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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.
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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.
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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).



Chapter 3 Technology Access and Instructional Use in Schools Today 93

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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SOURCE: Market Data Retrieval, Education and Technology, 1993: A Survey of the K-12 Market (Shelton, CT: 1993)

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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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.



Chapter 3  Technology Access and Instructional Use in Schools Today | 103

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.
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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
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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).
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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
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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.



