the colleges of
Among the many demands on schools and colarts and sciences, it is important that effective
leges of education today, preparing teachers to useaching—including teaching with technolo-
technology may seem like an additional burdengy—is modeled in the other parts of the univer-
However, as noted above, states and professionsity preparation of prospective teachersThis is
organizations are increasingly recommending oparticularly important as states cut back the num-
requiring that all new teachers be competent in thber of education courses a prospective teacher can

59 Glenn, op. cit., footnote 44.

60 See, e.g., Linda Darling-Hammond (edP)pfessional Development Schools: Schools for Developing a ProfésanYork, NY:
Teachers College Press, Columbia University, 1994); also, Joanna Richardson, “NCATE To Develop Standards for Training®aeteols,”
tion Weekvol. X1V, No. 19, Feb. 1, 1995, p. 3.

61 John R. Mergendoller et al., “Case Studies of Exemplary Approaches to Training Teachers to Use Technology,” OTA contractor report,
September 1994.
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BOX 5-3: Redefining Preservice, Texas Style

Attending faculty meetings; participating in PTA meetings; going on field trips; observing and assist-
ing in the library in the nurses clinic and counselor’s office, and sitting in on parent conferences. No, it's
not a day in a teacher's life. It's a semester in the life of preservice teacher candidates fulfiling an in-
ternship in Texas.

For example, at the Center for Professional Development and Technology (CPDT) at Stephen F. Aus-
tin University's School of Education, instead of three-and-a-half years of university coursework and a
semester of student teaching, preservice teacher candidates must spend a semester as an intern-ob-
serving, learning, and taking university classes at a school site—prior to becoming student teachers.
The teacher candidates are involved in all aspects of school activity They tutor individual students,
teach in small groups, make bulletin boards, use computerized grade books, shadow mentor teachers
in various assignments, and attend inservice training programs.

In a typical internship at a middle school, for example, teacher candidates spend an eight-hour day
at the school two days a week, from the first bell in the morning until one in the afternoon, they are
teacher interns working with a mentor teacher. Later in the day, they become university students again,
taking methods courses taught by university faculty on-site at the middle school. During the rest of the
week, the students return to the university to take regular classes, including a course using computers
purchased with CPDT funds. The students get computer experience in their school sites, too, using
technology (also funded with CPDT monies) in the mentor teachers’ classrooms.

Often, this school-based experience is enough for students to decide whether or not they really want
to become teachers. For the teachers in the school, the experience is also an education. As one teach-
ers says, “The old student teachers would just take courses and come straight into the classroom, with
no buffer zone. Now . . . we have student teachers who have seen what a school is about. " Teacher
education faculty benefit, as well, since “the fact that university faculty are no longer teaching [only] on
the university campus, and what they say will be validated in the classroom the next day, keeps every-
one on their toes. "

In Texas, the time students spend in K-12 classrooms before they receive their teaching degrees is
uniquely styled, in large part, because of efforts by the Texas Education Agency to reform teacher
education. The Texas Education Agency (TEA) is a unit of the Texas state government, with extensive
responsibilities for K-1 2 education and a serious commitment to technology use. The TEA oversees the
certification of teachers and allocation of state funds to 1,050 local school districts with more than 6,000
schools. The TEA also supports 20 Regional Education Service Centers that provide direct services to
the districts in their region (see chapter 4).

Since the 1970s, when personal computers became affordable, there has been interest at TEA in the
use of technology in schools. The 1988 publication of TEA’'s “Long-Range Plan for Technology” makes a
case for technology as one means of improving education in the state. Among the plan’s initiatives that
required action on the part of the state's legislature was a call for the Texas legislature to appropriate
$50 per year per public school pupil for technology, with annual increases. The legislature actually ap-
propriated $30 per year per pupil in 1992-93, and the figure has not been increased; however,
amounts to a commitment by the state of $113 million annually for technology.

it

"The only significant restriction 1s the requirement that districts spend at least 75 percent of the money on ‘“instruction, " as op-

posed to hardware TEA encourages districts to spend 30 percent of their technology allocations on staff development, but thus is a
recommendation, not a  requirement
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BOX 5-3 (cont’d.): Redefining Preservice, Texas Style

This history of support for technology in schools has evolved into support for better use of technology in
the preparation of new teachers It became clear that if K-12 students have technology access and experi-
ence, so, too, should the new teachers who are entering the classroom. The evolution to preservice support,
however, has come about on a winding road. In 1987, the Texas legislature eliminated the undergraduate
degree in educatihon and required that all students preparing to be teachers have a content major. The legis-
lation also limited the number of courses a student could be required to take in education to 18 semester
hours—12 credit hours of professional coursework and six credit hours for student teaching. Also in the
1980s, TEA developed (with legislative support) alternative certification programs, so college graduates
who had no teacher education courses could become certified to teach while working as teachers.

By the end of the 1980s, it was obvious that both the 18-hour rule and alternative certification were not
the optimal solutions. Alternative certification programs amounted to a sink-or-swim situation for the new
teachers, and teacher education programs, while shorter, still emphasized lecture-based courses re-
moved from the classrooms. Furthermore, there was concern that new teachers were not being prepared
to use technology.

Ultimately, TEA developed an alternative to traditional university-based teacher education and alterna-
tive certification, and in 1991 legislation was passed authorizing funding for Centers for Professional De-
velopment and Technology. Approximately $34 million has been invested to support the restructuring of
new teacher education programs through CPDTSs. For the past three years, planning grants were awarded
to teacher education programs in public and private colleges and universities to develop plans for reform-
ing teacher education, CPDTSs, like the one described in the above scenario, have an emphasis on inte-
grating technology throughout the preservice curriculum and inservice staff development plan. This led to
the creation of professional development schools—that is, sites within the K-12 setting that theoretically
afford preservice students the best of both worlds, learning about teaching as teacher candidates and
gaining important teaching experience in real school settings.

The responsibility for effectively Integrating technology into the new teacher education programs rests
not with TEA but with the programs. So far, 17 collaborative have been funded for CPDTs, This number
includes 50 percent of the educator preparation programs in Texas. Quantitative data indicate students
going through a CPDT program score higher on the state-administered ExCept exam.*The support of the
state education agency and the state’s legislature for technology as a primary emphasis in teacher
education reform provide a valuable example for other states to consider.

‘The ExCept exam is required both in subject specialty and the general component prior to receiving certification to teach in
Texas,

SOURCE John Mergendoller et a , “Exemplary Approaches to Training Teachers To Use Technology, " OTA contractor report, Sep-
tember 1994, pp. 9,1-930
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not prepare graduates to use technologyas a teaching tool, of coIIegeS of education surveyed offer a course in
and recent graduates of teacher education programs say information technology (educationa| Computing,

they do not feel wall prepared to use teachnology in the
classroom.

educational media, or instructional technology),
only slightly more than half require that their stu-
take, and as they move to abolish the undergradudents take such a courSe.

ate degree in education. For most types of technolody, faculty who re-

A recent survey at the University of Southernsponded to the OTA contractor survey reported
California indicates that-across all areas-“onlyvery low levels of use in the COE classroom, and
a small percentage of college courses and classéscent graduates reported even lower levels of ex-
use technology to enhance or supplement instrucposure to technology. In addition, the majority of
tion.”” According to the study, roughly one col- teacher education faculty surveyed do not model
lege course in six uses computer labs, and onlyechnology use, do not use information technolo-
one in 10 uses computer-based simulations angy to accomplish the objectives in the courses they
software. The survey also reports that researcheach, and do not teach students how to use
universities are more likely than other types oftechnology for instructional purposes.

“The Heller Report,vol. 6, No. 3, January 1995, p. 1,7.

“Ibid.

64 Much of this section comes from Jerry Willis et al., "Information Technology in Teacher Education: Surveys of the Current Btat
contractor report, March 1994.

65 See, e.g., R.E. Schumaker and P.G. Hossain, "Computer Use in Education: Faculty Perception and Use of a Computer Learning Center,”

Journal of Computer Based Instructiovol. 17, No. 3,1990, pp. 87-90; and J. Fratianni, R. Decker, and B. Koven-Baum “Technology: Are
Future Teachers Being Prepared for the 21st Century@rnal of Computing in Teacher Educationpl. 6, No. 4, pp. 15-23.
“Likewise, a separate study of teacher education programs in Michigfan found that 95 percent offered some type of training in information

technology for teacher education students--but not necessamlgezand that 40 percent required information technology training of stu-
dents in the teacher education programs. L. Carr, D. Novak, and C. Berger, “Integrating Technology into Preservice Education: Determining the
Necessary Resources,” Journal of Computing in Teacher Education, vol. 9, No. 1, pp. 20-24.

“See definition oftechnology as used in chapter 2 of this report.
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When the OTA contractor survey asked recengraduate program to teach, and the data reported
graduates how well their teacher education prohere suggest that most new teachers graduate with
gram prepared them to use technology in theilimited experiences or understanding of the ways
teaching, the majority responded that they did natechnologies can be used in their professional
feel they were prepared. As one respondent saigiractice—the classroom.

“Training is definitely needed in teacher educa-
tion programs on things such as Hypercard, mUItiMethods of Teaching With and
media, CD-ROM, etc. The class | had showed uibout Technology

slides of what could be done, but we really gained

no understanding and received no training in thesg©verage of technology in teacher education can
areas.t8 One conclusion to be drawn is that Pe divided roughly into three types:digcussion/

telling students about what is possible is not demonstration 2) technology practiceand 3)
enough; they must see technology used by their profeSS|_onaI practlch faculty member conduct—
instructors, observe uses of technological tools iNg @ science teaching methods course might, for
in classrooms, and practice teaching with €xample,discusshow computer-based simula-
technologies themselves if they are to use thesetions could be used in a high school science class.
tools effectively in their own teachingAs are-  The instructor might evesemonstrate few sim-
cent graduate stated, “most colleges and universilations for the class using a large monitor or pro-
ties are using a broad base of computei€ction panel. This occasionally occurs in teacher
technology; however, they are not giving studengducation, but it is rare.

teachers enough background to use this in their The next level of engagement with technology
own classrooms®® involves hands-otechnology practicdn the sci-

In those COEs where technology is an integragnce methods course, for example, the instructor
part of teacher preparation programs, anecdoténight take the students to a teacher education
evidence suggests that students will adopt the ug@mputer lab and have them install science simu-
of educational technology in instruction if they lations into the computer and examine how they
see faculty members modeling technology {fse. work.

The low level of technology coverage in teach- At the third and most critical level of engage-
er education contrasts with the way that other proment, professional practicestudents in the sci-
fessional preparation programs address relevagnce methods class might see simulations being
technologies. For example, few health care proused in a high school chemistry or physics class.
fessionals complete their training and enter practhey might visit a classroom, view a classroom
tice without an understanding of the technologieia a television connection, or watch it from a vid-
used in their specialty. Few business college grackodisc or videotape. At the level of professional
uates complete their degrees without experiencpractice, these students would gisactice teach-
using the computer-based tools of their businesifig with technologyin the methods course, they
specialties. Of course, professions such as theseight create lesson plans that include technology
often require graduate study, so students in thosand practice in teaching exercises. Later, in stu-
programs may have more extensive exposure tdent teaching, they would observe teachers using
the school's resources, including technologiestechnology and then teach with technology them-
Most teachers only need to complete an underselves.

68 Willis et al., op cit., footnote 64, p. 121.
69 |bid.
70 Mergendoller et al., op. cit., footnote 61.
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The opportunity for preservice teachers to practice teaching with technology is not common in colleges of education. However,
Trina Dendy (right) conducted a distance-learning course for high school students as part ofher student teaching experience.
Here, students in Corinth, ~Mississippi, receive the lesson (lefr), which she broadcast from West Point, miles away

In the contractor survey of recent graduates, 40nto lessons created by student#/hen consid-
percent said education faculty used technology irering the integration of technology into specific
the courses they completed; specifically, morecontent areas, the survey suggests that the major-
than 60 percent said they had beenght withor ity of faculty did not require students to use
taught to usesome form of technology. However, technology, to develop materials, orccreate lessons
an analysis of this is revealing: the areas that wer@ising technology. Only the videocassette recorder
most often reported as “taught about” were drill- was used by more than 20 percent of teacher
and-practice applications and word processingeducation faculty, and only word processing was
While half of recent graduates surveyed re- cited by more than 10 percent of faculty as a basis
ported being prepared to teach with drill and  for creating lessons. Part of the reason technology
practice, tutorials, games, and writing and is not used more by faculty, according to one sur-
publishing centers, less than one in 10 felt theyvey respondent, may be that “until we train [COE]
could use such formats as multimedia pack- teachers and provide teachers with equipment, the

ages, electronic presentations, collaborations teachers are not going to do much with stu-
over networks, or problem-solving software. dents.”™

Rarely wereteacher education students asked to

develop material or create lessons with tech- )
no|ogy,p Student Teaching and Technology

When technology topics are included, they Technology does not appear to play a signifi-
are more often discussed, read about or dem- cant role In student teaching assignmeriisen
onstrated than modeled, used, or incorporated in preservice programs where technology is prev-

1 Ihid
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alent and integrated in an exemplary way, one dfo-date hardware and software have been difficult
the consistent problems identified in the surveyfor COEs to secure. As noted in chapter 6, federal
and the OTA case studies was the lack of studesupport for technology in COEs has been lim-
teaching placements in technology-rich classited.”4The problem is also one of “pecking order”
rooms with teachers who know how to exploit thewithin a university. As one educator pointed out,
possibilities afforded by technology. Often, the“Colleges of education are often at the very bot-
preservice teachers knew more about technologym of their universities’ priority lists for equip-
use—in general, not specifically for education—ment funding, despite the fact that, in many
than the practicing teachers supervising tHém. instances, the college of education might generate
the largest number of student credit hours (and
[ Barriers to Technology Use in therefore revenue) for the universit{”
Colleges of Education Information collected through the OTA case

Barriers to more integrated use of technology irftudies of four teacher preparation programs sug-
COEs are similar to those in K-12 institutions.gests that many colleges of education have so little
When asked to rank a list of 19 potential barriers¢quipment that any effort to increase technology
COE faculty gave the highest rankings to timepresence in coursework would overwhelm exist-
limited resources, faculty comfort level and atti-ing resources. In addition, there is a tendency in
tudes, and little institutional encouragement foreducation to think of technology as just another
technology use. However, COE faculty do notcapital cost, to be amortized over 10 or 15 years.
generally see either complexity or reliability of Given the rapid pace of technological innova-

equipment as major barriers to wider use otions—and the reality that new software releases
technology, and they see themselves as competambst likely will not run on machines more than

to use technolog{? four or five years old—this assumption is incor-
rect. Technology is not a one-time expense. As
Access to Resources hardware and network installations become more

The data from the OTA survey suggest that a typitechnically complex, they need more attention
cal college of education is more likely to be aand maintenance—costs that the COEs must con-
“have not” than a “have” when it comes to manysider and create long-term plans to harféle.
types of educational technology. This is a serious COEs, like K-12 schools, need to plan for how
barrier, since access to resources is an essentigfhnology will be distributed and used before
element of any effort to increase both teachingnandating its use. Trying to successfully imple-
with and teachingboutinformation technology. ment hardware and software without a plan outlin-
Hardware and software resources are a probleing the needs and functions to be addressed by that
in many programs. One suggestion—althoughechnology places the cart ahead of the horse. For
only part of the solution—is a massive infusion ofexample, buying 20 computers with built-in CD-
equipment through grants from computer compaROM drives does little to define what will be done
nies (see box 5-4), the federal government, owith them or how they could be deployed in a
states. However, funds for the acquisition of upteacher education program. The machines could

72 Mergendoller et al., op. cit., footnote 61.
73 Willis et al., op. cit., footnote 64.

741n contrast, for example, teacher education programs in the United Kingdom were recently invited to write proposals for how they would
use computer-controlled CD-ROM equipment; the proposals were evaluated by the government’s education authority and most were funded.

75 paul Resta, “Preservice Educatioftie Electronic SchogAlexandria, VA: NSBA, September 1993), p. A28.
76 Mergendoller et al., op. cit., footnote 61.
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BOX 5-4: Beyond the Box: Why Preservice Integration Requires Full Support

Working from a belief that improving technology use in K-12 education required improving the way
new teachers learn to use technology, in 1989 IBM initiated the Teacher Preparation with Technology
Grant Program. The program’s primary goal was to help integrate technology into the curricula of teach-
er preparation programs nationwide, and secondarily, to introduce more K-12 teachers, present and
future, to MS-DOS-based computer technology.

The effort was substantial: based on proposals submitted to IBM, a total of $30 million was donated
(in hardware, software, cash, and training) to 144 teacher preparation institutions across the country.
Each site received virtually the same equipment to establish a networked IBM lab.'An evaluation of the
program reported that, over a three-year period (1990-93), approximately 52,000 preservice teachers
have been trained on the equipment in the labs’

One commonly voiced concern about such integration efforts in colleges of education is whether the
necessary levels of technical and other support are sufficient to enable a critical mass of college of
education faculty--+ specially those who are not currently technology advocates—to become technolo-
gy users, The IBM evaluation study found that nearly two-thirds of the teacher preparation faculty in-
volved in the projects were trained to use the equipment; however, less than half received this training
as a result of the grant program.’

In their grant applications, most sites proposed using the equipment for training preservice and in-
service teachers and developing curriculum materials for integrating technology in instruction; however,
arrangements on how this was to be done was left to the grantees. Ultimately, the open-ended nature of
the grants proved to be a problem for many sites. While they received a great deal of technology, the
training and support given to sites was more technical “nuts and bolts” for getting the labs up and run-
ning rather than in training the teachers to effectively integrate technology in their classrooms. The eval-
uation reported, “sites felt that additional training for faculty was necessary” and suggested that sup-
plemental funding should have been targeted for this training. During the grant award process, as one
site pointed out, IBM could have “forced the colleges of education to provide . release time, or other
perks as compensation for learning the technology. IBM had the clout to require this, they just didn't
know it. ™

"Most sites received 10 to 15 IBM Model 25 or Model 30 workstations, a PSR2 Model 80 fle server, two printers, networking hard-
ware and software, IBM courseware, a $5,000 cash grant, training for two project staff in Atlanta, and technical support

‘Gary G Bitter and Brandt W. Pryor, The National Study of [BM'S Teacher Preparation with Technology Grant Program, Arizona
State University, Technology Based Leaming and Research (Tempe, AZ Arzona State University, 1994), p. 13

‘Ibid , p. 11.

‘Ibid,, p. 21,

be placed in a lab where teacher education stu-
dents learn word processing. Or, three or four
could be put in each of the college classrooms
where methods courses (e.g., science, reading/
language arts, mathematics, art, social studies) are
taught. However, if severd of the science educa-
tion faculty want to begin teaching students how
to use videodisc-based packages that supplement
or replace textbooks in some science classrooms,

they might need fewer computers with CD-ROM
capabilities and more videodisc players with bar
code readers. Another aternative would be to put
the computers in the classrooms of cooperating
teachers in the schools—those who had been en-
couraged and supported based on a plan identify-
ing their technology needs—as they supervise
student teachers.
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BOX 5-4 (cont'd.): Beyond the Box: Why Preservice Integration Requires Full Support

The IBM program evaluation found that about two-thirds of respondents noted positive changes in
the teacher preparation faculty’s attitudes toward the computer lab. For example, one site responded
that, “The easy access to the network encouraged the faculty to try to integrate [the] technology into
their classes and helped them see the value of a computer network in the learning and teaching proc-
ess,”A total of 367 courses—both required and electives—were developed or revised to incorporate
the computer technology.’

Also, over half the sites reported that they included local schools as part of their projects, most often
through involvement with inservice teachers, bringing children to the site lab, and through activities con-
ducted as a part of the preservice program. Several sites maintain that much of their implementation suc-
cess was due to the participation of and interaction with the local schools. As one site reported, “Partici-
pating in the schools gave [technology integration] a reality that was invaluable for the education faculty.
The school's support of technology prods the university faculty and administration to do the same. ™

Although educators at the IBM sites appreciated the good intentions shown by IBM, many were frus-
trated by difficulties in integrating the technology into teacher preparation curricula, suggesting lessons
for similar efforts. Some of the problems reported include technical or equipment difficulties, lack of
training and technical support, lack of resources, outdated hardware (most were 286 machines), and
marginal software. Some sites were able to resolve these problems, but many were not.

The IBM grant program evaluation suggests that an infusion of technology into a program s not suffi-
cient to produce change. The open-ended nature of the grant program was a detriment to success for
many of the sites. Sites were allowed near total discretion on how they integrated the grant into their
teacher preparation programs; many sites were frustrated by a lack of guidance and support Recom-
mendations made to IBM by the grantees suggest that more direction was needed. “[IBM should] have
a clear set of expectations of what the grant recipients are to do” and’ “have a reasonably well-devel-
oped game plan-don't do this in a vacuum. ”

bid., p, 47.

‘The grant sites reported that 84 new courses were created and 283 existing courses were revised to incorporate the IBM
technology.

'Bitter and Pryor, op. cit., footnote 2, p 7.

SOURCE. Gary G. Bitter and Brandt W. Pryor, TheNational Study of IBM's Teacher Preparation with Technology Grant Program
(Tempe, AZ Arzona State University, 1994).

Faculty Comfort Level, Attitudes,

and Training

Technology planning in the COE should involve a
wide range of faculty from the college. One prob-
lem, however, is that many faculty do not have the

tegration of technology into education. Like K- 12
educators, COE faculty need to understand ways
technology can enhance instruction in their spe-
ciaty aress.

A potentia barrier to technology use in COES

knowledge needed to make informed decisions on
technology issues, according to the aforemen-
tioned survey. Furthermore, professional devel-
opment for faculty tends to emphasize the
fundamentals of computing rather than the in-

may be the attitudes of faculty. Although most
teacher education faculty believe that technology
is an important aspect of both K-12 education and
teacher education, many seem to view technology
as a separate type of content, rather than as some-
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thing that should or could be integrated into a conveloped specifically for various areas of teacher
tent area such as a math course or a social studieducation.
methods clas$’ It is not surprising that faculty Another attitudinal barrier among many teach-
members agree technology is important while er education faculty is a tendency to separate in-
simultaneously presuming it is a “topic” that  formation technology from other components of
will be covered somewhere in the curricula oth- the program such as subject matter content and
er than in the courses they teach. professional practice skills. A methods instructor,
OTA's data suggest most teacher education fader example, who is teaching cooperative learning
ulty concur that technology will play a critical role strategies, may view information technology as a
in the future of both education and teacher educaepic competing for time in his or her curriculum
tion. That generally positive attitude, however,rather than as an integral part of effective coopera-
does not translate into specific plans and actiongive learning strategies in the classroom. The ten-
the individual faculty member implements. Theredency to isolate information technology, to put it
are several reasons for this dichotomy. While facin a separate “technology ghetto” in the teacher
ulty say technology is important, many do not feeleducation curriculum, may be a major impedi-
comfortable using technology in the COE classment to integration across the curriculum. The
room. That is true even though the majority of facproblem is comparable to teaching writing: are
ulty (86 percent in the OTA survey) use awriting skills to be taught only by the English fac-
computer at home for many hours a week. Allty, or is it something all instructors should take
though they may have basic proficiency withinto consideration?
word processing, disk operating systems, and Another factor that influences faculty comfort
spreadsheets, many are not as comfortable whengddye| with technology is the perceived match be-
comes to integrating computer technology intoyween technological applications and the theoreti-
instruction. In fact, most COE faCUIty in the OTA cal perspective of the facu|ty member. Some uses
survey report some anxiety in using technologyf technology in teacher education, such as drill-
with their teaching applications, and almost allang-practice software, are based on a behavioral
(90 percent) consider the knowledge level angnodel, while others, such as interactive, multime-
confidence level of teacher educators to be barrigiag models, are based on a cognitive or construc-
ers to wider use of information technology intjvist theory. Staff development and support
teacher educatio&ince the majority of teacher  efforts should take theoretical perspective into ac-
education faculty completed graduate pro-  countand work with faculty within their preferred
grams and taught in schools where technology theoretical mode, unless an additional goal is to
was not a major part of the educational envi-  change underlying theory as well as encourage
ronment, it is not surprising that they tend to technology use. Researchers suggest both ac-
have limited experience with technologies for tions—increasing technology use and changing

instruction. , pedagogical theory—can happen hand-in-h&nd.
Teacher educators responding to the OTA sur-

vey reported that they need help in integrating o

technology experiences into the courses theytaff and Institutional Support

teach. A major effort to infuse technology into Faculty in colleges of education, like K-12 educa-
teacher education would include workshopstors, feel they need more staff support for technol-
seminars, publications, and support materials desgy; however, unlike those in K-12 settings, they

77 Willis et al., op. cit., footnote 64.
78 Barbara Means (edJechnology and Education Refo(®an Francisco, CA: Jossey-Bass Publishers, 1994).
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are more likely to have some technical suppo
staff available in their institutions. Half the faculty
responding to the OTA survey said their colleg
had a full-time computer lab manager, and ove
one-third said a full-time technician was avail-
able. Unlike K-12 schools, additional support in
COEs can be provided by graduate students w
are comfortable with technology.
Another potentially important barrier tow
technology use in COEs is lack of institutional fiEsss
support for technology use by faculty. Although s
the incentive system in institutions of higher{Es
education is different than in K-12 schools, these= '
rewards (e.g., tenure, merit pay, or promotions) dcinding enough student teaching placementswith

not encourage COE faculty to develop Curriculalenthusiastic, expert technology-using teachers is a challenge

. . A . for many colleges of education, but it is a key to preparing a
innovations, software, or othemformation generation of teachers who are fearless with technology

technology applications. As one respondent said,

At a major university, rewards com@nly to
those who do research amditing. No time is

SF ORI RO AL I 1 R

ty for preservice teachers to experience models of
: _ computer-supported instruction before they try to
available to retool (learn the necessary skills) manage it themselves is seldom available, sug-
gnd restructure classes accordingly. It's an excit- gesting the lack of synergy between computer
ing time in the development of more advanced gy cation specialists and mainstream teacher
instructional technology. Released time for .
h . e . education faculty’
ands-on information immersion would be ex-
citing.”
Only one-third of the faculty responding to the MODELS OF CHANGE: o
OTA survey said there were rewards for investing'—ESSONS FOR THE FIELD
time in developing technology-based instruction-What the survey data do not tell are the stories of
al materials or educational software instead dfOES where changes have occurred and continue
conducting more traditional research activities.to take place, creating models for the field. There
About 40 percent of the faculty felt that the gener-are colleges of education where technological
ally low level of interest demonstrated by collegégols are being implemented in ways that over-
or institutional leadership was an important prob-come some of the barriers of access, attitudes,
lem; only one in four did not see it as a barrier. training, and support discussed earlier in this
It seems that, in general, the use of computerchapter. These institutions, where technology
related technology as a teaching and learning mesupport has been an intrinsic part of the vision of
dium is employed much less in teacher educatiorihe teacher education program, share certain char-
than would be expected, given what is beingacteristics, including a required course that
taught about its value to education in technology-eaches students how to use technology, exposure
related teacher education courses. The opportunto technology -rich K-12 classroom environments,

T Willis e al., op cit., footmate 64, p. 89,

“Betty Collis,"A Reflection on the Relationship Between Technology and Teacher Educatin: Synergy or Separate Ertitigsl of
Information Technology for Teacher Educationpl. 3, No.1,1994, pp. 7-23.
*The information in this section is excerpted, in large part, from Mergendoller et al., op.cit., footnote 61.
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and strategies that make technology transparefitVe want to use it as a starting point for another
and intuitive to us&2 In these institutions a num- drawing.” The neighboring 4th-grader reaches
ber of factors come together: institutional leaderover, takes possession of the mouse, and demon-
ship, which translates into funding support andstrates how to solve the problem.
permission for faculty to explore new areas; colle- At the University of Virginia's Curry School of
gial support of changes; and close interaction witleducation, technology has been identified as one
the K-12 community the COEs are meant to serveof the major strands within the teacher education
Even in colleges of education that might serveprogram, and it is interwoven throughout the
as implementation “models” for others—wherecourses students complete as they work toward
basic operational knowledge of computer andheir degree. As part of this agenda, technology
educational technologies is acknowledged as impartnerships have been established with local
portant for students and faculty alike—this em-schools to provide interesting and challenging
phasis alone is not the vision driving the schoolsfield experiences for teacher education students,
technology training and support. Instead, whaknd simultaneously, to enrich the technological
drives the use of technology is a vision of howexpertise of K-12 teachers. In addition, a state-
educational technologies can solve instructionalvide telecommunications system has been inte-
problems and provide curricular and administragrated with the teacher preparation course
tive opportunities that could not be achieved as efsequence and with the daily work of practicing
ficiently or powerfully otherwise. In such teachers.
instances—including the four colleges of educa- At its basic level, technology in the teacher
tion highlighted below—technology is not em- education program at the Curry School involves
braced “because it's there,” but because it ishree approaches to integration. First, the Curry
perceived to do important things better, more inschool requires students to either take self-con-

terestingly, or in entirely new ways. tained computer courses or demonstrate compe-

tencies in specific areas covered in those courses.

[J University of Virginia, Second, the college encourages the methods fac-
Curry School of Education ulty to incorporate educational technologies into

The elementary school computer lab is crowdednethods courses so students will have the oppor-
with 4th-grade students and their “teach- tunity to observe and practice teaching methods
ers"—preservice education students from thenvolving technology use. And finally, the school
Curry School of Education at the University of funds student teaching placements with teachers
Virginia (UVA). Pairs of eyes focus on computerwho use technology in their daily work.

screens as elementary and university students There are, of course, challenges to these ap-
work together to explore the possibilities of theproaches. Computer courses do not address indi-
software progranKidPix. Movement is confined vidual curriculum areas and can perpetuate the
to wrists and fingers. Mouses click softly. Con-sense that technology is a separate topic, isolated
versations are serious and focused. After strugfrom instruction. Expecting methods instructors
gling a while, a UVA student asks his 4th-gradeto include technology in their courses raises ques-
partner if they should ask for help. “Yeah, it's tions of technological interest and expertise
time,” comes the unenthusiastic reply. They learmmong those faculty. And finding enough student
over to the 4th-grader sitting next to them. “How teaching placements where teachers are enthusias-
can we save this under another name?” they askic and frequent technology users is difficult.

