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Abstract: An increasing number of universities are investing in computer-based
instructional (CBI) systems but the costs of operation are in dispute. Alpert and Biker s
estimate of costs per student hour for PLATO has been challenged by Kearsley while
Hofstetter attempts to demonstrate a more favourable cost for the University of Delaware’ s
PLATO system. This paper demonstrates that the PLATO costs are higher than its
proponents claim. A cost analysis of the VITAL microcomputer-based system is offered as
an alternative to the high cost entry into CBI via mainframe systems. The major costs of
computer-based instructional systems are not in the computing component, as costly as
that is, but in the preparation and production of courseware. When compared to the cost of
face-to-face classroom instruction, mainframe systems are at least four times more costly
on a student hour basis even when using the large number of 500 students. Realistic
instructional goals and clear prioriies are argued to be the essential ingredients of effective
computer-based learning rather than the expectation of efficiency and cost benefits.

INTRODUCTION

In the introduction to a series of working papers, Computers on Campus, Tucker
(1983-84) names three American universities* which he states, “to my knowledge, outrank
adl others in the nation with respect to current scale of investment in information techno-
logy for ingtruction purposes -- close to $200,000,000 al told over the next few years”
With costs of that magnitude, teachers in many other resource-starved North American
universities may be excused if they think the hill for computers in education is too big. One
Canadian university Vice-President remarked recently, “Don’'t tak to me about computing
costs; it is just one big sink-hole” Systems predicted to cost pennies per hour of student
contact time when purchased have shown a tendency to run into many dollars per hour.
What are the costs which a teacher may expect to be incurred on liis or her behaf when
usng a computer-based learning system for indructiond purposes? This paper will discuss
large and small computer-based ingructional systems and present an analysis of predicted

*  CanegieMelon University, Brown University, and Massachusetts Indtitute of  Technology.

George A. B. Moore is Associate Professor and Chairman of Rural Extension Studies at
the University of Guelph. His teaching and research interests include communication tech-
nology applications and staff development.

CJEC, VOL. 16, NO. 1, PAGES 33 - 43, ISSN 0710 4340




34 CJEC WINTER 1987

and actual costs in two systems. It is offered as a contribution to clearing the air about the
true costs of using computers for instructional purposes.

Philosophical and  Higorical ~ Perspective

This article is written from the position that the computer in education is a tool, a
means to an end, but that too frequently the hardware comes close to being viewed as an end
in itself with the indtructional application being left to someone else. The use of the compu-
ter in education should be seen as an integrated undertaking, including both the instructional
application and the hardware. Such an integration is a complex process in that it draws firgt
on theories of learning and instruction; second, on principles of instructional design; third,
on maters of staff development and the adoption of innovations; fourth, on considerations
of logistics and organization; and last, on the technica aspects of the hardware itself.

Many of us lived and worked through the heady decade of the 60's when communica
tion technology was widely heralded as ushering in a transformation of education. The most
spectacular example of the day was televison with such massive projects, by the standards
of the day, as Scarborough College's television teaching system (Lee, 1971). While tele-
vison by the early 70's was beginning to be reected, it did find its way into many class-
rooms in schools, colleges and universities. The question might be asked, “What makes
computers in education in the 80's and 90's that much different from television in education
in the 60's?" It can be argued that both represent instructiona tools, and while they are
different in their technica manifestations, they share an essentid similarity as technica
devices gpplied to education. Missing frequently in the 60's was adequate attention to the
instructional design process along with satisfactory consideration of the impact on those
with the instructional responsibility -- the teachers. It was not uncommon in the 60's to
find those promoting educational technology to complain, with some derision, that educa
tion was the last remnant of the cottage industry and that it had to change to keep up with
the times. Some of those sentiments are expressed in the 80's with reference to a different
set of ingtructiona devices.

Findly, it is the position of this paper that the only people who can effect change in
instructional practices to incorporate the newer technologies are the professiona educators
themselves. This change will not come about by cgoling indructors or applying top-down
administrative pressure but by an intrinsic belief that these new ingtructional devices offer
something of value to learner and instructor alike.

