
TI]E UNIVERSTTY OF MI\I{ITOBA

COMPUTER ASSISTED LEARNING I{ITH THE

PHYSTCALLY HANDICAPPED

by

CATTTERINE ANNE HILL

A TI{ESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES

IN PARTIAL FULFILLMENT OF TiiE REQUIREMENTS FOR THE DEGREE

OF MASTERS OF EDUCATION

DEPARTMENT OF BDUCATIONAL PSYCFIOLOGY

WINNIPEG, MANTTOBA

March 30, 1976



''COMPUTER ASSISTED LEARNING I.JITH THE

PHYS I CALLY, HANDICAPPED"

by

CATHERINE ANNE HILL

A ¡lissertation subntitted to the Faculty of Graduatc Stttdies of'

the University of Manitobl in partial fulfillment of the requirements

of the tlcgrce of

MASTER OF EDUCATION

@ tslø

i

Pernrissiort hus becn gratttctl to thc LIBRARY OÍ¡ TtlD UNIvUR-

SITY OF MANITOIJA to lcntl or scll copies of this tlissertiltio¡r, to :

the NATIONAL LIBRAIIY Olt CANADA to lnicrofilnr this t,::
rlissertation and to lend <¡r scll copics t¡f the film, and UNIVURSTTY : :: ;: 

:::j
..:--: : :: ::

MICROFILMS to publish rtr abstract of this dissertation ','.,.,,.,,,_, '.

., .. ., ',,'.,,

The autlrt¡r reserves other ¡rublication rights, ancl neither thc

dissertation nor extensivc cxtructs fr<¡nr it nray be printed or t¡tlter-

wise reprotlucccl without ll¡c ¿tutltor's writtc¡r ¡rerntissitln. : : .i ::::':'::::

i: i.:: :: i:-..:ji-.:

'.:a .,.4.......



ABSTRACT

This study researched the use of computer assisted

learning in mathematics as a d.riII and pract,ice program for

, êlement,ary students who were physically handicapped. Two groups
': of randomly selected students were assigned to cont,rol and

experimental sit,uations. Both groups received regular classroom

instruction, and t,he experimental group received additional

'j computer assisted learning in mat,hematics for a period of three

j months at two days a week. The subject.s were administered the

Stanford Achievement, Test in mathematics before (pretest L,

, 
pretest 2l , after (post,tesÈ) , and three weeks after (ret,ention

i test) t.he computer assist,ed learning sessions.

th" results of this study showed that there were no

significant differences between the two groups. However, there

v/as a significant difference over time between the pretests and

postt,est and pretests and ret,ent.ion test. Although the results
of the study did not show overall statistical significance, some

: educational relevance was apparent to teachers and administrators.
.t

', There was a seven mont,h gain for the experimental group during
:

a four month period versus a three month gain for the control
group during the same period of t,ime.

l:..' .':..:

a.: :. .
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CH/\PTER 1

INTRODUCTION

Computer assisted learning (C.A.L.) has presently become

a powerful aIIy in the improvement of educational opportunities

for students. C.A.L. has been found to be a t,echnologically 
,..,.:;:,,,.

feasible tool in the teaching process and is no longer a novelty

on the educational scene. Much time and effort has been involved

, i. its development and applied use. One of the main goals of 
i.,,,,,

'' .ducation is to educat,e through the use of individualized instruc- ilt'l'"

l

, tion. Ideally, the characteristics of individualized instruction 
i,',,,.',l:

suggest that a means be developed to enable students to progress 
;

, .t their own pace by mastering learninE mat,erials tailored l

'.
. 

appropriat.ely to t,heir needs 
l

r Electronic informat,ion sharitg, specifically C.A.L., is 
,

ìamethodwhichmaybebeneficia1toteacherswhoatt'emptto
l

ìindividuaJ-íze learning experiences. Programmed Instruction (P.I.) 
l
I

:

and more recently C.A.L., have been developed as methods of 
i

individualizatisn at, the elementary, secondary, and, University

r leve1s. In the field of special education, P.I. and C.A.L. have ,r,.',,

shown potential in teaching the culturally disadvantaged, the ;',,,, 1.