82 Mergendoller et al., op. cit., footnote 61.
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The Curry School addresses these challenges The dean’s support of technology is more than
through a schoolwide culture of technology userhetorical; technology integration is funded from
This is reflected in several key factors, includingthe budget of the Curry School, and discretionary
support from the top by the dean, developing théunds make possible small grants to individual
technology expertise of faculty to serve as role€aculty members or departments for technology
models and provide support for their colleaguespurchases so that any faculty member who says he
creating technology-focused field experiencesor she needs a computer gets one. Furthermore,
and maintaining communications through a statethe dean and other staff have been aggressive in
wide telecommunications network. competing for technology funds available to all of

the schools within the university. The Curry
The Dean’s Role School has received more than $2 million in fund-
The dean’s support of educational technology ining from IBM, Apple, the National Science
fusion into the Curry School and the teachefoundation, and local telecommunications com-
education program is one of the reasons whypanies.
Curry has developed a solid reputation for inte-
grating technology and teacher edu_cation. Wheﬁeveloping Role Models for
asked about the technology focus, given a_II of th%aculty Technology Expertise
ways one could support a teacher education pro-

gram, the dean said he recognized “the power dflsing key faculty as role models for others is an

technology to improve teaching.” important element in integrating technology
.. across the college of education. At Curry, much of
Technology could enable teachers to make a dif-

ference, and | felt we had to help those learning the initiative began with a faculty memBéwho

to be teachers to become competent technology W"’_‘S originally a member of th_e communications
users. | also saw, from a practical point of view, SCi€nce program. His interest in and advocacy of

that you had to get ahead of the curve and stay
ahead of the curve if you were going to distin-
guish yourself as an institution. This meant we
had to make an early and substantial investment
in technology if it was going to make a differ-
ence. Also, technology is very exciting! Teacher
education is kind of a stodgy discipline, and |
thought technology would liven it up. Finally, |
thought that making technology available to
Curry School students would raise the status of
teacher education. Our students would be get-
ting something Arts and Sciences students
didn't. When we got our first IBM classroom
installed, faculty from the engineering school
across the street came over to admire it. They
didn’'t have anything like i#®

computers and other educational technology have
been critical in creating an educational climate
that encourages Curry School teachers to experi-
ment with educational technology and explore
how technology can further their instructional and
professional goals. His approach is one of pa-
tience, and his time frame long-term:

You need to think in a five- to 15-year time
frame. It takes that long. You have to work with
one faculty member at a time. You keep coming
around and find something they're really inter-
ested in. Everybody is not ready to swallow
technology in exactly the same way at the same
time. People are very reasonable; they will use
technology if it makes sense to them.

83 James Cooper was Dean of the Curry School of Education, University of Virginia, at the time of the OTA case study; he resigned from this
position to return to teaching at the end of the 1993-94 school year. Information taken from personal communication, Feb. 3, 1994, Charlottes-
ville, VA. Mergendoller et al., op. cit., footnote 61.

84 Glen L. Bull, Professor of Instructional Technology, Curry School of Education, University of Virginia.
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You have to remember that technology has lay- know something, when | need to know where to
ers. There's the technological, and that is what go, | find out here.”

everybody focuses on. But there’s also the social
and the institutional. Here you have to go one

person at a time. You can't just have one or two Technology Field Experiences
stars and leave everybody else behind. The min- Over the last several years, the Curry School has

ute you define supporting the stars as your mis- embarked on a number of pilot projects to enable
sion, you are lost. It's a nibbling away process. its students to use technology in their field experi-
The key is not to try to convince the faculty but  ences with K-12 teachers and students. For exam-
to let them hold their views. Make sure you in-  ple, in the spring of 1993, an after-school
clude everybody—support both Mac and DOS  computer club was created to pair third-year
platforms?> teacher education students with a socioeconomi-
Currently about 20 percent of Curry Schoolcally and ethnically diverse group of 4th-grade
faculty use some form of instructional technologypupils at a local elementary school. The club—
as a research focus, another 20 percent use it exhich meets once a week in a computer lab at the
tensively in their teaching to access and displagchool—enables the elementary students and su-
information, and the remaining 60 percent limitpervising lab teachers to gain computer skills and
their technology use to word processing and othdsuild self-confidence, while the Curry School stu-
personal productivity uses. One faculty membedents acquire the practical experience working
has been given time to work with the less technoene-on-one with students. When the club meet-
logically proficient faculty on the instructional ings conclude, the Curry students return to the
uses of technology. A conference room with fourclassroom and write reports to “their” students’
networked computers (Macintosh and MS-DOSXlassroom teacher, make notes in a journal about
has been set aside to provide for “walk-in" facultythe tutoring experience, and plan activities for the
consulting and development. Although graduatdollowing week’s meeting.
students have provided similar services in the Another pilot project is the Technology Infu-
past, this is the first time a faculty member hasion Program, pairing Curry School students with
been assigned this role. While the arrangement jgracticing teachers. The Curry students take a
now a pilot program, if successful, it may becomdifth-year course in instructional computing, sur-
part of the Curry School’s faculty developmentveying a range of instructional concepts. During
and support structure. the first half of the semester—after learning about
There is also an Educational Technology Coma technology concept or software program—stu-
mittee, with one representative from each departdents try out “mini-projects” in a practicing teach-
ment in the Curry School. Now in its 10th year, theer’s classroom. The focus of the class then shifts
committee meets twice a month in meetings opefrom learning a skill to practicing it. Later, Curry
to all faculty who wish to attend. The committee isstudents work on a more elaborate project with the
responsible for identifying the overall technologi-teacher. Currently, to ensure success in the
cal direction to be taken by the Curry School, but iiTechnology Infusion Program, the number of par-
also serves as a technical and emotional suppditipating Curry School students is limited to 20 a
group. One member explained, “When | need toear® Part of the reason for this is that the Curry

85 Glen L. Bull, personal communication, Feb. 4, 1994, as cited in Mergendoller et al., op. cit., footnote 61.

86 Although the overall enroliment at Curry is approximately 1,300 students, the majority of these are pursuing advanced degrees. The
teacher education program is a five-year program, with approximately 100 students each year entering the program in their sophomore year.
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staff are aware that small-scale success generategrasent solutions. The result is an extended Jeffer-
momentum for expansion, and expansion casonian academic villa§& online, connecting
often overwhelm resources allocated to a projecCurry students, K-12 teachers, and Curry faculty.

As one professor says, “We're guinea pigs—or,

better yet, canaries going down the mine. Yoy essons Learned

have to go in very small steps ..
has gone before??

Virginia’s PEN

The Virginia Public Education Network (Virgin-
ia’s PEN) directly serves Curry School students.
Virginia's PEN is a distributed network that began
in the mid-1980s as Teacher-Link, a network con-
necting the teachers supervising Curry School stu-

- build on whaty 1y, mber of important lessons can be culled from
the experiences at the Curry School:

Rather than mandating the use of educa-
tional technology, look for pockets of oppor-
tunity and exploit them. The culture of
technology use is built on a social foundation.
Helping individuals to work more effectively
by introducing them to appropriate technology
will secure their general support of technology

dent teachers, and the student teachers themselveduse and establish a critical mass of users. The

with the Curry School facul§8 It also provided
participating public schools with access to the In-
ternet. Today, the network is the literal and figura-
tive backbone to educational telecommunication®
in Virginia. As of 1994, Virginia’s PEN connected
2,000 public schools in 137 districts to the Inter-
net, providing a seamless telecomputing network
that links (via a toll-free number) all Virginia =
schools from kindergarten through graduate
school.

While Virginia’'s PEN duplicates some com-
munications and conferencing services often pro-
vided by commercial networks, such as America=
Online, it also provides services designed specifi-
cally for K-12 teachers. The services are organized
by “pavilions,” and each pavilion has its own
moderated conference, projects, and listings of
instructional and staff development resources by
subject area. Students communicate with each
other, Curry School faculty and staff, and K-12=

expectations of this critical mass will encour-
age the growth of a technology-using culture
within the school.

Preparing preservice teachers and their pro-
fessors to use technology takes a long time.
It is essential to maintain a realistic time frame
of at least three to five years.

When introducing a technological innova-
tion, go slow.Too slow is preferable to too fast.
New technology is inherently “buggy”; plan an
implementation schedule that allows enough
time to work out problems.

Focus on the current experience and needs
of the individual technology userPreservice
teachers and faculty vary in their technological
expertise and anxiety. Necessary training time
will vary. Adequate time must be provided to
support the technophobic as well as the
“techies.”

Educational technology infusion needs to be

teachers to discuss projects and problems, and an interdepartmental endeavor.By involv-

87 Bull, op. cit., footnote 85.

88 Funding was provided by the Curry School, IBM Academic Information Systems, and the Centel telephone company. At the time it was
created, the network was known as Teacher-Link and, in addition to communications for teachers, it gave participating public schools access to
the Internet. By the end of the decade, the Virginia Department of Education agreed to institutionalize it statewide.

89 Thomas Jefferson, President of the United States, founder of the U.S. Patent Office and supporter of innovation, also founded and de-
signed the University of Virginia to extend his own vision of an “academical village.”

90These and the lessons learned in subsequent sections are based on the analysis of the OTA contractors’ observations and extensive discus-

sions with the faculty at the various schools.
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ing faculty from all program areas, and making The University of Wyoming is the only four-
decisions about technology purchases an inteyear teacher education institution in Wyoming—a
departmental undertaking, turf wars overhuge state with its population distributed in small
technology can be minimized. towns and rural pockets at great distances from
= Technology replacement and upgrade costs one another. As a result, outreach has always been
should be included as a regular line item in a priority for the university, and the college of
the operating budget. While special grants education in particular. Many inservice courses
can increase hardware and software, consisteate offered through extension, and there is a large

long-term support is needed. item in the school’s budget to cover the cost of car
and air transportation for faculty who teach these
[0 University of Wyoming, courses. But extension teaching in a sparsely pop-
College of Education ulated northern state is difficult for a number of

reasons. The distance problem is not only one of

Wyoming has developed an impressive, WeII-art tina faculty to a distant site. but of havi
ticulated plan to enhance the technological Capa_ran_spor Ing facully 1o a distant site, but oThaving
ufficient students in any one location to justify

bilities of present and future teachers and the K-lﬁﬁ : | : h
students they serve. In the late 1980s, the publﬁ ering a course. In a given semester, there may

schools and the university developed a new mod<9e only afew teacher_s or administrators N any one
own who need a particular course. In addition, for

for teacher education in which each sector would. .
play a role in educating students and teache ve months of the year there are unpredictable and

about technology. The university's college 01;often severe snowstorms that make travel treach-

education would infuse technology experience rous and make it d|ff|cu.|t to bring any group
throughout a redesigned teacher preparation pri}ggether ona regular_ basis. Because of the chal-
gram. The districts would provide placements fo enges created_ by distance, technology has be-
aspiring teachers where they could receive hand§O™Me & necessity, not an extra.
on experience and also be exposed to some class-
rooms that were not so “computer-rich.” Llnklng Schools to the UniVEI’Sity with ICV

The support for Wyoming’s program stemsin 1990, when the governor announced the avail-
from the bottom-up manner in which the mandatebility of monies from an education trust fund and
for technology was developed. School reform wasnvited proposals, several educational groups
the vehicle for creating a plan that is designed tgoined forces and responded. The university’s
meet the overall needs of education throughouchool of Extended Studies, the College of
the state. Computer skills, specifically, were seettducation, the state Department of Education, and
as integral to children becoming productive citi-a number of public school districts were all in-
zens. There is a strong commitment to improveerested in two-way interactive video commu-
the technological skills of teachers, both presernication. The state Telecommunication Office
vice and inservice, that is shared by individualproposed the creation of a telephone network ca-
school districts, the state department of educatiompable of supporting interactive compressed video
and the University of Wyoming. (ICV) by using the excess capacity of the existing

The College of Education at the University of state Data Network Backbone. ICV is a form of
Wyoming is a pioneer in the use of several intelevision transmission that requires less sophisti-
formation technologies that have promise for ex<ated equipment than typical broadcast television.
tending the reach of a university and forUnlike one-way broadcast television, ICV sup-
interconnecting school districts in useful ways.ports groups at two or more sites interacting with
These technologies include interactive com-one another. This technology would make it pos-
pressed video, audio teleconferencing, and elesible to overcome the long distances that sepa-
tronic mail on the Internet. rated the districts from the university and from
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one another. It would facilitate both inservice Another use of ICV is to support school renew-
training of existing teachers and mentoring ofal efforts around the state. Under project VEIN
preservice teachers in their district placements. (Video Education Interactive Network), school-

Student teaching placements are part of Wyouniversity teams develop seminars and courses to
ming’s “Phase Program,” begun in 1992, in whichsupport various aspects of school restructuring
teacher education students pass through thremd curriculum improvement. Although still new,
phases of increasingly intense clinical involve-ICV is being used experimentally in a variety of
ment in schools around the state. For students whapplications. For example, faculty in the college
choose a career in teaching early in their undemf education’s counselor education program have
graduate career, four out of eight semesters thaet up a monthly “town meeting” where counsel-
comprise their undergraduate degree program irers in outlying districts can go online to share
clude placements in K-12 schools. Each phase hageas about different issues. A difficult issue for
clearly stated expectations for the technological\lyoming at present is trying to expand the ICV
proficiencies students must exhibit at the end ohetwork, since costs for installing the interactive
the phase. By the end of the program, each studesémpressed video remain high.
should meet the college’s new requirements for
technological competencies.

Together, the public schools and the universit%].e Role of a Laboratory S.ChOOI
developed a new model for teacher education i ithin a College of Education
which each plays a role in educating students anggboratory schools—common in the past—are
teachers about technology. The districts providéctual schools connected with colleges of educa-
placements for aspiring teachers where they calon, where prospective teachers can gain much of
receive hands-on experience with some of the be8iteir teaching experience. However, many COEs
model programs and also be exposed to the reamosed their lab schools in the 1950s and 1960s, in
ties of the less computer-rich classrooms. Th@art, because the students in lab schools were
placements are in model schools, called Centef§aditionally the children of university faculty, and
for Teaching and Learning (CTLs). A CTL is a many were concerned that teacher candidates
school whose teachers and administrators haw&ould not be exposed to a range of students in the
engaged in a lengthy process of renewal, examif@b schools.
ing its mission and redefining its curriculum and ~ Since then, many COEs have developed
instructional approaches in ways that recognizénstead Professional Development Schools
this mission. Each CTL has identified master(PDS)—a public school outside the university but
teachers to serve as mentors for university stuserving many of the same functions as previous
dents assigned to the district. In addition, each didab schools. Wyoming has both these institutions:
trict has identified Clinical Teachers, partially a series of Professional Development Schools that
paid by the university, who supervise college stuplay an important role in educating future teachers
dents when they are present in the district. about appropriate roles for technology, and a lab

This model would not be possible without school located in the same building as the college
technology. The interactive compressed vide®f education. The lab school’s proximity to the
system is used to maintain a regular connectionniversity and its technological advances com-
between the university and the district. Two orbine to give it primacy among the professional de-
three times a month, the university and districivelopment schools in Wyoming. There may be
hold electronic meetings where students givether schools in Wyoming equally advanced tech-
progress reports on their experiences and respomlogically, but they are at a great distance from
to teaching-learning issues posed by their univerthe campus at Laramie. The Phase Plan is good for
sity professors. District clinical teachers set thammersing education students in real schools; the
context and facilitate student reporting. ICV technology is promising for interconnecting
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CTLs and the college of education; but the physiproved a unique asset, modeling technology use
cal proximity of the PDS—coupled with the fact and utilizing remote video to bring classroom ex-
that the school’s students can share resources wigiosure to teacher education students. As in Wyo-
the college—makes it an unusually rich resourcening, the lab school at UNI is to teaching what a
for learning about technology. Almost daily anresearch hospital is to a medical school. A recently
education student might be sitting next to a middlénstalled fiberoptic network connects the lab
school student who is using computers in interestschool to the college of education, so faculty can
ing ways. When it comes to learning about‘ship” classroom video to methods classes. Thisis
technology—a rapidly changing field—Wyo- part of a pilot project that allows video from any of
ming has found its laboratory school to be a valuthe 48 classrooms at the lab school to be sent to

able resource. classrooms in the college of education. Using a
portable control unit that can be wheeled into
Lessons Learned classrooms, the model also relies on two profes-

At the University of Wyoming College of Educa- sional—qu_ality video cameras and se_veral micro-
tion, a number of lessons are directly related to thehones in a classroom for transmission. (The
fact that Wyoming is in a unique geographic setiransmission is also videotaped so it can be used
ting where vast distances and severe weather pa@fer for anyone who misses it, or for reflection on

terns often dictate schedules. There are genert@aching practices.) The lab school has its own
lessons to be shared, however: technology committee that encourages diffusion

of technology throughout the school.

Two video classrooms at UNI are also used for
distance education courses. For example, if class-
way teachers are prepared. Long-term room teachers want to take additional _clas_ses SO
change has a better chance of surviving if it iéhey canbe certnjed to tea(_:h stud(_ants with disabil-
nurtured at the bottom and supported from thétl_es, the course is offered in the video classrooms

with a UNI professor as part of the lowa Commu-
nications Network (ICN). ICN is used by both
education and state agencies.

= Changes at the college of education that are
embedded in public school reform will more
likely have a long-standing impact on the

top, rather than being mandated from the top.
= Informal learning communities can be
created that involve technology at all levels
and each level can assist the others to do
their best. In some cases, the K-12 studentsTechnology and Student Teaching

themselves learn the technology and help theifhg gntire state of lowa has a population of around
teachers find ways to use it. Teacher educatiofhree million. The number of UNI students who
students placed in these settings learn that all, ¢|assroom observations and student teaching is
expertise does not reside in the teacher, a valia; greater than the university’s local area (with a
able lesson. _ population of about 100,000) can handle. With
* Alab school within a college of education or a1 700 students to place in student teaching each
a professional development school nearby year and because many schools in lowa are not
may be an extremely valuable—and conve- ¢ 1y rally diverse—UNI places students through-
nient—resource for teacher education stu- ,+ the state, and in other states and countries.
dents.It can be a particularly useful testbed forThere is, for example, a full-time UNI faculty
new uses of technology. member in San Antonio, Texas, where (in the
) ) spring of 1994) 28 UNI students did their student
[J University of Northern lowa, teaching in the diverse, multicultural local
College of Education schools. Other UNI students have done student
At the University of Northern lowa (UNI), a pro- teaching in Nebraska, Kansas, Oklahoma, and
fessional development/laboratory school has als&gypt.
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To deal with hundreds of student teachersontact in between meetings, more work can be
spread across the state and nation, UNI has orgaecomplished so that face-to-face meetings con-
nized students into clusters, 10 of which are ircentrate on matters that can best be handled in that
lowa. The clusters are made up of all the studennedium. Further, the work of the group is en-
teachers in a region along with a UNI facultyriched by the addition of the clinical supervisors
member assigned to that region to support the stand the cadre members. The network helps forge
dents, the collaborating teachers, and other praelationships between the academic and the practi-
fessionals, including the 85 members of the UNLioner, a connection vitally important for a college
Teaching Associates Cadre (a group of mastesf education.
teachersin lowa schools who participate in collab- The dean and a faculty member describe bene-
orative projects including revising and improving fits of the electronic mail/conferencing system for
student teaching experiences). UNI also funds atudent teachers:
clinical supervisor for each of the centers in the The student teaching experience is an intense
state. This is a half-time pOSition foralocal school ang crucial, formative experience. It is a time
district employee, who works with the UNI facul-  when all the preparatory training and experience
ty member assigned to the region, to supervise is brought to bear in an actual classroom experi-
student teachers. ence of significant duration. In a conventional

With such a diverse and dispersed group partic- student teaching situation, the student teachers
ipating in student teaching, communication and have access to the cooperating teacher in whose
coordination are major problems. To deal with ~¢lassroom this experience is taking place, the
these problems, a UNI group created a teleconfer- SUPEIVising faculty member from the university,

. and their peers in weekly face-to-face seminars.
encing system that allows students, faculty, and N .
cooperating teachers who have access to a person- 1he addition of the computer conferencing
al computer and modem to exchange electronic NEWOrks to this experience accomplishes sever-
mail and participate in a wide range of electronic & Important things. First, it expands the re-

. source base for the student teacher. In addition to
conferences. The system has been in place for al- the available resources mentioned above, the
most 10 years and staff and students have both felt

) ‘ ) . student can now have access to faculty coordi-
the benefits. Conferencing on “caucus” may take pators; clinical supervisors, and peers across the

the form of public discussion of items which any-  state. Furthermore, the students may now have
one on the conference may read, or private mes- access to resource people back on campus in-
sages. Participants with diverse perspectives are cluding professors in the content areas or meth-
able to contribute freely and at their own conve- ods areas, or library and media staff. We have
nience to continuous discussions related to teach- had student discussions taking place on the sys-
er education. Students, faculty, practitioners, and tem with library resource people who were fol-

administrators—though separated by hundreds of owing the online discussions. On occasion, the

miles—have an avenue for mutual problem solv- f€source people would enter the discussion, not-
g and th exchange of ceas

. . . |
1 OI?QSLI?; Toeoer}(lj?rfgtc:)r:lscr%%?ffzrf;(t:cl)rj?a?éséirg’;r? having. The student would acknowledge that the

_ ) material would be helpful and the material was
pus once a month to discuss matters relating t0 majled immediately on loan. Similar offers of

teacher preparation. Now they are in almost daily counsel from supervisors and peers represent
contact through the network. This has had multi- significant enhancement of resources during
ple effects. First, it has increased the sense of con- this critical period.

nectedness for the faculty coordinators—both Second, the student has an alternative and
among themselves and with campus colleagues. supplementary communication medium. Given

Second, it has improved the productivity of the peoples’ schedules and relative comfort levels
monthly face-to-face meetings. With the regular with face-to-face communication, this network
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represents another way to connect with those = New faculty can be a significant factor in
who can be of help during the student teaching supporting technology.Over the next decade
experiencé?! the majority of faculty in many colleges of
Outreach is a large part of UNI's daily opera- education will change through retirements or
tions, and the teleconferencing system is also used resignations. As search committees are formed,
for outreach activities in which school administra-  hiring faculty who use technology in the
tors around the state present problems or pose courses they teach can be an effective way of in-
questions for input from UNI faculty and other ad- creasing the percentage of faculty who inte-

ministrators. grate technology into teaching.
= |dentify people with the talent and interest
Lessons Learned to succeed in technology reformsDo not

spread resources thinly, across people or across
areas of technology concentration; UNI, for ex-
ample, has chosen to emphasize telecommu-
nications, rather than cover all technologies.

= K-12 teachers can be a significant source of
leadership.Much of what UNI teacher educa-
tion students see and learn about technology in
education comes from the innovative uses in
the lab school. Also, since about 90 percent of
the lab school faculty use technology in their
classrooms, they are another source of influ-
ence on traditional teacher education faculty.
Do not push technologyUNI's approach to
technology diffusion targets problem areas—
such as communicating with scattered student
teachers—and suggests ways technology can
improve the quality of instruction.

A number of lessons have been learned from the
process at UNI:

= |nstitutional support and recognition from
the university leadership are important. At
UNI the central administration demonstrates in
many ways that teacher education is an honor-
able and valued part of the university’s academ-
ic mission. The often unspoken but understood
opinion of an institution’s leadership about
teacher education can facilitate—or hinder—
reform efforts. Institutional support can be nur-
tured and encouraged, especially with leadership
from a dean who supports technology.

= Major changes do not always require grants
or additional funds. Neither the university nor
the college of education are well endowed.
Most of what UNI has accomplished has been
done by reallocating existing funds. Over a pe- ) ] ]
riod of seven years, UNI made many internall] Vanderbilt University, Peabody College
adjustments in personnel, budget allocationsTeacher education students at Peabody College
and priorities to boost technology-related ini-use technology extensively as an integral part of
tiatives. their professional preparation. Peabody’s ap-

= Grassroots leadership across the college is proach to teacher education attempts to duplicate
critical, too. Which technologies are supportedthe richness and complexities of a K-12 school
and how they are used was decided by collegsetting using a blend of video and computers, pri-
of education faculty, department heads, andnarily through video case studies of teachers in
program coordinators. The dean was a supporteal classrooms. This approach brings to preser-
er, but the faculty took ownership of the vice teachers a clinical experience previously not
technologies in use. possible.

91 Mike Waggoner and Thomas Switzer (1991), as quoted by Mergendoller et al., op. cit., footnote 61, p. 27.
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A number of factors make Peabody’s approacfiechnology Center developed a series of techno-
feasible. A relatively small number of enrolled logical experiments to test a new approach to
students—about 20 percent—are preparing to béearning. In the early 1980s, they were studying
come classroom teachers, so the student-to-teactat bane of 5th-grade math—the story problem.
er ratio is low. Also, an onsite research andsensing thatthe problem for most students lay not
development center, the Learning Technologyn their math skills but in the abstract quality of the
Center, has for a decade investigated complestory problem itself, they sought to “anchor” the
teaching and learning issues in K-12 education, sproblem in a rich story context. They caught the
the college has been influenced by the center’attention of many educators when they put on vid-
findings over the years. In addition, teaching iseodisc portions of the popular Hollywood movie
highly valued by Vanderbilt's leadership, with the Raiders of the Lost Aknd made the disc into an
chancellor an outspoken advocate for the profesexperimental anchor for problem-solving instruc-

sion—as well as for technology. tion. Viewers were asked to solve problems such
as estimating the breadth of a pit-trap and the

Building Technology on a height of a tomb door using only the information

Constructivist Learning Base 92 that Indiana Jones, who stood next to the pit and

Cognitive science is a highly respected specialty"€ door, was 6 feettall.

at Vanderbilt. There are faculty groups pursuing Later, sensing the limitations for school-based
this in both the College of Arts and Science andnstruction of a made-for-entertainment video,
Peabody College. The long-standing interest ithey bggan developing a special purpose adyen-
the science of human learning has shaped much Bff¢ video that would support mathematics
Peabody’s technological contributions. It seemdnstruction inthe middle grades. Titled theven-
quite natural that themes of learning, teachingtures of Jasper Woodbyny contained (eventual-
and technology permeate Peabody College. Th¥) & number of real-world, compelling problems
dean of Peabody summarized the college’s pefhat required problem-solving skills and math to
spective in this way: solve.

Other projects emerged built on the same an-
technologies can capitalize on what cognitive chored instruction philosophy. In time, various

science has learned about knowledge and its ac- faculty _recognized the potential of the anchored
quisition, and the social process of learning, to instruction approach for teaching college students

design environments that assist teachers and stu- how to teach math. These insights fit nicely with
dents in the transaction of the learning process. the growing recognition in the 1980s of the impor-
This contrasts with the beliefs of some who have tance of case-based instruction to provide oppor-
assumed wrongly that learning is a singular ac- tunities for novice teachers to confront the
tivity and that technologies will transform  complexities of instructional decisionmaking.
education by totally replacing teach&fs. When, in the late 1980s, funding opportunities for
For the last decade, Peabody College has be@ew teacher education materials became available
developing innovative uses of technology to enfrom several federal agencies (the National Sci-
hance learning. With deep roots in cognitive science Foundation, the Fund for the Improvement
ence and an interest in constructivist learningf Post-Secondary Education, and the U.S. De-
principles, researchers at Peabody's LearningartmentofEducation), a cadre of Peabody educa-

Our goal has been to find ways that advanced

92 Constructivist learning refers to a view of learning in which students construct their own knowledge based on exploration, evaluation,
and revision of ideas, drawing on prior knowledge and understanding.

93 James Pellegrino, as cited in Mergendoller et al., op. cit., footnote 61, p. 53.
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At Peabody College, Vanderbilt
University, — "video  cases" are  used
by teacher education students to
view teachers in action in the
local schools. A videodisc
controlled by Hypercard software
allows the teacher education
students to watch any number of
video segments in any order. It is
also possible for the students to
stop the video at key points and
enter their own comments in en
electronic notebook, which is
collected and reviewed by the
college instructor.

