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AESTRACT

Three characteristics c¢f ccmputer-assisted
instruction (CAI) make it suitable for individualizing instructicn:
adaptive resgcnse by the student, continual evaluation of the
student's resgponses, and adaptability of instruction to the
individual®s resgcnses and Lkis achievement levels. CAI systems are
being used fcr laboratory computing, record keeping and retrieval,
Simulation, and tutorial instruction. CRI is difficult to compare
with traditional instruction because of differences in objectives and
techniques. Still, CAI has been shcwn tc teach a comparakble amount of
material with a considerable time saving. However, use cf CAI
requires quantities of suitable curricular materials which have not
been available. Cost effective use also requires atter school use cf
facilities fcr adult or inservice teacher education and
administrative applications which would utilize night hcurs. Five
institutions in Pennsylvania have been concentrating on various
asgects of CAI research and development. The . 2arning Research and
Develcpment Center (University of Pittsburgh) has focused on systenms
software and student terminal development, while Pennsylvania State
has keen concerned with curriculum development and implementation.
Three school districts in the state are oriented toward the classroom
aprlication cf computers. (MT)
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PENNSYLVANIA DEPARTMENT CGF EOUCATION
. Computer-Assisted Instruction

Overview

Individualized Instruction

Many devices and machines have been prociaimed in the past to provide
improved instruction in the schools. Among these are motion pictures, tele-
vision, language fTaboratories, programed instruction, and teaching machines.
None of these techniguss have lived up to their early promise in making con-
tributions to the instructional prograin in the schools. This finding results
from the inherent lack of theory upon which the materials and use ot the machines
have been based. There is little learning theory to undergird the use of most
of these devices. For the first time in education, 2 new technology--computer-
assisted instruction--has the promise of providing some of the quantum jumps in
instruction that have been hoped for in the past. Computer-assisted instruc-
tion has the flexibility and capacity for individualizing fnstruction, which
seems to be necessary for achieving adaptive education. There are three funda-
mental characteristics of computer applications in instruction which suggest
that significant steps in improving instruction can be achieved through the
utilization of computers. The first of these characteristics is the ability
of ¢ pre-stored program in a computer system to evaluate the student’s responses
and pruvide information regarding the correctness of these responses. In a
typical classroom of 30 students only the very bright, aggressive students will
be able to respond and receive feedback from the teacher as many as five
times each period. The poorer and reticent students may receive feedback two
or three times each week during the school year. Results to date show that
students recieving instruction from computers respond anywhere from once every
four seconds to once every thirty seconds. This means that each student whose
“nstruction is being provided through computers is responding and receiving
feedback from 40 to 600 times during a 40-minute session at a computer tzrminal.

A second characteristic of computer-assisted instruction is active respond-
ing by the student. Generaily, high ability or advanced students are able to
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sit down with a textbook or & reference book and iesrn through reading and
other study skills. However, this is often the very problem that a slow stu-
dent encounters--he simply cennoi learn by reading alone.

A third characteristic of computers for instruction is their ability to
individualize instruction not only at the level of achievement but in refevence
to the specific interests and abiiities of the student taking the course. The
computer can keep a record of the student s performance &nd progress through a
course and alter that course based upon the immediate past history of the
individuz? student in studying that subject matter. This dynamic characteris-
tic of CAl (computer-assisted instruction) makes it possible %¢ begin consider-
ing not the passage of time ncr the covering of a specific text nor doing a
given number of problems as criteria for progressing through the curriculum,
but the opportunity to base student assessment upon the mastery of predetermined
criterion levels.

History of Computer-Assisted Instruction

Sidney Pressey in the eariy 1900‘s and B. F. Skinner in 1954 provided the
earliest attempts to "automate” instru~tion. Both Pressey and Skinner developed
techniques of administering instructional materials to students by means of
teaching machines or through programed texts. Much of Skinner's work was based
on his experimental studies in training pigeons to perform certain tasks--some
very simple and some very complex. It was soon discovered, however, that
programed texts and teaching machines were extremely 1imited in the extent to
which they could adapt to individual differences among students or provide a
stimulating responsive environment for students. The obvicus Timitations of
these devices prompted the investigation of applying computers to instruc-
tional tasks.

In 1959, researchers at IBM developed a course to teach stenotype and
binary arithmetic by computers. At the same time, refinements were being made
in computer systems, terminal configurations, and in the number of terminals
that a given computer could support. Some of the original systems would
support one terminal, but later systems were able to support 40 to 50 terminals
simultaneously. Currently computers such as the system in New York City are
able to support as many as 200 terminals concurrently (Butler, 1969).