Communication Technology and Computer-Based  Indructional  Approaches

Severd pardlels may be drawn between the use of televison and computers in
education. In the 60's the technology of the day required large centra television production
installations with a centralized coaxia distribution system. The use of such a system
demanded major adjustments on the part of teachers and the yielding of large areas of control
to the technical specialists. In the 70's this technology began to change with the appearance
of low-cost haf-inch video record and playback. machines and low-cost cameras. This
enabled the teacher-user to regain some control over the ingructional environment they had
lost to the large central television system.

In the same decade of the 60's the first instructional applications of the computer
began. The best known and perhaps the oldest established computer-based learning system
in American and some international universities is PLATO. PLATO is considered by many
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to be the state-of-the-art system for computer-based instruction (CBI) providing a rich CBI
environment with high-resolution graphics, student control keys, touch input screens and a
large number of connections to external systems such as heart-rate monitors, dlide projec-
tors, videodisc players and speech synthesizers, to name only a few of the peripherals which
may be connected to it. To support this range of features a computing resource of consid-
geble sze is required.

Computer-based ingtructional systems of the PLATO type require a highly centralized
organizational structure which is removed from the norma academic environment in which
most teachers find themselves. Without attempting to force the analogy between instruc-
tional television in the 60's and mainframe computer-based instruction, it is argued that
both systems demand a high capital investment and a specidized operating establishment. If
the instructional priorities require this type of system, then there can be no quarrel with the
resulting costs and the technica and organizationa infrastructures required to support it. A
system such as PLATO works well in this environment and it is especialy appropriate for
the military or large industriadl organizations.

However, one of the lessons of television in the 60's was that education required greater
flexibility and more dternatives than the technology of the day alowed. That flexibility
began to emerge in the 70's for video equipment with the rapid progress in the miniaturiza:
tion of electronic components. The same process led to the development of microcomputers
in the early 80's which now offer aternatives to the use of computer-based instruction. CBI
is no longer restricted to the large mainframe or medium-sized mini-computer systems.

During the decade of the 60's another much heralded educationd medium appeared on
the instructional stage. It was the super 8mm camera and projection system. While its
potential, as promoted, was never redized it did make one magor contribution, later picked
up by low-cost video recording equipment. It enabled teachers and students to work with a
visud recording medium previoudy beyond ther reach because of the high cost and
technical sophigtication of semi-professiona  16mm equipment. Professor Lou Forsdale of
Columbia University, a leading proponent of 8mm film in education, advised his audience
to look upon the expenditures in 8mm film production as an invesment in building
experience and skill rather than an investment in equipment. That advice seems to be as true
today in working with computer-based indruction as it was two decades ago in working
with new visuad communication media. There is an unfortunate tendency to await the latest
technical improvements before committing even a part of one's instruction to a new
medium. The trouble with that approach is that there will probably be no end to new
developments, which only serves to justify procrastination. The large investments required
for mainframe systems have tended to restrict the opportunity of the majority of teachers to
explore the power of computer-based ingtruction. The advent of the microcomputer has
changed this restriction by opening up dternatives which can be explored on today's
budgets.

The computer hardware is only one piece of the picture. The essentid requirement is
that the system help students learn and this requires some content or courseware. Unless
adequate arrangements can be made to provide for the teaching preparation time to create the
materials or to acquire and adapt existing materias from a resource collection of courseware,
the expenditure of funds on computer equipment could be a costly mistake.

One attempt to ease the burden of creating computer-based learning materials has been
the development of course authoring systems. These are software packages which dlow a
person not sophisticated in computer programming to produce ingtructiona sequences using
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English and the simplified structures of the authoring system. These authoring packages
may be compared to word processing, Spreadsheet, or file management packages. They
require the user to acquire a knowledge of the system to use its potentia effectively, but
they make it possible for the non-programmer to do useful work with the computer in a
fraction of the time necessary to gain proficiency with a programming language. PLATO
Tutor was developed as the authoring system for PLATO. NATAL and CAN7 ae Canadian
contributions for larger systems. PILOT in various versions - Apple Super PILOT, E-Z
PILOT and Softcrates - are current authoring systems designed for the microcomputer.