JOHN E. HARWOOD, VANDERBILT UNIVERSITY

tors applied for monies to extend the anchorecthey use video footage of classroom teachers-
instruction approach to the training of futurewhich has been converted to videodisc and is con-
teachers. Several of their products are centered atmolled by computer—to analyze and discuss

technology. teaching styles or strategies and comment on the
teacher’s performance. In the math education
Peabody Integrated Media Approach class, for example, students use Hypercard to con-

The Peabody Integrated Media Approach (p|MA)tr0| the videodisc presentation, so they can jump
extends the anchored instruction model by usindorW&rd to a different part of the video or review a
videotaped cases of real teaching, which are theR€gment already seen. Students can stop the video
brought to the college classroom for viewing and &t K€Y points, enter comments in an electronic
discussion as a way to build the clinical skills ofN0t€b00k, and print out their comments. The note-
potential teachers. Although it is no substitute forbooks are collected electronically at the end of the
actual experience managing a classroom of chilclass for the instructor to read.
dren, PIMA is a valued contribution to the educa-
tion students’ understanding of teaching practice Virtual Professional Development
and also indirectly builds their computer skills. A For more than eight years, Peabody faculty have
basic assumption of Peabody's approach is thabeen developing a variety of electronic supports
teachers cannot be told how to practice profesfor teacher education, including electronic lecture
sionally; in other words, readings and lecturesoutlines with “buttons” accessing bibliographic
alone do not provide the full scope of what theyreferences, video illustrations or other informa-
will face in the classroom. tion the instructor might want to use during a class
Whether in reading and language arts or mathdiscussion, video-based cases for analysis,
education class, teacher education students at Peimstructional resources for preservice teachers
body do more than just watch a teacher in action{sample lesson plans, activities materials, etc.),
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miscellaneous class assignments, and so opossible. While not a substitute for actual experi-
These materials are organized in a virtual environence managing a classroom of children, PIMA
ment called the PPDS—Peabody Professionahakes a valuable contribution to students’ under-
Development School (see figure 5-1). standing of teaching practice while indirectly

PPDS is a hypermedia map of a school thabuilding their computer skills. There are a number
links students to these different resources by calbf factors that make Peabody unique:

ing for them in the appropriate place. For exam+ The Learning Technology Center is clearly
ple, the resources are organized into “rooms” and 4 catalyst that shapes fundamental ideas on
are accessed through icons, such as furniture or e Peabody campusLTC is largely self-sup-
objects in the rooms. Students “entering” the porting through funds generated by multiple
PPDS sign in at the virtual office by logging onto  f,nded research projectéand it has become
the system. The PPDS offers a variety of activi- 5 sort of Mecca for educators worldwide. Many
ties; for example, the Demonstration Classroomis f the advances at the education school are di-
a “place” where preservice teachers can watch rectly related to advances at this research and
assigned elementary school math and science development center. The Peabody model pro-
lessons or check the filing cabinet for more re- \;ides strong support for research and develop-

sources, written lesson plans, or additional in-  ment efforts in education, not just in the hard
formation about the math involved. sciences.

Each time students use the PPDS they not only gnhancing the technological skills of the na-
access useful materials, but also become more fa- jgn's teaching force—both preservice and
miliar with the technology. More recently, educa-  j,service—is not simply a matter of provid-
tion students have been creating and entering ing them with classes and workshopwhere
materials into the PPDS resource files; previously they can learn the well-accepted approaches to
only Peabody faculty contributed materials. All technology use in classrooms. The develop-
the data have been organized, indexed, and en- nents at Peabody are a result of the technology

tered into the school’s integrated media database, esearch and development efforts of the faculty
and it is now available for future teacher education itself, and the faculty’s access to a rich array of

students. This type of activity provides opportuni-  esources.

ties for teacher-education students not only to bez Itis expensive to design and develop the vid-
come more facile with technology, butto develop o4 cases and related electronic materials
a sense that technology can be an integral part of |,5qq by PeabodyThese costs have been un-

the teaching/learning process. derwritten at Peabody by a combination of
funds from the college, Vanderbilt University,
Lessons Learned business and industry, and various federal

The Peabody approach to teacher education in- sources.

volves approximating the richness and complexi= It is not clear how easily teacher-education
ties of the K-12 school using a blend of video and faculty at other institutions could adopt Pea-
computers. These “simulations” of the realities of body’s electronic resources “off the shelf”
teaching practice are then brought to the college and benefit from Peabody’s considerable ex-
classroom to build the clinical skills of would-be  perience in setting up their own integrated
teachers. PIMA brings to the education of preser- media approach to teacher educationBut

vice teachers a clinical experience heretofore not these resources (the video cases and related

94 several federal programs have contributed to the Learning Technology Center’s research, including the National Science Foundation and
the U.S. Department of Education’s Fund for Improvement of Post-Secondary Education.
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To organize all the resources available to teacher education students, Peabody has created a virtual environment called the
Peabody Professional Development School. PPDS is aHypermedia map of a school; each room represents different resources.
By clicking on the icon-for example, the conference room in this illustration-students have acCeSso “conference’ resources,
such as a flp chart. By continuously clicking on the appropriate icons, students can browse and navigate their way through
PPDS to access materials that will help them achieve instructional — goals.

SOURCE: Peabody College at Vanderbilt University.
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“contents” of the Peabody Professional Develcrease the likelihood of real changes at both
opment “School”) have characteristics that ardevels.
different from both college textbooks and Furthermore, if technology is to break out of
printed case studies used in business-schothe isolated role it plays today and become an inte-
education programs. gral part of the teacher education curriculum,
= The clinical approach to teaching entailed in  several things must happefn integrated cur-
PIMA requires a lot more time and involve-  riculum infused with information technology
ment from college instructors than the requires that teacher education faculty and
traditional lecture/discussion formats that cooperating K-12 teachers model effective
characterize much of college teachindo in-  instructional technology use.This interaction
duce faculty at other institutions to adopt PIMA between K-12 schools and teacher education pro-
may require additional incentives. grams is an important, generally overlooked vari-
= Implementation of PIMA requires an expen-  able. It requires considerable training and support
sive infrastructure—both a technological in- for current K-12 educators and for teacher educa-
frastructure (computer laboratories) and thetion faculty in all segments of the teacher prepara-

staff to keep it working. tion program. Like K-12 educators, teacher
education faculty need to see how information
CONCLUSIONS technology supports and facilitates instruction in

These examples are promising, but they represeHt€ir content or professional area.
a limited scope of the potential for improving Teacher education faculty need help inte-
technology use within teacher education andgdrating technology into the courses they teach.
more importantly, improving teacher educationSince the majority of teacher education faculty
overall with technology. As discussed earlier incompleted graduate programs and taught in
the chapter, there is no central source for collecschools where technology was not a major part of
ing data, sharing experience, or evaluating the ethe educational environment, it is not surprising
fectiveness of teacher education in general, andhat they tend to have limited experience with
certainly not for technology in teacher educatiortechnologies for instruction. But simply telling
in particular. Although advances such as telecormteacher education students about what is possible
munications networks offer resources, without ds not enoughthey must see technology used by
road map there is no guarantee that the “informaheir instructors, observe uses of technological
tion superhighway” will be used by teacher educatools in classrooms, and practice teaching with
tors, K-12 educators, or their students, or that itechnologies themselves if they are to use these
will open up new worlds for them. But severaltools effectively in their own teaching once they
conclusions can be drawn about the current statiggaduate.
and possible future directions of teacher prepara- Colleges of education have much to learn
tion. from one another, and technology can be a
Reform of teacher education should accom- catalyst to make the necessary connections.
pany any significant reform in K-12 education.  Teacher education programs need to provide con-
However, this is a challenging task, given the gensiderable support, create and disseminate tradi-
eral status of colleges of education in the univertional and electronic resource materials, and
sity hierarchy, the exclusion of colleges ofrevise incentives within teacher education to en-
education from much funding at the state and fedeourage teaching that integrates technology in
eral levels, and the overall lack of priority giveninstruction. A comprehensive strategy necessi-
COEs in terms of funding or support for reform ef-tates different instructional approaches in teacher
forts. Enhanced resources for COEs that coincideducation, such as video cases of teachers using
with each national push for K-12 reform may in-technology in their classrooms, teaching lessons
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and activities for education students involving theother institutions has been funded by federal,
use of technology, and supervising developmergtate, and corporate grants.
and teaching of technology-supported lessons in In addition, a national clearinghouse or dis-
cooperating schools. These approaches are niitbution center for such materials is neededA
easily accomplished—all are expensive and renonprofit clearinghouse that reviews submissions
quire changes in the skills, perspectives, an@nd accepts them for distribution, duplicates
attitudes of teacher education faculty and admindisks, or designs and produces supporting docu-
istration—but they are needed nonetheless. mentation and manuals would be a significant
C0||ege of education administrators are key contribution to rEdUCing the barriers to greater use
players in any effort to improve preparation of technology in teacher education. Many devel-
programs. Almost all of the universities consid- OP€rs of such.materials are not as conce_rned wiFh
ered exemplary in this area have deans and depaf@aking a profit, as they are on seeing their materi-
ment chairs who see technology preparation gdls distributed to other teacher educgtp_r_s. Re-
critical. Conferences, workshops, and pubnca_sources_ such_as t_he Internet offer possmllltles for
tions for education leaders would make COE adProad dissemination of such materials.
ministrators and non-technology oriented faculty, Recognition of the importance of technology
aware of needs and alternatives. Technology “gLf—n teacher certification is gaining momentum

rus” in COEs should be encouraged to publish grotates take various and often mismatched ap-

ticles, make presentations, and offer Workshopgroaches to ce_rt|f|<_:at|on and tgchnology require-
ments. But guidelines do exist—such as those

tailored to the needs of the nonspecialist, to exten . .
. . . : eveloped by the International Society for
their expertise to their less technology-oriente ; :
echnology in Education—and perhaps more

colleagues. need to be developed to help states figure out what

f lelllted tec?n%:ogyt_reszurcez_are_ ar; |s?ue teachers need to know about how to use technolo-
or colleges of educationA reading instructor o “cue el

who decides to change textbooks for an introduc= Colleges of education, states, and K-12

tory reading me_thoo_ls course does not necessarigéhoolS need to work together to develop a set
set about to write his or her own textbook; he Ot shared expectations for joint reform efforts,
she has a choice of at least a hundred texts alreagyiy, 4 close eye to the role of technology in the
in print. If that same instructor decides to use Hyteform. COE faculty rarely work with other agen-
percard stacks or video cases of effective integrasies—such as school districts or state education
tion of technology in reading instruction, there aréygencies—on projects related to technology in-
very few choices. The instructors may indeed b‘?egration, in part, because K-12 reform and COE
faced with the prospect of writing their own stackreform are typically considered separate issues. In
or creating their own video, and the COE needs tgact, the two are directly related. New teachers
be prepared to support such innovation. leave COEs and enter classrooms where they in-
A few grant programs have targeted the cre- evitably face a multitude of challenges. Perhaps,
ation of technology-supported materials for as one educator suggests, the first step in terms of
teacher education, but more support is needed. technology knowledge ought to be to “make the
For example, the major video material for teacheteachers fearless” in their attitude about tech-
education developed at Vanderbilt University anchology2°

95 Lee Ehman, Professor of Education, Indiana University, Bloomington, personal communication, June 27, 1994.
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SUMMARY OF KEY FINDINGS

= The federal government has played a limited role in technolo-
gy-related teacher development compared with states, univer-
sities, and school districts. In addition, the federal investment
in technology-related teacher development has been less than
that for educational technology hardware and software.

= Even so, past federal programs have piloted innovative educa-
tional applications of technology for teachers by providing sig-
nificant support for professional development for particular
groups of teachers, including mathematics, science, and spe-
cial education teachers, and by providing funding for technolo-
gy-related professional development in school districts that
could not have supported it on their own.

= From the 1950s through the 1970s, the federal government
funded several efforts to influence teacher training in technolo-
gy-related areas; key programs included National Science
Foundation teacher institutes, programs to improve teacher
training and materials for children with disabilities, programs
to familiarize teachers with instructional media and education-
al television, and initiatives to reform teacher preparation or
spur innovation in K-12 education. These programs hold les-
sons for future federal policy.

= The federal role in technology-related teacher development
has grown considerably since 1988 as a result of several new

P
.
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educational technology development. Federal actions in 1994
have created new opportunities for federal leadership in overall
policies for education technology and in technology-related
professional development. Key initiatives include the creation
of an Office of Educational Technology in the U.S. Department | 207
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of Education, the state technology planning
grants and other provisions of Goals 2000:
Educate America Act, the expanded Dwight D.
Eisenhower Professional Development pro-=
gram, the Title Ill programs for educational
technology in the revised Elementary and Sec-
ondary Education Act, and programs to pro-
mote educational networking in the National
Science Foundation and the Department of
Commerce.

The federal government has tended to focus
more attention on inservice education rather
than preservice education, channeling more
support to K-12 schools than to colleges of

Depending on how the federal government im-
plements new initiatives for technology leader-
ship, this situation could be improved.
Federally funded programs are beginning to
address several challenges implicit in provid-
ing technology-related teacher development.
These include the need to train with higher in-
tensity and longer duration, to translate expo-
sure to cutting-edge technologies into viable
classroom learning experiences, to provide
extensive followup after the end of formal
training, and to improve evaluation and dis-
semination of projects developed with federal
funds.

education—an approach that seeks to address Projects helping schools develop access to the

current needs but does not greatly influence
teacher quality over the long term.

The types of professional development activi-
ties supported with federal funds run the gamut
from courses for teacher certification, to sum-
mer institutes, to one-shot workshops on spe-
cific topics. The role of technology in training

emerging National Information Infrastructure
could provide resources and access to high-
quality professional development activities for
teachers. These grant programs have yet to fo-
cus on professional development as central is-
sues, but offer great potential.

also varies from short-term training on a specifiNTRODUCTION?

ic type of software to semester-long projectsF

that engage teachers in telecommunications
networks. Federal projects include training
with technologyas well as trainingabout
technology

Much of the federal support for technology-re-
lated teacher development is optional in natur
and small in amount, provided through com-

with larger purposes. As a result, federal sup-
port for this purpose has been highly variable
from year to year, piecemeal in nature, an
lacking in clear strategy or consistent policy.

p

or several decades, the federal government has
rovided various forms of support to improve the
preparation and professional development of ele-
mentary and secondary school teachers. Over the
years, a small portion of this support has focused
on helping teachers learn more about educational
?echnologies, beginning with early projects to ac-
quaint teachers with educational television and
Judiovisual technologies and continuing through
current projects to train teachers to use computer
dﬂodels to teach physics.

1Much of this chapter is taken from Nancy Kober, “Teachers and Technology: The Federal Role,” contractor report prepared for the Office
of Technology Assessment, May 25, 1994. The contractor report was based on a review of the research literature and of the United States Code,
compilations of federal education laws, the Code of Federal RegulatioRediel RegistetheCatalogue of Federal Domestic Assistance
federal budget documents, reports of the Congressional Research Service and the General Accounting Office, reports of the Federal Coordinat-
ing Council for Science, Engineering, and Technology, and a variety of federal agency publications. To determine which programs actually
were supporting technology-related teacher training and to gather specific information on program activities, the contractor talked with federal
program administrators, state and local project directors, and other experts, and reviewed federal evaluations, award abstracts, and federal and
local project materials.
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Federal support for technology-related teachetricts as regards inservice educati@ien these
developmertt has grown considerably in recent constraints, the federal government has played
years. But because it has come in small amountslimited role in both the preparation and pro-
from multiple programs with different purposes, fessional development of the average teacher.
this support has been somewhat haphazard amdost federal efforts to influence teacher training
lacking in a clear strategyhis situation may  over the past four decades have been confined to
improve in the near future, however, as the De- areas in which Congress has perceived an urgent
partment of Education (ED) implements new need, such as strengthening American competi-
educational technology programs under Pub- tiveness through better mathematics and science
lic Law 103-382 (the Improving America’s instruction or improving education for children
Schools Act), as states complete federally sup- with disabilities and other special needs. Occa-
ported technology plans under Public Law sjonally, the federal government has initiated
103-227 (the Goals 2000: Educate America proader reforms aimed at the general teaching
Act), and as Congress and the executive branch fgorce, with mixed results, as discussed later in this
confront critical decisions about educator ac- chapter.
cess to the emerging national information in-  Nevertheless, there are spheres in which the
frastructure. federal government has significantly influenced

As the federal government prepares for neWeacher training. Although federal training pro-
leadership roles, itis important to examine currenyrams have never reached more than a small per-
and past federal efforts to influence technology¢entage of the total teaching force, over the years
related teacher development. This chapter: they have helped millions of teachers improve
1) describes and analyzes the current and emergheir knowledge, skills, and career advancement.

ing federal role in technology-related teachent might even be said that the federal government

development, including the major programs,helped give credence to the whole notion of inser-
activities, and strategies; vice education and professional renewal through
2) reviews historical federal efforts to improve such early efforts as the teacher institutes spon-
teacher training in general and technology-resored by the National Science Foundation (NSF)

lated teacher development in particular; in the 1950s, 1960s, and 1970s or authorized by
3) examines the implications and lessons fromhe National Defense Education Act (NDEA)
current and past federal programs; and from 1958 to 1968 (see table 6-1).

4) discusses some key issues to be considered by|n mathematics and science, enough teachers
Congress and the executive branch in formulathaye participated in federally funded training to
ing future federal policies in this area. have had a significant effect on instructional qual-

ity or teacher supply. It has been estimated that

BACKGROUND ON THE FEDERAL ROLE past NSF institutes reached half the math and sci-

Primary authority for teacher preparation, licens-ence teachers in the nation at some point; more re-

ing, and certification rests with the states, not theently, it has been estimated that one-third of all

federal government. Substantial responsibilitiesnath and science teachers took part in some type
also rest with colleges of education as regardef activity funded by the Eisenhower Professional
preservice education and with local school disDevelopment program in 1988-89. The numbers

2 As used in this discussiotechnology-related teacher developmergans preparation and professional development for K-12 teachers
and other education personnel that 1) aims to help them become familiar with any of several educational technologies and learn to integrate
them into instruction, or 2) uses technology as a tool for providing training of any kind. Resources for technology-based training include tele-
courses, electronic networks, or computer- or video-based teacher training.



TABLE 6-1: Past Major Federal Programs in Support of Technology-Related Teacher Development

Costs® Numbers Trained®
Program Dates Purpose Total Period Total Period

Training  Teachers In  Critical ~ Subjects

NSF Teacher Institutes 1954-75 Improve teacher skills in math and $750 milion 1958-74 350,000 1953-68
science.

National Defense Education Act 1958-68 Improve teacher skills in critical sub- $148 milion 1958-68 90,000 trained in 1958-68
jects, including instructional media. NDEA  institutes

Training Teachers of Students with Special Needs

Special Education Media Services 1964-86 Produce and disseminate materials for ~ $182 million 1966-80 15,000 1964-74
persons with disabilities, train teachers
in their use.

Part D Personnel Preparation 1966-present  Prepare teachers to teach children with ~ $811 million 1966-90 5,000-7,000

(Special Education) disabilities. annually i

preservice; about
20,000 annually

inservice

Bilingual Education Personnel Training 1974-present  Prepare bilingual education teachers. $409 million 1975-91 36,000 per year  1977-78
(Title VII, ESEA)

Increasing the Supply of Educators and Recruiting New Teachers

Higher Education Act Fellowships and 1965-68 Increase number of teachers and im- $67 million 1966-68 4,140 fellowships 1966-68
Traineeships prove their preparation. and 3,850
traineeships
Library Career Training 1965-present  Provide preparation and professional $14 milion 1966-91 4,309 fellow- 1966-91
development for librarians, including ships

school librarians.
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Reforming and Improving Teacher Education
Teacher Corps 1965-81

Education Professions Development Act 1967-76

Teacher Centers 1978-8" 1

Training Teachers To Stimulate Innovation and Reform
National Diffusion Network 1974-present

Title 1Il, ESEA Title IV-C 1965-81

Chapter 2, ECIA 1981-94

Prepare teachers to teach in low-in- $460 million 1965-81

come areas; provide more field experi-
ences for teachers in training.

Coordinate and expand federal teacher $800 million 1967-76
training programs, improve federal
leadership.

Enhance teacher skills through teacher-
directed professional development
centers.

$47 million 1978-8"

Promote adoption of exemplary K-12
programs through teacher training and
other means.

Encourage innovation in education
through teacher training and other
means.

$145 million 1974-91

$1,443million 1966-76

Support locally determined education ~ Not available
reform  efforts.

61,478 educa-
tors and 10,155
interns

300,000 trained

Not available

60,000 educa-
tors in 7,000
schools

35,000

Not available

1965-81

1967-76

1974-77

1968

“Costs are given for the years in which figures are available; costs are not available for years other than those listed.
b Numbers trained are given for the years in which data were collected; numbers are not available for years other than those listed.

SOURCE™ Office of Technology Assessment, 1994, Based on Nancy Kober, ‘Teachers and Technology: The Federal Role, contractor report prepared for the Office of Technology Assessment, May 25,

1994,
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of teachers receiving federally supported profesnew ways of thinking about technology in the
sional development in math and science could belassroom.
considered potentially a critical mass for improve-
ment within these disciplines. CURRENT FEDERAL SUPPORT
Federal programs have also been a major forc&ND COMMITMENT
in the creation and growth of several teaching sub-
specialties, including special education, educall Sources of Federal Support
tional media, assistive technology for childrenMany different federal programs currently sup-
with disabilities, and bilingual education. port or could support technology-related teacher
Federal fellowships, scholarships, and other fidevelopment. They range in size from large for-
nancial aid—beginning with the first fellowships mula-grant programs that reach most school dis-
under the Higher Education Act in 1965 and confricts, such as ED’'s Eisenhower Professional
tinuing through the Paul Douglas Teacher ScholDevelopment Program, to small discretionary
arships, Perkins Loan Cancellations, and minoritygrant programs that serve a select number of
teacher recruitment programs of today—haveeachers, such as the Summer Teacher Enhance-
changed the composition of the teaching force anthent workshops administered by the Department
attracted talented people to the profession whof Energy (DOE) at research laboratories across
might have pursued other careers. Innovative fedhe federal government. They range in mission
eral programs such as the Teacher Corps helpdcbm programs aimed at developing particular
develop new approaches to teacher preparationkinds of teachers, such as special education per-
Similarly, over the past four decades the federasonnel development, to those aimed at enhancing
government has also undertaken efforts to devethe use of particular kinds of technologies, such as
op, promote, and expand the use of education&tar Schools distance learning. They range in di-
technologies. However, these initiatives have rerectiveness from programs in which technology-
ceived a very small slice of the federal educatiomelated professional development is an integral
budget and have fluctuated greatly with changesequirement, such as the new state and local
in leadership and shifting goals and priorities intechnology grant program under Title Il of the
education. These programs have been resear@flementary and Secondary Education Act
and development efforts, devoting more attentiofESEA), to those in which itis an entirely local op-
to promoting the development of and access ttion, such as Title VI of the ESEA program for
technology than they have to preparing teachers teducational innovation (formerly Chapter 2). And
use technology well. they range in target population from programs that
Here, too, however, there are ways in which théocus on teachers only, such as the NSF Teacher
federal government has influenced the training oEnhancement program, to those that involve both
teachers with and about technology. Some of theeachers and students, such as the Aerospace
most innovative applications described elsewher&ducation program administered by the National
in this report—such as national telecommunicaAeronautics and Space Administration (NASA).
tions testbeds for students and teachers, video The federal government also promotes technol-
modeling of effective classroom interactions forogy-related teacher development through means
teachers in training, or hands-on teacher researather than direct grant programs. For example,
opportunities involving advanced technologies—several federal laboratories and facilities donate
have been developed, piloted, and disseminatgaersonnel, time, space, and equipment to provide
with federal money. Federal dollars have helpedn-site training, research, and mentoring opportu-
develop and implement distance-learning telenities for K-12 teachers and students; many of
courses for professional development and havthese efforts involve advanced technologies.
exposed thousands of teachers to new uses ahdASA and ED also have developed technology
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demonstration centers, or “classrooms of the fut] Level and Scope of
ture,” where teachers can experience exemplary Federal Commitment

applications of ed_ucatlonal technologies. . It is difficult to know exactly how many federal
Federal agencies als_o sponsor electronic ne’f&'rograms are supporting technology-related
\évr?ékzt?gsd?;?gissiz dalmeghﬁrgﬁacgfr%b?gijgii Sacher developmentin any given year and to what
g Lxtent? A starting point is to look at federal pro-

educational information, materials, and re- )
: . rams for professional development (teacher or
sources. The Office of Educational Research an . N .
administrator training) in general. A 1994 internal

Improvement (OERI) in ED has developed aninventory of ED professional development pro-

Institutional Telecommunications Network serv-grams identified 20 funded programs, with total
Ing all major OERI-supported research and develfunding of over $474 million in FY 1994, whose

opment institutions. NASA has a Spacelink | : | devel
electronic information system to exchange in-S0'€ OF MaJor purpose was personnel develop-

formation about aeronautics and space explore{pent’ plus another 44 that authorize significant re-

tion. Other telecommunications networks are>0Urces for personal developme@everal more

sponsored by NSF, the National Institutes O1professional development programs are adminis-
Health, and other agencies. In addition, federally€red by other agencies.
sponsored clearinghouses often include technol- !N nearly all of the relevant programs, sup-
ogy-based materials among their resources do't fo_r technology-related t_eacher training is
encourage potential clients to access their colle@ Option rather than a requirement, and often
tions electronically. a local decisionAt the local level, there are prob-
The President, the Cabinet, Congress, and ot@Ply thousands of federal grants and funded
er federal officials also exercise leadership inProjects that mightinvolve some form of technol-
educational technology by publicizing and rally- 09y-related teacher training, but getting precise
ing Support for technology_related issueS, by proinformation on these prOjeCtS isa CompleX under-
mulgating policy directives and executive orderstaking. With few exceptions, the federal govern-
by establishing interagency committees or adviment does not collect data from grantees in the
sory groups, or by making high visibility technol- format or detail needed to discern which projects
ogy appointments. Examples of federal leadershigre actually supporting technology-related train-
activities include the appointment of a Directoring and how much they are spending for it.
for Educational Technology in the Office of the Based on a review of federal program legisla-
Deputy Secretary in the Department of Educationtion and regulations, agency reports, project ab-
the announcement of an executive branch tectstracts, discussions with federal and state
nology policy for the United Statésand the es- officials, and other information, the Office of
tablishment of a Committee for Education andTechnology Assessment estimates that at least 58
Training under the White House Office of Sciencefederal programs are currently supporting, have
and Technology Policy. recently supported, or are likely to be supporting

3See Executive Office of the Presidéfgchnology for America’s Economic Growth: A New Direction To Build Economic St(giagh-
ington, DC: Executive Office of the President, 1993).

4There is also a semantic complication: namely, how one defines “program,” especially in the case of agency-initiated activities below the
budget line-item level.

5U.S. Department of Education, “Department of Education, Activities That Support Teacher and Administrator Training and Improve-
ment,” unpublished document, 1994.
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technology-related teacher preparation or profesmprove teacher content and pedagogical knowl-
sional development to some degree. edge for other disciplines.

Most of these programs are small by federal Eligible grantees vary by program and include
standards; a number have appropriations undesttate educational agencies (SEASs), local educa-
$10 million. They differ by major purpose. Sometional agencies (LEAS), institutions of higher
focus primarily orteacher developmenlany of  education (IHEs), and other public or private orga-
these are programs to improve teacher skills imizations. Several programs require or encourage
math and science, obvious subjects for infusion ofollaboration among more than one entity, such as
technology because of the real-world links beschool districts and higher education institutions.
tween science and technological applications. The remaining programs are smaller or less de-
Others focus primarily otleveloping and expand- pendable sources of funding for technology-re-
ing the use of educational technologie&h pro-  lated teacher development (see table.6FBey
fessional development authorized as a meansclude programs that authorize teacher training
toward this end. as one of many different allowable activities; that

Other relevant programs concentrateenlu-  could support technology-related training under
cating children with special needsuch as Title | current guidelines but have not done so to any no-
of the ESEA for disadvantaged children, the Inditable extent; that focus primarily on technology
viduals with Disabilities Education Act (IDEA), research and development, with small teacher
and the Bilingual Education Act. Technology istraining components; or that do not collect suffi-
used frequently to deliver services in these proeient data to determine whether technology-re-
grams, angrofessional development for teacherslated training is actually funded.
of participating childrenis an allowable use of  Estimating the level of federal expenditures for
funds. Also pertinent are certain programs thatechnology-related teacher development is not
foster general school reform and allswpportfor  possible. In most of the 23 key programs listed in
professional development as a vehicle for changeable 6-2, a small portion of total expenditures

From this broad list of relevant programs, it  goes toward technology-related training. At the
is possible to identify 23 key programs that same time, unknown levels of support come from
form the core of federal support for technolo-  programs not listed in table 6-2, or table @8-
gy-related teacher training (see table 62 cause there are so few programs where specific

Most of the key programs are administered bydata on technology-related training are avail-
the Department of Education. Several are overable, OTA finds that there is no reliable esti-
seen by NSF, consistent with the agency’s sciena@ate available for overall federal funding
orientation and long-standing involvement insupport for this purpose.
technology-related research and development.

Relevant programs are also administered by thoﬁ Key Points

Departments of Energy, Commerce, Health an .
Human Services, Agriculture, Defense andWhatever the current amount, several points can

Transportation, as well as NASA, the Nationalbe made about federal funding for technology-re-
Endowment for the Humanities, the National En-lated teacher development.

dowment for the Arts, the Smithsonian Institu-= The amount of federal support for this kind
tion, and other agencies. These programs tend to of teacher training lags behind federal
be much smaller in scope and funding than the ED spending on educational technology hard-
and NSF efforts. Many have a math and science ware, software, equipment and facilitiesAs
orientation and offer institutes, workshops, or re- one indicator, expenditures for computer hard-
search opportunities for K-12 teachers at laborato- ware and software under a single program,
ries and other facilities. A smaller number Chapter 2 of the ESEA (now Title VI), have
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ranged from $50 million to about $100 million =
annually in recent yeafsStar Schools projects
have spent an average of 35 percent of total
funding on equipment, or about $5 million to
$8 million per yeaf. The amount for profes-
sional development in either of these programs
is much less. Several million dollars more for
infrastructure have come from the Public Tele-
communications Facilities Program and other
federal sources; again, teacher support for us-
ing these resources is extremely limited.

From all indications, federal support for =
technology-related teacher development has
grown considerably since OTA first looked

at educational technology in its 1988 report
Power On! New Tools for Teaching and
Learning. Funding for the Eisenhower pro-
gram, a vital source of support, more than
doubled between FY 1988 and 1994, from
$120 million to over $250 million. According
to a government-wide inventory, 117 new fed-
eral programs for science, math, engineering,
and technology education were created be-
tween 1988 and 1993, yielding a total of 290
such programs, of which 29 had teacher en-
hancement as their primary purp&seechnol-
ogy-related teacher projects have been
designated as an absolute prictitg recent
annual grant competitions under several pro-
grams—among them, the Fund for Innovation
in Education (FIE), the Eisenhower National
Program, the Star Schools program, and the
technology and media program for individuals
with disabilities.

