
Computer Assisted 
Instruction 

WITH LEARNING DISABLED STUDENTS 

Sixth grade student practices division skills. 

Background 
CompUier use in education has span ned 

well over two decades. First generation 
computer-assisted instruction (CAl) sys
tems were developed in the late 1950s when 
computer technology was viewed as a vehi
cle for implementing the ultimate in pro
grammed instruction (Baker. 1978). At that 
time. computer technology was considered 
by some to be fhe solution to major educa
tional problems. and revolutionary changes 
in education were confidently predicted. 

Revolutionary promises put forth by 
early proponents of computer education 
remain largely unfulfilled tOday (Splil
tgerber. 1979). Early CA l was delivered via 
large. cen trally loc;.tted mainframe compu
ters that were often cha racteri/ed by high 
cost a nd low reliability . Response time on 
these systems \\u!) frequelltly maddcningly 
slow as the number of user!) increased. and 
suitab le courseware wa!) difficult to obtain. 

When combined with a lack of ovcr
whelming evidence supporting the superior
ity of CA l O\er other instructional mcthods 
(Baker. 1978). thc!)c f:.tclOrs resultcd in a gen
eral lack of CA l acceptance by the educa
tional community. 

Advances in Microelectronics 
The explo!)ion of microcomputers onlo 

24 Vol. 1. No . 3 

the educational scene has revived the pre
viously unfulfilled promises of a technologi
cal revolution in educat ion. The two major 
problems discovered during the past decades 
- high cost and low reliability - have been 
overcome by advances in microelectronics. 

Consequently. predictions concerning 
the future role of microcomputers in educa
tion can only be described as roseate. The 
expectations of many ed ucators arc clearly 
conveyed by such publication titles as 
"Microcomputers and Education: Planning 
for the Coming Revolution in the Class
room" (Dickerson & Pritchard. 1981). 

Major Impediments 
However, major impediments to wide

spread adoption of microcomputers in edu
ca t ion still exist. Foremost is the sca rcity of 
good educat ional softw<lre (Scandura. 1981: 
Gleason, 198 1). Another major barrier is the 
lack of evidence concerning the effectiveness 
of computer-assisted instruction. 

Article!) dealing with CA l have often 
been based upon speculation and conjecture 
rather than upon sound empirical research 
(Atkinson. 1968). As summarized by 
Thompson (1980). "numerous examples of 
computer usage can be cited. possi bilities 
and capabilities far outweigh exis ting practi
ces" (p. 38). Even when data we re reported, 
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serious methodological flaws often threa
tened both internal and external val idity of 
results (Huntington, 1979). 

A final and often ove rlooked barrier to 
the acceptance and widespread diffusion of 
technological innovations. including micro
computers. lies in the complex human 
dynamics of schools. Tyler (1980) cogentl y 
discllssed the resu lts of faulty assu mptions 
concerning importalll psychod ynamics in 
the schools. A teac her survey conducted by 
Stevens ( 1980). which found about half of 
the surveyc:d teachers not interested in com
puter training. clearly displayed the scope of 
these barriers to o rgani7..<lt iomll change. 

The remarks of a te'lche r. quoted in the 
NEA Reporter ( 1980). arc even more gra
phically illustrative of this problem. "'Every 
ten yea rs or so there's something new in 
educational technology that 's touted as a 
panacea." she stated. "A few years back il 
was instructional television and machine 
learning; now it's microcomputers. Once the 
newness of the gadget wears off. we return 10 

the basic need for teacher-student interac
tion"(p. II). 

It is apparent from such survey a nd inter
view result s thaI potent human dynamic fac
tors must be considered and overcome 
before widespread adoption of microcom
puters in educi.!tion occurs. 

Effectiveness of CAl 
Ove rcoming the lack of good educa

tional software is intim:.ttely related to the 
lack of conclusive evidence regarding the 
effectiveness of CA l. Good instructional 
software is a necesS<lry. but not sufficient. 
condition for a val id test of CA I. Caldwell 
and Rizza ( 1979) have identified the follow
ing six criteria for instructional software 
design : 
( I) Individuali zed with immediate and fre

quen t feedback to lea rner responses. 
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(2) Comprehensive curriculum organized 
into a hierarchy of ski lls. 

(3) In tended learner outcomes articulated in 
tcrms of performance objectives. 