One a7 the basic problems in the sariy deve'coment of computer-assisted
instruction was that most systems were bu''t sround med fied business computers
and terminal devices. The use 0Of midified busipesy equipment resulted in
systems and terminais which were not aporopridie Toe instructional purposes.

An analogy might be zn wndividual purchasing a Greyhound bus for primary use
as a family cir. It fs true that the bus wouid get » man where he wanted to
go, but 1t would rot be very conventent 3¢ Cr-atiical

In 966, iBM announced the deve:gpment 6* e (500 irstructional System.
Although severa! pretsotype models were deifvered price tu December 1967, the
first production 'ine model wae dei:vered and tnstalled cn that dute. The 500
System was the first computer system which was destgned and developed spec:fi-
cally or tnstructional purposes. Systems developed in the late 50's and early
60's used eith~r zn electric typewriter or a teietype terminal as an interface
device by which the student received information rrom the computer and through
which he transmitted information to the computer. The system which was designed
specificaiiy for instructional purposes and others which have been designed
s:nce 1967 have utilized a sma?) televisticn screen as the major display device
tor the student. The television set has 2 typewriter keyboard and offer 3 light-
sen through which the student can input responses to the program. More compiei=
systems include random access audic, playback/record capabi?ity, and random
sccess image projectors a': unde. program control.

Types of CAL

In concidering the concept of ¢omputer-assisted instructior, it is important
to recognize the di¢fering apniications of computers in instruction which sre
referred to cgliectively as computer-assisted instruction (Mitzel and Brandon,
1967). The Tirst of these applications is the use ot a computer as a lzboratory
computing device which is perhaps the most commen use of computers in public
education. A single terminal (generally an electric typewriter or ieletype)
is placed in a classroom and provides direct access to a computer at some
remote location. The students are allowed to deveiop programs reisted to the

course work which they are taking. This use most ofiur cccurs ‘n a mathemat -g,
physics, or chemistry class. There are an estimated 500 high schogls in tha
United States with this capabiitty. (Entelek}
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A second defrn tion of CompuTE c0tE o Tad Tl Lt Uing buwGlves the use of
the compuie™ 28 & resurd keeper snd retriever which i wpirtaart iy used by
faculty meabers o sdmin stegroes o0 Laroh pruesi Ay o data regirding ste-
dents or regaroing “nstruaction o the schew’ . This totegavy of use qurie often
includes the ighedd?ing ©F Jilasss., proniieg &r reprhrt _geds, énd the Llurage
and retricya’l 6V test resuliy whieh sve unilized by guidente Counseiors and
other staft,

A tnired tom o (AL car b2 detined o Lo wibh the duinpuier

respending adapiteely 1 tesrngs Taput A yo wt owatk 'ne thig applica-
tiocn ¢f computers ta instructoon hes peen done 1o tne field of med'cine. Sim
One (Ap-zhamsen, Wolf, and Denson, 1969) is a life-like device having a
plastic skie which resembies that of & bumsn being tn 26igr and texture. 1t
has the configuration uf 2 pstient *ying on an gpereting izble, the left arm
extended and ready fur intrivengis injestize, vight arm frtted with blood pres-
sure ¢uff, ard chest watl having a stethauiope tsped cver the asproximate
incation of the hea~t. Ssm One breaibe:, hiss s heart beat, pu'se and bliood
prassure {317 synchronized), and opens :nd :ioses his mouth, blinks his eyes,

‘hrough a mask or tube. The physiciogic response: are in real time and cerur
soiomaticalily as part of a computer progream. At Belt, Bersvek, =nd Newman,
Ins., (Feurzeig, 1968), a compu’er h3s been programed ry s mwlate the condrlvun:
of a patient brought nto & haspits) emergenty ruoin. A physician in traising
sits down at a teletype termina’ arid by requesting ‘nfgrmation, telfs, énd
symptems from the computer regazrding his "patient” i¢ able o sventually
provide a diagnosis of the spesifis injuries that the "patient" has recelvad

An even mire ejaborate diagnostiz simuiation progrém °u under development at
the University of 111inois Medica® Schow' at Ch'zago.