Funding for technology-related teacher
training is likely to grow. The FY 1995 ap-
propriations include $40 million for education-
al technology programs under the new Title Il
of the ESEA and an extra $70 million for the Ei-
senhower program. And, as explained below,
technology-related training is given greater en-
couragement and more explicit attention in
several ESEA programs, including Title | Ei-
senhower, Title VI (formerly Chapter 2), and
bilingual education.

Support for technology-related teacher
training is optional in most programs. Al-
though diverse funding sources for technology-
related teacher development may appear to
offer an abundance of opportunities, accessing
federal funding for technology-related teacher
development is not always easy. Many pro-
grams leave it up to state or local grantees to de-
cide whether technology-related training—or
for that matter, any kind of professional devel-
opment—is supported and in what form. For
example, although the Title | of the ESEA pro-
gram for disadvantaged children, the IDEA
state grant program for children with disabili-
ties, and the Perkins Vocational Education Ba-
sic Grants program encourage funds to be used
for professional development, local project di-
rectors must weigh the need for teacher training
against other priorities, most notably direct stu-
dent instruction. Often technology-related
training and, in general, professional develop-
ment are viewed as niceties rather than necessi-
ties. Even in competitive grant programs at the

6M.S. Knapp and C.H. Blakelyhe Education Block Grant at the Local Level: The Implementation of Chapter 2 of the Education Consoli-
dation and Improvement A@¥lenlo Park, CA: SRI International, 1986); and Ruskus Joan kEpal.Chapter 2 Operates at the Federal, State,
and Local Level§Washington, DC: U.S. Department of Education, 1994).

7 About 130 separate staff development activities were offered in the 1992-93 school year. For the most part, general staff development
consisted of a number of short “one shot” workshops presented as a teleconference, rather than a sequenced set of activities. Naida C. Tushnet et.
al., Star Schools Evaluation Report Ofi@s Alamitos, CA: Southwest Regional Laboratory, July 1993), p. 49.

8Federal Coordinating Council for Science, Engineering, and Technology, Committee on Education and Human Résokecksal
Investment in Science, Mathematics, Engineering, and Technology Education, Where Now? What Next? S@vmsbbugikn, DC: August
1993), pp. 10-17.

9 An absolute prioritymeans that only those projects that address a particular issue or activity (as announEedénahRegistdwill be
funded in a given year. Priorities in national discretionary programs often change from year to year.



TABLE 6-2: Key Current Programs for Technology-Related Teacher Development

Program Funding® Purpose Treatment of Technology-Related Training
Department of Education
Title Ill, ESEA, Technology for $40 milion  Provide federal leadership and financial sup- ~ Secretary develops long-range technology plan;
Education port to expand access to and use of educa-  state and local grants must provide for ongoing pro-
tional technologies. fessional development to integrate technologies in
education.
Goals 2000: Educate America Act $403 milion  Encourage states to develop comprehensive  States must develop educational technology plans
school reform plans based on standards for ~ as part of overall improvement plans; act also es-
student learning. tablished Office of Educational Technology in U.S.
Department of Education.
Eisenhower State Grant $321  milion Improve teacher knowledge and skils in math, Funds may be used for professional development in
science, and other core academic subjects. effective use of technology as instructional tool.
Eisenhower National Program $39 milion Develop models of national significance in Funds may be used for training teachers in innova-
professional development in core subjects. tive uses of technology.
Star  Schools $30 milion  Support acquisition and use of distance-learn- Funds may be used to develop and provide preser-
ing technologies for education. vice and inservice distance learning for teachers
and to train teachers to integrate telecourses for
students into instruction.
IDEA Part D, Special Education $91 milion  Provide preparation and professional develop- Technology-related training programs authorized;

Personnel Development

IDEA Part G, Technology, Educational ~ $11
Media, and Materials

Title | (Chapter 1) ESEA $7,232
Bilingual Education Training Grants $25
Library Personnel Development $5
Christa McAuliffe Fellowships $2

million

million

million

million

million

ment to help teachers educate children with
disabilities.

Support research and development and tech-
nical assistance to advance technologies for
persons  with  disabilities.

Provide educational services to help low-
achieving children in low-income areas meet
high standards.

Support teacher preparation and professional
development for bilingual education teachers.
Train and retrain school librarians and other
library personnel.

Provide fellowships for outstanding teachers to

continue education, develop innovative pro-
grams, train colleagues.

emphasis on assistive technologies.

FY 1994 priority on organizational support and pro-
fessional development.

Schools must devote sufficient resources to profes-
sional development; may include instruction in use
of technology.

Some projects involve technology; no specific en-
couragement for technology-related training in law.

Training in new technologies encouraged.

Several fellows develop technology-related projects.
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Title Vi/Chapter 2, ESEA

National Diffusion Network

National Science Foundation
Teacher Enhancement

Teacher Preparation

Applications of Advanced
Technologies

National Education Infrastructure for
Networking

OTHER FEDERAL AGENCIES
Department of Commerce (NTIA).
Public ~ Telecommunications ~ Facilities
Program

Telecommunications ~ and
Infrastructure  Assistance

Information
Program

National Endowment for Children’s
Educational Television

Department of Enerﬁ;y
Summer Teacher Enhancement

Teacher Research Associates

Environmental Protection Agency
Environmental  Education and ~ Training

$347 million

$15 million

$101 million
$18 million
$10 million

$15 million

$29 million

$64 million

$2.5 million

$2 million
(FY 1994)

$1,9 million

$2 million
(FY 1994)

Provide grants for range of state and locally
determined school improvement activities.
Disseminate and encourage adoption of ex-
emplary education programs through staff
training and other means.

Fund teacher training programs in math, sci-
ence, technology.

Supﬂort projects to improve undergraduate
teacher preparation.

Fund research and demonstration in revolu-
tionary technologies for education.
Demonstrate innovative applications of net-
working for education.

Supports innovation and capacity building of
the nation’s telecommunications infrastructure.

Accelerate the use of telecommunications and
information technology.

Supports creation and production of television
directed toward development of children’s in-
tellectual skills.

Provide teacher training and research opportu-

nities in federal laboratories.
Provide teacher summer laboratory experi-
ences and training in science.

Train teachers and improve materials in K-12
environmental education.

Funds may be used for technology-related profes-
sional development at stateflocal option.

Some current projects available for adoption have
technology focus; professional development is pri-
mary strategy for helping schools adopt programs.

Many programs involve technology.
Projects must address preparation in new technologies.

Some projects have components for teacher sup-
port and development.

Teacher support and development integral part of
all projects.

Supports distance-learning activities for teachers
and students.

Supports telecommunications networks that can pro-
vide professional development for teachers as well
as new teaching opportunities in K-12 classrooms.

Much of the programming can be used in the class-
room.

Many projects involve training teachers in high
technology applications in science

Some projects involve training in technology.

Use of technologies encouraged.

‘Funding levels are for the entire program, not just the technology-related teacher training projects or components Al figures are FY 1995 unless noted otherwise.

SOURCE Office of Technology Assessment 1994 Based on Nancy Kober, “Teachers and Technology' The Federal Role, "

1994,

contractor report prepared for the Office of Technology Assessment, May 25,
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TABLE 6-3: Additional Current Sources of Federal Support for

Technology-Related Teacher Development

Department Of Education

= Perkins Vocational and Applied Technology Education
Act: For basic state grants, states must include sup-
port for professional development for vocational
teachers. “Tech-prep” projects linking secondary and
postsecondary vocational education must include
teacher training in tech-prep curricula. Teacher and
administrator training and leadership development are
among activities of National Center for Research in
Vocational Education.

Part B IDEA State Grants: States must have compre-
hensive systems of personnel development; may use
federal grants for teacher training.

IDEA Special Purpose Programs: Training for special
education personnel is authorized under special pur-
pose programs (i.e., Severely Disabled, Severe Emo-
tional Disturbance, Deaf-Blindness, Early Childhood
Education, and Transitional Services).

Regional Resources Centers, IDEA: Services include
teacher training, assistance to states regarding com-
prehensive systems of personnel development.

Indian Education Personnel Development and Special
Projects: Projects train Native Americans for careers
as teachers; special projects support teacher profes-
sional development, including some technology-re-
lated training.

Territorial/ Teacher Training: Preparation and profes-
sional development for teachers in U.S. territory
schools.

Emergency Immigrant Education: Inservice training is
one of many activities to improve education of immi-
grant children in heavily impacted schools; some proj-
ects involve technology.

Javits Gifted and Talented Education: Research, dem-
onstration, and training projects to improve gifted and
talented education; some involve technology.
National Writing Project: Teacher training in writing
instruction; encourages technology infusion.

National Science Scholars: Scholarships to talented
science, math, computer science, and engineering
majors; recipients must teach in K-12 schools or pay
back the award amount.

Fund for the Improvement of Postsecondary Education
(FIPSE): Projects to promote reform and innovation in
postsecondary education; infusing technology and
strengthening teacher education are among priorities.
Regional Education Laboratories and Educational Re-
search Centers: Research, dissemination, and teacher

training on effective teaching and learning; improving
instructional uses of technology is among priorities.

. Language Resource Centers: Teacher training is
among the activities to develop better methods of
teaching foreign languages; new technologies are an
area of emphasis.

National Science Foundation

+ State Systemic Initiative: State planning for systemic
reform in math, science, and technology education.
Urban and Rural Systemic finitiatives: Systemwide
improvement plans in math and science education for
cities with highest numbers of children in poverty and
for rural areas; technology can be included.

Research in Teaching and Learning: Basic and ap-
plied research on science and math education, includ-
ing research on teacher uses of technology.
Mathematics and Science Teaching Perspective Com-
ponent: Teacher lab experiences with scientists and
student Young Scholars.

Research Opportunity Grants: Teacher research expe-
riences with NSF principal investigators.

Advanced Technological Education: Teacher prepara-
tion and professional development are allowable acti-
vities under the program to improve training of techni-
cians for high-performance workplaces.

Department of Defense

. Department of Defense Dependents’ Schools: Current
activities target DODDs schools as a testbed for tele-
communications networks.

. Summer Associateships for High School Science and
Mathematics Faculty Research opportunities for out-
standing teachers at U.S. Army labs.

National Aeronautics and Space Administration

. NEWESTINEWMAST Programs: Offer inservice training
at NASA Centers to improve teacher knowledge in
aerospace technologies.

» Aerospace Education Services: Teacher workshops on
integrating aerospace topics into curriculum.

. Education Satellite Videoconferences: Teleconferences
for inservice use on scientific topics.

Department of Agriculture

.4-H Leadership Centers: Land-grant colleges and
universities train teachers and others to implement
science-technology curricula.

. Teacher Research Fellowship Program: Teacher re-
search opportunities with Agricultural Research Ser-
vice scientists.
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TABLE 6-3 (cont'd.): Additional Current Sources of Federal Support for

Technology-Related Teacher Development

Department of Health and Human Services

Minority High School Student Research Apprentice-
ship Program: Inservice and preservice training to
minority teachers, teachers in largely minority schools,
and minority undergrads interested in science teach-
ing careers.

Summer  Fellowship  Program: Inservice and preservice
teacher training in microbiology lab techniques and
electronic databases, summer internships in National
Institutes of Health laboratories, workshops on incor-
porating new skills into curriculum.

National Endowment for the Humanities

Summer Seminars for Teachers: Summer  humanities
studies for K-1 2 teachers; technology may be a re-
source.

Elementary and Secondary Education in the Humani-
ties: Program to improve humanities teaching in K-12
schools; includes teacher institutes in which technolo-
gy may be a resource.

Special Opportunities in Foreign Languages: Teacher
institutes and other activities to improve foreign lan-
guage instruction at all levels; technology may be a
resource.

OTHER AGENCIES
Department of Transportation
= Aviation Education Workshops: Familiarizing teachers

with aviation education curricular materials.

Department of Energy

o Laboratory Partnerships, Local Programs, Regional
Systemic Efforts: Variety of lab-based teacher training
and K-1 2 education improvement projects in science
and technology.

Smithsonian Institution

m Project SPICA (Support Program for Instructional
Competency in Astronomy): Summer institutes and
teacher-leader training in astronomy for K-12 teachers
and college faculty.

Environmental Protection Agency

m Environment/ Education Grants: Support can include
teacher training to develop and implement models for
environmental education.

National Endowment for the Arts
m Arts in Education.” Teacher professional development
is one of many activities.

Interagency Initiative; NASA, NSF, and National

Oceanic and Atmospheric Administration

m GLOBE Program: Grants for developing curricula,
data collection and communication technologies, and
teacher training in support of worldwide environmental
science experiments.

This list 1smeant to be ilustrative and isnot a complete inventory of all federal programs with components for technology-related teacher training.
SOURCE: Office of Technology Assessment, 1995,

national level (e.g., the NSF Teacher Enhance-
ment Program), the amount of support for
technology-related teacher development varies
from year to year, depending upon the priority
given to technology or the kinds of proposals
submitted. Until the passage of the Improving
America's Schools Act, the two pieces had not
come together: programs devoted to profes-
siona development did not mandate or recom-
mend that grantees consider technology as
either atopic for training or amode for delivery,
while programs that provide funds to acquire

technology or expand its use did not always re-
quire attention to teacher training needs.

In part because of these characteristics, federal
support for technology-related teacher devel-
opment hastended to be highly variable, frag-
mented, and lacking in a unifying strategy or
clear leadership. As a subcommittee of an ED
steering group concluded in 1992, “Since the es-
tablishment of the Department in 1980, very little
initiative or coordinated effort has been taken by
ED to promote or guide educationa technology
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efforts in the schoolsl® As discussed in detail lat- content standards in core subjects, including stan-
er in this chapter, this situation has begun talards for what teachers should know and be able

change. to do. The mention of technology in these stan-

dards could send a strong signal, while the omis-
NEW OPPORTUNITIES FOR sion of technology could constitute a setback.
FEDERAL LEADERSHIP Together the provisions of Goals 2000 could give

The federal government is starting to exert Stron§tronger_ fe_deral encouragement to states and
ger leadership in educational technology an(fChOC)l districts to use technology both to support

teacher training, as signaled by several new IegisQulr”CUIar [eforms and to provide professional de-
lative and executive initiativeAs a result of new ~ V€'OPMeNt.

legislation, the Department of Education now
has greater authority and stronger directivesto  [1 Improving America’s Schools Act

policy for educational technology. and amends most of the major federal elementary
_ and secondary education programs supported un-
[J Goals 2000: Educate America Act der the Elementary and Secondary Education Act.

The major purpose of Goals 2000 is to encouragh also contains far-reaching amendments affect-
states to establish content and performance staimg educational technology, most significantly the
dards for student learning in core academic subiew Title Il of the ESEA—the most comprehen-
jects and then to develop comprehensive schosiive federal education technology legislation to
reform plans based on these standards. These std@&e and a turning point in the federal role in
improvement plans must include “a process foreducational technology. Title Il authorizes sever-
providing appropriate and effective professionalal new federal leadership activities and grant pro-
development, including the use of technologygrams in ED aimed at expanding access to and use
distance learning, and gender-equitable methodsf educational technologies, strengthening the
necessary for teachers, school administrators, ariedchnology infrastructure, and supporting tech-
students to meet state content standards and sta@ogy-related technical assistance and profes-
student performance standards.” Furthermore, th&ional development (see box 6-1). For FY 1995,
act also authorizes grants to states to develop sythe first year of funding, $40 million has been ap-
temic plans, as part of their broader state improvepropriated for the legislation. The Department has
ment plans, to increase use of educationatommitted $27 million of this amount to a
technologies for student learning and staff devel[dechnology Challenge grant competition. This
opment. For FY 1994, $5 million was appro-program encourages schools, districts, research
priated for this purpose. labs, nonprofit organizations and businesses to
The act also required ED to establish an Officgoropose technology solutions to educational chal-
of Educational Technology. This office is respon-lenges and problems.
sible for reviewing, coordinating, and overseeing A key provision of Title 1ll charges the Secre-
federal educational technology policy. tary of Education with developing a national long-
With encouragement from the Goals 2000 Actrange technology plan by October 1995 that
national groups are developing voluntary nationaincludes strategies to:

10see Tom Hanley (ed.), “1992 Report of the Subcommittee on Educational Technology to the Steering Committee on Math and Science
Education, U.S. Department of Education,” n.p., November 1992, p. 98. This report noted that ED is quite limited in what it can do without
congressional authorization or appropriation—a debatable point since in FY 1994 the Department designated technology-related priorities for
several discretionary programs without changes in law.



Chapter 6 Technology and Teacher Development: The Federal Role | 221

By the year 2000...

READINELS FOR SCHOOL=
L [ [ Y TR Ty A | [P e = |
vy b far

W BN i EAPLE T

ke high sebml gredusliom e will
e ey e |

AMB CITITENEHIP—

Vi b wdl aes greskes 4, ool B3
I e e L

brging sl ner e bahag Frglhsh

- .

LT =

viskrs el pecraEenl, rooiesees, @e,

hekeit wiel @sanass el oery sl

i Vs mall rppre ol ol slisbesia

| & stipbeias wil le lirsi in il skl

2 = = il e
T FAIRFEA I AE R RT @ e

Fonvers

Famry sohisd in e Lnited St will -

e e =il asa

sl

g
kil
rr ks

o il T e T

b ey il il Bl w0 =i
ared prepaer all Amecean kil Bl

ik read rrvary

Foswry sibensl sdl prmesic parieslsy
thai will errasr garestal paolocemen

avidl, smnmwdal. sul W sl gosih

CoalTh o i aFLE LT s e

ot fa b i it sl e By iy o e o rirogs, vEner, gued il i
GOALS I= jEjarl e ey boke- duigs, il I pressrree o frwarme swl aboar
Gz Lsrimes aed crsbeans casde. bel sl ] adles wdiemslisenl s

el v e b brarmema.

EOG dimid &1 oad Gl eE - pEkers s,
i W Tk el

EDUCATION
FOR EVERY CHILD

Goals 2000 legislation ~ encourages ~ states to increase the use of technologies for student leaming and staff  development,
requires that school districts provide professional development to meet state content and student performance standards.

5 B TR CETAS B WOUE DA R ATY, Ol 1B =40 EARN
U, 5. DEPARTMIENT OF EDUCATION

and

.encourage effective use of technology in all ED sional development than any current federal
programs, program School districts receiving funds under
.facilitate technology use through joint efforts this program are required, to the extent possible,
with other federal agencies, to use funds to provide “ongoing professional de-
.work with state and local agencies and the pri-velopment in the integration of quality education-
vate sector, al technologies into school curriculum and
. promote increased opportunities for teachelong-term planning for implementing educational
professional development in the use of newtechnologies." Funds are also required to be
technologies, and used to expand technology applications to support
»accomplish other long-range goals. school reform and ensure that schools have mean-
This plan could provide focus and strategic ingful access to hardware, software, and connec-

planning for the federal role in educationaltivity, among other activities. School districts also

technology, not only in ED but across gov-must describe in their grant applications how they
ernment. “will ensure ongoing, sustained professional de-

Also noteworthy is the new state and local Ve|0pm_ent for te.aCherS, adminiStl’atorS, and
technok)gy grant program authorized in the school |Ibl‘ary media personn@lt’o further use of

new Title Ill, which has stronger recognition ~ technology.
and mandates for technology-related profes-

11 Section 3134 (4) of the Improving America’s Schools Act.
12 Section 3135 (1) (D) (i), ibid.
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BOX 6-1: Title Ill, ESEA—Technology for Education Act: Major Provisions Affecting Teachers

Part A—Technology for Education of All Students
Total FY 1995 Appropriation; $40 million

Subpart |—National Programs
FY 1995 appropriation: $3 million

National  Technology Plan
Secretary must develop a national long-range technology plan by October 1995 that will include
strategies to encourage effective use of technology in all Department of Education programs.

Federal Leadership

Secretary may use national program funds for various federal leadership activities such as:

= helping technical assistance providers improve their services;

= conducting research and development on interoperability and advanced applications of educational
technology;

= developing and evaluating software and products;

= developing, demonstrating, and evaluating the educational aspects of high performance computing,
communications technology, and the national information infrastructure in providing professional de-
velopment;

* developing, demonstrating, and evaluating model strategies for preparing teachers and other per-
sonnel to use technology effectively; and

= encouraging collaboration with other federal agencies.

Subpart 2—State and Local Programs for School Technology Resources
FY 1995 appropriation: $27 million

Grantees

In years in which less than $75 million is appropriated (i.e., FY 1995), Secretary makes “challenge
grants” to local consortia that include at least one district with a high concentration of low-income
children. (If more than $75 million is appropriated, funds go to state education agencies based on Title
1, ESEA formula and states make subgrants to school districts).

Statewide  Technology ~ Plans

States must develop statewide technology plans (or use their Goals 2000 technology plan or a similar
one) that must address long-term strategies for financing educational technology and serving districts
with low-income children and high-technology needs.

Local Use of Funds

School districts shall use grant funds, to the extent possible, to:

N develop, adapt, or expand applications of technology to support school reform;

N fund projects of sufficient size and scope to improve student learning and, as appropriate, support
professional development;

N acquire connectivity, hardware, and software to ensure that schools have meaningful access;

N provide ongoing professional development in integration of quality educational technologies;

N acquire connectivity with wide area networks; and

N provide educational services for adults and families.

Local Applications

School districts must describe how they “will ensure ongoing, sustained professional development for

teachers, administrators, and school library media personnel served by the local educational agency to

further use of technology.”




Chapter 6 Technology and Teacher Development: The Federal Role 1223

BOX 6-1 (cont'd.): Title Ill, ESEA—Technology for Education Act: Major Provisions Affecting Teachers

Subpart 3-Regional Technical Support and Professional Development
FY 1995 appropriation:  $10 million

Grantees
Educational laboratories and other regional entities, to develop regional programs in- professional
development, technical assistance and information dissemination.

Regional Professional Development

Regional professional development activites may include intensive school-year and summer work-
shops, video conferences, distance professional development, repositories of professional development
resources, and more.

Subpart 4-Product Development
(No appropriation for FY 1995)

Purpose
Secretary makes competitive grants or loans to consortia to develop, produce and distribute technology
enhanced instructional resources and programming for student instruction or professional development.

Part B—Star Schools
FY 1995 appropriation: $30 million
Star Schools program extended through FY 1995.

Part C--Ready-to-Learn Television
FY 1995 appropriation: $7 million
New program of grants to nonprofit entities to develop, produce, and distribute video programming
promoting  school readiness for preschool and elementary children and their parents.

Part D-Telecommunications Demonstration Project for Mathematics
FY 1995 appropriation: $2.25 million
New program of grants to telecommunications entities to conduct a national telecommunications demon-
stration project to help teachers prepare all students to meet content standards in mathematics. Grantees
must use public telecommunications to train teachers in standards-based curriculum.

Part E—Elementary Mathematics and Science Equipment Program
New program, not yet funded, of formula grants to states and school districts to provide equipment and
materials for hands-on math and science instruction in elementary schools. Funds shall not be used for
computers and peripherals or for staff development.

Part F—Elementary and Secondary School Library Media Resources Program
New program, not yet funded, of grants to states and school districts to acquire school library and
media resources.

Source . Office of Technology Assessment, 1995.

A Title Ill program of grants to regional edu- 1 Telecommunications Legislation
cational laboratories for technica assistance Potentially Impacting Education
athorizes regiondl professiona development &-  Congress has also been debating federal policy
tivities in technology use. As discussed below, the  that would affect educational access to emerging
Improving America’s Schools Act also amends  jnformation infrastructure. A number of bills were

several other federal education programs 10 gyymitted in the 103d Congress, with varying ap-
strengthen technology use.
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proaches to regulation of access; it is expected thal Department of Education Programs
similar bills will be submitted in the 104th Con- _. )
gress. The final outcome of these debates wilEisenhower Professional Development
have a significant impact on the affordability, Program—FY 1995 Funding: $359 Million
availability, and access to information resourced he Dwight D. Eisenhower Professional Devel-
for educational users. These bills could set iropment program, originally authorized by
place a new system of educational services anfitle Il of the ESEA in 1988 and reauthorized
materials for teacher and student use. Clearlynder the Improving America’s Schools Act, is
teachers will need training and support if they armow the largest federal program aimed at im-
to derive maximum benefit from the new re-proving professional development.The pro-
sources available. gram has two components: 1) the state grant
However, as suggested by the past experi- program allocates funds by formula to states for
ence of many of the programs described below, grants to school districts (LEAS) and institutions
ambitious initiatives do not always translate of higher education (IHEs) for training K-12
into better programs or stronger leadership. teachers, and 2) the national program provides
Budget ceilings can limit funding of new pro- competitive grants from the federal level for inno-
grams and appropriations increases for existingative projects of national significance.
ones. New programs can be implemented effec- Until this year the program has focused on im-
tively or poorly. Furthermore, a special office proving mathematics and science instruction
within an agency does not automatically guaranthrough inservice and preservice teacher training.
tee better administration or coordination. FederaNew amendments in the Improving America’s
administrators must have the authority, toolsschools Act will extend Eisenhower professional
funding, and congressional and White House supjevelopment activities to other core academic
port to carry out the ideas embraced on paper ingpjects beginning in FY 1995, as long as math

technology plan. and science activities are funded at a level of at
least $250 million per year.

MAJOR TECHNOLOGY-RELATED Eisenhower state grant funding reaches 83 per-

TRAINING PROGRAMS cent of the school districts in the nation—more

As discussed above, there are two important way§an any other federal teacher training progtam.
that technology-related teacher training can bét also reaches more teachers. In 1988-89, an esti-
viewed: technologyas a subject for teachers to mated one-third of all math and science teachersin
learn about or usé.e., as a resource for a range ofthe nation took part in some type of activity
K-12 instructional goals) and technologg a funded by the Title Il progrart

mode for delivering teacher training of any kind  The forerunner of the Eisenhower program was
This analysis looks at both these emphases in sethe 1984 Education for Economic Security Act.
eral key programs supported by the major player$his act allowed teacher training in “computer
in this area: the Department of Education, the Nalearning and foreign languages” only if math and
tional Science Foundation, and, most recently, thecience training needs had already been met. This
Department of Commerce. wording presumed that learning about computers

13U.s. Congress, General Accounting Offitag Eisenhower Math and Science State Grant Prog@&h®/HRD-93-25 (Washington,
DC: U.S. General Accounting Office, 1992), p. 26.

14Michael S. Knapp et. alThe Eisenhower Mathematics and Science Education Program: An Enabling Resource for Reform, Summary
Report(Menlo Park, CA: SRI International,1991), p. iii.
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(the dominant technology of the time) was considhas continued in more recent years. A 1992 com-
ered a separate topic, not a means for teachingendium of model programs funded through the
math or science. Revisions in 1988 expanded thstate program included several technology-related
policy to permit training in and instructional use training projects, such as helping teachers use la-
of technologies (not just computers) as part of aer holography to teach about light or use comput-
math and science program and to allow purchasers to model decisionmaking about natural
of hardware and softwaré all other teacher resourced®
training needs had been met Under the national program, the FY 1994 grant
The 1994 amendments to the ESEA give mucltcompetition designated three absolute priorities,
stronger encouragement to technology-relatedne of which encourages model professional de-
professional development. In their Eisenhowewnelopment projects that help teachers effectively
plans, states now must describe how they “willuse technologies in teaching math and science;
use technology, including the emerging nationaklectronic networking among teachers is required
information infrastructure, to enhance the profesin all projectst’ The 10 Eisenhower regional con-
sional development of teachers.” State and locagortia funded by the national program to dissemi-
Eisenhower grants may be used to provide profestate exemplary materials and provide technical
sional development “in the effective use of educaassistance have also provided technology-related
tional technology as an instructional tool.” Undertraining to teachers® Other national program
the national program, the Secretary may fund efgrants are supporting projects to establish an on-
forts “to train teachers in the innovative uses andine network to enable teachers to communicate
applications of technology to enhance studenwith the National Clearinghouse for Mathematics
learning.” and Science Education, implement statewide tele-
Both the state program and the national procommunications networks for teachers, develop
gram are key sources of federal funding forvideo teacher training modules, help teachers use
technology-related teacher training. The most renetworks to enhance instruction, and train teach-
cent national evaluation of the state program, corers to integrate computer technologies into math
ducted in school year 1988-89, found that 2dnstruction for Indian childref?
percent of all LEA Eisenhower projects and 14 Whatimpact has the Eisenhower program had?
percent of all IHE projects provided support forA recent evaluation found that the quality of LEA-
computer education not connected to math or scBupported training varied, from well-designed
ence; well over half of these computer educatiorstaff development that clearly influenced teacher
projects (62 percent) focused on staff developthinking and classroom practices to “ad hoc train-
ment. In addition, a notable share of math- andng that appeared to contribute little to improved
science-oriented projects involved use of educaPractices.?9 The study also uncovered mixed re-
tional technology—in math, about 38 percent ofsults regarding the impact of Eisenhower program
the LEA projects and 41 percent of the IHE proj-participation on teacher classroom practices and
ectsl® Support for technology-related training

151bid., pp. 15-18.
16 Triangle Coalition for Science and Technology Educat8iate Model Program@&ollege Park, MD: Triangle Coalition, 1992).
17 Federal Registewvol. 59, No. 84, May 3, 1994, p. 22910.

18Keith M. Kershner, “Eisenhower Regional Consortia Progress Updatgght D. Eisenhower Mathematics & Science Educatioh
3, No. 3, fall 1993, pp. 6-7.

19y.S. Department of EducatioBwight D. Eisenhower National Program for Mathematics and Science Education: Project Abstracts
(Washington, DC: 1994).

20 Michael S. Knapp et. al., op. cit., footnote 14, pp. iv-v.
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Star Schools funding has brought experts into even the most
remote classrooms. Here Gene Cernan, the last astronaut to
walk on the moon, discusses space exploration with students
and teachers over an interactive instructional television
network.