A project a the University of Guelph has developed another authoring system using
Teidon/NAPLPS*  as the vehicle for creating and displaying the instructiona materials.
This project has moved away from Telidon as a unique equipment system requiring special
purpose decoder terminas, to a computer based system ranging from a single micro-
computer in a stand-alone configuration to a small network system of up to 24 student
study dtations. The system caled VITAL (Versdile Interactive Teaching and Learning)
incorporates a number of Canadian-designed features. These include the Telidon/NAPLPS
computer code, software decoders for the microcomputer by FBN, Microstar and Microtaure
and hardware electronics developed by NORPAK. VITAL is a software authoring package
which integrates these elements to operate on an IBM PC or compatible equipment. (For a
fuller treatment of VITAL, see Moore, 1986). The originad contribution of VITAL, beyond
integrating the various off-the-shelf elements, lies in the programming sequence which
enables teachers or thelr assdtants, without computer language skills, to create visuad and
text reference materids, tutorias and interactive quizzes with immediate judging and
feedback capability. VITAL has been written in BASIC and operates on PC DOS athough
it could be converted to C to operate on UNIX making it suitable for a mini-computer
environment approaching mainframe capability. However, its developers see its main
contribution at the lower end of the cost/complexity scale to enable teachers and admin-
istrators to gain experience in the effective and efficient use of computer-based instructional
applications while minimizing the expense normaly associated with computer based
instruction.

Cogt Comparisons Between Two  Sdems

The two systems chosen for this analysis are PLATO and VITAL. PLATO was chosen
snce it is the most strongly established and widely recognized mainframe computer-based
ingtructional system which incorporates audio visua devices in its display. VITAL was
chosen for comparison since it provides a graphic visua display, multi-user capability, and
record keeping functions, along with interactive programming and judging capability
operating on a microcomputer-based network or single stand-alone study station.

Reported Cods for  Operating PLATO

Hofstetter reported that a the University of Delaware the PLATO system installed in
1975 with 32 terminals had grown to 330 terminas with planned expansion to 560 termi-
nas. The tota investment in equipment for this system was reported to be $3,801,971 as of
October, 1981 (Hofstetter, 1983). The annua operating cost for the system in 1981-82 was
$3,164,698 of which $3,335,049 or 42 percent was derived form externd grants and
contracts, leaving a net operating cost to the University of $1,829,649 for its computer-

* NAPLPS - North American Presentation Level Protocol Syntax.
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based ingtructional service. Both in terms of capital investment and in operating costs, the
use of computers on the scale of PLATO makes maor long-term demands on the
ingructional budget. At this level the costs are aggregated as a total budget expenditure for
the institution.

It is dso customary to analyze the costs on a per student contact hour basis. This is
the figure which is frequently used to interpret the large total outlays. In 1970, Alpert and
Bitzer (1970) projected a range of $0.34 to $0.68 per hour per student contact hour. When
this projection is adjusted for inflation using a 14 year inflation factor of 2.63, those 1970
dollar costs become $0.89-$1.79 per hour, il a reasonable figure. However, Keardey
(2977) reported that the cost per hour for a single PLATO termina leased on an annud
basis would cost $7.20 per hour or 4 to 8 times the cost originaly projected.

Hofstetter (1983) has analyzed the actual costs at the University of Delaware and argues
that the costs are, in adjusted-for-inflation dollars, only twice the Alpert and Bitzer projec-
tion. His argument, however, is flawed in that he calculates an hourly cost in 1982 of $2.47
per hour using al 330 connected terminals for an annua per termina cost of $3,816. He
concedes that the actual average number of terminas in use a pesk demand time is 140. If
this is the average peak load then non-peak periods would be something below that. The
average peak demand then is 42.4 percent of capacity. He uses Alpert and Bitzer's estimate
of 2,000 hours of use per termina per year in ariving a his cost of $2.47 per hour. A more
accurate analysis would take into account actual student use rather than a projected capacity
figure in calculating a per student hour cost. If one uses the 140 termina per hour pesk
demand (the 190 non-used terminals are assigned an overhead status for redundancy or devel-
opmental purposes) the annual operating cost is $8,994 per student-used terminad or an
hourly cost of $4.48 per student for the PLATO mainframe. To this must be added the
amortized cost of the student terminal, annual maintenance costs on the termina, and
communication costs between the student termina and the mainframe. Thus to the costs of
the central system must be added a per hour cost for the student terminal of $1.51 per hour.
The hourly cost per student, using a more redistic anaysis in terms of student demand,
becomes $5.99 or somewhat less than Keardey's figure of $7.20 per hour. However, since
this anaysis has taken the average pesk demand as the basis it may have erred on the
generous sde and one would be included to accept Keardey's estimate of what the read costs
ae in terms of students served.

