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In an era of retrenchment, declining enrollments, and criticism of
"standard" solutions to educational problems, some have proposed substi-
tuting technology for traditionally labor-intensive functions. For

example, Norris (1977, p. 451) proposed:

We must assemble and configure our several technologies [computers,
television, radio, film, videodisc, etc.] into a system that does
what the present educational process does, but does it with
capital-intensive, productive technologies, rather than trying to
drive still harder a labor-intensive process that can at best only
stagger under the loads of higher needs, higher expectations, and

higher and higher costs.

In this paper we examine claims that technology can decrease educa-
tional costs--primarily by replacing teachers and other staff--and
increase educational productivity. We find this argument to be mis_aad-
ing for several reasons. First, most cost analyses focus on hardware
costs: these costs are not the major factor driving the cost of com-
puter assisted instruction (CAI). Second, technology is more likely to
change the skill mix of labor in education than to decrease the inten-
sity of labor. Third, studies of the effectiveness ot CAl lead to a
policy of integrating the computer with the teacher; not replacing the

teacher. And fourth, the cost of replacing a significant portion of

teacher time with CAI is currently prohibitivii\
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COST ESTIMATES: ASSUMPTIONS AND VARIABLES

Because technological hardware is part of the proposed solution to
education's ills, we might expect cost-effectiveness research to play an
important role in this argument. However, systematic studies of the
costs and benefits of implementing computers, either for management or
instruction, have been rare. [For exceptions, see Levin and Woo, 1980;
see Stakenas and Kaufman (1977) for a review and references. See also
Jamison, Klees, and Wells (1978) for a study of the costs of media.)
Rather, costs have been reported piecemeal, and almost without excep-
tion, cost studies have occurred independently of effectiveness studies.

Cost estimates are extremely variable. For example, the cost of
certain hardware systems such as microcomputers range from $300 to
$7000, depending on the make and configuration; time needed to produce
an hour of instructional courseware varies anywhere from 50 to 500
hours, depending on its attributes; the cost of developing an hour of
courseware varies between §$300-$3000, depending on its requirements; the
cost of CAl varies between $0.40 to $28.50 per student hour, depending
on the hardware, courseware, number of students using it, and so forth.
The cost of the Computer Curriculum Company's (CCC) time-sharing system
with limited student time spent on drill and practice in basic skills
was estimated by the company to be §50 per student year in 1977, while
other estimates of the cost of CCC's system are on the order of $135 per
studenf year. (These estimates are based on reports by Kearsley, 1977;
Chgnbe;s ;Ad Spreqﬁer. 1980; Avner, 1978; Hebenstreit, 1980; Magidson,

1918; Qeuhauser, 1977; Sugarman, 1978; McKenzie, et al., 1978; Okey and

Hajer, 1976; Levin ahd Woo, 1980.)
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The reason for such wide variance in cost estimates is that they

are made on the basis of many but seldom-stated assumptions. Three

categories of assumptions have been identified by Kearsley (1977). The

first category includes assumptions about the components of the computer

system. These components include hardware (e.g., central processing
unit, peripherals), software for operating the computer system (e.g.,
operating system, course authoring language, graphics, utility pro-
grams), telecommunications (e.g., transmission costs, digital data net-
works), operating costs (e.g., salaries of computer operators, program-
mers, managers, teaching assistants), and courseware development
(author's time, cost of adjunct material, evaluation).

The second categor; includes assumptions about the rate of use of

the system such as the number of students served (e.g., per day, week,
month, semester), the length of the school day and year, the amount of
time, and the number of sites at which the system will be used. The

third category includes assumptions about the life span of the system

and courseware (e.g., three to five years for hardware, as much as ten
years for basic skills software and a much shorter life for other course-
ware).

These cost assumptions are affected by a number of additional vari-
ables. Some of the more important variables are the type of CAl system
(large scale mainframes, time-sharing minicomputers, stand-alone micro-
computers), type of student (e.g., handicapped, bilingual, professional,
adult/vocational), grade level (elementary, secondary, post-secondary),
type of instruction (drill and practice, tutorial, simulation) and qual-

ity of courseware (e.g., extensive graphics, audio, enrichment

sequences, alternative levels of difficulty, record keeping).
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In general, most estimates focus on the costs associated with

hardware and assume the other costs to be associated with normal school
operations. This clearly underestimates the cost of implementing com-
puters for instructional use, management use or both. Also, the cost
analysis focuses on what might be the least expensive item, the hard-
ware. Levin and Woo (1980) in their cost analysis of a time-sharing