Star Schools, Title [I-B of the ESEA-
FY 1995 Funding: $30 Million
With an appropriation of $30 million for FY 1995,
ED’s Star Schools program makes grants to tele-
communications partnerships to support the use
of distance-learning technologies to improve stu-
dent instruction in math, science, foreign lan-
guages, and other subjects. A large share of Star
Schools funding is used to acquire and operate
distance-learning equipment and to develop and
deliver  programmingmostly aimed at studerits.
Teacher professional development has always
been an allowable activity under the program; the
1991 amendments required partnerships to offer a
range of courses for educators with different skills
and to train participating teachers to use telecom-
munications equipment and integrate distance-
learning activities into the curriculum. In FY
1991, an estimated 22,600 teachers participated in
Star Schools staff development activities and
another 720 teachers received college credit

student learning.And much of the Eisenhower- courses through the systénn 1992-93, about
supported training was of low-intensity-an aver- 130 different general staff development activities
age of six hours of training per participant per yeatwere offered by Star Schools partnerships, vary-

in LEA projects in 1988-89.

ing in length from I-hour to 6-hour segments,

In response to these findings, the DepartmentVith some 10-hour telecourses. Most of these acti-
of Education revised program regulations in 1992vities were “one-shot” teleconferences, and most

to encourage projects of longer duratfoim the

were underused. A recent national evaluation sug- *

1994 amendments, Congress directed all Eisengests that'general staff development was per-
hower projects to support "sustained and intensivehaps the weakest component of Star Schools

high-quality professional development” that will Projects.

n26

Many of the distance-learning staff

have a lasting impact on teacher performance, bedevelopment activities imparted information to
come part of the everyday life of the school, and béeachers as passive recipients-in other words,

oriented toward continuous improvement.

“Ibid, p. 23.
“Ibid, . iv.

old delivery in a new package. Effectiveness

*James B. Stedman, "Eisenhower Mathematics and Science Education Act: Overview and Isfeguithorization,” Congressional
Research Service, Library of Congress, CRS Report for Congress 93-5 EPW, December 1992, p. 12.

“Tushnet et. al., op. cit., footnote 7, p. 2

“U.S. Department of EducationAnnual Evaluation Report: Fiscal Year 1991(Washington, DC: 1992), p. 614-2.

“Tushnet et al., op. cit., footnote 7, p.71.
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would probably increase, the report concluded, iige of funding for this activity in recent years is
projects used the interactive aspects of the tecmot known281t has been found, however, that staff
nology to foster learning communitiés. development supported by Title | “is generally of
The 1994 amendments to the ESEA continueghort duration offering cursory coverage of multi-
a move begun by ED to strengthen professionglle topics.29
development activities through distance learning. Educational technologies, primarily comput-
Star Schools funds may be used to develop and aers, are used in over half of Title | projet?De-
quire preservice and inservice programs “based ogpite large investments in hardware and software
established research,” to establish teleconferand the popularity of computer-assisted instruc-
encing facilities for making interactive training tion in Title | projects, in the past very little Title |
available to teachers, to provide professional desupport has been devoted to helping teachers of
velopment to teachers, to train instructors to us&itle | students use technologies effectively. The
distance-learning equipment and integrate proextent of Title | staff development that addresses
grams into the classroom, and to provide teachesducational technologies is unknowglthough
training for teaching core subjects. Priority foritwas not among the 10 most common topics cov-
funding is given to applicants that, among othelkred in staff development for Chapter 1 teachers in
characteristics, have substantial capabilities ta99132 Because Title | funding is so large, how-
provide professional development and to trairever, even a 1 percent share of Title | funds for
educators to integrate telecommunications intgrofessional development would amount to a

school curriculum. $72 million contribution. Therefore, Title | pres-
ents a potentially large untapped source for

Title | of the ESEA— technology-related professional development.

FY 1995 Funding: $7.2 Billion The 1994 amendments to Title | give greater

Title | (formerly Chapter 1) is the largest singleemphasis to professional development and tech-
federal education program. Nearly every schoohology use. Title | schools must now “devote
district in the nation participates in the program sufficient resources to effectively carry out” pro-
which provides supplementary instruction in acafessional development activities, and schools that
demic subjects to low-achieving children in high-do not meet state performance standards must use
poverty schools. Because of its size and reacl,0 percent of their Title | grant for professional de-
Title | is a potent force in education today. velopment. In addition, a new section on profes-
Professional development for teachers whgional development requires every school district
work with Title | students has always been an al¥eceiving Title | funds to provide high-quality pro-
lowable activity, although the amount or percentfessional development to improve teaching in aca-

27bid., p. 78.

28 Case study data from a U.S. General Accounting Office review of eight local programs found that in school year 1990-91, the school
districts studied used from 0 to 4 percent of their Title | budgets for in-house training. The report also noted that it is possible that more funds
were used for training but were categorized as nonsalary classroom services. U.S. General Accountibgrféicsatory Education: Most
Chapter 1 Funds in Eight Districts Used for Classroom Sen(dé&shington, DC: 1992), pp. 12-13.

29National Assessment of the Chapter 1 ProgReimventing Chapter 1: The Current Chapter 1 Program and New Directions Executive
SummaryWashington, DC: U.S. Department of Education, Office of Policy and Planning, February 1993), p. 21.

30National Assessment of the Chapter 1 Program, ibid, p. 80.
31 Mary Jean LeTendre, Office of Compensatory Education, U.S. Department of Education, personal communication, Nov. 17, 1993.

32Mary Ann Millsap, Marc Moss, and Beth Ganmiske Chapter 1 Implementation Study, Final Refeshington, DC: U.S. Department
of Education, 1993) p. 7-7.
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demic subjects, and this may include “instruction State education agencies (SEAs) may keep a
in the use of technology® The Secretary of percentage of their federal money for state initia-

Education may also fund projects to demonstratéves (the percentage was reduced from 20 to 15
promising Title | practices, including application percent under the 1994 amendments). In 1991-92,

of new technologies. states used about 12 percent of their Chapter 2
SEA allocations for professional development ac-

Title VI of the ESEA— tivities, or about $11 million. Funding for technol-

FY 1995 Funding: $347 Million ogy acquisition from this pot of money was less,

Title VI (formerly Chapter 2$4 which supports about 2 percent of the SEA share, or less than $2
state and locally determined school reform effortsmillion. 38
has been a major benefactor of both school The national evaluation of Chapter 2
technology acquisition and general staff developshowed that technology-related training was a
ment. In school year 1991-92, about 72 percent gfommon topic for professional development at
the districts in the nation used Chapter 2 funds tboth the state and local level<Of the SEA's that
buy computer hardware and software, accordingupported professional development with Chapter
to the most recent national evaluatt®nThe 2, 69 percent addressed the use of technology in
school districts examined in a substudy of thatnstruction as a professional development téBic.
evaluation spent 17 percent of their Chapter 2 alFor local education agencies supporting profes-
locations on hardware and software. Extrapolatedional development with Chapter 2 funds, 39 per-
nationally, this would amount to $61 million from cent addressed technoloty.
Chapter 2 funding for technology purchases. In addition, the Chapter 2 legislation specifi-
During the same period, about 27 percent ofally authorized the use of funds for innovative
school districts used some Chapter 2 funding otechnology education programs for students
professional development (averaging about 13%which might also involve professional develop-
percent of their local Chapter 2 allocatio”®). ment for teachers). Although this initiative com-
Again, if these percentages were extrapolated naises only a small portion of SEA and LEA
tionally, it would come to about $47 million for support}l it has encouraged interesting applica-
professional developmeff. It is likely that tions. For example, Maryland developed an inter-
additional funding for professional developmentactive computer and video system that teachers
was reported under other Chapter 2 spendingould use to explore effective teaching methods
categories. keyed to specific learning outcomes in the state’s

33Funding for this need not come from Title I; they may use Title |, Title |1, Goals 2000, and any other sources to provide this professional
development.

34 Although technically now Title VI, this program is commonly referred tGlaspter 2 therefore this is the name used in this chapter.

35 Joan Ruskus et aHow Chapter 2 Operates at the Federal, State, and Local L@¥elshington, DC: U.S. Department of Education,
1994), p. 73.

36 bid., p. 175.

37bid., p. 18.

381bid., pp. 17-20.

39bid., p. 143.

40pid., p. 184.

41SEAs in the national evaluation and LEAs in the substudy each used 3 percent of their allocations for this purpose. ibid., pp. 17-18.
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central reform initiative. In another example, asome Part B funds in 1991 to support inservice
district in Texas supported the One Computetraining.
Classroom program, which includes software and The major IDEA program for teacher training
related staff training to make efficient use of ais thePart D Personnel Developmenprogram.
single computer in a whole-class settfdg. Funded at $91 million for FY 1995, this program
When funding for technology-related profes-provides grants to IHEs, SEAs, and nonprofit or-
sional development from all Chapter 2 compo-ganizations to train teachers, education personnel,
nents is totaled, it is still likely to be far less thanand related services personnel to serve children
the investment in equipmenthe new Title VIis  with disabilities; to demonstrate new approaches
likely to encourage a greater emphasis on to personneltraining; and to help states carry out a
technology-related professional development, comprehensive system of special education per-
by specifying that local grants may be used for sonnel development. Most of the funding sup-
professional development to assist teachers to ports undergraduate and graduate degree training
use technological equipment and software ef- in special education, through scholarships, fel-

fectively. lowships, and institutional aid. Less frequently,
grants are used for inservice training.

Individuals with Disabilities Education Act— In 1990, provisions were added to Part D that

FY 1995 Funding: $3.3 Billion specifically authorized training in instructional

The federal government has recently expandeéind assistive technology services, and this has
support for technology-related teacher trainingdramatically increased the number of technology-
under the various components of the Individualgelated projects. At least 16 projects in 1993 in-
with Disabilities Education Act (IDEA)—the ma- volved a significant focus on technology. Most of
jor federal legislation for educating children with these were graduate programs that trained special-
disabilities (authorization for IDEA is scheduled ists in assistive technology and augmentative and
to expire in the 104th Congress). An impetus forlternative communications. One project, for ex-
this growth is the need for teachers who educatemple, is developing the competencies of assis-
students with disabilities to be knowledgeabletive technologists through computer technology.
about adaptive and assistive technologies. Another is developing teacher training modules
The largest IDEA program is thRart B State  using interactive televisioff
Grant program, which in FY 1995 will provide = Additional support for technology-related
$2.3 hillion to educate children with disabilities. training is available through another IDEA pro-
Part B requires states to have a comprehensivggam, thePart G Program for Technology,
system of personnel development that include&ducational Media, and Materials.Part G sub-
procedures for adopting promising technologysidizes research, development, and technical as-
where appropriate, and permits funds to be usesistance to advance the quality and use of
for teacher preparation and inservice training. Altechnology, educational media, and materials for
though 90 percent or more of Part B funds are usdddividuals with disabilities. To date, the focus
for direct services to studerft3,29 states used has been on research and development. For FY

42)pid., p. 57.

43U.S. Office of Special Education and Rehabilitative Serviegsiementation of the Individuals with Disabilities Education Act, Four-
teenth Annual Report to Congre§¥ashington, DC: U.S. Department of Education, 1992), p. 143.

44Max Mueller, Office of Special Education and Related Services, U.S. Department of Education, personal communication, Dec. 7, 1993.
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1994, however, the Department of Education allotion, and a statewide program in Washington State
cated $1.8 million from this program to fund inno- that delivers training through satellite technolo-
vative projects that combine organizationalgy.*8
support and professional development in technol- The 1994 amendments outline several explicit
ogy, media, and materiaf8. NDN functions related to technology. NDN state-
Similarly, in the IDEAProgram for Children level staff must provide professional development
with Severe Disabilities one of five priorities for to participating school districts; this training
competitive grants in FY 1994 and 1995 was ahould help districts identify educational technol-
model inservice training project to prepare perogy needs, secure technical assistance to meet
sonnel to educate students with severe disabilitiehese needs, and use technology to increase access
in general classroom and community settingsto professional development.
Competency areas could include instructional

technology and assistive technold§y. [J National Science Foundation Programs
_ - Teacher Enhancement—
National Diffusion Network— FY 1995 Requested Funding: $101 Million
FY 1995 Funding: $14.5 Million Technology is embedded in the purpose of NSF’s

Begun in 1974, the National Diffusion Network Teacher Enhancement program: “to improve,
(NDN) is a national dissemination system to pro-broaden, and deepen the disciplinary and peda-
mote the sharing of K-12 education programs thagogical knowledge of teachers, administrators
have been validated as effective by a review panednd others who play significant roles in providing
NDN projects span all subjects, specializationsquality science, mathematics, and technology
and grade levels. Training teachers is one of theducation for students from pre-kindergarten
main strategies used by the program to helphrough grade 124 This program provides com-
schools adopt exemplary projects developed ipetitive grants to LEAs, IHES, museums, and oth-
other sites. In school year 1990-91, more thamr organizations with records of excellence in
32,000 school districts adopted NDN projects professional development. In 1993, the program
and nearly 91,000 educators were traifed. reached about 21,800 math and science teachers,
The NDN was an early promoter of educationakach of whom was expected to train another four
technology and early provider of technology-re-to five teacher§?
lated teacher training. Several technology-related Many projects involve intensive summer
projects are included in the current roster of projworkshops with regular followup during the
ects available for adoption. Examples are a proschool year, while others use research internships,
gram to enhance the ability of teachers to usworkshops, seminars, and other inservice for-
videodiscs to teach core math concepts, a computats. Projects may target teachers in a single
er simulation program in environmental educa-school district or in a state, region, or the nation.

45U.S. Department of Education, “Technology, Educational Media, and Materials for Individuals with Disabilities Program, Fiscal Year
1994: Application for New Grants,” n.p., 1993.

46 Federal Registevol. 58, No. 119, June 23, 1993, p. 34189.

47 Several districts adopted more than one NDN project. U.S. Department of Edutatioa| Evaluation Report, Fiscal Year 1991
611-2.

48 National Diffusion NetworkEducational Programs That Wotkongmont, CO: Sopris West, 1993), pp. 7-17.
49 National Science FoundatioBuide to Programs, Fiscal Year 199&ashington, DC: 1993), p. 16.

50Federal Coordinating Council for Science, Engineering, and Technology, Committee on Education and Human Fessoetesk
op.cit., footnote 8, p. 16.
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Special emphasis is given to projects that lead to The predecessor NSF program for Teacher
systemic reform in education or that provide leadPreparation supported several technology-related
ership training to help effective teachers becomefforts, including projects to strengthen math
change agents in their school or district. teaching through hypermedia instructional mate-
Perhaps one-fifth of the current Teacher Envials, prepare K-8 teachers to use calculators and
hancement projects focus specifically on technoleomputers in teaching the fundamentals of proba-
ogy, and a high proportion of the remainingbility, and integrate computer-based laboratory
projects use technology as a vehicle for teachingxperiences into physical science courses for fu-
math and science. Recent projects have focusedre middle school and high school teact¥érs.
on helping teachers incorporate computer micro- The new program strengthens the emphasis
worlds and simulations, new laboratory tech-on technology. Preparing prospective teachers
nologies, digital image processing, andto employ the latest technologies is one of the
telecommunications networks into their instruc-goals cited in program guidelines. Every Col-
tion. Others have trained teachers in rural aredsborative project must address the “prepara-
through distance learning, encouraged teachers tmn of students in the use of new tools and
develop video materials for classroom use, antechnologies.” Funds may also subsidize work-
promoted teacher collaboration through electronshops for faculty and mentor teachers to explore

ic networking®1 and design new methodologies and technolo-
gies?3

Teacher Preparation—FY 1995 Requested Other NSF programs are likely to be providing

Funding: $18 Million additional support for technology-related teacher

A new program within NSF, the Collaboratives Preparation. For FY 1994, preparation of K-12
for Excellence in Teacher Preparation, seeks to ef€2chers was one of three special emphases that
courage comprehensive change in the undergradUt across all programs in the Division of Under-
uate education of future K-12 teachers andf@duate Education, including programs for
increase the number of teachers well prepared ifourse and curriculum development, faculty de-
science and math. A reshaping of the formeV€lOPMent, improvement of mathematical sci-
Teacher Preparation program, the Collaborative€"C€ instruction, and laboratory improvemeht.
strive to produce creative national models for

teacher preparation that address both content afpplications of Advanced Technologies—
methods. Collaboratives must involve faculty FY 1995 Funding: $10 Million

from colleges of education; faculty from college The Applications of Advanced Technologies pro-
departments of math, science, and engineeringgram promotes research and demonstrations in
and K-12 teachers and administrators. They ma$revolutionary” technologies that will be avail-
also include two-year colleges, community orga-able in five to ten years, with the goal of speeding
nizations, and public and private sector represertheir transfer to the classroom. Although teachers
tatives. are not the central focus, most projects have a

51Michael Haney, Teacher Enhancement Program, Directorate of Education and Human Resources, National Science Foundation, person-
al communication, Nov. 22, 1993; and National Science Found&timttory of NSF-Supported Teacher Enhancement Projédashing-
ton, DC: 1992).

52 National Science FoundatioBHR Directory of Awards, Fiscal Year 199@ashington, DC: 1992), pp. 148, 150, and 157.
53National Science Foundatiddndergraduate Education, Program Announcement and Guidélidashington, DC: 1993), pp. 21-22.
54 National Science FoundatioBuide to Programsop.cit., footnote 49, p. 18.
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Networking infrastructure for Education-

FY 1995 Funding: $15 Million”

This program aims to demonstrate the most inno-
vative applications of educational networking for
students and teachers, with the goals of develop-
ing many different models for using networks ef-
fectively to improve education. Grants are made
to consortia that include educational agencies or
institutions, usually working with other public
and private sector partners, and federal funds are
matched with funds from other sources. Projects
may address networking applications for every-
thing from an entire state-such as a statewide
educational network in New Jersey—to a single

Following the standards set by the National ~Council for

Teachers of Mathematics and those of the National ~Science SChO(_)l with a teacher as prinCipal investigator.
Teachers Association, teacher training programs sponsored He|p|ng teachers learn to use networks construe-
by the National Science Foundation encourage teaching with tiVE'y iS an integral part Of a” the projects as iS

“hands-on” science, math, and technology activities.

providing ongoing professional development and

component for teacher support and develop§Upport through networking.

ment.” These teacher activities are less formal

than those sustained by NSF's Teacher Enhance® Department of Commerce Programs

ment program, but are important because theyhe National Telecommunications and Informa-
yield valuable information about the kinds of sup- tion Administration (NTIA) of the Department of
port teachers need to assimilate advanced technoCommerce funds a number of programs to support
ogies into their instruction. Support has been ininnovation and capacity building of the nation’s
areas of intelligent tools and learning environ-telecommunications infrastructure. NTIA is
ments (e.g., an algebra workbench, microcomputscheduled to play a key role in fulfilling the Ad-
er-based laboratories, exploration of virtualministration’s goal of deploying an “information
reality environments); knowledge-based systemsuperhighway” as outlined by Th&lational In-
and intelligent tutors (e.g., intelligent tutors in cal-formation Infrastructure: Agenda for Actich.
culus, algebra, geometry, and science); and teleFhedistance-learning grant awards made by
communications and educational infrastructuresNTIA’s Public TelecommunicatiorBacilities
(e.g., testbeds for educational networking in sup-Program (PTFP) sincel979 have created the un-
port of science and math education, worldwidederlying infrastructure for distance-learning faci-
Global Laboratory, and schoolwide Earth Lablities at the district and state level. The new
projects).” Telecommunications and Information Infrastruc-

*Nora Sabelli, Applications of Advanced Technologies, Directorate for Education and Human Resources, National Science Foundation,

personal communication, Dec. 8,1993.
*National Science FoundatiorGGuide to Programs in the Division of Research, Evaluation and Disseminédidimgton, VA: September
1993), p. 15.

“$5 Million of this amount is set aside for projects in the Department of Defense Dependents’ Schools

*U.S. Department of CommercEhe National Informatia n Infrastructure: Agenda for Action(Washington, DC: U.S. Government Print-
ing Office, 1993).
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ture Assistance Program (TIIAP) was created t@cology topics in the curriculum. Approximately
accelerate the use of telecommunications and ire5,000 educators are reached in these programs.
formation technology in the public sector. Each of

these programs require partnerships and matchintelecommunications and Information

funds, designed to magnify the impact of federalnfrastructure Assistance Program—

dollars. For example, the TIIAP FY 1994 grantsFY 1995 Funding: $64 Million

were matched by state and private contributions alth|s program Supports both planning activities
a 2:1 level, bringing the $24.5-million program to and demonstration projects for telecommunica-

a $70-million total investmers® tions networks serving nonprofit agencies and

state and local governments. In the first year of
Public Telecommunications Facilities this program, $24.4 million in grants was awarded
Program—FY 1995 Funding: $29 Million to 92 projects. Eleven grants, totaling $3.72 mil-

These grants are made to colleges and univers”pn’ were made to SEAs or school districts to
. 9 - ) ge: . [!)rovide telecommunication infrastructure devel-
ties, school districts, public television and radio

tati d tia of broadcast d blo ment at the K-12 level. This represents 15 per-
stations, and consortia ot broadcasters and pUblG,  of the TIAP FY 1994 grant supp8ftin

e;ger:jmgstoi de\ﬁllgg Ins_tructlonal T(?[Iel?_/;smn addition, a number of other grants went to univer-
ixed Service ( ), microwave, satellite, sities, state agencies, or other organizations for

other telecommunications facilities to serve Ioca(t/lanning purposes or demonstration projects that
communities. From 1979 through 1994, over 6Q, | 5150 benefit the K-12 sector. At one end of the
grants have been made to support telecommunmﬂjnding spectrum is the $3,000 grant to the Hall
tions services benefiting K-12 school diStriCts-EIementary School District No. 8 in rural south-
Grants have ranged from $30,000 to $800,000. \yest Montana to install an Internet connection in

Although not targeted to professional developits two-room school building. The connection, the
ment or teacher training per se, the distance-leargown's first, provided the 25 students and 95 resi-
ing projects supported under these grants offer gents of the town with access to Montana’s state-
range of professional development opportunitiegyide information services as well as national
for schools and districts. For example, with aresources. At the other end of the spectrum, a
NTIA grant of $72,546 the Los Angeles Office of $450,000 grant to Columbia University connects
Education constructed a satellite uplink facility the university and the Environmental Defense
for use by its Educational TelecommunicationsFund with students and teachers in the Harlem
Network (ENT). ETN provides satellite-delivered (NY) Economic Empowerment Zone. Environ-
programming for students and teachers in ovemental resources will be provided to teachers and
350 school districts in 12 counties serving 3 mil-students through the extension of high-speed net-
lion students. For the 1994-95 school year, ETN'svorks and graphical interfaces for teaching. The
Teaching and Learning Channel is offering 180project will include purchase and installation of
hours of professional development for teachers, inew equipment in six schools, provision of curric-
topics including methods of teaching math andular material and support, and necessary elements
science, working with parents, and integratingfor connections to the university.

S9Emilio Gonzalez, Department of Commerce, National Telecommunications and Information Administration, Office of Telecommunica-
tions and Information Applications, personal communication, November 1994.

60 bid.
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National Endowment for Children’s talized subject or an end in itself (e.g., providing
Educational Television—FY 1995 Funding: teachers with a computer “class”) and toward
$2.5 Million viewing technology as a means of delivering, ex-

The National Endowment for Children's Educa-Panding, and changing instruction in a variety of
tional Television (NECET) supports the creationsubjects.

and production of television programming specif- Often the focus continues to be educating
ically directed toward the development of funda-teachersabout technology. Activities in these
mental intellectual skills of our nation’s children. types of projects vary in intensity and strategy
Although NECET primarily supports program- from one-time training that acquaints teachers
ming intended for general viewing, much of theWith a single application (e.g., how to use graph-
programming it funds also has applicability with- ing calculators in math instruction) to ongoing
in a classroom context. An example, of NECET-support that helps teachers understand how using
funded programming is “Wufniks!” This technology can change teaching style and instruc-
prospective series was supported by a FY 1998onaltechniques (e.g., how to use global telecom-
grant of $157,903 for planning, development, remunications to facilitate a hands-on, project
search, scripting, and evaluation of a pilot. “Wuf-approach to environmental education). In some
niks!” is intended to help 5- to 9-year-olds developPrograms, such as NASAs teacher activities in
an awareness of, Curiosity about’ and engagemeﬂ@ace science, real-world applications of technol-
in general science, math, and technology. A fol0gy also form the content being studied by teach-
lowup grant of $100,000 in FY 1994 is supportingers and students.

the research and development and scripting of six Some federally funded projects are exploring

30-minute episodes of the series. which technological applications are most ap-
propriate for different types of learners, such as

SUMMARY OF FEDERAL EMPHASIS IN children with disabilities or those with limited-

TECHNOLOGY-RELATED TRAINING English proficiency. Others are exploring effec-

SERVICES AND ACTIVITIES tive ways to i_ntegrate f[echnologies into the

. o _ teaching of particular subjects. As a result of the
The preceding program descrlptlons_glve a SeN3Rath and science orientation of so many federal
of the broad strategies and categories of feder%‘aining programs, the group that has been most
support for technology-related teacher developgeryed by federally subsidized training is math
ment. While there is great variety at the programy g science teachers at the middle and secondary
or project level, some general conclusions abou.q| jevel. Recently, the math and science train-
technology-related services and activities in fed-Ing needs of elementary teachers have received
eral programs can be drawn by looking at a NUMgreater attention from these programs.
ber of factors, including the specific treatment of” .. oraris training that integrates technol-

technology, program content and teachers serveggy into the teaching of history, social studies,
the form of training, and uses of technology acrosg,q arts or English Prototypes do exist, how-

programs. ever. For example, the National Writing Project
) o supported by ED, which provides professional de-
[JRole of Technology in Training velopment in writing instruction, encourages the

Federally funded projects today use or addressse of technologies in the writing classroom and
technology in much more diverse and innovativehas supported a teacher network. A project funded
ways than they did just a few years ago (see bolxy the National Endowment for the Arts is train-
6-2). By and large federal programs are movindng teachers to use video technologies as part of
away from treating technology as a compartmenbroader training in integrating media arts into the
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Training About Technology

= Acquainting teachers with the use of a specific technology, such as satellite technology, and assistive

technology for children with disabilities.

« Familiarizing teachers with a variety of technology tools and applications, such as telecommunication

networks.

= Training teachers to use technology to facilitate new instructional approaches (e.g., using networks to

help students become investigators).

= Teaching teachers to integrate technology into a specific subject (e.g., using computer simulations in

physics),

= Helping teachers learn to incorporate technology across the curriculum, such as accessing libraries,

databases, and networks.

Training  With Technology

= Delivering telecourses or teleconferences by satellite.

= Videotaping training  sessions.

* Videotaping and critiquing of teacher performance.

= Modeling good instruction on video.

* Computer-assisted training modules for independent study.

= Using laboratory tools for research assignments or internships.

= Using telecommunications networks for research, interaction, and collegial work.
= Providing computer databases on instructional issues.

= Providing computer or video guides to accompany training materials.

SOURCE: Office of Technology ~Assessment, 1995

BOX 6-2: Some Roles for Technology in Federally Funded Professional Development Projects

classroom. * A project supported through the Ja-
vits Gifted and Talented Education program used
telecommunications to link civics teachers with
mentors in the legal community.”A grant from
the ED Fund for the Improvement of Schools and
Teachers helped social studies and history teach-
ers create multimedia lessons on a historical peri-
od, such as the 1920s, by accessing print, video,
and studio materials with Macintosh computers
and Hypercard software (see box 6-3).”

The expansion of the Eisenhower program to
other academic subjects may expand these kinds
of models of federal professiona development

programs for teachers of academic subjects other
than math and science. Foreign language pro-
grams administered by ED, arts and humanities
programs under the National Endowments, and
others may have great untapped potential to reach
a broader base of teachers and subject areas. To
spur technology integration in other subjects, fed-
eral grant invitation guidelines could include lan-
guage encouraging such projects.

Many federal technology-related training proj-
ects also address pedagogical issues, such as
instructional methods and classroom manage-
ment. Strategies for meeting the needs of special

“Vonnie Sanford, Ohio Art Council, personal communication, Dec. 16, 1993.
“U.S. Department of Education, unpublished 1992-93 abstracts from the Javits Gifted and Talented Students Education Program (Wash-

ington, DC: n.d., np.)

“Amanda Podane, University of California at Los Angeles, personal communication, Dec. 16, 1993.



236 | Teachers and Technology: Making the Connection

BOX 6-3: How Some Federally Funded Projects Have Integrated Technology into

Teacher Preparation and Professional Develment

+ Teachers learned to implement the “Jason Project” Curriculum, which uses interactive distance learning
to ‘lake students and teachers along” on undersea robot explorations; together they learn more about
science, geography, social studies, and even Greek mythology in the process. Eisenhower Profes-
sional Development Program, Department of Education

+ Teachers created multimedia lessons for a thematic, interdisciplinary approach to history and social
studies: a lesson on the 1920s, for example, might use photo images of the flapper fashions, readings
from The Great Gatshy,and historical materials from newspapers.Fund for the Improvement and Re-
form of Schools and Teachers, Department of Education

Michigan school media specialists learned to use telecommunications technologies, to introduce network-
ing in their schools, and help teachers in their schools develop lessons by accessing databases through
the Intenet. Library Education and Human Resource Development, Department of Education

+ A Star Schools partnership broadcast a six-session, nine-hour professional development telecourse to
help middle school teachers use inquiry-based computer programs to support the kinds of math instruc-
tion called for in math teaching and leaming standards. Star Schools, Department of Education

Undergraduate teacher education students learned how to produce multimedia materials for reading
instruction. Fund for the Improvement of Postsecondary Education, Department of Education

Students, teachers, university faculty, and community members were linked electronically at a magnet
school for math and science; teachers had continuous support through teleconferencing. Javits Gifted
and Talented Education Program, Department of Education

Using McAuliffe fellowship money, an lowa teacher bought 18 electronic keyboards, and took them to
area schools to show other teachers how to use them with computers for teaching music by recording
accompaniments, transcribing arrangements, and coordinating playing among groups. Another teacher
outfitted a school bus with computer-based multimedia technologies, and shuttiing between two Ken-
tucky schools, he showed other teachers and students how to integrate technology into all subjects.
Christa McAuliffe Fellowships, Department of Education

groups of children are @ common theme, &s is us
Ing a congtructivist approach or a “discovery” ap-
proach to teaching. Sometimes pedagogica
Isues are the sole focus of training, as with certain
teacher telecourses developed by the Star Schools
partnerships. More often, pedagogy is addressed
I tandem” with subject-matter training. Some  fed-
erd programs, such as the new Eisenhower pro-
gram, require professional development to be
ased on solid research about effective teaching
and Ieamm?.