Thus far the discussion has been restricted to the costs of purchasing and operating the
hardware system. Of equal, if not greater, importance is the cost of creating or procuring the
course materials. Hofstetter (1983) gives evidence based on the University of Delaware's
experience that the typical tutorial with good interaction takes 200 hours to produce -- 55-60
hours by the ingtructor and 140 by the programmer. Hourly costs for developing a lesson
are given as $2,500 for material without graphics or judging features to $8,000 for a
smulation. Other estimates for program preparation range from 100 hours per hour of
ingruction to 400 hours where graphics, sophisticated judging and Simulations are required.
There is no reason to dispute these high costs since they have been determined by exper-
ience.

Capital Equipment, Operating and Courseware Costs for VITAL

VITAL has been designed to operate on readily avalable MSDOS equipment over a
range of configurations from a single stand-alone unit to a small network system of up to
24 student terminals. This gives flexibility in terms of entry costs based upon the needs of
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the instructional program. It does not replace the power of large mainframe systems but it
does provide the dternative of a decentralized facility while alowing advantages in the
network mode not associated with single CPU licensed software on stand-alone units.

Courseware produced using the VITAL authoring system operates in any one of three
modes -- a single stand-alone unit, a two station mini-network or a local network of up to
24 dations. It requires off-the-shelf equipment subject only to the instalation of the appro-
priate colour graphics board and colour monitor. The use of Telidon/NAPLPS as the
standard for computer storage and display enables a variety of student study stations to be
chosen from videotex hardware units through a range of microcomputers from the Commo-
dore 64, Apple lle, Macintosh to MS-DOS compatibles.

The darter system comprises a Personad Computer with 256K of RAM, twin disc
drives, a monochrome driver and monitor, colour card and an RGB monitor. The VITAL
software for this single system costs $1,200. The combined hardware and software  for this
VITAL/Single-system costs approximately $4,000. This unit can be used to create the study
materials and can also serve as a single student study station, A more efficient application is
to equip any number of student microcomputers with a colour card, colour monitor and dual
disc drives. A single floppy system disc celed the TOAD (Teaching On A Dist) is loaded
into drive A with the course files loaded from drive B. TOAD is designed to be purchased
once per user a $49.95 and will operate any number of VITAL produced course files giving
the same interactive branching and judging features as the network. TOAD, however, does
not readily alow record keeping of student performance.

The next step up in providing increased capacity is the VITAL/Twin which uses a PC
with a hard disc as the file server to drive two student terminals, Depending on the quality of
the student terminals sdlected, the VITAL/Twin will cost between $8,600 and $11,200 for a
two student station installation which includes a separate instructor course authoring
gtation. VITAL/Twin provides a mini network with record keeping functions of individua
sudent performance as well as summary records of al sesson activities,

The largest application of VITAL is in the network version which provides for up to
1000 student study hours per week for 48 weeks at 40 hours per week for an annua total of
48,000 hours. This configuration will accommodate up to 24 terminads which yields the
lowest per hour unit cost of $1.21 on annualized costs of $57,781 for the system. The cost
comparisons of the VITAL configurations are shown in Table 1 (see next page) which range
from less than $10,000 for an authoring termind and two student study stations to about
$95,000 for a 24 dtation network. A single student station, using material produced else-
where, costs $2,350 including the TOAD software. This is the unit suitable for home study
or libraries and requires no running costs for telecommunication or data transmission apart
from the mailing costs of the file discs for the courses being used.

The unit cost of using the VITAL system in a microcomputer environment, as shown
in Table 1, will be influenced by the actuadl demand placed by students. However, the
commitment of funds can be selected to fit within the requirements of the instructiona
program. While the smaller systems are more costly on a unit basis, they represent a much
lower gross capital outlay. The microcomputer alows the ingtitution or single academic
department to start small and grow with experience and the needs of the instructiond
program.