(4) Progress measured by mastery of perfor
mance objectives. 

(5) Diagnostic and prescriptive strategies 
utilized to place learner appropriately 
within the curriculum. 

(6) Employment of a multi-sensory learning 
form::lt . 

These cri teria. combined with other educa
tional and psychological principles. provide 
a solid context within which a judgment 
concerning instructional software quality 
can be rendered. 

Educational software differs in method 
or mode of delivery as well as in quality. 
Consequently. mode of delivery isan impor
tant factor when considering the effective
ness of CA L Six modes are commonly 
delineated : 
(I) Drill and Practice. This mode is cu r

rentl y the most common use of compu
ters in education . It is designed to 
integrate and consolidate previously 
learned material via computer practice 
and is a supplement to regular instruction. 

(2) Tutorial. The tutorial program assumes 
the role of teacher and presents the mate
rial in a programmed learning format. 
The student moves from one step to the 
next by answering questions and may be 
branched to remedial or review segments 
as well as to more advanced levels of the 
program. 

(3) Games. Educational games are designed 
to develop general problem-solv ing 
methods and stralegies while maintain
ing interest and motivation. For exam
ple. the ""Hangman" spelling game can 
lead to an increased understanding of the 

First grade student attempts a difficult addi
tion problem. 

relative probability of the occurrence of 
vowels and consonants in English words. 

(4) Simula/ions. This mode attempts to 
model t he underlying characteristics of a 
real phenomenon so that its properties 
can be studied. Simulations may incor
porate many of the features of games. but 
they are intended to more authentically 
model reali ty. For exa mple. the sim ula
tion of a nuclear reactor can realistically 

Fourth grade student tries a multiplication problem that requires regrouping. 

portray the operation. and perils. of a 
modern elect rical generating station. 

(5) Prohle'", Solving. Using the computer to 
solve real-world problems is the focus of 
this educational mode. Students may 
write computer programs to test possible 
so lutions to a va riety of real problems. 

(6) COIJ/pwer Managed Instruerion. eM I 
allows the teacher to use the computer as 
a tool in diagnostic. prescriptive. and 
evaluative tasks. In this mode. student 
test scores might be utilized by the com
puter to generate future tests. prescrip
tions and grades. 
Although other instructional modes will 

undoubtedly develop in the coming years. 
these six modes are presently most germane 
to microcomputer-based instruction. The 
drill and pmctice mode has received the 
most usage in educat ion. and consequentlya 
data base concerning its effectiveness has 
accumulated over the past decade. 

Vinsohaler and Bass (1972) reviewed ten 
major drill and practice studies and con
cluded that "the effecti veness of CA l over 
traditional instruction seems to be a reason
ably well-established fact in drill and prac
tice for both mathematics and language 
arts" (p. 3 1). However. the adva ntages of 
CAl over o ther less expensive methods for 
augmenting traditional instruction and the 
long-te rm effects of CA I were not resolved. 

Jamison. Suppes. and Well s ( 1974) 
opined that "at the elementary school level. 
CA l is apparently effectivc as a supplement 
to regular instruction ... at the secondary 
school and college levels. a conservative con
clusion is that CAl is about as effective as 
trad itional instruction when it is used as a 
replacement" (p. 55). 

Edwards et af .. (1975) reviewed the CAl 
literatllre and concluded that normal 

instruction supplemented by CA l was con
sistently more effective than other modes . 
From this compendium of data it seems 
re.asonable to j udge that CA l drill and prac
tice has been marginally effective as a sup
plement to regular instruction with a variety 
of learners. 

Negative research findi ngs. lack of long
term data . dearth of com parat ive studies. 
and general inadequacy of the field preclude 

.a more positive judgment. No conclusion 
regarding the relative effectiveness of the 
other five modes of instruction can be confi
dentl y reached due to paucity of data . 

A diverse sample of educat ional so ftware 
was represented in this survey of CA l 
research . However. software was generally 
not described in enough detail to enable the 
reader 10 make a reasonable determination 
of its qua lit y. Without quality assurance. the 
marginally effective "grade" gi\ten to CA l 
drill and practice may be attributable to 
poor software rather than to inherent CAl 
wea k nesses. 