The fourth definition of CAI 1invoives the computer in the roule of 3 tutayr
There are various forms which this definition wmight assume--the WwOst Cuinmon
being that of providing drifl and praztice problems to students &t a fermivia’
and the most compliex befng that of sequentizi exposition which provides the
primary sourze of instruction for the student. in this latter form & reluiively
compiete course is presented to a studen” by medes oF & computer
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Research Findings

Studies have shown eiihgr the sepes ooty o st Tedsi djlal piragress For
students earning through computer-assisied inilraclion when 1t ts Lomparsd to
conventional ‘nstruction (Hapsen, 1967) {Hitkey @nd fmwlow, 12071 (Mitenl
et al., 1967). Suppes (1906) vepurts that voo i aent s Ligtses, T [ Lok,
Mississipps . whioh Paye Deep Drovided Tes T6 1ITTEED mbialey Gadh fay with
dritly and practioe at 4 computer teemiral, the anue L The sverege melheimatils
advincement. o the puptls has been fram © U o Zoos swsts alony the experi-
mental classes as comnared to 0,26 te ©.¢b year: in the cuntics Classes,

Butier 11969} a'so reports simiiar resu’ts in New York Civny i 1938 and 1569

in the fourth and fifth grades of the clesses which were studied. It is very
important to point cut that this record achisvemeni s The resuit of only ten

to fifteen minutes each day at 2 computes teletype terminal for drili and
prsctice of mathematics matervais. It is dirfizuit 1o predict what the results
weuid be if students of this kind were utiliziny s computer terminal which couid
provide more sophisticated spplicstions of computer-ass sted instruction for o
longer time period each day.

One of the difrizulties in evaiuating computer-assisted instruction touay
is 1n the choice of an adequate rriterisr. When insiructies I8 individuaiized
and i3 adapted to the spe:*fic wezkneises and strengths of fhe pupiis, it vy
inapproprizte to use & rurmereferenced measure for evatuating srudent progress.
A more appTOpriste oproach s Lo uriiize 4 critevion-referenced measure o
determine when the students have +eazhed the desired ‘avel of gchievement.  The
difference 1n objectives and evaluative devices mekes 1t drfficult to comyare
progress in CAL with progress in the conventions: classroom. Even with tnese
problems of evaluaticn, a tonsistent result ir the use of coaputer-gszisted
instruction hay been that the same amount OF meteriel his been lesrned ir o L8]
environment as in a conveniional classroom although with & Zunsiderable savivgs
of time in favor of CAlL,

The attitude of students nas al!so been cn important guestion with respuit
to computer-assisted instruction. Quite frequentiy it 13 dsked whether s ant
CAI makes the student just another number in & group of students: ar does ‘he
student feel that this iy an impersona’ medans of snstruction.  Although

~1
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preiiminary findings suggest that studszars on UAr 90 oul res! dapersonelized,
adequate empivical date wil! not be swailav'e uniil Studenty heve been exposed
1o CAY ovér 2 number of ye3vrs In varying swbjec! matlar 4yeas.

Administrative Conyideralicns

Developmenta’ Sequente

A concept which s common emong Schoo) administvators is that of “instant
CAT." The "myth of instant CAI" is prevelent not only among school adminis-
trators but aiss among the vendors of computer systems. It has been difficui:
for manufacturers and vendors of computing systems to reaiize tnat sducators
cannz: invest money in a system for which there is wo curriculum. They have
di“¢iculty in realizing that a computer system for CAl must be made aveilable
fc a fong enough period cf time to allcw the necessary curriculum development
pafore schools will be justified in acquiring systems for operational uses

The CAI community is just now approaching a point where there s & Guantity
of materials available which are compatible with other CAl installatinu: zand
which could be shared by cocperating institutions (Lzkan, 197G}. By the fsli
of 1970, there will be just the bare minimum of curriculum svailable to make ¢
economically feasibie to install a system 1o a farge publtic schust for opeie-
tionai uses. To adequately utilize & CAl system. there chould be juantities
of curriculum suitable for full daytime use by studenis in the schooh, appro-
priate curricutum Tor adult education of inservice education ¥or teachars
during the after-schooi and evening hours, and finaliy, administrative appiica-
tions which would utilize the midnight to 8:00 a.m. time period. By combining
these various applications on a computer it wou!d be economically feasibie to
install systems in many school districts.

Cost of CAL

One of the questions which invarizoly arises in discussing computer-
assisted instruction is "How much does ft cost?" The apparent range of <6stu
for CAl is not too different from the range of costs tor conventiona! educatiur



The cost of publi¢ education in the State of New York ranged from $400 per
pupil year to $4,000 per pupil year. Assuming & 200-day school year and a 6
hour schoct day, this cost estimate provides a range from 33 cents to $3.33
per pupil per hour. E. N. Adams (1965} has shgwn thet a fully operational
computer instructional system avaiiabie today cbsts about %3.00 per pupil per
hour to cperate; snd Bitzer (1968) has projecteh (for a system which he 1is
developing) that ¢t wiil cost 27 cents per nupiﬁ pevr hour.