A comparison of the VITAL microcomputer costs with the projection of Alpert and
Bitzer in adjusted-for-inflation dollars revedls that these costs per student hour are
comparable. In 1986 the Canadian dollar a 72 cents to the US dollar brings the Alpert and
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TABLE 1
Capital Cost for Three Vital System Configurations

Network Network
Single Twin 10 Stations 24 Stations

A. System Purchase Costs
1. Authoring Terminal 3,000 3,000 3,000 3,000
PC with colour card
and 2 monitors
2. Server
PC with 20 meg drive 2,250
PC with 35 meg drive 8,000 8,000
3. Student Terminals
2x2,300 4,600
2x 2,300 4,800
10 x 2,300 23,000
24 x 2,300 55,200
4. Network (10 terminals) 11,000
(24 terminals) 21,460
5. Software
VITALS 1,200
VITAL/Twin 1,350
VITAL/Net 8,000 6,000
VITAL/ITOAD (2) 100

Total Cost of Equipment and
Software 8,900 11,200 51,000 93,660

B. Annual Costs
Equipment amortized over

4 years 2,225 2,800 12,750 23,415
Maintenance @ 10% of

Equipment Cost 760 985 4,500 9,366

Operator 2,500 5,000 12,500 25,000

Total Operating Cost 5,485 8,785 29,750 57,781

Cost per Student Station per year 2,743 4,393 2,975 2,408

Cost per Student Hour
@ 2,000 hours per annum 1.38 2.20 1.49 121
@ 1,200 hours per annum 2.29 3.66 2.50 2.00
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Bitzer figure ($1.79 US) to $2.50. The cost range for VITAL at 2000 hours per year is
$1.15 to $2.20 depending on the configuration of the system or $1.92 to $3.66 for 1200
hours per year per student termina. This is a favourable cost in contrast to Keardey's figure
of $7.20 US or $10.08 Canadian per student hour for PLATO.

The costs shown in Table 1, as in the case for PLATO, are related to the acquisition
and operation of the equipment. The preparation of course materials adds a significant cost
to the decision to use computer-based learning materids. The first element in the use of
these materials is the ingtructor’s time in the preparation, selection and supervision of the
coursaware production. In most established systems a trained programmer is essentid to
support the ingtructor. The VITAL system, using the simplified commands of Telidon/
NAPLPS and its own menu driven programming, eliminaies the requirement for a computer
programmer. Teachers and their teaching assistants are able to produce their own material
without the need for such programmers. Where specid graphic effects such as animation are
desired the assstance of a trained graphic illustrator will enhance the visual eements, but
such assistance is not essentiad for the bulk of the instructionad programming.

The figure given by Hofsetter for the cost of producing computer based courseware
ranges from $2,500 to $8,000 per student contact hour or $3,500 to $11,200 in Canadian
dollars. Much of this cost is independent of the computer system used since it relates to
academic time spent in planning the materials as well as to the technica time in program-
ming or encoding the lessons. Any simplification of this process will introduce significant
cost savings and enhance the prospect of expanded utilization.

Studies to date a the University of Guelph (Moore, 1986) indicate that the production
time for creating ingtructional materials with VITAL ranges from 22 hours to 88 hours per
hour of ingruction or about onethird the time required for similar materials using tradi-
tional CAl approaches. Using an average cost of $30 per staff hour* in the preparation and
production of computer-based courseware, VITAL shows a cost of $660 to $2,640 per
student contact hour module or substantially less than that reported in the literature and by
Hofstetter for traditiond Computer-Assisted Instruction materials. A cost comparison
between a comprehensve manframe sysem such as PLATO and a less powerful but
sophigticated authoring system such as VITAL on a microcomputer is summarized in Table
2 (see next page). It should be recognized that such comparisons are of limited value since
the systems are different in capacity and capabilities. However, from the perspective of
adminigtrators providing funds and ingructors wishing to explore the application of CBI,
the comparison is valid in that it shows relative entry and operating costs. The micro-
computer does provide for computer-based learning materids in the curriculum a lower cost
and with minima risk. Using standard microcomputers makes the equipment investment
recoverable for other purposes.