, 

.-...::j-

mentally and emotionally handicapped, and the hearing and visually
impaired. However, Iittle att,ention has been paid to the develop-

ent of C.A.L. as a useful means of individualizat,ion for t,he
: . . - .t .

: i:_ 1:: :

physically handicapped chitd or adolescent. ''''' ''

Physically handicapped student,s are often limited in the

types of programmes in which they are able to participate
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Adaptationsmustbemadetoprogramstosuittheindivid.ual

needs of the children and to eliminate frustration for them.

The computer may provide intricate remediation procedures, a high

motivation level, and a pract,ical means of instruction for the

r physically handicapped student . ,,,.,,,,,,,

Practice in computational skills has tended to be over-

shadowed in recent years by advances in other areas of mathe-

.maticsteaching.Nevertheless,computationalski1lsareessentia1.
I i-j.:,j:

:: :_::-:

By using C.A.L., the practice can be individualÍzed in the sense '-.:'|}"

- ,1.:-:-':

.i constructing the task to match t.he pupil's performance . i,',,,,,,1,t,:,,,

Knowledge of results and corrections can be given immediately

to the st,udent as weII as to the teacher.

In the development of a C.A.L. environment, however, many 
1

i

problems must be solved. Thus, the following questions have to j

I be asked before instituting C.A.L. into an elementary schooL 
i
i

ii for physically handicapped: I

lil
i I. Can physicalty handicapped students manÍpulat.e t,he controls-)
I

, on a computer terminal effectively and independent,ly?

: 2. Can appropriate programs in mat,hematics be made available i',.,,,.,',,''.. :. : i _

t,o a population of students from Grade one to Grade six? t,',',,,-,'.
. ,_,'. tt., .'.

3. Can skills achieved, by dril.I and. practice be transferred :

to classroom mathematics å,ctivities?
4. Can the skilts be retained over a perio<l of t,Íme af ter the

a ,,,.,r,-,.,-...,

ì experimental phase? :r':rr:'::

The present study was designed to answer such quest,ions.
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In the development of a C./\.L. environment for the

physicalty handicapped., further insight can be gained by studying

the t,ypes of children involved. fn the development, of a pro-

gram, it seems appropriate to look at the educational needs of

the population.

There have been numerous studies in the area of P.I. with

the exceptional child. However, less research is available

in the area of C.À.L. with exceptional children. Because of

the learning characterist,ics of t,he physically handicapped stu-

dent,, implications can be drawn from previous studies and

utilized as a frame of reference for the present invest,igation.

It is the thesis of this study that C.A.L. can be an

effective and practical means of instruction for the ort,ho-

pedically and neurologically handicapped student,. The areas

of instruction pert,ain to drill and practice in elementary

mathematics.
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C}IAPTER 2

THE PHYSICALLY HANDICAPPED CHILD

CLASSIFICATION AT.TD SURVEY OF EDUCATIONALLY RELEVANT HANDICAPS

Introduction

The purpose of this section is to identify the types of
physically handicapped children in t.his study and to review the

educat.ional han<licaps associated with the physically handi-

cappêd student. rt should be noted that the child.ren in this
study are the more severely hanclicapped st,udent,s in the Iniinnipeg

area. Less handicapped st,udent,s receive their education in
regular school classrooms.

rn order to determine the kind of curriculum t,o offer
disabled children, it is import.ant to know what these children
are capable of accomplishing, and. to become aware of factors
which influence their emot,ional, social and educational adjust-
ments.

rn reviewing the research related to the education of
disabled child.ren, it is striking how few studies relate directly
to their learning characteristics or to the best brays to accommo-

date their needs through the use of special t,eaching methods.

Research has been d.irected primarily toward the study of incidence

and causes of crippring, or t,oward the psychology of its after-
effects.