An additional unknown factor in the 
judgment of CA l effect iveness is the type of 
learner. It is possible that onc population 
(i.e. elementary school. handicapped. adult. 
college. etc.) might receive radically differ
en t benefits from CA l than another. Dis
crimination of benefits by learner type 
cannot presently be accomplished due 10 

insufficient evidence. However. it is clea rl y 
an important va riable to be considered in 
any CA l invcstigation . 

It is e\ident from the foregoing discus
sion that a \alid test of CA l effectiveness 
must include three vital components: 
(I) A clCJr delineation of delivery mode. 
(2) An unambigious determination of in-

structional software quality. 
(3) A clear description of the learners. 
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The remainde r of this article is devoted to 
a n eva luat ion of CA l drill and practice with 
good instr uctional software within a learn
ing disabled population. 

Subjects 
Children who participated in this investi · 

gat ion were drawn from the population of 
elementary school aged learning disa bled 
(LO) students enro lled in a suburban 
Southwestern school dist rict. All partici. 
panls were diagnosed as learning disabled 
by ce rti fied school psychologists. with the 
primary diagnosti c cri terion bei ng 11 signifi. 
cant disc repancy between ab il ity and aca
demic achievement in the absence of 
environmental. health and emotiona l prob
lems. 

The CA l group was composed of 28 
students (21 male and 7 fema le) in gmdes 
one through six (Mean ~ 3.6 1) who received 
math CA l. The control group. another 28 
LD students matched by sex and enrolled in 
grades one through six (Mean ~ 3.64). 
received traditional specia l education servi
ces in malh. 

Apparatus 
CAl students received math instruction 

on Apple microcomputers. Each CAl sta
tion consisted of an Apple II microcompu· 
ter. one disk drive. a co lor television 
mo ni tor. and a therma l printer. Math CA l 
software was The Math Machine (1981) . a 
drill and practice package that incorporated 
previously discussed criteria of instructional 
design (Caldwell & Rizza. 1979) as well as 
teacher-controlled schedules of re inforce· 
ment and record keeping systems. 

A sequence of over 110 performance 
objectives covering pre-math through div
ision skills allowed teachers to prescribe for 
students within a mastery learning paradigm. 

Procedure 
In September. the math computation 

section of the Ca lifo rnia Achievement Test 
(CAT) was ad ministered 10 both the CA l 
and co ntrol groups. CAT test booklets were 
ha nd scored and raw scores were converted 
to normal curve equivalent (NCE) scores. 
NCE scores. which are normalized standard 
scores with a mean of 50 and a standard 
deviation of 21. served as a measure of pre
experimenta l math skill . 

Each student's abili ty was estimated by 
the Wechsler Intelligence Scale for Chi ld ren
Revised (W ISC-R) rull-scale IQ score 
(Mean ~ 100. Standard Deviation ~ 15). 
Full-scale IQ scores were ex tracled fro m 
ed ucational records. 

Post-testing with The Math H.E.L. P. 
(Bitte r. Enge lhardt & Wiebe. 1977). a cri ter
Ion refe renced mathematics teSI, was 
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accomplished in February. T his instrument 
covered addition th roug h di vision ski lls 
with a hiera rchical series of 68 lest it ems. 
Math H.E.L.P. raw scores se rved as a mea
sure of post-cxperimental mal h skill. 

Table I presents descrip ti ve sta tistics fo r 
pre- and post-cxpcrimcnlal measures for 
bo th groups of stude nts. 

Disabled studen ts ha ve fai led 10 support the 
effectiveness of CA L Chiang's (1978) ele· 
mentary school LD students demonstrated 
a non·significant improvement in math 
skills when compared 10 a non-CA l control 
group. 

Sandals (1979) reported non·significant 
comparat ive gains for m;,lIh and spelli ng 

Table 1 

Pre- and Post-Experimental Measures by Group 

MEAN STANDARD DEVIATION 

Group CAT IQ H.E.l.P. CAT IQ H.E.l.P. 

CAl 20.75 91 .4 

Contro l 27.43 93.3 

Instruction for all 56 sllldents was con· 
dueted in special educat ion classrooms 
under the supervision of ce rtified special 
education teachers. All CA l students 
received ten minutes of math CA l each 
school day in place of ten minu tes of tradi
tional instruction. Co ntrol group students 
received no CA l exposure and were limited 
to receiving only traditio nal special educa
tion instruct ion. 