system, reported that

The annualized costs of all the computer equipment including the
terminals represented only about 28 percent of total annualized

costs.... This means that even a rather drastic reduction in the j
28 percent of the cost accounted for by equipment will amount to a
much smaller reduction in the total cost. For example, if the cost 1

of equipment declined by one third, total costs would decline by

e m—— - -

less than ten percent. At the same time, the costs of personnel,

maintenance, construction and other personnel intensive categories

os me-

are rising rapidly, at least offsetting partially the potential
declines in the cost of computer hardware. Accordingly, it is

important to recognize that there will be inherent limits to cost

reduction for CAI, even with rapid technological improvements in

, hardware (1980, pp. 25-26, italics ours).

While the argument for shifting education from a labor-intensive q
2» toward a capital-intensive concern is compelling, upon closer examina-
'; tion such a policy may affect the skill mix of personnel in education as

K - much as the mix of labor and capital. That is, a reduction in teaching
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and related staff might be accompanied by an increase in technical staff
associated with computer operations. Before a policy to implement com-
puters is adopted as a solution to some educational problems, a more
thorough study of the costs associated with such a policy is needed.
Such a study would explicitly deal with the assumptions of costs out-
lined above, taking into account retrenchment, declining enrollments,
and projections of hardware, courseware, and personel 10 to 15 years

into the future.

EFFECTIVENESS OF COMPUTER ASSISTED INSTRUCTION

A policy to implement computers, however, rests on grounds in addi-
tion to cost. One immediate consideration is the effectiveness of CAI
relative to alternative forms of instruction for reaching certain goals
(e.g., basic skills, problem solving in science). There is an ever-
increasing number of studies of the effectiveness of CAI. Many of these
studies still pit the computer against the classroom teacher in a
horse-race type of an evaluation. The results of such evaluations lead
to the following conclusions for college students (Kulik, Kulik and
Cohen, 1980): (a) a small difference in student achievement favoring
CAI. Overall, "the effect of CBI [computer based instruction] in a typ-
ical class was to raise student achievement by one-quarter of a standard
deviation unit" (p. 534); (b) a small difference in student attitudes
favoring the computer (less than one-quarter of a standard deviation
unit); (c) a strong advantage for the computer in the amount of time

(less) needed for instruction; and (d) no difference in the number of

students who complete the course of instruction (Kulik, Kulik and Cohen,
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1980). However, it should be pointed out that these findings were

aggregated over 59 studies. There was variability in the magnitude and
direction of achievement and attitude outcomes from one study to the
next. Finally, studies of elementary and secondary students who receive
CAI (drill and practice) as a supplement to regular classroom instruc-
tion have found that student achievement is greater than that in conven-
tional supplemental instruction (for reviews, see Vinsonhaler and Bass,
1972; Edwards, et al., 1975; Jamison, et al., 1974).

Horse-race evaluations are not particularly informative. Effec-
tiveness studies should identify instructional goals, alternative
instructional delivery systems, and valid measures of the outcomes.
Seldom will this approach lead to a two-horse race. Rather, it will
lead to findings which indicate those goals for which certain types of
CAI for certain types of students are particularly effective and those

goals for which they are not (Leiblum, 1981).

NEED FOR COST-EFFECTIVENESS STUDIES

Both the "cost" and "effectiveness" variables need to be more
thoroughly defined and examined in conjunction with each other.
fnrrently, what serves as a basis for estimating cost-effectiveness is a
review of cost studies, a review of effectiveness studies, and an
inferential leap regarding the cost-effectiveness of the two combined
(e.g., Srakenas and Kaufman, 1977). The overall conclusion drawn from
such studies is that computer-assisted instruction is not cost-effective

(e.g., Butman, 1973). As might reasonably be expected, however, the

effectiveness of CAI depends on the quality of the courseware, the
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students served, the type of CAI used (e.g., drill and practice, tutorial,
simulation), the nature of the instructional goal, and so on. Until

methodologically adequate cost-effectiveness studies of alternative

teacher-computer mixes are examined for various educational goals and

A student populations, arguments for implementing computers on cost-

effectiveness grounds are specious.

CONCLUSTONS
Claims that computers and other high technology can replace teach-
ers and staff, and by doing so reduce the costs of education, are unwar-
ranted. We arrive at this conclusion for several reasons. First, these ‘ \

claims rest, at best, on inadequate studies of cost. Cost studies of

i s b e e

} CAI seldom cover the range of variables that drive cost. For this rea-
’

’ son, cost estimates vary tremendously from one study to the next:. Since
)

) the assumptions in estimating costs are seldom made explicit, the

observed variability cannot be accounted for adeqﬁatéig.