Several federal programs expose teachers to
state-of-the-art technology through research and
traning  experiences in federd [aboratories and fa
cilities. This approach presents unique opportuni-

ties for teachers, maximizes the use of expensive
federal resources, engages the expertise of federal
scientists, and contributes in-kind g#) ort to
training programs. Exposure to advanced technol-
ogies in a traning Stuation crestes a challenge for
the teacher, however, who must figure out how to
transiate the new experiences and knowledge into
something usable in the classroom, especialy
when the technology in question is neither practi-
cd for students nor accessible to many schools.
Some projects have taken steps to address this
roblem. The Summer Teacher Enhancement

ogram reguires teachers to develop lessons or
experiments to take back to their schools and
plans followup visits from scientists or research-



Chapter 6 Technology and Teacher Development: The Federal Role | 237

BOX 6-3 (cont'd.): How Some Federally Funded Projects Have Integrated Technology into

Teacher Preparation and Professional Development

= At the National Wetlands Research Center in Louisiana, teachers spent four weeks in hands-on training
and research projects involving light and electron microscopy, learned about the wetlands biosystem,
and brainstormed ideas for incorporating microscopy into their curriculum. Interagency Summer
Teacher Enhancement Program, Department of Energy

= Teachers learned to use the Geological Information Service natural resources database of the Columbia
River Estuary to develop a project-oriented curriculum for secondary school students. Environmental
Education Grants, Environmental Protection Agency

= Minnesota teachers focused on using constructive mathematical and computer models to study scien-
tific phenomena. Teacher Enhancement, National Science Foundation

» Teachers and students in poor rural schools in Mississippi were able to access courses, Instructional
support, and materials via nine multimedia Interactive Technology Centers housed at high schools
across the state. Public Telecommunications Facilities Program, Department of Commerce

* By integrating multiple diverse computer networks across the State of Alaska, 81 percent of the popula-
tion, including K-1 2 educators, will have non-toll access to a combined education/government/library
network. Telecommunications and Information Infrastructure Assistance Program, Department of
Commerce

* In the science and mathematics Teaching Teleapprenticeships program, teacher education students
and practicing teachers participate in electronic network-based activities with K-12 students, teachers,
university-based scientists, and teacher educators using specially developed communication tools for
math and science education. Applications of Advanced Technologies Program, National Science
Foundation

SOURCE: Office of Technology Assessment, 1995,

ers during the school year. To address this issue
further, the Department of Energy is working with
the Bank Street College of Education to synthe-
size research on effective transfer of advanced
technologies into classroom settings.™

Federal programs are also encouraging profes-
siona development and preparation with technol-
ogy—in other words, as a mode for delivering
training. Federally funded projects are experi-
menting with the full range of options: distance
learning, electronic networking, video training
materials, videotaped models of effective teach-

ing, videotaping and critiquing of novice teachers,
computer-assisted training and modules for inde-
pendent study, electronic libraries of instructional
resources, and more. Networking, rare a few years
ago, is recelving increasing attention in federal
programs as a vehicle for teacher interaction with
peers or students and for followup to formal train-
ing. Less common are applications that combine
multiple technologies, although some of the na-
tional demonstration programs are working on
this concept.

‘Margaret Dwyer, Office of University and Science Education Programs, Program Evauation Branch, U.S. Department of Energy, per-

sonal communication, Dec. 14, 1993.
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BOX 6-4: Followup Strategies Used in Federally Supported Professional Development Programs

The value of professional development programs can be enhanced by providing followup and support

m newsletters, periodic mailings to participants;

m teleconferences, video conferences;
B on-site visits by trainers or colleagues; and

SOURCE' Off lce of Technology Assessment, 1995,

after formal coursework ends. A number of approaches have been tried, including:

B requirements for teacher participants to train or share information with others;

B requirements for teachers to develop projects or lesson plans to take back to school;
B scheduled reinforcement sessions, conferences, or meetings during the year;

m formal planning for curriculum implementation by teams of teachers;

B ongoing access to lending libraries, resource centers, materials, equipment;

B electronic or video networking with fellow participants, trainers, experts, and others.

m Strategies for Followup and Support

What happens to teachers after formal training
ends has been a critical issue in past and present
federal programs. Recognizing this, programs
such as the Eisenhower Professional Develop-
ment Program, the NSF Teacher Enhancement
program, and others are encouraging stronger fol-
lowup. Some federal projects now require partici-
pants to make an upfront commitment to attend
followup meetings during the year, develop proj-
ects and lesson plans to implement in their class-
room, or share what they have learned with a
certain number of other teachers (see box 6-4).
Particularly promising are approaches that use
telecommunications networks or interactive vid-
€0 and audio to keep participants in constant con-
nection with each other, their training leaders,
scientists, or scholars. Access to networks can re-
duce the need for scheduled reinforcement ses-
sions and can provide teachers with on-the-spot
answers to questions. Some of the newest projects
are building a requirement for followup network-
ing into their training activities. The Department
of Energy has supported the development of eval-
uation “templates’ that local projects can use to

determine whether they are including the most ef-
fective practices for training teachers; included in
one template is the use of telecommunications for
followup. *

m Strategies for Magnifying Impact

To implement new technology-based knowledge
and approaches in the classroom, teachers must
have a number of supportive resources and condi-
tions. These include;

m access to the technologies addressed in train-
Ing,

m appropriate software, instructional materials,
and equipment;

m availability of telephones in the classroom;

m complementary assessment practices;

m supportive scheduling and class assignment
policies; and

m a school climate conducive to change.
Learning from some of the shortcomings of

past teacher training efforts, many newer federaly

funded projects for professiona development are

attempting to address local organizationa condi-

tions in the design phase. Some programs are re-

“lbid. The templates are included in National Center for Improving Science Education, Profiling Teacher Development programs. An
Approach to Formative Evaluation (Andover, MA: The NETWORK, 1993).
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BOX 6-5: Strategies Attempting To Magnify the Impact of Federal Support for

Technology-Related Teacher Development

Past and current federal programs have not been funded at sufficient levels to undertake a massive
upgrading of the general U.S. teaching force. However, a number of strategies have been used to expand
and enhance the impact of federal professional development dollars. These include:
such as college of education faculty or district instructional

» training the “trainers of teachers, ”
SUpervisors;

= improving teacher preparation in colleges of education through new or better courses, stronger links
with faculty in content departments, and other institutional reforms;

» targeting key teachers or “teacher-leaders” who train peers or promote change in their schools;

= requiring teams of education personnel from the same school or district to attend training together;

= supporting model or demonstration projects that can be disseminated and adopted by other districts;

= developing new organizational arrangements for training teachers, such as field-based training or col-
laborative training involving school districts, institutions of higher education, and other partners, and

= coordinating professional development with current curricular reforms, such as implementing new con-

tent standards for mathematics.
SOURCE: Office of Technology Assessment, 1995

quiring administrators to participate in training,
encouraging administrator-teacher teams to par-
ticipate together, requiring local funding con-
tributions, or asking administrators to agree
upfront to provide certain support after teachers
return from training.

Federal programs have used various strategies
to attempt to magnify the effect of limited federal
dollars (see box 6-5).

HISTORICAL PRECEDENTS FOR
TECHNOLOGY-RELATED  PROFESSIONAL
DEVELOPMENT"®

The current efforts to support technology-related
teacher development are not the first time the fed-
eral government has tried to influence teacher
preparation and professional development in spe-
cific directions. In the 1950s,” the federal gov-

ernment began supporting efforts in which the
strands of teacher training and educationd
technology intersected.

Much like the present role, past support for
technology-related teacher development was
mostly optional and came from diverse programs,
including programs to develop and expand the use
of educational technologies, to train teachers in
math and science, to improve education of chil-
dren with specia needs, or to foster educational
innovation. Also relevant are certain federal ini-
tiatives to reform general teacher preparation and
professiona development, such as the Education
Professions Development Act (EPDA) (see table
6-1).

As with recent efforts, these past federa pro-
grams did not follow a neat linear progression but
rather were marked by periods of attention and ne-

“For a fuller description of past federa efforts to influence teacher preparation and professional development, see N. Kober, “Teachers and
Technology: The Federa Role” contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, May

1994.

" Federa involvement in teacher preparation actually dates back to the Second Morrill Act of 1890 and the Smith-Hughes Act of 1917, both
of which supported vocational teacher preparation. The history most relevant to this discussion, however, begins in 1954 with the first NSF

ingtitutes for secondary school teachers.
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glect and propelled by frequently shifting con-school subjects. Later institutes reached out to
gressional concerns—e.g., heading off Soviebther kinds of colleges, involved content in more
technological threats, staffing federal programgyeneral science topics and teaching methods, and
for disadvantaged and handicapped children, alargeted elementary teachers, less well prepared
improving the educational quality. Over four de-teachers, new or re-entering teachers, and trainers
cades, numerous programs were started, expangdt teachers.

ed, and revised—then later reduced, consolidated, Between 1958 and 1974, the “golden era” of
eliminated, or allowed to expire, often for reasonNSF precollege institutes, the agency spent nearly
that had little to do with continuing need or pro-$750 million for teacher training and upgradft¥g.
gram quality. A review of some of the key histori- By 1974, about half of the nation’s high school

cal efforts reveals parallels between past angcience teachers had participated in at least one
present federal policies affecting teachers anSF institute, according to agency estimate®.

technology. What was the impact of this investment? Stud-
ies found that the institutes generally succeeded in

[1 Early Technology-Related improving participants’ subject matter competen-
Training Projects cy and understanding of scientific methods and

In 1954, spurred by reports of increased Soviegncouraged them to continue in their educational
production of scientists and engineers, NSF excareers and assume leadership rélé@esearch
tended an existing program of institutes for col-yielded conflicting findings as to whether benefits
lege faculty to include an experimental summeffor teachers translated into improvements for their
conference for high school teachers. By the latstudents; some studies said that pupils of partici-
1950s, NSF was sponsoring a varietgofnmer pating high school math teachers had higher
and academic-year institutes and training oppor-achievement scores than pupils of nonpartici-
tunities for high school teachers pants/1 while others found no such relationship
Although the content of the NSF institutes wasor insufficient evidencé?

not specifically geared to technology—except for Another seminal program was the National De-
use of laboratory and other equipment—the instifense Education Act of 1958, a collection of cate-
tutes constituted a large-scale professional renevgorical programs to strengthen education in fields
al effort that opened the door for more activeconsidered critical to national defense. Among the
federal involvement in teacher training and set @rograms were several related to preservice or in-
standard for quality. Early institutes were con-service training, includingpans and fellowships
ducted on university campuses, taught by eminerfor undergraduate and graduate studies in educa-
scientists, emphasized disciplinary contention. The Title XI program, added in 1964, autho-
knowledge, and targeted the most experienced oized inservice teacher institutes in a variety of
talented teachers and teachers of advanced higlibjects other than math and scierfuader the

68Victor L. Willson and Antoine M. Garibaldi, “The Effect of Teacher Participation in NSF Institutes Upon Student Achievement,” Re-
search Paper No. 10, University of Minnesota, Minneapolis, MN, 1974, p. 1.

69 Congressional Research Service, “The National Science Foundation and Pre-College Science Education: 1950-1975,” report prepared
for the Subcommittee on Science, Research, and Technology of the Committee on Science and Technology, U.S. House of Representatives,
Committee Print, 94th Congress, 2d Session (Washington, DC: U.S. Government Printing Office, January 1976), p. 207.

70K. Forbis Jordan, “Precollege Science and Mathematics Education: Experiences with the National Defense Education Act and the Teach-
er Institutes Conducted by the National Science Foundation,” Congressional Research Service, Library of Congress, Report No. 82-214 S, De-
cember 1982, p. 19.

71willson and Garibaldi, op. cit., footnote 68, p. 14.
72 Jordan, op.cit., footnote 70, pp. 19-20.
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From 1958 through the 1970s, the federal government supported many workshops and summer institutes to help math and
science  teachers improve  their  teaching  skills.

purview of NSF). Of particular relevance tothe federal programs for media specialists and li-
technology were the institutes teain library and ~ brary training, along with theprograms for
educational media personnel. THDEA also instructional media for children with disabilities
provided grants for schools to acquire laboratorydiscussed below, encouraged institutions of high-
equipment and authorized a program of exper€r education to revise their instructional media
imentation in educational television, radio, mo-courses to incorporate material on television and
tion pictures, and similar media; teacher trainingcomputers and helped increase the use of instruc-
was not supported to any meaningful degree undeional media in the classroofh.
these two programs. A far-reaching federal effort to reform
Another federal program relevant to education-teacher education was the Education Profes-
al media and technology was Title Il of the Highersions Development Act of 1%7 (EPDA), char-
Education Act of 1965, which providegreser-  acterized by some as “the peak involvement of
vice and inservice training for librariansinclud-  the federal government in teacher educa-
ing school librarians; this program still exists in tion.” " This legislation sought to coordinate and
modified form. The Higher Education Act also in- expand personnel training at all levels by combin-
augurated a program ajraduate fellowships in ing existing and new federal teacher programs into
educational media. A 1969 study concluded that

73 U.S. Office of Education;The Education Professions: A Report on the People Who Serve our Schools and Colleggsvaditagton,
DC: U.S. Government Printing Office, 1969), p. 182.

74 David L. Clark and Robert F. McNergney, "Governance of Teacher Educatitamtibookof Research on Teacher Educatith, Robert
Houston (cd.) (New York, NY: Macmillan, 1990), p. 101.
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a single legislative package. Among its compopioneered strategies that are now commonplace,
nents wereprograms for professional develop- including field-based preparation, team teaching,
ment for vocational education teachenmsew flexible grouping, individualized instruction,
fellowship opportunities to encourage advancednulticultural education, community-based edu-
training in educational television and radimdto  cation, and collaborative decisionmakit§g.
prepare instructional media specialists

To oversee the EPDA programs, a new Bureay_—l Special Education Personnel
of Educational Personnel Development was es- and Technologies™
tablished in the Office of Education. Implementa- _
tion of the act was hampered, however, by disserfthe federal government played a unique role
about its purposes, contention over its administrall the training of special education personnel,
tion, limited funding in light of expectations, one that was much more influential and more
lukewarm support from Congress, omission offéceptive to the use of educational technology
several specialized training programs from thehan the federal role in general teacher train-
act's coordinating functions, and diffusion of re-ing. In fact, it was the need to prepare teachers to
sources across too many programs. A decade lat&york with mentally retarded children that
all the EPDA programs had been repealed exceprompted the federal government to become in-
the Teacher Corps, and it was years before Coryolved in special education in the first place.
gress again considered comprehensive reform Federal supportfor special education personnel
legislation for teacher training. development began in 1958 with a program of

The Teacher Corps program, established by grants to states and higher education institutions
the 1965 Higher Education Act then subsumed 1o train teachers and other specialized personnel
under the EPDA, was a comprehensive and in- t0 educate mentally retarded childremitially
tensive effort to revamp teacher training and this was viewed as a short-term endeavor, but as
also fill teacher shortages in low-income areas. the federal government broadened its commit-
The program recruited young college graduategient to special education and later mandated free
who otherwise may not have become teachers toublic education for all handicapped children, it
teach in teams in low-income schools under thecame clear that special education personnel
guidance of experienced teacher-leaders. The pré-aining would be a major and continuous under-
gram sought to provide teachers-in-training withtaking.
more meaningful field experiences, to incorporate Federal attention and funding produced swift
innovative strategies from the latest research, anghd noticeable impacts: rapid growth in the num-
to strengthen linkages among school districtsper and capacity of university and state training
higher education institutions, and communitiesprograms, an equally rapid increase in the number
Although it did not specifically address technolo-of specialists equipped to teach handicapped chil-
gy, it is important because it trained over 61,00@ren, and improvements in the quality of training
education personnel and over 10,000 int€rasd  offered.

75U.S. Department of Education, Office of Educational Research and Improvelne@tyerview of the Teacher Corps Program,
1965-1982n.d., pp. 22-25.

76 Jerome Freiberg and Hersholt C. Waxman, “Changing Teacher Educatanmdbook of Research on Teacher EducatiwhRobert
Houston (ed.) (New York, NY: Macmillan, 1990), pp. 617-635.

77 This discussion is based on Richard P. Holland and Margaret M.ABeliew of Federal Legislation Concerning Special Education
Personnel Preparation, Technical Rep(bllege Park, MD: University of Maryland, 1985); U.S. Department of Health, Education, and Wel-
fare,A Summary of Selected Legislation Relating to the Handicapped, 1968v&&ington, DC: U.S. Government Printing Office, 1968);
and U.S. Office of Educatioifhe Education Professionap. cit., footnote 73.
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BOX 6-6: Early Federal Support for Training Special Education Teachers in

Instructional Media and Technology Applications

The federal movement to make instructional media more available to disabled persons began in 1958
with enactment of a free loan service of captioned motion pictures for deaf persons. The popularity of this
program highlighted the urgent need for better dissemination and personnel training in special education
media.

In response, two types of centers were created. A network of Special Educational Instructional Materials
Centers (IMCs), begun in 1964, collected materials for special education and offered conferences, work-
shops, institutes, and ultimately university credit courses to train teachers in their use. A parallel network of
Regional Media Centers (RMCs) established in 1966 did much the same for media materials for deaf
persons.

In 1968 these two types of centers were merged into an IMC/RMC network that experimented with film,
television, audio, typewriting, and even computer technologies—as well as more conventional materials—
for all types of handicapped persons and that provided related inservice and preservice training. A
National Center on Educational Materials and Media for the Handicapped collected and disseminated
information about materials and related media training.

By 1974, about 15,000 teachers had been trained in media and materials through these federal
programs. Together these programs helped promote wider use of a range of educational technologies, with
benefits for both handicapped and nonhandicapped learners. In 1986, the authorizations for all activities
related to media, materials, and technologies for special education were grouped under a new Part G of
the Education of the Handicapped Act (EHA), the flagship federal law for special education enacted in
1970. This law has now been replaced by the Individuals with Disabilities Education Act.

SOURCES: LeRoy Aserind, ‘The Special Education IMCRMC Network’ Educational Technology, vol. 10, No. 8, August 1970, pp.
32-39; SC. Asheroft, "NCEMMH A Network of Media/Material Resources, Audiovisual Instruction, vol. 2, No. 10, pp. 46-47; Wiliam
D. Jackson, ‘The Regional Media Centers for the Deaf;’ Educational Technology, vol. 10, No. 8, August 1970, pp. 45-48, and Malcolm
J. Norwood, “Review of Media Services and Captioned Films,” American Annals of the Deaf, vol. 119, No. 5, October 1974, pp.
460-465.

During the early 1960s, Congress expanded
personnel preparation programs to address other
disabilities in addition to mental retardation and
to cover all levels of inservice, undergraduate,
and graduate preparation. In 1966 the federa
government enacted a major state grant program
for special education, which included a Part D de-
voted solely to personnel development.

Developing along a parallel track, the federal
government initiated several activities to furnish
educational media to help deaf and blind children
learn (see box 6-6). These programs included sub-

stantia training components and pioneered sever-
a innovative uses of technologies.

1 Technology Research, Development
and Innovation

NSF was an early leader in developing education-
a technology and exploring effective ways to help
teachers implement it. From 1968 to 1981, precol-
lege technology projects received between 1 and 3

percent of NSF's annual science education budg-
et. " For example, the Precollege Teacher Dev

" For a more complete description of the history of federal support for technology at the K- 12 level, see U.S. Congress, Office of Technolo-
gy Assessment, Power On! New Tools for Teaching and Learning, OTA-SET-379 (Washington, DC: U.S. Government Printing Office, Septem-

ber 1989), especialy pp. 151-171.
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opment in Science Prograsupported teacher 1968 Title Il project in rural New Hampshire, for
institutes, predominantly for secondary schooinstance, trained art teachers through televised in-
teachers, in improving the teaching of scienceservice courses produced jointly by a university
Many of these institutes in the late 1970s supand a school distrié
ported teacher training in computer literacy and The Regional Educational Laboratories and
emerging technology applications. Educational Research and Development Centers
The Office of Education (OE), which later be- that took shape with federal funding in the 1960s
came the Department of Education, had an ongjsp helped expand the knowledge base in teacher
and-off relationship with educational technology.equcation, promote redesign of professional de-
As early as 1967, for example, a féitle | proj-  yelopment strategies, and explore educational ap-
ectswere using educational television to deliverplications of technology—roles that they continue

services to disadvantaged children, and as early g5 play today. In the 1960s, the Labs and Centers

1969, some Title | projects were pioneering COMyare early promoters of educational television,

puter-assisted instruction. In at least some caseg, | experimented with using this medium to de-
these projects trained teachers to implement themer professional development, until studies

technology-based approaches. Little informatio . L . :
is available about the nature and extent of the;1ShOWIng limited impact dampened enthusiasm.

experiments: it appears that the training was Sho§everal years later the introduction of computer

- .Instructional technologies revitalized the role of
and largely focused on how to use specific televi-

sion or computer programs with Title | studeffts, the Labs and Centers in educational technology

Another early stimulant of technology innova- research and gcéevelodpn;ent. OE d h
tion was the original 196%itle 1l of the Ele- Between 1965 and 1971, OE drew upon the re-

mentary and Secondary Education Actwhich sources of more than 100 discretionary programs

made competitive grants to school districts td© channel $160 million into more than 500 com-
demonstrate the feasibility of a wide range ofouter-related projects. This scattershot approach

educational innovationsnservice training was a fell short, though, according to then U.S. Com-
key strategy for local implementation of Title 11l Missioner of Education Sidney Marland, because
projects. As noted by a major study of sustainedf failed to produce a coherent body of knowledge
change in Title Il and other federal innovationabout effective uses of educational technofégy.
programs, “successful change agent projects During the next decade, between 1971 and
seemed to be operating as staff development pro}-980, the federal government spent about $350
ects.®0 Title 11l was also a pacesetter in piloting million on projects for educational technology,
educational applications of television, computeraccording to one study. If support for educational
and other technologies and in some cases provitioadcasting and school audiovisual equipment is
ing teacher training in or with technology. Oneincluded, the figure is over $1 billion. About half

79 Betsy Mynhier, “The Impact of Federal Programs on Learning to Read in Appalachia,” paper presented to the International Reading
Association conference, Kansas City, MO, April 30-May 3, 1969; Pittsburgh Public SEB8BI&, Title | Projects Evaluation Report 1967,
Volume lI(Pittsburgh, PA: Pittsburgh Public Schools, 1967); and W. Paul Street, “Computerized Instruction in Mathematics Versus Other Meth-
ods of Mathematics Instruction Under ESEA Title | Programs in KentuBkygau of School Services Bulletiol. 45, No. 1, September 1972.

80paul Berman and Milbrey W. McLaughlifederal Programs Supporting Educational Change: The Findings in RéSaa Monica,
CA: The Rand Corporation, 1975), cited in McLaughlin and Berman, “The Art of Retooling Educational Staff Development in a Period of Re-
trenchment,” Rand paper series P-5985, 1977, p. 2.

81 New Hampshire Supervisory Union 21, “Inservice Teacher Education Courses in Art and Science for the Elementary Teachers of New
Hampshire: An Evaluation Report,” n.p., 1968.

82.S. Office of EducatioriThe Education Professionsp.cit., 73, p. 182.
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the funding came from large grant programs, suchgramming for educational television; occasional-
as ESEAs Title |, Title IV-B (for library books and ly some of this funding was spent on training the
instructional materials and equipment), and Titleeducators to use this technology effectively.
IV-C (for educational innovation). The remainder One of the best-known efforts was the Chil-
came from small discretionary projects with adren’s Television Workshop (CTW). Beginning in
technology focu§3 An unidentified portion went 1968, the Workshop received funding through the
toward technology-related teacher training. Cooperative Research Act and other OE discre-
In the early 1980s, ED support&deCollege tionary authorities to develop a variety of educa-
Teacher Institutes in Scienc®r elementary tion programs, “Sesame Street” being the best
school teachers. Some of these projects traindchown. As a part of this contract, CTW developed
elementary teachers in computer applications, besurricular materials, teacher guides, and teacher
fore the program was consolidated into Chapter ®vorkshops to encourage the use of “Sesame
block grants. (Chapter 2 consolidated several othStreet” in the classroom.
er teacher training authorities, most notably the A federal educational television effort with a
Teacher Corps and the Teacher Centers.) rockier history was the Emergency School Aid
Although the block grant concept meant that ndAct (ESAA) of 1972. This legislation provided
new discretionary programs were funded duringgrants to school districts that were undergoing
this era, then Secretary of Education Terrell Belkchool desegregation. At least 3 percent of the
promoted hisSecretary’s Technology Initiative funds were reserved by law for grants to public
aimed at pulling all technology-related projects inand private nonprofit organizations to produce,
the Department under one umbrella. (Funding andromote, and distribute racially and ethnically in-
program authorizations remained separate, howtegrated children’s television programming with
ever.) Teacher training to support technology usan educational mission. Between 1972 and 1979,
was authorized in most of these projects, but wathe former Department of Health, Education, and
not the primary goal. When William Bennett Welfare (HEW) invested nearly $68 million in the
became Secretary of Education, the technologiESAA-TV effort, which yielded 31 series. A na-
initiative and related emphasis on computer actitional evaluation criticized the program for devot-
vities ended, remaining a low priority throughouting little funding or attention to facilitating

the 1980s. classroom use of the television series; the study
) . recommended better teacher materials and fol-
[J Educational Television84 lowup 85 Part of the problem was that OE discour-

Commencing with th&lDEA educational televi- aged the use of ESAA-TV funds for inservice
sion programfederal funding was instrumental in teacher training.
building the infrastructure and developing pro-

83 Andrew Zucker, “Computers in Education: National Policy in the USfopean Journal of Educatiorol. 17, No. 4, 1982, pp.
401-403; and Andrew Zucker, “Support of Educational Technology by the U.S. Department of Education, 1974880 6f Educational
Technology Systemeol. 10, No. 4, 1981-82, p. 309.

84This discussion is based on Cynthia Char and Jan Hawkins, “Charting the Course: Involving Teachers in the Formative Research and
Design of the Voyage of the MimiMirrors of the Mind: Patterns of Experience in Educational Compuyftay D. Pea and Karen Sheingold
(eds.) (Norwood, NJ: Ablex Publishing Company, 1986); M. Jay Douds, “The Reshaping of an Innovation: ACSN—The Learning Channel,”
Appalachian Regional Commission, Washington, DC, 1982; Keith W. Mielke &halFederal Role in Funding Children’s Television Pro-
gramming, Volume 1, Final RepgBloomington, IN: Institute for Communication Research, 1975); Bernadette NelsoAssatsment of the
ESAA-TV Program: An Examination of Its Production, Distribution, and Finar@agbridge, MA: Abt Associates, 1980); and Zucker, op
cit., footnote 83.

85Nelson et al., op. cit., footnote 84, p. 7.
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Yet another relevant program was funded byabout which goals and outcomes were most im-
HEW in 1974 through 1976—&lecommunica- portant or worthy of assessment. And when evi-
tions demonstration using NASA satellitesth ~ dence of teacher or student outcomes did appear, it
projects in Appalachia, the Rocky Mountains, andvas hard to attribute it definitively to a particular
Alaska. The Appalachian project made particularfederal program because of the myriad influences
ly strong use of this technology for teacher inserthat affect teaching and learning.
vice. Accredited teacher training courses in The studies that are available look at the entire
reading and career education were developed kgacher training program and do not single out
the University of Kentucky and transmitted technology-related aspects. Still, their findings
throughout the region, with opportunities for live have implications for the more focused technolo-
discussion. This demonstration grew into angy training efforts underway today.
educational cable network that continued teacher- Eyjdence is available regarding several out-
oriented programming. comes of federal teacher training programs in a

More recently, ED and NSF dollars helped devjde number of areas: numbers and kinds of par-
velop “The Voyage of the Mimi,” a science andtjcipants affected; knowledge and skills acquired
math educational television series for classrooni@)y teachers; changes in instructional methods and
and broadcast use that first aired in 1984 and thgigcher effectiveness; effectiveness of teacher-
included companion multimedia teacher mate”1eaders in reaching peers; improvements in stu-
als. Teachers served as consultants _and field tegant learning and attitudes; adoption and impact
ters in the development of the curriculum andsf model programs; and changes in institutional
helped designers determine what training téachegssnayior, organizational structures, and strategies
needed to use the series effectively. Distributor§,, teacher education. Based on these measures,
were required to provide teacher training, whichggits are mixe8 The federal government had a
was 'done through school-bgsed workshops andeasr and positive impact on some of these goals
sessions at teacher conventions. and a negligible or uncertain impact on others.