There is littre reason to expect a cÌose relationship
between a child's learning characteristics and some physicat

condition which affects his mobitity, unless that condition
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includes neurological damage. Recent research in this area has

tended to focus on cerebral pa1sy, a handicapping condition
which unquestionably presents educational problems. However,

when focusing on other physically handlcapped populations, there

is little reason to expect a consistent difference from the non-

handicapped in the amount they will learn, given the opportunity

to learn. However, restriction of mobility may mean restriction
of background experiences, or prolonged hospitalization may

affect the child's normal development. Also, emotional adjust,-

ment to the handicapping condition may interfere with the child's
learning

Cerebral Palsy

The SpastÍcs Society of London (1967, p. 4l defines cerebral

palsy as "a medical term covering a whole group of neurological

conditions varying one from another in the clinical features of

spasticity, athetosis, ataxia, tremor, rigidity or atony, but,

having one feat,ure in common - a disorder of motor control."
All forms of cerebral palsy result, from injury to, or develop-

mental anomoly t,o the brain, which usually arises before or during,

but sometimes after, birth. The physical handicap in any particu-
lar case may range from slight, lack of control in one limb to
complete physical helplessness.

Secondary Handicaps of Cerebral Palsf

MosÈ children with cerebral palsy have other multiple
handicapping conditions whích complicate the educational problem.
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Some conditions that cause damage to the brain and nervous

system, and result, in mot,or inco-ordination, ñay also impair

sensory, receptive, and integrative functions.

Defective speech is the most, common disorder of cerebral

palsy children. Among the speech defects are dysarthriar ân

articulation defect caused by poor motor control, delayed speech

due to mental retardat,ion and cerebral dysfunction, and voice

disorders, such as stutt,ering, and various forms of aphasia

(Kirk, 19621 .

In the areas of visual and hearing defects, various authors

agree t.hat over 50t'of cerebral patsy children have oculomotor

defect.s and 252 or more have subnormal vision (Denhoff and

Robinaurt, 1960). Hearing probrems are not as conmon as visual
defecÈs. Fish (f955) found that, 20eo of cerebral palsied child-
ren have hearing losses.

The intelligence of children with cerebral birt,h lesions

varies from retardat,ion to superior leve1s, and it may bear lit,tle
relation to the degree of physical handicap. Most surveys

report a figure of between 40t and 50t of cerebral palsied child-
ren to be of subnormal íntelligence (approximately 252 severeJ-y

subnormal) (Allen & Jefferson, 1962). As for those wit,h higher

intelligence, approximately 47* score wit,hin normal limits,
leaving about 6Z in the upper int,ellectual ranges (Bowley &

Gardner, L972).

Studies of intellectual abilities of cerebral palsied

children, however, are open to innumerable criticisms. Scores

it.,
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on stand.ardized. tests, t.imed tests, and tests involving per-

formance scores may not be applicable to a population of cere-

bral palsied children. Their delayed responses, motor disabilities
and lack of general experiences may play havoc with standardized j i

' scores. Iv1any cerebral palsied children show learning difficul- :::'"

t,ies in the area of visual perception and distractibility. These

children may show perceptual difficulties, the most com¡non of
-:.

,, which are constructional apraxia, apraxia of d.ressing, confusion 
i,.,.,,.

between right and Ieft, and inability to grasp the concept of ,.. ...::_-:

" ,rumber (Blencowe, 1969). '::':

In the light of such multiple problems, it is important

i t.o evaluat,e, extensively and ind.ividually, both the educational i

I and psychological aspects of performance of the cerebial palsied. 
:

;

, rhe teacher will then be able to determine the child's potential ,

i 
ao achieve schoIast,ically, and plan educational programs accord- 

,
I

, in91y. 
I

Spina Bifida

I woodburn (1975) defi,nes spina bifida as a congenital i,,,
, malformation of the spine which is visible at the moment, of birth 

"'
..,,.,,,

' as a protruding sack in the midline of the back, containing cere- ,''',,'

bro-spinal fluid and usually covered by a thin membrane. The

degree of handicap is determined by the location and severity
- .:....