Second, most studies focus on the cost of hardware rather than on

human capital variables which actually drive the cost of CAI. This
leads us to suspect that a policy of replacing teachers and staff is
less likely to decrease labor costs than to change the skill mix of the

staff by hiring computer programmers and the like.

Third, research on the effectiveness of CAI indicates that drill
and practice as an adjunct to or alternative to some regular instruction ﬁ

is effective. This finding leads us to conclude that a policy of
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integrating the computer with the teacher, rather than replacing the

teacher, is more likely to lead to improved achievement in less time.
Finally, even with decreasing hardware costs, the costs of CAI are

too great and the availability of quality courseware is too limited for

a policy of replacing labor with capital to be realistically imple-~

mented, even if it were valued.




-9-

REFERENCES

Avner, R. A., "Cost-Effective Applications of Computer-Based Education,"
Educational Technology, April 1978, pp. 24-25.

Butman, R. C., "CAI--There Is a Way To Make It Pay (But Not in Conven-
tional Schooling," Educational Technology, Vol. 13, 1973, pp. 5-9.

Chambers, J. A., and J. W. Sprecher, "Computer Assisted Instruction:
Current Trends and Critical Issues,” Communications of the ACM, June
1980, pp. 332-342.

Edwards, et al., "How Effective Is CAI? A Review of Research,” Educa-
tional Leadership, Vol. 33, 1975, pp. 147-153.

Hebenstreit, J., and Superieure d'Electricite, E., "10,000 Microcomput-
ers for French Secondary Schools,"” Computer, July 1980, pp. 17-21.

g Jamison, D., S. Klees, and S. Wells, The Costs of Educational Media, ;
' Sage, Bevery Hills, Ca., 1938. g

Jamison, et al., "The Effectiveness of Alternative Instructional Media:
A Summary," Review of Educational Research, Vol. 44, 1974, pp. 1-61.

Kearsley, G. P., "The Cost of CAI: A Matter of Assumption,” AEDS Jour-
nal, Vol. 10, No. 3, 1977, pp. 100-112.

. A s oy

Kulik, J. A., C. C. Kulik, and P. A. Cohen, "Effectiveness of Computer-
Based College Teaching: A Meta-Analysis of Findings," Review of Edu-
cational Research, Vol. 50, 1980, pp. 525-544.

; Leiblum, M. D., “Factors Sometimes Overlooked and Underestimated in the

‘ Selection and Success of CAL as an Instructional Medium," in R. Lewis

and D. Tagg (eds.), Computers in Education, Part 1, North-Holland Pub-
lishing Co., Amsterdam, 1981, pp. 277-283.

Levin, H. M., and L. Woo, An Evaluation of the Costs of Computer-
Assisted Instruction, Institute for Research on Educational Finance
and Governance Program Report No. 80-B7, Stanford University, Stan-
ford, Ca., May 1980. .

Magidson, E. M., "Issue Overview: Trends in Computer-Assisted-
1 Instruction,"”" Educational Technology, Vol. 18, 1978, pp. 5-8.

! McKenzie, J., L. Elton, and R. Lewis, Interactive Computer Graphics in
Science Teaching, Halstead, New York, 1978.

Neuhauser, J. J., "A Necessary Redirection for Certain Educational Tech-
nologies," Computers and Education, Vol. &4, 1977, pp. 187-192.

. . .

- »

.
’ 14
e I S Y T W g P g, = €T r— -




e ey WA .

-10-

Norris, W. C., "Via Technology to a New Era in Education," Phi Delta
Kappan, February 1977, pp. 451-453.

Okey, J. R., and K. Majer, "Individual and Small Group Learning with
Computer-Assisted Instruction," Audio Visual Communication Review,
Vol. 24, 1976, pp. 79-86.

Stakenas, R. G., and R. A. Kaufman, "Costs and Effectiveness of Techno-
logical Applications in Education: A Literature Review," Star Project
No. 76-2061, Florida State University, Tallahasee, Florida, January
1977.

Sugarman, R., "A second chance for computer aided instruction," IEEE,
Vol. 15, No. 8, August 1978, pp. 29-37.

Vinsonhaler, J. F., and R. K. Bass, "A summary of ten major studies of
CAI drill and practice,”" Educational Technology, Vol. 12, 1972, pp.
29-32.

i
!
{
[]