To complete this anaysis, the cost of courseware development must be combined with
the costs of computer operations. Assuming 10 hours of computer-based materid, class
sizes of 30, 50, 100 and 500 students and life cycle of three years for the computer mater-
ias, Table 3 (see next page) provides an approximation of the hourly cost per student. In
this table, the previously reported costs of $11,200 for PLATO and $2,640 for VITAL have
been used. The data presented in Table 3 reved that the mgor costs in using computer-based

* This figure wes arived & by averaging academic, profesiond and technicd annud  Staff
sdaies of $57,000, $37,000 and $27,000 respectively and using 1,350 applied hours per
annum.
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TABLE 2
Cost Comparisons Between PLATO and VITAL
PLATO VITAL
A. Capital Costs
a) PLATO - mainframe facility with 330
installed terminals (Hofstetter, 1983) $3,801,971
b) VITAL - local network with course
authoring system and 24 student
stations 93,660
B. Annualized Operating and Capital Costs
PLATO - 7 year amortized equipment cost 543,138
VITAL - 4 year amortized equipment cost 23,415
Operating  Costs 1,829,649 34,366
Total Annual Costs USs 2,372,787
C$ 3,321,902 57,781
Hourly Cost of Operation per Terminal
2,000 hours per annum ) 8.37 121
C. Courseware Preparation Costs in Canadian
Dollars
PLATO - per student hour 3,500- 1,200
VITAL - per student hour 660-2,640
TABLE 3
Courseware Development and Computer Operating Costs for PLATO and VITAL
PLATO VITAL
Materials production costs per hour of student
instruction 11,200 2,640
Class Size
30 students - instructional cost 124.00 29.33
- operating cost 8.37 121
Total Cost per Hour 132.37 30.54
50 students - instructional cost \ 74.70 17.60
- operating cost 8.37 121
Total Cost per Hour 83.07 18.81
100 students - instructional cost 37.35 8.80
- operating cost 8.37 121
Total Cost per Hour 45.72 10.01
. 500 students - instructional cost 7.46 1.76
- operating cost 8.37 1.21

Total Cost per Hour 15.83 297
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ingtruction are not in the computer component but in the preparation of the instructional
materials with the latter accounting for 80 to 90 percent of the total, The data further
indicate that computer-based materials begin to approach a reasonable cost only when
classes or class combinations have relatively large numbers of dtudents. By way of compar-
ison to faceto-face instruction, costs per student contact hour in university classes of

30, 50 and 100 students are $4.87, $2.92 and $1.46 respectively using an average sdary of
$57,000 and a teaching effort of 60 percent of a total faculty member's assignment for
teaching, research and ingtitutional service. From the data in Table 3 and the per student cost
of face-to-face ingtruction, it can be seen that PLATO, even under conditions of very large
student numbers, is approximately four times more costly than instruction in classes of 30
students ($15.83 and $4.87) while VITAL costs with 500 students are similar to face-to-face
instruction in classes of 50 students, $2.97 and $2.92 respectively.

Simmary and  Conclusion

In this analysis a comparison has been made between the preparation and delivery of
computer-based learning materid in @ mainframe sysem using PLATO and a microcom-
puter network system using VITAL. Costs of both systems are considerably more expen-
sve than face-to-face instruction in class sizes generaly found in most colleges and
universities. Even with classes of 500 students, the cost of PLATO ddivered ingtruction
was found to be four times greater than the cost of face-to-face ingtruction in classes of 30
students. VITAL, on the other hand, was found to have hourly student costs similar to
classes of 50 students when VITAL materids were given to 500 students.

The major implication of these findings is that computer-based materials cannot be
justified on the basis of cost efficiency in the class sizes likely to be found in mogt ingtitu-
tions. The decision to develop and use these materids must be based on other factors which
derive from a careful andysis of indructiond requirements and student learning outcomes.
Mainframe computer systems are likely to be too costly in the initiad capital outlay and

recurring operating costs to be widely used in most inditutions. Microcomputer-based
systems offer a less costly but acceptable dternative, one which can be phased in gradualy

with indtitutiona priorities and available resources. However, such applications will require
caeful planning and redistic expectations to prevent disillusonment and frustration.

Naishitt (1982) suggests five directions in which the adoption of technology is
moving. These are

Force Technology High Tech/High Touch
Centralization Decentralization
Indtitutional  Help Sdf-Help

Hierarchies Networking

Either/or Multiple Option

Upon reflection it may be seen that large scale systems such as mainframe instructiona
computer applications exhibit the characteristics on the left hand of Naishitt's schema while
smaller micro-based systems tend to be more compatible with the emerging factors on the
right of the schema This observation suggests that the exploration of microcomputer-based
ingtructiona systems is compatible with the prevailing forces in technologica develop-
ments generally.
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