Four contingencies seem to be operating wh-ch mey effect the probability
of public schocts accepting CAI. The first <on:ingency is the relative cost
of CAI and other modes of instruction. Three dullars per student hour may seem
high, but it is not as high as some specialized. instruction such as remedial
education, vecational education, or homebound education. Neither is it high
if the social costs of allowing individuals to “emain undereducated are con-
sidered. Another contingency is the fact that :echnology costs are decreasing
On some of the earlier modified business machinzs which were utilized
for computer-assisted instruction, the cost per pupil hour was as high as $35
or $40. With the develiopment of a computer system designed specifically for
instructional purposes, this cost dropped drasiicalﬂy to $5 per hour or siightly
‘ess., A third contingency is the rising perscnnel costs in the public schocls.
To some extent, public schools and the U. S. Post Office have had similar
pro- lems; and to some extent. have responded to the problems in a similar way.
There is an ever increasing amount of work which needs to be done in both
instances and in both instances the solution to this increasing workload has
been increasing the number of personnel tu do that work. The increasing number
of personnel and the increzsing cost of this staff suggests that schools should
very seriously consider modern educatiornal ifechnology as an alternate approach
for meeting some of these goals. One of the goals of CAI development should be
to establish & differentiated staffing program in the instructional environmen’.
so that much of the routine clerical and administrative work which teachers
quite frequently do can be done with paraprofessional help and thus release
the experienced teachers' time for the specific task of attending to the
individual needs of the students.

The fourth operational contingency which may increase the acceptance of
CAI in the public scheols is the fact that & computer system which i1s installed



primarily for computer-assisted instruction may serve well for adininistra-

tive furctions of that schocl district. Much of the cost of a CAl system could
be justified on this basis. In this comnection it 13 probabiy wiser to take o
computer system designed for instruction and adapt administrative computing to
the available time and equipment configuration. The prospect of taking an
existing administrative computing system and grafting an instructional applica-
tion onto it seems to have icw probability for suctess.

Significant Instructional Applications of CAI in Pennsylvania

Computer-assisted instruction activities in the Commonwealth of
Pennsylvania have been concentrated within five agencies of the State: the
Learning Research and Development Center at the University of Pittsburgh; the
CAl Laboratcry at The Pennsylvania State University; the Altoona Area School
District; the School District of Philadelphia; and the School District of
Pittsburgh. The range of interests and emphasis among these organizations is
as broad as the range in interest and emphasis is nationally and encompasses
all of the types of CAI mentioned earlier.

Uiniversity of Pittsburgh

The computer-assisted instruction activities at the University of
Pittsburgh are housed administratively within the Learning Research and Deveiop-
ment Center which was established in April 1964 (Ragsdale). The CAI program
has two principal objectives which guide the scope of the effort within this
group. The first objective s to provide facilities and services needed to
support the research and development effort of experimental psychoiogists ard
others working in the field of instructional technoiogy. The second objzctive
of the group is to conduct experimental work related to 1) the development of
languages which educators car use for implementing subject matter programs,

2) the development of student stations that will provide a high degree of inter-
action between the student and the subject matter, and 3) the development &f

curricula for experimental purposes.

10
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The: Pennsylvsnia State University

The Computer Assisted Instrucifan Labirdtory {estehiished 1n 1964) at The
Pennsylvania State University tunciions as an iafegral part of the College of
Educaticn at the University and as such CA! 15 making contributions at the
elementary (Demshock and Riedesel?, 1968} arnd szcondavy school Tevel {Mitzel,
Hall, and lgo, Aprii 1970 as well as at the undérgreditate and graduate Tevel
in both preservice and inservice teacher esucarian {Hali et. &l., 1970; Long
and Riedes2?, 1967). The staff at the Laboratory hes devoted considerable
time and effort in develuping inservice teacher education programs--one such
program was a course in modern mathematics which has been taken by more than
500 pubitc school teachers. Another program in identification of handicapping
conditions designed for elementary schosl teachers will be made avajlable to
approximately 1,000 inservice teachers per year beginning in the fall of 1970
by means of mobile computer-assisted instruction facilities.