, of deformity. Usually the defect occurs in the lower back. The i,.':,I ' i:..'' r

higher the lesion, the more involved, and, therefore, the more

complex the presenting problem. Symptoms associated with it
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are: d.islocation of the hip, club feet, partial or full paralysis

in t,he lower ext,remities, changes in tactile and thermal sensa-

tions, and lack of bowel and bladder cont,rol.

Commonly associated with spina bifida is an obstruction

of t,he flow of cerebral spinal fluid which results in hydro-

cephalus and. probable brain damage. Flowever, hydrocephalus can

be controlled by the insertion of a drainage tube and valve.

Secondary Handicaps of Spina Bifida

Spina Bifida st,udents may show perceptual difficulties in

the area of figure-ground perception and form constancy

(Langford, 1972). The most. severely paralyzed and immobile

children have the greatest difficuS-ty; the partially mobile have

varying degrees of perceptual difficult,y. In common with many

children with limited mobility, there may be difficulty in
developing number concepts.

Verlt marked in spina bifida children is their passive

attitude which may be due t,o braj-n damage or adult handling of

the child.

It is apparent that there is often a marked difference

between verbal and performance scores on f.Q. tests of spina

bifida children (Langford, L972). Perceptual difficulties may

depress performance scores, buÈ equally higher verbal scores

can be due to early hospitalizat,ion, and consequentty, over-

abundance of adult company. Not to be confused wit,h genuine

verbal skilIs is the tendency of spina bifida children to be

verbally or expressively bright,. Langford (L972) links with

.1 i.'
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this "cocktail party syndrome, " a pat,tern of illogical t,hinking

and difficulty in learning sequent,ial action. These children
may find learning difficult and. need careful vocabulary training.
The Muscular Dystrophies

Muscular Atrophy

Muscular atrophy is a disease of the spinal cord. It is
characterized by signs and symptoms due t.o progressive degenera-

i-, :.:l:.-.1r.::-::l

tion of motor nerve cells of the anterior (motor) portion of the ¡,.,.,-..,'"';',.''

spinal cord and. of the motor nuclei of the cranial nerves in the

brain stem (Koehler, 1975).

This disease is characterized by progressive hypotonia and

paralysis of voluntary muscles in i-nfancy and usually ter-
minat,es life at, an early age. In a less severe form, symptoms

. generally apPear in the second year of life or later. Weakness

is acutely localized, and there may be close to normal 1ife
expectancy.

Muscular Dystrophy (Duchenne)

Muscular dystrophy is an obscure defect in muscle met,abolism i :

which causes a diffuse weakness of all muscle groups. ft is
characterized by a degenerat.ion of muscle cells and their replace-

ment, by fat and fibrous tissue (Wershow, 1966) . It is a slowly
progressing irlness, which often becomes apparent between the

,l fourt,h to the seventh year of life, and is usually disabling
enough to require wheelchair living around age eleven. Death

occurs in the second decade, and is usually brought about by

ìì-;.rr':":..

',:..!..i.::.:::.. .:

r: : :l :
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respiratory infection (I{ershow , Ig66, Bleck , Lg75) .

Secondary l{andicaps of l,Iuscu1ar Atrophy & Dystropþv

Children with muscular atroplty generally have normal

intellectual abilities (Koehler, L975) . Some children may be

minimally involved and able to take part in normal classroom

activities. The more severely involved wilr require special
schooring. These children may need longer time to finish an

assignment. An electric typewriter may be required. Wit.h

diminished mot,or skills, the emphasis must be on non-motor skiIls.
I{ental subnormarity, manifested by slowness in learning,

and. demonstrated by pslzshometric testing, is present in about

702 of muscurar dystrophy children (Alren , L960, worden , L962,

Zirlweger, 1967). The r.e. is usually in the B0 - 90 range.