Moreover, impact and effectiveness varied enor-
[J Impact of Past Federal Programs mously from program to program, and from site to
An ever-changing roster of programs and variablgite. And in some cases, federal programs had un-
funding levels makes it hard to trace long-term efdesirable negative side effects. These positive and
fects of prior federal teacher training programs ifproblematic outcomes are summarized in box 6-7.
technology. In addition, programs differed so

much in structure, content, and intensity that therEESSONS FROM PAST AND

are few common bases for generalizations.
Many programs did not conduct adequate,PRESENT FEDERAL EFFORTS

timely, or objective evaluations; often there wasThe history of federal programs in support of
no funding reserved for this purpose. Few conteacher preparation and professional development
ducted formal evaluations or control-group stud-over 40 years holds several lessons that ought to
ies assessing changes in teacher behavior be considered in forging future polidyany dif-
student outcomes. When evaluations were corferent approaches to improve teacher training
ducted, they were often little more than surveys ohave already been tried, leaving a record that
participants’ reactions to training activities. Fur-can be plumbed before the same strategy is
thermore, there was often no clear consensusied again.

86see, e.g., U.S. Congress, General Accounting ORiegollege Math and Science Education: Department of Energy’s Precollege Pro-
gram Managed IneffectiveldEHS-94-208 (Washington, DC: September 1994).
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BOX 6-7: Summary of Impacts of Federal Teacher Development Programs

Positive Outcomes of Past Federal Teacher Development Programs

®  Participation in federal training programs produced substantial improvements in the knowledge, atti-
tudes, behavior and career advancement of many teachers.
For example, participants were more likely to experiment with new approaches, use technology more
appropriately, use a wider variety of teaching techniques, and become more involved in school and
community educational policy issues.'

B Participants perceived that federal programs had positive effects at the institutional level.
For example, teacher education institutions added new courses, strengthened collaboration with par-
ents, students or the community, improved “learning by doing” and by competency-based approaches,
and improved or extended their student teaching opportunities. Most felt that their graduates were
better prepared as a result.”

® At the school district level, federal funding sometimes provided the external stimulus needed to pro-
mote change.
For example, training familiarized many teachers with innovative instructional approaches and integra-
tion of technologies such as audiovisual materials, educational television, and computer technologies.

=

Common goals reinforced across federal programs had a greater influence on practices.

For example, attention to science and math education over four decades and across many federal
programs infused more discipline-specific content into teacher preparation and inservice programs.
Emphasis on children with special needs heightened attention to instructional issues for these children

in all teacher preparation and inservice programs.

‘Roy A Edelfelt, Ronald G Corwin, and William I, Burke, “The Impact of Federal Funding for Research and Demonstration on

Teacher Education, " Handbook of Research on Teacher Education, W Robert Houston (ed.) (New York Macmillan, 1990), pp.

176-

169-

177.
‘Preston M Royster and Gloria J. Chernay, ‘Teacher Education: The Impact of Federal Funding” (ERIC ED 218218, 1981), pp.
177 Another survey of federal Impacts conducted in 1988 corroborated some of these findings Over 70 percent of the respon-

| 247

175,

dents believed that federal programs were responsible for many significant new practices in teacher preparation,
that teacher preparation had become more practical because of federal programs.

and a majority felt

Edelfelt, Corwin, and Burke, op. cit, footnote 1, p

(continued)

Why hasn't federal government support re-
suited in greater long-term changes in teacher
preparation and professional development? Sev-
eral characteristics of federal programs appear to
hamper effectiveness and mitigate against sus-
tained change.

Teacher preparation and professional devel-
opment have been relatively low federal priori-
tiesto date. The total funding for al programs
specificaly targeting teacher-training pales in
comparison to such high-priority programs as
Title 1/Chapter 1, Pen Grants and other student

aid, and state grants for children with disabilities.
The optiona nature of many teacher training au-
thorities has made the past federa attention to
teacher development issues ring somewhat hol-
low.

Federal efforts to influence teacher training
have been diffuse and uncoordinated. Federa
policy has been carried out through dozens of dis-
crete programs. Somewhere in the history can be
found something for almost every purpose: teach-
er quantity, teacher quality, subject matter knowl-
edge, pedagogica knowledge, the best teachers,
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BOX 6-7 (cont'd.): Summary of Impacts of Federal Teacher Development Programs

Problematic Outcomes of Past Federal Teacher Development Programs

»  Most did not seem to yield long-term change.
For example, most projects reverted back to former practices after the grant ended; school of education
programs were particularly resistant to sustained change. Some deans and others at institutions of higher
education were unconvinced that programs led to improvements in faculty teaching, better supervision of
practicum experiences, and Incorporation of research findings into teacher preparation.’

» Budget decisions were not always linked to project evaluations.
For example, the Department of Energy’s Precollege Math and Science Education program did not
evaluate half of its most resource-intensive projects, while other evaluations were of poor quality. As a
result, many decisions to increase budgets or manage projects were based on inadequate information.’

= Federal programs have not usually reached beyond a small fraction of the total teaching force.
For example, most programs have targeted subsets of teachers (e.g., math and science), while in the
humanities and other subjects, the impact 1ismuch less significant and, in some discipline’s, negligible. The
Inclusion of special needs students into regular classes creates critical demands for training but federal
programs are meeting only a portion of the demand for specialists, and meeting very little of the need to train
regular classroom teachers to use educational technology effectively with special needs children.

= Involvement in multiple programs created some undesirable side effects at the local level.
For example, programs have expressed concern with complex and bureaucratic regulations, deficient
monitoring procedures, a short-term project mentality, hasty procurements, inadequate resources, and
lack of coordination among federal agencies and programs.’Problems arose when goals and operational
requirements of various programs did not mesh well with each other or with the core local educational
program, producing a clash in teaching methods or inhibiting a hollistic approach to staffing and instruc-
tional methods.’

Roy A Edelfelt, “The Impact of Federal Funding on Teacher Education, " Educatioonal Horizons, vo. 67, No. 1-2, fallwinter 1989,
p 49

‘Edelfelt, Corwin, and Burke, op cit. footnote 1, p 177

‘U S Congress, General Accounting Office, Precollege Math and Science Education Department of Energy's Precollege Pro-
gram Managed Inefficiently HEHS-94-208 (Washington, DC September 1994)

°Edelfelt Corwin, and Burke op cit. footnote 1, pp. 177-178

‘Jackie Kimbrough and Paul T. Hill The Aggregate Effects of Federal Education Programs (Santa Monica, CA: The Rand Corpora-

fon, 1981 )
SOURCE Off Ice of Technology Assessment, 1995

teachers most in need of improvement, preservice,
and inservice have al been “priorities.” Limited
funding has been spread across many different
goals. What has been lacking is a unifying philos-
ophy or an overal policy strategy.

Coordination has been a particular problem,
beginning with the early years when both NSF and
OE were operating teacher institutes. Attempts to
bring more coherence have not been very success-

ful, often because aspects of the legidative proc-
ess undermined them.

Federal attention to and support for teacher
preparation and professional development has
been sporadic and lacking in continuity. Pro-
grams have come and gone, waxed and waned, in
response to the latest perceived crisis or the most
recent data on teacher supply and demand. Laws
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have been enacted that have never been fuffded, With some exceptions, such as the Teacher
funded inadequately, funded late, or funded foiCorps, federal programs have tended to oper-
just a few years. This mentality has hinderedate at the margins, avoiding the larger state,
meaningful and sustained commitment requiredocal, and institutional policies and organiza-
to solve substantial national problems. tional issues affecting teacher preparation and
Many programs were “disrupted by fickle professional developmen The most common
political forces” before they were able to achievemode of training has been a short-term institute or
momentun®® and others were discontinued for workshop in the context of a specific project—the
political reasons even when they seemed to biype of effort that could be easily marginalized by
working. The lack of deep interest in teacher trainthe sponsoring institution. Less frequently have
ing issues in Congress has been reinforced by th@ojects addressed local factors found to be
indifference of the public to teacher needs. Ad-associated with sustained changes. The Rand
ministration support has been variable and oftei€hange Agent study noted that two of the most
weak, and advocacy by those with a direct interesimportant factors influencing longer-term change
has not always been succes$fll. were institutional support from administrators
Many programs have had goals that were and a well-considered local implementation strat-
too ambitious, in light of their funding levels, egy, yet these factors were lacking in many of the
project periods, or chosen strategiesFiling  programs examine?
teacher shortages, reforming schools of educa- Insufficient funding and attention has been
tion, and training regular classroom teachers talevoted to evaluation Most past programs did
work with children with disabilities are examplesnot conduct evaluations needed to determine
of ambitious goals that would seem to necessitatelassroom impact or national impact or discern
sustained federal attention, considerable rewhich practices were most effective. Some pro-
sources, and well-designed strategies. Yet theggrams had no national or formative evaluations,
factors have seldom been present. The rhetoric aand some did not even have descriptive assess-
companying new federal initiatives sometimesments. When evaluations were conducted, they
promised “more than [was] possible within thewere not always used to improve programs in sub-
limits of the existing knowledge base, technologysequent years.
and resources?® Often programs were expected Many of these problems persist. The quality,
to accomplish too much too quickly, or tried short-extent, and timeliness of evaluation practices vary
term solutions to persistent problefs.

87Even today Title V of the Higher Education Act authorizes several programs focused on teacher preparation and professional develop-
ment that have never received appropriations.

88Roy A. Edelfelt, Ronald G. Corwin, and William I. Burke, “The Impact of Federal Funding for Research and Demonstration on Teacher
Education,Handbook of Research on Teacher EducatitnRobert Houston (ed.) (New York: MacMillian, 1990), p. 183.

89David H. Florio, “Federal Policy and the Improvement of School PersoMielypoints in Teaching and Learningl. 54, No. 4, Octo-
ber 1978, pp. 154-155.

90 Edelfelt, Corwin, and Burke, op. cit., footnote 88, p. 182.

91K. Forbis Jordan and Nancy B. Borkow, “Federal Efforts To Improve America’s Teaching Force,” Congressional Research Service, Li-
brary of Congress, L.B. 2842 A, March 1984, p. 2.

92Berman and McLaughlin, op. cit., footnote 80, pp. 2-3.
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substantially among current science, math, engigrams to target particular audiences (see box
neering, and technology education (SMET) pro-6-8) 97
grams? Practices run the gamut: formal This situation is improving, however. Steps
evaluations, descriptive reviews, case studiehave been taken to improve dissemination
self-evaluation questionnaires, or anecdotal rethrough the Eisenhower National Clearinghouse
ports. and Regional Consortia, through new multipur-
A federal interagency review found that of thepose technical assistance centers authorized by the
116 federal programs for K-12 science, math, en1994 ESEA amendments, through guidelines for
gineering, and technology, only 30 (or about onehe Teacher Enhancement program, and through
in four) had been evaluatéi“For a majority of ~ several technology-based initiatives.
federal SMET programs, no evaluation informa- There has been little attention to the contin-
tion is available at all, or no serious inquiry be-uum and interaction between preparing new
yond anecdotal or self-reported data has beewachers and enhancing the skills of those al-
made.® The review further found that less thanready on board Again, based on supply and de-
one-half of 1 percent of the budgets of the relevanihand, federal support has been focused at some
programs was spent on evaluat®ms a result, periods of time on preservice and at others on in-
federal programs often lack a rational basis fokervice teacher development, usually one at the
strategic planning decisions or spending deciexpense of the other. In general, more support and
sions. attention have been focused on upgrading the
The impact of “demonstration” programs  skills of teachers already in the classroom, rather
intended to produce effective models that can than on developing new teachers through support
be replicated often has been limited by in- for schools and colleges of education, signaling
adequate funding, variable quality, lack of what may be a short-sighted approach to influenc-
evaluation, or inattention to administrative  ing teacher quality in American schools.
mechanisms to promote wide-scale dissemina-

tion. Many past and present “demonstration” Y ISSUES FOR FUTURE FEDERAL

projects have not developed approaches that a
particularly innovative or exemplary, and many OLICIES FOR TECHNOLOGY-RELATED

do not have very effective dissemination strate] EACHER DEVELOPMENT

gies. A federal interagency committee found thaAs the executive branch proceeds to implement
in federal SMET programs, less than 1 percent afhe major educational technology legislation
the funding was used for dissemination. “Valuablgpassed by the 103d Congress, it is useful to identi-
education resources developed with federal fundfly some issues to be addressed to improve existing
ing . . . have not been shared effectively,” the comprograms and effectively carry out new ones. Fed-
mittee concluded, recommending improvederal leaders now have the tools to expand and
dissemination and better “marketing” of pro- greatly improve technology-related teacher devel-

93Federal Coordinating Council for Science, Engineering, and Technology, Committee on Education and Human Résobecesal
Investment in Science, Mathematics, Engineering, and Technology Education: Where Now? What Next? Executi@\&simngion, DC:
June 1993), p. 31.

94 Federal Coordinating Council on Science, Engineering, and Techn8logsgebookop.cit., footnote 8, p. 62.

95 Federal Coordinating Council for Science, Engineering, and Techn@rgyutive Summargp.cit., footnote 93, p. 29.
% |pid., p. 6.

97 Federal Coordinating Council on Science, Engineering, and Techn8logsgebookop.cit., footnote 8, p. 11.



Chapter 6 Technology and Teacher Development: The Federal Role | 251

= teacher training as their primary purpose,

= clear and realistic program goals, and

= well-defined objectives,
= more intensive training experiences,
= ownership and commitment among teachers,

= varied and flexible training format,
= practical and hands-on training experiences,

= parity among participating institutions,

= concrete staff training throughout the project.

215.

BOX 6-8; Factors Associated with Greatest Impact in Prior Federal Teacher Development Programs

Research on sustained change in federally funded projects found that the projects that produced the
greatest impact on teacher change tended to share the following administrative features:
= a sharp focus on an area where strong federal leadership could make a difference,

= consistent and adequate funding over several years,

= willingness to change in response to evolving needs and evaluation findings.
Furthermore, at the project level, the following characteristics seemed to be associated with success:

= relevance to teacher needs and everyday concerns,

= an emphasis on individual and small group learning,

SOURCES Dale Mann, ‘The Polics of Staff Development, " paper prepared for the Annual Conference of the American Educational
Research Association, Washington, DC, Mar. 31, 1975, pp. 14-16; Paul Berman and Mibrey W McLaughlin, Federal Programs —Sup-
porting Educational Change: The findings in Review (Santa Monica, CA: The Rand Corporation, 1975), cited in McLaughlin and Ber-
man, ‘The Art of Retooling Educational Staff Development in a Period of Retrenchment, " Rand paper series P-5985, 1977, pp. 23, and
Donald C. Orlich, “In-Service Education: Fiscal Implications for Policy-Makers,” Planning and Changing, vol. 13, No 4, winter 1982, p.

= active support of administrators, such as deans or principals, Z
= regular opportunities for planning during all phases of the project, and ‘

_

opment. For example, many critical issues could
be addressed in the long-range educational
technology plan being prepared by ED.
Implications for long-term legidative im-
provements should also be considered.

m Setting Priorities

A critical set of issues revolves around how to give
more focus to a diffused federal role. Sincethereis
unlikely to be adequate funding to meet the
technology-related training needs of al U.S.
teachers, and since the role of the federa govern-
ment in support of teacher preparation and
professional development is a limited one, it
makes sense to establish some priorities for feder-
a support.

An ongoing question iswhether federal pro-
grams should try to serve many teachers and
districts, asunder the Eisenhower program, or
to demonstrate national models for teacher
training that could be picked up by other dis-
tricts, as in the NSF Teacher Enhancement
program, or both. Another way to frame the
choice is whether to support only the best new
ideas and those schools and districts ready to
move ahead with them, using them as models for
others; or to help districts and teachers who have
the most urgent technology-related training
needs. Findings from current studies suggest that
the two types of programs—focused demonstra-
tion programs and broad service programs—play
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different and complementary rol®,and that school teachers? Preservice or inservice teachers?
there may be a continued need for both. Demorfaculty in schools and colleges of education? The
stration programs generate more intensive and ireurrent federal role tries to cover nearly all of these
novative strategies and can lead the way fotarget groups, although some very superficially.
comprehensive reform; but broad service pro- Also related is the question of which kinds of
grams are necessary to build awareness amonmgstitutions should receive priority for federal
large numbers of teachers. The 1994 amendmenssipport—Ilocal schools and districts serving
continue both strategies. However, in practicathe inservice needs of teachers already in the
terms, it may be difficult to do both. Broad-basedclassroom, or schools and colleges of education
support may be so expensive that funding is shapreparing new teachers to enter tomorrow’s
low and diffuse, seeding the field so thinly that aclassrooms As discussed elsewhere in this re-
rich outcome is unlikely. Providing comprehen- port, many colleges and schools of education are
sive training at a level that could make a signifi-behind school districts and individual schools in
cant difference is likely to be beyond the range oferms of faculty expertise, technological re-
available funding. For example, a study of the Eisources, and understanding of the potential of
senhower program in 1991 suggests that the sutechnology for education. Given the expected
tained training endorsed in that study would cosgrowth in the number of teachers needed in the
roughtly $890 a year per participating teacher. Exnext decade, it may be cost-efficient to support the
tending this model to provide training in educa-development of technology expertise in teacher
tional uses of technologies for the entire K-12candidates as they prepare to enter the classroom
teaching force would be substantial—reaching &0 that less inservice training will be required once
quarter of all precollege teachers a year with thishey are on board. Furthermore, federal support
level of training would cost approximately $1 bil- encouraging greater connection between colleges
lion year®® Yet equity concerns may argue againsof education and K-12 schools may result in part-
focusing efforts on the already well-positioned,nerships benefiting both, as they share their teach-
even if leaders can have a broader impact by shairg and technology resources and expertise.

ing their experiences with others. In making

recommendations, the federal educational techz] Maximizing the Impact of

nology plan may need to take a clearer stance on Reform Efforts

this issue. The history of federal teacher training efforts sug-

Arelated key issue is what kinds of teachers  yaqis that it is very important to address the broad-
should have priority for technology-related o grganizational context in which teachers work.
training. Should resources concentrate on SUperryg effort begins with the school site as a locus
visors and teacher-leaders, or on those most iy change, but it does not end there. Equally im-
need ofimprovement? On math and science teachiyant in the U.S. educational system are the state
ers, since technology applications are proceedingq ocq| institutions that have the main responsi-

rapidly in these fields, or on humanities and othep,;jiwy for teacher policies and that must be relied
fields, since they have been somewhat neglecteglon, o carry out federal priorities from several
to date? On specialists who work with children|yers removed.

most at-risk, or on “regular” teachers who work
with all children? On elementary or secondary

98Knapp et al., op. cit., footnote 14, p. vi.

99 James B. Stedman, U.S. Congress, Congressional Research Service Issue Brief, “Information Technologies in Elementary and Second-
ary Education: Background and Federal Policy Issues,” Washington, DC; 1993, p. 14.
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A key issue, then, is how to use federal lead- er teachers, seeking and sharing information,
ership to integrate technology into existing na- learning and keeping abreast of changes and
tional, state, and local systemic reform developments in their fields. If these networks
efforts—the most obvious being the reforms become used more generally, they could signifi-
fostered under Goals 2000: Educate America cantly change the nature and form of teacher train-
Act (Public Law 103-227).If effectively imple-  ing and professional development in the future.
mented, this legislation has the potential to bring
abogt major_lr_lter_related changes in teacher Prep Leveraging Resources for
aration, certification, and professional develop- - . ..
ment, as well as curriculum and testing. The Improving and Expanding Training
standards that emerge will receive high visibility 1 1rough Technology
and could set the direction for most education reTechnology itself can play a critical role in le-
forms for the rest of the decade and beyond. Theeraging federal resources Government net-
1994 legislation provides a solid framework forworks, resource centers, satellite conferences, and
coordinating several different efforts around avideo libraries can extend the sweep of ideas,
similar set of goals and standards, if the opportumodels, materials, and curricula. If the federal
nities are seized. government or other entities choose to emphasize

A related issue is how to improve coordina- the development of national models, this type of
tion and interagency strategic planning among dissemination becomes extremely important.
the various federal agencies involved in profes- New funding sources (e.g. the Department of
sional development and technologymproving Commerce) and collaborative partnerships
coordination is one of the new ED leadership rewith other public sector agencies and with

sponsibilities under Title 11l of the ESEA. businesses in support of shared use networks
can leverage scarce federal dollars in areas
[J Focusing on Necessary Services, benefiting education and the broader commu-
Activities, and Support nity. This is one of the important lessons learned

What are the most effective kinds of federal supfrom the Star Schools experience.
port to help teachers learn about and apply Telecommunications and networking tech-
technology? Should funding allow purchase ofnfologies can extend the duration of training
hardware and software for teacher use, at home @hd provide almost continuous followup and
at school, in order to assure access and use 8fipport. Options for building these capacities
technology? What are the costs of linking up to ointo all federal training programs need to be ex-
using telecommunications networks for continu-plored, along with evaluations of the effectiveness
ing support? Typically, these costs have not beeff these telecommunications training and support
covered in training programs but may be essentiagnodels.
components for success. Aggressive research and development is need-
How could access to telecommunications neted to determine which types of education technol-
works change the nature of programs and serviceggies work best in which settings and for which
available for training teachers? Although mostteachers. Another area for research is whether
schools today do not have this access, opportuniechnology-related training is more effective
ties to connect and use networks are growing. Nvhen delivered in the context of a specific subject
current trends continue, one of the most signifiarea or as a general pedagogical technique, or in
cant uses of telecommunications resources will beome combination. However, because the tech-
teacher’s professional use—connecting with othnologies are changing so rapidly, funders should
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not require that grantees be locked into any onproblems associated with overlap, lack of in-

model. formation, and erratic and changeable support
across a range of programs could be ameliorated
CONCLUSION by the technologies themselves, which could offer

Recent authorizing legislation and federal leadertobust and flexible resources for coordinating in-
ship have set the stage for greater emphasis darmation and streamlining the delivery and con-
technology-related teacher preparation and prdinuing support for teacher preparation and
fessional development than ever before. Congresontinuing growth. Whether the promise of these
sional budget concerns and proposed executivieew opportunities is realized will depend on fed-
branch funding limits, however, could limit the eral, state, and private commitment and effective
potential of these initiatives. Nevertheless, thamplementation of new proposals.
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Appendix B:
Sources of
Survey Data
B for This Report

During the course of this report, OTA hired three contractors to collect and analyze survey data. This
appendix describes the methodology of each contractor report.

Analysis and Trends of School Use of profited from reports in progress or technical doc-
New Information Technologies uments related to these studies. The major features

Henry J. Becker—March 1994 of these three studies and the other four studies
used in the analysis are described below. Addi-
tional features are shown in table B-1.

tractor report. Instead, the results of a _ o

number of major national surveys of edu-The 1992 Internatlongl Association for the
cational technology conducted between 1989 anfvaluation of Educational Achlfvement
1993 were re-analyzed and synthesized. The m&OMPuters in Education Study ,
jority of the analysis comes from three surveys: 1)l "€ IEA survey is the only recent national survey
the United States portion of the 1992 Computerd? Provide detailed data about computer use in
in Education Study of the International Associa-SCN00Is, primarily from school-level staff (princi-
tion for the Evaluation of Educational Attainment Pals and school computer coordinators) and stu-
(IEA), 2) the 1991 National Study of School usesdent respondents, but also with data collected
of Television and Video conducted by the Corpo-from teachers. The sample o_f schools, although
ration for Public Broadcasting (CPB), and 3) therather small (571 schools with responses from
1993 Survey of Member Teachers of the NationafCMPuter coordinators), was a carefully drawn na-
Education Association (NEA) conducted for thetional probability sample including public, paro-

NEA by Princeton Survey Research Associate<chial, and private schools stratified by school size,
For all three studies, this contractor report als¢€Ported student-computer ratio in 1988, size of

N o original data were collected for this con-

1 Ronald E. Anderson et aComputers in American Schools, 1992: An Overvietgrnational Association for the Evaluation of Educa-
tional Achievement Computers in Education Study (Minneapolis, MN: University of Minnesota, 1993).
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TABLE B-1: Sources of Data for “Analysis and Trends of School Use of New Information Technologies”

Nature Number  of
Study Data about of data Date of study Nature of sample Response rate cases

international ~ Association  for ~ Schools and  Weighted Spring 1989 National  probability samh)le excluded schools  76% of schools (computer coor- 999 schools (1 ,227

the Evaluation of Educa- teachers data with no computers at all, special education dinator),  94% including partial including ~ partial ~ tele-

tional  Achievement  (IEA) schools and primary  schools (serving  only telephone  interview, 79% of phone  mterviews),

Survey-Stage 1 below grade 4) Sampled elementary teach-  teachers (weighted); 93% in- 817 teachers (957
ers grades 3 through 6 and secondary math,  cluding  telephone  interviews Including ~ partial ~ tele-
science, English, computer  education  teach- phone ~ interviews)
ers. Includes public and nonpublic  schools

International ~ Association  for  Schools, Weighted Spring 1992 National ~ probabilty ~sample, ~excluded schools 82% of school-level computer 571 computer coor-

the Evaluaton of Education- teachers, and  data with no computers at all, special education coordinators, 72% of teachers,  dinators; 500 teach-

al  Achievement  Computers  students in schools and  primary schodls (serving  only and 74% of students (About ers, and 11,150

in  Education  Survey— grades 5, 8, below grade 4) Sampled elementary teach-  15Y0 of coordinator sample were students.

Stage 2 and 11 ers, grade 5, and secondary English teachers partial phone interviews )

(grades 8 and 11) Includes ~ public and non-
public  schools

Corporation ~ for ~ Public Schools  and Weighted Spring 1991 National probabﬂﬁkl sample of public schools  90% of schools (principal), 75%.,829 schools; 3,072
Broadcasting  Study of teachers data (excluding ~ special, vocational, and altenative  of teachers. teachers; 2,920  with
School Uses of Television education) m  districts with more than 300 stu- both  questionnaires
and  Video dents; teachers of all subjects and grade
levels.
National ~ Education ~ Associa-  Teachers Weighted Spring 1993 National sample (simple random sample) of 33% (reported by NEA as 78%. 1206 teachers
ton  (NEA)  Communications data NEA members when excluding those not
Survey reached by telephone).
Market Dala Retrieval: Schools, from  Printed Fall-winter Universe  of J)ubhc school districts. ~ Information ~ About 39% of public schools in- 3927 districts repre-
Education and  Technology’  district-level statistics 1992 gathered at district level except followup mail-  cluding 68% of schools in the sentin? 31,172
data  collection ings sent to schools in largest districts. nation's 893 largest districts schoals.

National ~ Educational  Longi-  Teachers and  Printed Spring 1990 National probability sample of 8th graders, 94% of students attempted m 20,706 students,
tudinal ~ Survey  (NELS88) 10th  grade statistics two years later ~(nondropouts) sample of two 1990 followup Unknown bias 15908 teachers di-
‘First  Followup” students of four major subject teachers from low base year (1988) vided among 4

school response rate (61 %) subjects

89% of teachers sampled m

1990
QualitY Education  Data Schools, from  Raw data Summer 1992 Universe of public and nonpublic ~schools Near 100% but not uniformly 104,000 schools
school  census district-level (no sam- Information  gathered at the district level collected on each variable

data  collection pling done)

SOURCE' Henry J Becker, “Analysis and Trends of School Use of New Information Technologies, " Off Ice of Technology Assessment contractor report, March 1994
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the metropolitan area community, and districtpleted a survey form, but this was not used in this
poverty level. Disproportionate sampling wasanalysis. Principals responded to questions about
employed to overrepresent schools with largetheir school’s experience using a variety of broad-
student bodies and more computers. (Data analgast and stored video media and about school-
sis was performed using case weights to recreatevel support for instructional media. Teachers
the equal probability sample needed for valid dereported about their use of TV and video in class-
scriptive statistics.) Response rates for differentoom instruction and their own personal expe-
categories of respondents varied from 72 to 82ience and access to equipment like VCRs and
percent, including some partial telephone intercamcorders.

views. Extensive questions were included about

computer-related hardware and software, utilizaThe 1993 Communications Survey of National

tion, processes of decisionmaking, and attitudesducation Association Teacher-Members3

Students reported their own computer experiencephe NEA survey was of a sample of current teach-
and were given a test of computer literacy whichers from the NEAs national membership roster,
was, however, not used in this analysis. The 1992nd thus excludes teachers from most large city
IEA survey was a second stage of a longitudinadiistricts and others that do not have NEA as their
study that began with a similar study (minus theemployee bargaining agent. A total of 1,206

student data) in 1989. teachers participated in telephone interviews for
this study. Excluded from the sample were special
Corporation for Public Broadcasting’s 1991 education teachers, resource teachers, and those
National Study of School Uses of Television who did not currently teach in grades K-12. The
and Video? cooperation rate for this survey (i.e., the percent-

The CPB survey is the only major recent nationahge of eligible sample members reached who
survey of instructional television and video pres-agreed to be interviewed) was 79 percent. How-
ence and use in schools. It also is part of a seriesever, field work was terminated before the major-
in this case, the third conducted by CPB over @y of initially sampled individuals could be
15-year period. At the school level, the CPB surreached. So from a formal standpoint, the re-
vey was several times as large as the IEA compusponse rate for this survey (interviews divided by
er survey (1,829 schools; 3,072 teachers), but #stimated number of eligible members originally
did not include student-level data. The sample desampled and called) was only about 33 percent.
sign involved a multistage probability sample ofHowever, the vast majority of the remaining 67
public school districts, schools, and teachers, expercent were not “refusals,” but simply those who
plicitly stratified by district size and urbanicity, were not reached by telephone. In addition, the
and implicitly stratified by region and district NEA survey was of limited use because it was not
wealth. Districts enrolling fewer than 300 stu-principally about teachers’ technologise but
dents were excluded from the population samrather about theperceptions oficcesso technol-
pled. Ninety percent of principals and 75 percenbgies. However, it was valuable in that it included
of teachers responded. Superintendents also com-

2 Andrew L. Russell and Thomas R. Cursiydy of School Uses of Television and Video: 1990-91 Scho@Rvkragton, VA: Corporation
for Public Broadcasting, February 1993). Also see Research Triangle InStitutg of the School Uses of Television and Video: Methodology
Report(Research Triangle Park, NC: Research Triangle Institute, Mar. 20, 1992).