A marked difference between the efforts of the CAI Laboratory at Penn
State and the CAI Laboratory at the University of Pitisburgh is t'at the staff
at Penn State has chosen to focus on curriculum development and implementation
for pubiic schood and higher education whereas the University of Pitisburgh has
focused on computer systems software and student terminal hardware development.

One of the main interests in the Coliege of Elucation at Penn State is the
impravement of preservice and inservice teacher eéducation. There are a large
number of elementary teachers in rural Appalachia who have not had the oppor-
tunity to participate in institutes, workshops, or coilege courses since they
left college 20 to 25 years ago. One of the factours contributing to this
situation is that a majority of the elementary school teachers are also
doubling as housewives with families. It is often impossible for them tu leave
their families for the summer and go to a university or college to update cheir
background and skills. In Fehbruary 1969, Penn State mounted an inservice
education program in three locations in rural Appalachia (Hall, et. al., 157u).
A complete computer system with 16 student stations was moved sequentialily inte
three different rural communities. The system was installed and made opera-
tional with a program in modern mathematics for elementary teachers. In the
three settings, the program served a tctal of 387 educators. Mobile computer-

11
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assisted instruction has demonstrated the potential for providing high-quality
individualized, inservice education to iarge numbers of students in sparsely

settled areas.

Altoona Area School District

As one might expect, the public schools in Pennsylvania that have been
involved with computer-assisted instruction have been oriented toward the
application of computers in the classrcom (Hesiep). The computer facility in
Altoona began in 1964 as a smail unit for the instruction of about 200 voca-
tional students. Altoona now has time-sharing computer facilities serving
about 4,000 students in the areas of mathematics and science in 16 public and
parochial high schools in 5 counties of Pennsylvania. What originally started
out as basic vocational instruction in computers has expanded into three
separate computer applications: computer technology for the vocational-technicai
high school, unit record instruction for business studsnts, and problem-solving
in mathematics and science by remote terminal on the time-sharing system. The
use made of the computer in these latter courses is generally described as
problem~solving. In chemistry, for exampie, students are taught to write simple
computer programs for the solution of problems invelving Boyle's Law, Charles’
Law, and gram-equivalents. In mathematics, programs to solve quadratic
equations, square roots, areas and perimeters of plane surfaces, and sclutions
of right triangles using trigonometric functions are written. In physics,
students learn the fundamental principies by writing computer programs for
applying the laws of falling bodies, calculating angular velocity, moment of
inertia, and heat exchange problems. Students are also required to write
simple computer programs “off-line" for some secondary school courses. A paper
tape is prepared for inputting the program into the computer through the

teletype terminals. The student then receives a printout which tells him wheth..

or not the program was written correctly. Students react very favorably in this
learning situatfon. Most comment that the computer is extremely helnful to
them in understanding the meaning of the laws and principles for which they
themselves prngramed exercise material. It is hypothesized that because the
computer does the actual calculation, the student can more easily attend to anu

concentrate upon the principles and their applications.

12
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School District of Philadelphia

The School District of Philadelphia established the Division of Instruc-
tional Systems in 1966 to facilitate and coordinate the impiementation of
computers in the instructional programs in Philadelphia (Charp, 1968). The
uses being made of computers in the educational process in Philadelphia include
demonstrations of computer applications, gaming snd dexisicn making for ele-
mentary children, courses in computer concepts for junior high school students,
problem solving applications,and tutorial mathematics, reading, and biology
programs for high school students. The equipment and facilities include unit
vecord tabulating facilities, remote teletype terminals, and complete computer
installations with cathode ray tube terminals in certain public scheols. The
involvement of staff members in the Division ¢f Instructional Services has
ranged from curriculum development to the development of complete computer
systems for instructional purposes.

Biology and reading (Diamond, 1969) have been taught in two higti school:
and two junior high schools during the 1968-69 and 1969-70 school years as
part of project GROW {Germantown High Scheol, Roosevelt Junioi High Schocul,
Overbrook High Schooi, and Wanamaker Junior High School). The achievemerts of
the CAI students were compared with that of students in traditional classes.
The findings show promise but are not definitive because of the normal problems
encouritered when undertaking an innovative program of this kind--equipment
reliability, appropriate standardized testing instruments for new curricula,
and independent (non-confounding) experimental treatments.