Emotionar adjustment may be difficult as the disease

progresses. This may interfere with the child's academic pro-
gress. Both psychologically and physicarry, the chird with
muscurar dystrophy benefits from remaining in school, and

participat.ing in normal act,ivities.
Myotonic Dystrophy

Myotonia is an abnormal persistence of induced or voLuntary

muscular contraction. Myotonia may invorve the face, jawr €yê,

neck and clistal limb muscles (Swaiman & trïright , r|TO'). The

course of the disease is one of steady progression; within 15 20

years of symptoms, most patients are severely disabled and. unable

to walk. The majority die before normal life expectancy has been

reached.
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Secondary Handicaps of Myotonic Dvstrophy

llental retardation is not uncornmon (Swaiman & Wright.,

L970, Tachdjian, 1972) | but, litt,le research has been done in
this area.

The face is expre'ssionless and the voice monotonous and

nasal, owing, to the involvement of t,he laryngeal muscles.

Dysarthia is common and speech therapy is often required.

Because of the pattern of muscle weakness in the small

muscles of the hand, the chird tires easily. Teachers should

encourage typing ski1Is, and limit the amount of writing required.

{taxia-Telangiectasia (Louis Barr syndrome)

Arledge (1968) describes Ataxia-Telangiectasia as a

rare progressive neurological disease; The ataxia is a part
of a progressive mental and neurological deterioration that
begins in early childhood and prog:resses to complete incapacita-
t,ion by early adorescence. At,axia, the resurt of d.amage to t,he

cerebellum, cerebral tractr or 8th cranial nerve, is character-
ized by a loss of balance, staggering gait, inco-ordinat,ion, and

lack of voluntary muscles.

Secondary Handicaps of Louis Barr syndrome

As this disease progresses, drooling and cerebellar dys-

arthic speech develop with poor breath control. Speech is
described as scanning, slurred, ot: slow in character.

The neurological pat,hology produces striking manj-festa-

tions. Peculiar conjugate eye movements occur (Smith, 1959).

A dist,urbance in gaze occurs as the chird is unable to look to
eit,her side vorunt,ariry without overturning the head. usuarry

r. ::.::..:
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vision is normal. The "Kephart" ed.ucational methoclology

described by Haring and staples (1966) stresses activities
and remed.iation in the development of rythmic movement patterns,
ocular training, and eye-hand co-ordination.

' often the child has normar pre-school intelligence.
General progressive mental deterioration first becomes evident
between the f if t,h and tenth years. At this time, premat,ure

senility is suggested as a possibre cause of memory loss (Rey,

1960).

School programs should not be overly demanding, and.

counselling should be available to parent and chird. The

teacher should realize that progressive mental retardation will
occur.

Àrthroc¡rvoosis Mul-tiplex Congenita

Arthrogryposis is a congenital disease in which the

children are born with stiff joints and weak muscles. Tachdjian
(r972) describes t.he clinical picture as typical and present at
birth. rnvorvement is primariry, and most noticeably, of the
limbs and trunk. rn general, these children will be deformed

and stiff with very limited joint motion. They mây, or may not,
be able to walk. However, there are chj-ldren who wilr be quite
functional in a wheelchair

Secondary Handicaps of Arthrogrvposis

Because these children usually have normal intelligence
and speech (Breck, 1975) , educational goals should foIlow t,he

Í.:
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usual acadamic pattern. It rvould seem important to emphasize

and encourage academic achievement in such child.ren and direct
them toward goals that do not involve hancl skills or general

mobility.

Osteogenesis Imperfect,a

Sharrard (Ig7I) describes osteogenesis imperfecta as a

rare connective tissue disorder that, primarily affect,s the

bones. I{owever, the inner ear, schlera, tendons, fascia,

ligaments, and skin are often involved as weII. Fragility of

the bones is the most outstanding feature of the disease, with

fractures occurring on the slightest injury

Secondary Handicaps of Osteogenesis

Vision is usually normal, but deafness may occur. Hear-

ing loss may be the conduct,ive type, due to otosclerosis, or

a nerve type, caused by pressure on the auditory nerve (Bleck,

1975). Teachers should be av¡are of a possible hearing loss.