3 Princeton Survey Researd¥ational Education Association Communications Survey: Report of the Fin@#rigseton, NJ: June 2,
1993).



Appendix B Sources of Survey Data for This Report | 261

information about both computer and video techwhile encompassing more than 100,000 public,
nologies in the same survey and contained in€atholic and other private schools nationwide,
formation not otherwise available about access tproduced estimates that were at significant vari-
other technologies such as telephones and photance with similar data obtained from the CPB and

copying. IEA surveys—almost always reporting fewer
schools having a given type of technology (e.g.,
Other Survey Sources videodisc players, modems, integrated learning

In addition to the IEA, CPB, and NEA surveys, Systems)—even when one attempted to correct
substantial information about the presence oMDR results for their disproportionate number of
technologies in schools was provided by an Auschools from large districts. This almost certainly
gust 1993 report on the K-12 public school markeglerives from the QED dataset being composed of
for educational technology by Market Data Re-accumulated reports over several years and there-
trieval (MDR), Inc.4 and from the master build- by not only undercounting recent acquisitions but
ing-level and district-level datasets and relatedProviding only partial data about types of technol-
reports from Quality Education Data (QED). ogies more recently added to its database (e.g.,
Both of these market research surveys supplieBresence of CD-ROM). Nevertheless, both QED
data on technology presence (although nothing oAnd MDR tabulations were useful at various
utilization), but each had disadvantages that prestages in the analysis.
vented further use. Both market surveys reported Finally, other statistics produced for this con-
data about individual schools but collected thesd&actor report came from both original analysis
data primarily at the district level, making detailedand published tabulations of teaclaed student
data less reliable, with impairment most likely in data from the 1990 “first followup” of the Nation-
medium-sized and larger districts. It has been ac@l Educational Longitudinal Survey (NELS88),
cepted for some time, for example, that QED'sand from original analysis and tabulations from
census of the number of school computers ighe 1989 IEA Computers in Education Survey.
roughly 25 percent under the estimates obtaineklse of the NELS88 survey was minimal because
using national probability surveys such as those g?nly a few questions dealt with technology, and
the IEA Computers-in-Education studfes. use of the 1989 IEA survey was primarily for pro-
Access to the MDR data was limited to pub-Viding baseline data for measures of change. The
lished tabulations. Moreover, the MDR survey re-1989 IEA survey did contain much more detailed
sponse rate was very low (rough|y 25 percentyjata on computer use at the teacher level than any
except for the largest 7 percent of all districts Other more recent survey available for this analy-
Overall, only 39 percent of public schools (no pri-Sis, but because of its agelf2years as of this
vate or parochial schools) were included in thevriting), its descriptive statistics on computer use
tabulations in the MDR report. The QED dataset,

4 Market Data RetrievaEducation and Technology, 1993: A Survey of the K-12 MéBkeiton, CT: August 1993).

5 Quality Education Datdechnology in the Public Schools: 1992(B&nver, CO: January 199%ducational Technology Trends, Public
Schools: 1992-98Denver, CO: August 1992).

6 |bid., Technology in the Public Schools: 1992-p34.

7 Steven J. Ingels et aNational Education Longitudinal Study of 1988: First Follow-Up Teacher Component Data File User's Manual

(Washington, DC: National Center for Education Statistics, November M&®)nal Education Longitudinal Study of 1988: First Follow-Up
Student Component Data File User’s Manualls. 1 and 2 (Washington, DC: National Center for Education Statistics, April 1992).
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were felt to be generally too outdated to beto obtain responses from all the states as to the ac-
useful® curacy of the information collected.
Those seven surveys—the 1992 and 1989 IEA

Computer surveys, the CPB video survey, thenformation Technology in Teacher

NEA member survey, the two market surveysgqycation: Surveys of the Current Status
(MDR and QED), and the 1990 NELS first fol- Jerry Willis, Linda Austin, and

lowup survey—constitute the database for theyoo Anna Willis—March 1994
Becker contractor report. Other sources of survey

data were considered but excluded on grounds of Comprehensive survey focusing on the use
insufficient national representativeness, unsatisA of information technology—“The USA

factory response rate, or lack of timelinéss. Faculty Survey”—was mailed to a random
sample of teacher educators in the United States.

State Technology Activities A second survey, reworded for recent graduates of
Related to Teachers teacher education programs, was sent to a random
Ronald E. Anderson—Nov. 15, 1994 sample of public and private schools across the

United States. This survey—called “The USA Re-

uring the summer of 1993, telephone callscent Graduate Survey’—was addressed to princi-
D were placed to an educational technologypals who were asked to forward it to the most

coordinator or specialist in all states and theecently hired teacher. The only additional re-
District of Columbia. After repeated calls, re- quirementwas that the teacher who completed the
sponses to a telephone interview were obtainegurvey must have graduated within the last two
from over 85 percent of the states. In addition, reyears.
ports of various types related to educational Although the survey data presented in this con-
technology were obtained from a majority of thetractor report represents one of the only efforts to
states. A year later, in June 1994, a survey forrflate to gather information on technology in teach-
was mailed to all state educational technologyer education, a number of limitations should be
coordinators asking them to update and clarifjkept in mind. A major limitation is the low rate of
several technology policy items. During the sum+eturn for all of the surveys. The surveys sent to
mer repeated calls, faxes, and mailings were usddacher education faculty and recent graduates

8Henry Jay Becker, “United States Participation in the I.E.A. Computers-in-Education Study,” final report to the National Science Founda-
tion, Grant #SPA-8850564, Center for Social Organization of Schools, Johns Hopkins University, September 1992.

9 The 1992 survey by Bank Street College, “Telecommunications and K-12 Educators,” directed by Margaret Honey (M. Honey and A.
Henriquez, “Telecommunications and K-12 Educators: Findings from a National Survey,” Center for Technology in Education, Bank Street
College of Education, 1993) provides useful information about the most active telecommunications-using teachers, but is based on a purposive
snowball sample of high-end users rather than a representative sample of teachers.

Market surveys published in 1991 by LINK Resources Corporation (“K-12 Market for Technology and Electronic Media: Ninth Annual
Survey”) and in 1992 by the Software Publishers Association (“1991-92 SPA K-12 Market Study Report”) both obtained roughly 20 percent
response rates from school principals or other school or district officials, deemed insufficient to provide valid enough information about the full
population of U.S. schools.

Several statewide surveys have been conducted during the past several years—for example, “Technology in the California Classroom: The
Teacher’s Perspective 1991,” conducted by Robert G. Main for the California Technology Project—but it was decided that state-level statistical
information would not be informative for considering national patterns and trends.

Finally, several once-informative national studies are now dated by the rapid rate of change in technology availability and use—among
them the 1989 U.S. Census Bureau’s supplementary questions on computer use in the October 1989 Current Population Survey, as reported in
their publication, “Computer Use in the United States: 1989,” Current Population Reports, Series P-23, No. 171, 1991.
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were quite lengthy and the time required to comit or not. Most of the reviewers felt the original
plete the survey may have been one factor in theurvey was far too long and recommended it be
relatively low return rates. Another factor possi-shortened. Many items were removed.
bly contributing to a low rate of return was thatthe A random sample of 65 teacher education pro-
distribution method involved sending surveys tograms was selected frdaeterson’s Guide to Col-
administrators who were then asked to distributéeges and Universitie¥) The only restriction on
them to the appropriate instructors. For exampleiandomness was the requirement that all 15 of the
from the 1,223 faculty surveys mailed to teachetargest teacher education programs in the United
education institutions, a total of 250 were usableStates be included in the sample. At least one sur-
which is 20 percent of the surveys mailed. As thevey was returned from 66 percent of the institu-
percentage of usable surveys was relatively lowions sampled. A total of 250 usable surveys were
readers should be cautioned about over-interpreteturned.
ing the survey data.

The USA Recent Graduate Survey
The USA Faculty Survey The survey sent to recent graduates was a modi-
The faculty survey included questions about thdied form of the faculty survey. The questions
institution and teacher education program, the facwere rephrased to indicate the respondents were
ulty member’s history of general and instructionalstudents in teacher education programs rather than
use of information technology, attitudes towardfaculty.
technology, and ratings of barriers to wider use of A random sample of 500 elementary and sec-
information technology. The survey was devel-ondary schools in the United States was selected
oped after a thorough review of existing surveydy a mailing list organization and supplied to the
on both K-12 use of technology and technologyesearchers on mailing labels. Both public and pri-
use in teacher education. Many of the items in theate institutions were included. A total of 100 sur-
survey used here were based on items in previouseys were returned, a return rate of 20 percent.
ly published surveys. Once a draft survey was de-lowever, a total of 70 surveys were usable and all
veloped, it was evaluated by an advisory group ofhedata in this section is based on the analysis of
experts and by OTA staff. The feedback was used0 surveys. The 30 unusable surveys were re-
to revise the instrument, and experts were agaiturned because the school had closed or no teacher
asked to review it. For example, the originalmet the criteria of having competed a teacher
instrument was much longer than the final ver-education program within the last two years. With
sion. It contained items on how faculty usedonly 70 usable surveys, the results should be con-
technology rather than simply whether they usedidered tentative.

10 peterson’s Guide to Four-Year Colleg@Sth Ed. (Princeton, NJ: Peterson’s Guides, 1989).
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Analog communication DARPA (Defense Advanced Research Projects
A communication format in which information is Agency).
transmitted by modulating a continuous signal

. ; . Artificial intelligence
such as a radio wave. Voice and video messag

. : ; _ She use of computer processing to simulate intel-
0”9'“‘?“6 In a”?""g form since sound and light ar igent behavior. Current research includes natural
yvaveh_k(_e functions; thUS' they must be °°”V?”e anguage recognition and use, problem solving,
into digital messages in order to communiCategjaction from alternatives, pattern recognition,
along digital communications formats or media. generalization based on experience, and analysis
Anonymous FTP site of novel situations.

A server that allows the public to log on and asci| (American Standard Code for

download files without having an account or ajnformation Interchange)

user ID on that server. Pronounced “as-key,” a set of computer characters
Application tools devised to achieve some measure of compatibility

Computer software that enables the user to mani®MOng various computers. Putting a text file in

ulate information to create documents or reports*SCll format reduces it to essential elements—
upper- and lower-case letters, numbers, punctua-

Archie tion, and some control characters but no graphics

A database listing programs and data files availcharacters or printer codes—and eases the process
able at anonymous FTP sites or Telnet sites on thef sharing it with other computers.

Internet. Se&/eronica L
Asynchronous communication

ARPAnet Two-way communication in which there is a time
The original experimental U.S. government net-delay between when a message is sent and when it
work that started the Internet. ARPAnet wasis received. Examples include electremail and
started in the mid-1960s to connect researchergpicemail systems. In contrast, synchronous
and is no longer in existence. ARPA is the Ad-communication is simultaneous two-way ex-
vanced Research Projects Agency, under thehange of information—for example, a telephone
Department of Defense, previously namedconversation.

264 |
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Audiographic conference Cable television system (CATV)

A conferencing system that can transmit audiA broadband communications system capable of
and still-video signals, computer graphics, andlelivering multiple channels of programming
text on the same telephone cable or other narrowWrom a set of centralized satellite and off-air anten-
band communications channel. Equipment genefae, usually by coaxial cable, to a community.

ally includes computers, graphics cables, antlany cable television systems combine micro-
speaker phones at both the receiving and delivefyave and fiberoptic technologies.

ing ends. o .
CAl (Computer-aided instruction)

Authoring Instruction that is carried out or su
. . pported by
The process of building or modifying computerComlouter technology.

software using a computer program designed for
that purpose. Generally, authoring softwareCD-ROM (Compact disc-read only memory)

applications require less technical expertiséAn optical storage system for computers that per-
compared with programming languages. mits data to be randomly accessed from a disc.
Backbone With read-only discs, new data cannot be stored

The main communication channel in a networkor can the disc be erased for reuse. Other optical
wiring scheme, so called because other commetorage systems allow users to record or write and
nications lines connect to it like ribs connect to th&@write information.

human body’s backbone. Chat room

Bandwidth An area on a computer network where members
A measure of information-carrying capability. “gather” to type in messages in real time. They can
The difference between the lowest and highesteceive immediate responses. There are two types
signal frequency is expressed in hertz (cycles pesf chat rooms—public and private.

second). Wider bandwidths can carry more in-

formation. Client _
. A computer workstation that can request and re-
BITNET (Because It's Time Network) ceive services, information, and applications—

An international computer network created t0g,ch as file transfer to other computers, access to a
c_onnect research institutions and higher educaﬁrinter, or access to another computer network—
tion. from a server on the same computer network.
Broadband

A flexible, all-purpose, two-way medium that
provides the wide bandwidth necessary for bot
conventional video and high-definition televi-
sion, and for still-frame displays for information
retrieval, catalog shopping, and so on.

Bulletin board service (BBS)

A computer service that is modeled after a comCodec

munity bulletin board. Using a computer, modemAn electronic device that converts analog video
and phone line, individuals connect to a centragignals into a digital format for transmission, and
“host” computer to post or read messages or tgice versa. The name is an abbreviation for
upload and download software. Communicatiori‘coder-decoder,” or “compressor-decompressor”
is usually asynchronous. when compression is also involved.

Coaxial cable

}§hielded wire cable that connects communica-
tions components. Coaxial cable is commonly
used in cable television systems because of its
ability to carry multiple video (or other broad-
band) signals.
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Compression er, where he used it to refer to computers and the
Compressing information so that it requires lessociety that focuses on them.

space to store or transmit. When speech is co Satabase
pressed, for example, pauses are eliminater&

o . collection of related information, computer da-
Compression is generally expressed as a ratio. Ff’ébases can include text files, programs, and

example, an 8-to-1 ratio means that the informa-, raphics, that can be searched by key words or

tion requires one-e|ghtr_1 ofits c_mgmal space. Th ther means, and reviewed or downloaded onto
greater the compression ratio, the higher th%nother computer

chance for loss of quality in image, sound, or mo- o
tion. In compressed video, digital technology isPigital communications _
used to encode and compress the signal. Pictufe communications format used with both elec-

quality is generally not as good as full motion;tronic and light-based systems that transmits au-
guick movements often appear blurred. dio, video, and data as bits of information.

Computer graphics Digital video . '
Representations of information in formats other™ format used to store, manipulate, and transmit
than text on a computer. Application tools allowMoving images of bl'['S'Of mformatlon._ Codec_s are
users to draw or “paint” original images with aused to convert traditional analog signals into a

mouse or a graphics tablet. digital format and back again. Digital video can be
compressed for more efficient storage and trans-
Conference mission.

In computer networking, refers to an online dis-

cussion group focused on a topic. Digitize _ _ o
o To change analog information to a digital format.
Connectivity Once information has been converted to this form,

The degree or level to which one computer caf can be conveniently stored, manipulated, and
connect to an online service. For example, a lowgompressed. It can also be transmitted over a dis-
er-level of connectivity to the Internet may sup-tance with little or no loss in quality. Sound (such
port only the exchange of e-mail, while a moreas speech or music), stillimages (such as transpar-
advanced level of ConnectiVity may Support FTPencies)1 and motion video are Commonly con-
and Telneservices. verted into digitized form.

Courseware _ _ _ Distance learning
A package used for teaching and learning that inmstruction delivered from a distant site, possibly

cludes computer or video software and relateghcluding data, voice, and video transmissions for
print materials such as a teacher’s guide and stynteractivity.

dent activity books. Distributed network

Curriculum (pl. curricula) Network that relies on multiple computers to pro-
The courses offered by an educational institutionvide various resources to other computers in the
Most schools have a prescribed curriculum teachaetwork, rather than making all resources avail-
ers must follow throughout the school year and omble from a single server. The Internet depends on
which students are tested as the basis for passinglatributed networking.

course or getting credit for it. Domain

Cyberspace A set of nodes on the Internet whose names share
Worldwide pool of information stored and trans-the same last two or three parts. For example,
mitted by internetworked computers. William “msu.edu” is the domain name for the network of
Gibson created the term in his noMsguromanc- Michigan State University. Domain names that
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end with “edu” are for education organizations;formats. Fiberoptic cable has much higher capac-
“com” for commercial entities; “net” for net- ity than copper or coaxial cable, and is not as sub-
works; and “gov” for governments. ject to interference or noise. Fiberoptic cable has
the bandwidth to accommodate high-speed, mul-

Download . . X
timedia networking.

To copy a file, e-mail, or other information from a
central computer to a personal computer. Segile

upload Afile is a body of information (text, graphics, or a
Downlink p:]c())gg;]aerp) that can be passed from one computer to

An antenna shaped like a dish that receives signa?s
from a satellite. Seeplink. Often referred to as a File server

satellite dish, terminal, Earth station, or TVRO The personal computer that provides access to
(television receive-only). files for all workstations in a local area network.

Electronic mail (e-mail) Flame

A computer application for exchanging informa- 10 Sénd over a computer network, as through
tion over a distance using a modem and a compu@-Mail, & message displaying a derogatory, ob-
er. Communication is asynchronous. E-mailSC€ne; or inflammatory attitude.

typically consists of text and/or graphics; ad-Flat-panel display

vanced multimedia formats are under developA video or computer screen that is relatively thin,
ment. It can be addressed to an individual, as welightweight, and typically used in portable com-
as to groups of people. puters.

E-mail address FreeNet

A specific, locatable, electronic address that desOne of a group of freely accessible servers offer-
ignates a person or service at a specific networiag information, e-mail, and access to the Internet
site. Electronic mail addresses include a useover telephone lines.

name (which can be a title or function, such agtp (File Transfer Protocol)

‘info”), the symbol “@,” and a domain name A standard technique for transferring files among
(e.g., teacher@school.edu). dissimilar computer systems on a network.
Ethernet A program that transfers files using file transfer
Atype oflocal area networkof up to 1,024 nodes protocol. It supports file exchange over the Inter-
(i.e., computers in a network), originated by Xe-net.

rox Corporation. It specifies the types of wiresgateway

Connecting the network and the format in WthhA dedicated Computer that provides a link be-

information is packaged to travel over those wiresyyeen dissimilar networks, allowing information
There are three types of Ethernet connections; ditg cross between the two.

ferent Ethernet systems use different SOftwar%opher

rotocol h as TCP/IP. . . ,
protocol, such as TCP/ Software that presents in menu form information
Facsimile machine (fax) found all over the Internet. Gopher programs also

A device that converts hard-copy images and texdllow searches on the Internet for hosts, directo-

into an electronic form for transmission over tele-ries, or files based on keywords supplied by the
phone lines to a similar device at another locationyser.

which then reconverts it back to text and imagesGroupware

Fiberoptic cable A software program that allows the same informa-
Hair-thin, flexible glass rods that use light signalstion to be shared among several computers simul-
to transmit information in either analog or digital taneously. With some applications, users can see
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each other and, from their own computers, add tthternet

or edit text and graphics in a single document. International collection of interconnected elec-
tronic networks that support a common set of data
.communication protocols—Transmission Con-
tol Protocol (TCP) and Internet Protocol (IP). In-
ternet evolved from ARPAnet. The National
Science Foundation supported wider use of the

Hardware

conjunction with software (programs and files)
for computer and telecommunications systems.

Host network through development of NSFnet, ex-
The main computer system to which computer uspanding and replacing ARPAnet, and through
ers are connected. funding for development of regional distribution
Hub networl_<s. Many networks in the United States and
A point of connection to the Internet for users in aworIdW|de are now part of the Internet.

particular region. ISDN (Integrated Service Digital Network)

Network that accommodates digitedinsmission

Hypercard . . of voice, data, and video over, standard copper
A software program designed to create mumple{elephone lines

pathways for moving through a body of related
material, allowing the user to link documents andeyword

parts of documents in a nonlinear fashion from & word that leads the user to go directly to a spe-
single computer. Words in the displayed docu<cific area. For example, entering the keyword
ment may be linked to other documents or othefLABNET” takes you to the LabNetwork;
text in the same document, usually by icons withinNGS,” to the National Geographic Society;
the document, sometimes callaattons Through ~ “Time,” to Timemagazine.

Hypercard applications, the user can quickly acknowbots

cess linked materials from a variety of media, sucisoftware programs that act as “knowledge robots”
as still-motion video from a videodisc linked to atg carry out functions such as searches for desired

paragraph from a word processor (this type of Hyinformation, on electronic networks.

percard use is often callégpermedin _
“Last mile”

Icon Popular term for the last segment of the connec-
A symbol displayed on the computer screen thafion between a communication provider (e.g.,
represents a command or program (e.g., a tragBlephone company central office) and the cus-
can symbolize the command to delete a documemémer (usually residential, but sometimes com-

or file). mercial).

Information highway/information superhighway LATA (local access and transport area)

The vast network of interconnected telecommuA geographic region ranging from a metropolitan
nications systems worldwide. area to a state, created with divestiture of AT&T

and used to define service areas for regulated ver-
SY'S unregulated services (e.g., intra-LATA local
88rvice versus inter-LATA long-haul services).

Interface

A general term used to designate the hardware a
associated software needed to enable one devi
to communicate with another or to enable a persohibrary

to communicate with computers and related deThe term library, when used with computers,
vices. A user interface can be a keyboard, a mousksfers to a collection of computer files. A library

commands, icons, or menus that facilitate comeontains files that can be text, graphics, or
munication between the user and computer. programs.
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Listserv Mouse

A program (text and graphics) that distributesA pointing device that connects to a computer.
e-mail to users on a computer network who shareWith a mouse, users can control pointer move-
common interest and whose ID’s are stored toments on a computer screen by rolling the mouse
gether. Any mail sent to a list on the listserv is auever a flat surface and clicking a button on the de-
tomatically distributed to everyone on that list. vice. The mouse is also commonly used to define
and move blocks of text; open or close windows,
documents or applications; and draw or paint
graphics.

Local area network (LAN)

A network connecting computers in close proxim-

ity, LANs facilitate communication and sharing of

information and computer resources (such aultimedia

printers or storage by the members of a group). Any combination of video, sound, text, anima-
tion, and graphic images in a computer-based en-

Login/Logon/Logoff _ vironment. Often includes technology such as
The process of entering and leaving an eIectrom&D_ROM’ videodiscs, videocassette recorders,

communlcatlons_ sys_t_em,_ access generally r‘(j'elevision,video cameras, and software.
quires a user identification code or passwor

(often the user’s name). National Researchand Education Network (NREN)
. Electronic network that eventually will succeed
Mailbox the noncommercial aspects of the Internet in the

Afile or directory on the end user’s host computeljpited States.
that holds the user’s e-mail.

o Network
Mailinglist _ _ _ A shared communications system that supports
Atoplc-speuflc alias with multiple mail destina- digital communication among connected com-
tions. puters.
Message board Newsgroup

Message boards (or boards) are where membe#stopical discussion group on a network. Individ-
post messages, reply to messages, and so forthals submit messages to a newsgroup and read
Boards are organized using folders, which contaimessages that are posted there.

messages on a specific theme. NIl (National Information Infrastructure)

Microwave The overall electronic information system in de-
High-frequency radio waves used for point-to-velopment in the United States.
point and omnidirectional communication of NgEpet

data, video, and voice. The National Science Foundation Network, a
Modem high-speed network of networks linking comput-

A device that allows two computers to communi-€r's at educational and research institutions. It is
cate over telephone lines. It converts digital comMade up of several regional networks.

puter signals into analog format for transmissionQnline

A similar device at the other end converts the anaBeing actively connected to a network or comput-
log signal back into a digital format that the com-er system; usually being able interactively to ex-

puter can understand. Abbreviated form Ofchange data, commands, and information.

“modulator-demodulator.” )
Optical storage

Mosaic High-density disk storage that uses a laser to
A popular interface that eases navigation of théwrite” information on the surface. Erasable or re-
Internet. writable optical storage enables written informa-
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tion to be erased and new information written orShareware
the disk. Shareware is software that can be shared among
pC users but it is not free. Users purchase this type of

A personal computer or microcomputer. The Ap_computer software through donations to the soft-

ple Macintosh and the IBM PS/2 are examples opare developer, usually to fund further research
and development of the product line.

personal computers. Many participants on the In=
ternet use PCs to connect to Internet hosts. Simulation
Software that enables the user to experience a real-

Point-to-point protocol (PPP) oo . . ;
jstic reproduction of an actual situation. Comput-

Protocol that enables a computer to use the Inte _ _ ; oo
net protocols (TCP/IP). PPP is gaining in popular-er’based simulations often involve situations that

ity over the SLIP alternative. are very costly or high risk (e.g., flight simulation
training for pilots).
Protocols

The set of specific communication standards thatonail mail” _ _
allow one computer to interact with other com-Paper-based mail, delivered by the U.S. Post Of-
puters. fice or other vendor, that cannot compete for speed

with electronic networking.
RAM (random access memory)

Computer memory where any location can be reagoftware _ _
from, or written to, in a random access fashion. AProgramming that controls computer, video, or

computer’s RAM is its main memory where it can€électronic hardware. Software takes many forms,
store data. including application tools, operating systems,

instructional drills, and games.
ROM (read only memory)

Once information has been entered into this part giynchronous communication
the computer’s memory, it can be read as often age€asynchronousommunication.
required, but cannot be changed by the user.  sysop (system operator)

Router A person in charge of a network system or BBS.
A device (sometimes a specialized computer) thatcpp

stores addresses of network hosts and forwardgpreviation for Transmission Control Protocol/
packets of data between networks. For maximunternet Protocol. TCP/IP is a set of computer
access to the Internet’s resources, a local area n@lymmands that dictate how the computers on the
work needs its own router. Internet will communicate with each other.

Satellite Teleconference

Seedownlink Simultaneous visual and/or sound interconnec-
Scanner tion using telecommunications links that allow
An input device attached to a computer that makedividuals in remote locations to see and commu-
adigital image of a hard-copy document, such asmicate with each other in a conference arrange-
photograph, scanned picture, graph, map, and otlment. There are many types of teleconferencing,
er data that are often used in desktop publishingncluding videoconferencing, computer confer-

Server encing, and audioconferencing.

A server is a powerful computer on a network thatelnet

provides a particular service and information toAn Internet service that allows users to log on to
other computers; for instance, a disk server marremote host computers as “guest” users, providing
ages a large disk, and a print server managesa&cess to the files as if they were actually at the
printer. host site.
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Terminal signals that can be used for input (often used as an
The computer used to connectto a host. The termalternative to other input devices, such as a key-
nal can be a personal computer such as a Maciboard).

tosh, IBM, or compatible microcomputer. . .
P P WAIS (Wide Area Information Server)

Touch screen A protocol that allows users to search and access
A device that attaches to a computer screen that &ifferent types of information on many different
lows data to be entered by using a specialized stylggmputer systems from a single interface. This
to write on the screen, or by making direct physicalext-based information retrieval system selects
contact between the finger and the screen. databases from an unlimited pool, without the
Uplink need for user familiarity with the internal configu-

A satellite dish that transmits signals up to a satekations of each, and helps to organize responses on
lite. These signals are then sent back to Earth tothe user’s machine despite vast amounts of accu-
downlink (receiving) site. mulated data.

Upload Wide area network (WAN)

To copy a file, e-mail, or other information from A computer network in which widely dispersed
one’s personal computer to a larger computer on@mputers, such as those among several buildings
network. or across a city or state, are interconnected. WANs
Veronica make use of a variety of transmission media,

A Gopher service that allows you to do a keyworoWhiCh can be provided on a leased or dial-up basis.
search of Gopher menus. Named after the comigindow

strip character (likérchie). A part of the computer screen that is given over to
Videoconference a different display from the rest of the screen (e.g.,

A form of teleconferencing where participants see text window in a graphics screen). It can also be a
and hear other participants in remote locationsportion of a file or image currently on the screen,
Video cameras, monitors, codecs, and network¢hen multiple windows are displayed simulta-
allow synchronous communication between sitesieously.

Videodisc Wireless

An optical disc that contains recorded stillimagesVoice, data, or video communications without the
full-motion video, and sounds that can be playedise of connecting wires. In wireless communica-
back using a Videodisc player through a televisiorions, radio signals make use of microwave towers
monitor. Videodiscs can be used alone or as a past satellites. Cellular telephones and pagers are

of a computer-based application. examples of wireless communications.

Videotext - _ Workstation

A form of multimedia that presents video and texia computer that is intended for individual use, but
simultaneously on the same screen. is generally more powerful (i.e., it has greater
Voice mail memory and speed) than a personal computer. A

An electronic system for transmitting and storingworkstation may also act as a terminal for a central
voice messages, which can be accessed later Bjainframe.
the person to whom they are addressed. Voice Majfq 14 Wide Web (WWW)

operates asynchronously, like an e-nsg8tem. A hynermedia information retrieval system link-

Voice recognition ing a variety of Internet-accessible documents and
Computer hardware and software systems that redata files (text and graphics). Often referred to as
ognize spoken words and convert them to digiteithe Web.”
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Throughout the course of this assessment, OTA received information and assistance from many
schools, districts, and educational institutions across the United States. The following is a listing of sites
that participated in OTA's case studies, served as the focus for the video report, and were visited by OTA
staff.

Case Study Sites Monterey Model Technology Schools
Curry School of Education, University of Monterey, CA
Virginia and Jackson-Via Elementary Manzita Elementary School
School Martin Luther King Middle School

Monterey High School

Peabody College at Vanderbilt University and Ord Terrace Elementary School

Carter Lawrence Middle School )
The Texas Education Agency

University of Northern lowa and Price Austin, TX
Laboratory School . .
Y Video Sites
; ; : : Central Kitsap School District
University of Wyoming and The Wyoming Silverdale, WA

Center for Teaching and Learning at Laramie ,
g g Brownsville Elementary School

Emerald Heights Elementary School
Olympic High School
Ridgetop Junior High School

Bellevue School District
Bellevue, WA

Jefferson County Public Schools George Mason University
Jefferson County, KY Alexandria. VA
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Other Sites
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Port Royal Road, Springfield, VA 22161) or by calling NTIS directly at (703) 487-4650.
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