School District of Pittsburgh

g s pemes peeed e

The School District of Pittsburgh established a pioneering position in CAIl
by organizing a consortium effort to apply the existing CAI experiences within
the Commonwealth toward the development and implementation of two ninth grade
mathematics courses. This effort may very well become a model for CAI curricy
lum development efforts in the future. It offers the advantage of focusing
curriculum development on the specific needs of large city school districts
while drawing on the research and development experience of the state univers'’v
and the curriculum coordinating function of the Commonwealth Department of Eduta-
tion.



12

Four educational agencies within the Commonweaith of Pennsylvania (the
School District of Pittsburgh, the School District of Philadelphia, The
Pennsylvania State University, and the Department of Education) have entered
into a consortium tc apply their individual strengths and backgrounds to the
development of a ninth grade general mathematics course and a ninth grade
algebra course to be administered in an individuaiized program, a portion of
which is via computer-essisted instruction. Teachers from each of the school
districts were in residence at the University icr eighteen months to parti-
cipate in the development of a new curriculum in ccoperation with mathematics
educators and CAI technical staff at the University.

One of the goals of the project was to develop a utilization pattern
which would fit within the existing environment of public high schools. There-
fore, it was determined that the students would be assigned to a given class
for a period and would remain in the class during the entire calendar year.

In order to follow this procedure and s5till maintain a high degree of indi-
vidualized instruction, the basic mathematics ski'l materials were programed

on the computer for the two courses. It was assumed that on the average each
student would spend half a period each day at a computer terminal and the other
nalf period working on off-line or in-depth enrichment materials. It was
assumed that the very slow student would probably need to spend most of each
period each day of the week at the computer terminal and the very fast students
might spend only ten or fifteen minutes during any week to achieve the basic
skills which they needed. The off-l1ine activities provided the enrichment

or extension of knowledge which the teacher in the classroom felt that each
pupil needed. This program is currently undergeing a field trial in Schenley
High School in Pittsburgh and Lincoln High Schoo! in Philadelphia. A computer
system has been installed in each school with eight terminals in one classroom.
Sixteen pupils and one teacher are assigned to that classroom each period.
Revisions and improvements in the curriculum are being made to suit the specific
needs of the students based on the student records which have been collected on
a daily basis. The computer system retains a file of information regarding the
progress of each student. A summary of this progress is given to the teacher
as he requests it to guide him in his interactions with the students. The
attitude of the students toward the mathematics that they are learning and
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Three sharacteristics of computer applicetions in instruction make this pesei.
1) active responding by the student; Z) continual evaluation of the studeni®
responses, and 3) adaptation of the instruction to individusl responses, leve’
of achievement, and in reference to the specific tulawests of the student tukisg
the course,

Early uses of comouters for instruction datz back to 1959, Earlier
systems using typewrifers or teletypes fur the student stations would suppsii
only one station at a time. Later systems have been developed using muve
i sophisticated cathode ray tubes as student stations and will support as many <.
32 stations simultanecusly. Other systems using teletypes or lypewriters can
support up to 200 terminals concurrently. These varivus systems ere beluy udse?
for laboratory computing devices, record keeping and vetrieval, simulation. snd
tutocrial instruction.

Differences fn objectives and evaluation technigues wmeke it difficult o

bendingascd Lositn ~i§
- .

¥

compare student progress in CAI with student progress fn the conventicnal
- classroom. When instruction is individualized, it is adapted to the spacific
- weaknesses and strengths of the pupils and it is thevafore inappropriastez tu
L use a norm-refarenced measure (which {3 quite acceptable for conventicnal
. classes) for evaluating student progress. In the same vein, a criterion-
i referenced measure which s approypriste for wsz in messuring student progrei
) in CAI is inappropriate for evaluating student progress in traditional ¢lassis
§ Even with these problems of evaluation, investigations have consistently show-

that the same amount of material has besn lesrned in a (ALl environmest a: in &
conventional classroom atthough with a considersnls savings of time in fawue
- of (Al.
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Operational use of a CAI system requires quantities of curriculum materiai
suitable for full daytime use by students in the school, appropriate curriculum
for adult education or inservice education for teachers during the after-
school and evening hours, and administrative applications which would utilize
the midnight to 8 a.m. time period. The combination of these various apu!ica-

tions make it economically feasible to install systems in many school districts.

The range of costs for CAI is not too different from the rauge of costs for
conventional education--from $3.00 par pupil per nour for highly sophisticated
systems to $.27 per pupil per hour for less scphizsticated drill and practice
systems. Decreasing technology costs, rising personnel costs, and multiple
uses of computer systems all indicate that computer-assisted instruction wii:
be able to compete very favorably for instructional dollars when it is compared
with the conventional kinds of instruction.

16
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