Because of the proneness to fractures, the child may be over-

protective of t,he body and fearful of nerv experiences. O.I.
chiLdren usually have normal intellectual funct,ions.

The Limb Deficient. ChiId

Phocomelia

Phocomel-ia is a shortening of one

The limbs are described as "seal-like";
of one or more digits

or more of the limbs.

there may be an absence
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Thalidomide Syndrome

The Thalidomide syndrome is a massive retardat,ion of
limb development bilaterally or in all four limbs. Wide set

eyes, Iow set, and occasionally deformed ears, and depressed 
i:::' ::

bridge of t,he nose are characteristic. A wide variety of ¡ ri

associated anomolies including malformation of digestive system

and heart are occasionally found (Blakeslee, 1963).

, Secondarv ltandicaps of Limb Deficiency 
i,,',,

, Limb deficient children usually exhibit a normal mental ì.,,i:: :

l'j'"ifunction (Blakeslee, 1963). However, problems of mobility,
limited experiences, and lack of reach may prove an educational

.;
I handicap to the child

:

Summar]¡

i the preceding info.rmation delineates the varied physical 
i

and educational capabilities of the children in this research.

I It is apparent, from this material that each child is different
inhisneeds.Theseneedsarebestmetthroughanindivid'ua1ized'
progranme. The computer may be one means of providing Èhis i .,

; r, t-',

: instruction on an individualized basis. '.,
t:,.:



CIIAPTER 3 : 
:

A REVIEW OF INDIVIDUALIZED INSTRUCTTONAL

TECHNIQUES WITFI EXCEPTIONAL CHILDREN

Introduction to Programmed Instruction and C.A.L._

Programmed Instruction (P.I. ) and Computer Assisted 
:, 

;r,;.¡,..;,,

Learning (C.A.L.) have become influential in teaching chilclren

in the mainstream as weII as exceptional chii-dren. Because of
the individual needs of exceptional chiLd.ren, unique curriculum 

l::.,:::,,.:.:

considerations ancl programs are necessary to facilitate learning. :"" ',.,,

Programmed. Instruction has been the forerunner to C.A.L. :: 
:,,.,::,,;

l-,:. .: :.:: . :ri

and. the implications of P.I. with except,ional children should

bediscussedrâSit.isc1ose1yre1atedtoC.A.L..

Pressey (Lg67), "the father of teaching machines," 
l

:

defines P.f. simply as planned instruction. Since the early 
i

i

devices of Pressey's (1926, L927), and especially duríng the 
I

i

last, two decades, P.I. has been used to facilitate learning
l

in the fields of education, industry, the military, and 
i

i

special education.
i

The identifying characteristic of programmed. instruction, i:¡.i.',1;1,;
:.' 

t. 
.whet,her presented by a book or t.eaching machine, is the active i,.,',,.,.¡

.. r.j.'1..Ì.: _ :
', _,: :::: ':

role assigned to the st,udent. Other characteristics j-nclude ' :

Iogical sequencing of small steps , immediate feedback, and -'ìrd

self-pacing.
':t: 

' : -:: '' -

C.A.L. has mushroomed in the past decade. It, has resulted i'.,¡,.::,,:r,,'

from a number of converging technologies, including programmed
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instruction learning, audiovisuar communications, the data

processing field, and data communications. Atkinson and Wilson,

from the st,anford c.A.L. centre, attribute the rapid growth of
C.A.L. to the "rích and int,riguing potential of C.A.L. for
answering today's most pressing need in education - the indivi-'
dualization of instruction" (Atkinson ç Wilson, 1969, p. 73).

There are various applicat,ions of computers in education.

c.A.L. is however, the most significant of the instructional
applications and is defined as: "A man-made interaction in which

t,he teaching functj-on is accomplished by a comput,er system

without intervention by a human instructor. Bot,h training
material and inst,ructional logic are stored in comput,er memory"

(Salisbury, I971, p. 48).