Results 
A review of Table I indicates that the 

control group's pre-cxperimental math 
skills (CAT) and abili ty scores (lQ) were 
superior to the CA l group. Consequently. 
data analysis was accomplished via ana lysis 
of covariance to provide a statistical equa
tion of the two groups before experimental 
train ing began. In this analysis. group mem· 
bership was the independent variable. while 
IQ and CAT scores were covariates. Math 
H .E. L P. scores were the dependent va riable. 

Resul ts of thi s analysis of covariance 
indicated that s tudents who received math 
CA l in place of the usual specia l education 
math ach ieved significantly greate r post-test 
scores than did sllldents who received onl y 
traditional special educa tion se rvices (F ~ 
3.94: de = 1.52: p < 0.05). 

An F value of 3.94 is graphica lly ill us· 
trated in Figure I. For gro ups of the size 
used in thi s investigation. a difference in 
adj usted Math H.E. LP. scores of th is mag· 
nitude would occur byehance less than 50ut 
of 1000 times. Thus. it is reasonable to con· 
elude that the present results are due to the 
computer-assis ted inst ruction in math. 

Discussion 
Prese nt resu lt s a re very promising give n 

that previous inves tiga tions wit h Learni ng 

31 .89 16.4 12.4 15.6 

25.64 13.8 11 .2 10.9 

CA l with junior high school pupils who 
exhibited a wide variety of learni ng prob
lems. Both invest iga tions were methodologi
cally flawed and both failed to adeq uately 
specify the quality of instructional so ft ware. 
These two factors. and the dearth of CA l 
research, suggest that it is prema ture to 
j udge the effec tiveness of CA l with LD 
st udents. 

Figure 1. Probability Values o f the f 
Distribution. 

Shaded area corresponds to the probability 
that the di1ference in adjusted Math scores 
occurred by chance. The unshoded area 
represents the probability that such a differ
ence was due to the CAl treatment. 

However, the present pos iti ve results 
provide quantita ti ve support for Thorkid
sen and Will iams' ( 1980) conclusion tha t 
computer technology will be applied to the 
needs of the handicapped with an increased 
frequency in the very near future. It is 
imperative that this growth in computer 
app lica tions be guided by em pi rica l 
evidence and systematic eval uation 
programs. 0 
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~-' M icrophys Programs U 
~~ 
Microphys is pleased to announce the availability of it s educational software for use in the Commodore PETIC· 
BM and Apple/Bell & Howel l mic rocomputers . These programs have been successfully employed in Chemistry, 
Ph ysics, Calculus, Mathematics, English Vocabula ry and Spell ing classes on both the high school and col lege 
levels. 

The programs are supplied on C-10 casselles and are accompanied by complete instructions so that even those 
with lillie or no computer experience may immediately utilize the software in their classrooms. Each casselle 
retails for $20 and may be obtained from leading computer dealers or directly from Microphys. 

Each Physics, Chemistry, and Vocabulary casselle has both a computer·assi sted and individualized-instruction 
program recorded on opposite sides of the casselle. The CAl program guides the student through a se ries of 
quantitative questions; the student interacts with the computer and receives immediate evaluation o f his 
responses and/or assistan ce when needed. The 1/1 program generates a un ique set of problems for each student. 
The computer can supply answers so that the student may check hi s own work. If the teacher directs the com
puter to suppress these answers, the student completes his work at home and then feeds his results into the 
computer which grades his work, suppl ying the answers to those quest ions incorrec tly solved by the student. 
NOTE: each time a part icular program is run , a different set of numerical values is aenerated . In most instances, 
an entirely new problem is presented. The Mathemat ics and Calculus cassettes have onl y the individualized
instruction feature. 

For those using di sk drives, the programs have been coherently grouped and are available on diskelles. The price 
of each diskelle is $180 which represents a considerable savings with regard to the ind ividual casselle price. 

Please write for the new Microphys Catalog which descr ibes the complete line of educational software for use 
on the PETICBM and Apple/Bell & Howell microsvstems . 

Microphys Programs. 2048 Ford Street· Brooklyn, New York 11229 • (212) 646-0140 

EDUCATIONAL COMPUTER MAGAZINE/ SEPT-OCT 1981 27 