There are three basic modes included in C.A.L. and are

defined by Taylor (1974) as:

1. Drill and Practice

The drill and practice mode of C.A.L. involves the
use of the computer to drill students in facts or
to assist the st,udent in practicing skills. With
drill and practice, facts or skills are taught
through some other mode or means. The students
then use C.A.L. drill and practice to memorize those
facts or to pract,ice those skills.
2. Tutorial

The tutorial mode of C.A.L. is intended to approximat.e
Èhe interaction which would occur between a skilled,
patient. tutor and an individual pupil. A tutorial
system is used to initially present a concept and to
develop a studentrs skill in using the concept.

3. Simulation

In this mode of computer use, the learner is Ied by
the computer through a learning situation similar to
actual on-the-spot learningr õts if the learner rvere
in the real-life situation. The model of reality may
represent an economic system, a social system, a set
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of physical relationships etc. In using the
simulation the students learn the structure of
the system, the relationships and assumptions
operating, and. have an opportunity to t,èst and
refine decision strategies (Taylor , L974, p. 48) .

The use of instructional technorogy has Èremendous

potential in the area of special education. There has been

litt,re research availabre, to the knowledge of this author,
using P.r. or c.À.L. with physicarly handicapped popurations.

Thus, it is necessary to review the literature associated with
inst'ructional technology and other groups of exceptional children.
As ment,ioned in chapter 2, physically disabred students tend

t,o display handicaps not unlike many of the areas to be dis-
cussed in the following review (i.e. developmental handicaps,

underachievement,, audit,ory disorders) .

Instructional Technol and the Culturall Different. Child
Language Arts in the i(indergarten

steg (1968) and Bend.er (196.8) compared various teaching
machines used to instruct reading and language skills to dis-
advant,aged pre-kindergart,en children. The machines used v/ere

the Edison Responsive Talking Typewriter and. the story Telling
Automated Reading Tutor. Results showed that the aut,omated

methods were generally more efficient than regular classroom

methods.

/\t rurane university in Louisiana (1968), p.r. was set up

to teach reading to Headstart children. The Sullivan Associat,es

Readiness in Language Àrts lças used with 15 children in each of

t'i-:
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5 head start classes. Equar numbers v¡ere used as controls.
IÈ rvas found that the experimental group had greater achievement

in I) recognition and ident,ification of letters and 2) familiar-
ity with numbers and letters. The contror group made greater

advances in 1) familiarities and differences in word formations

and 2) understanding oral instructions and sensitivity toward

sounds. Significant, results were shown in some areas.

Leslie Malpass (1966) used P.I. in reading as a teaching

method for srow rearning, curturally different young chj-rdren.

45 children were divided into control group (traditional teach-

ing), and experimental group (machine teaching and programmed

workbooks) .

Results shorved a significant improvement in vocabulary

gaÍn for machine taught over control, and workbook taught over

control. There v¿as no significant difference between machine

taught and workbook taught met,hods.

Green (1968) used slides, a teletype, and tape recorder

to teach disadvantaged four year olds to recognize words ancl

letters. c.A.L. was test,ed with disadvantaged and midclre

class children. Programs were found to be more suitable for
the middle c1ass. However, the author felt that a C.A.L.

approach, which provided for gross motor responses in lieu of
verbal ones, \¡/as well suited t.o disadvantaged children, espec-

ially boys.
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Mathematics Studies in Elementary Schools

Jacobs (1968) taught culturally different Israeli child-
ren mathematics through presentation of P.r.. Results showed

that P.I. was effective in eliminating the difference between
' :.. : ì.r:. '..-:

high and low ability students. ': "::'

A non-verbal program of instruction in l.lath was designed

and tested with f irst grade children from a disadvant,aged area 
i.,., ,,,,,,,,in New York City (Kaplan , L969') . OnIy six children participated ,,,,,,.r.r.,:

in the testing phase and, therefore, results are only indicative. 
1,,,,,i,,:,,

Pretest, posttest results show a 452 increase. whereas a certain 
i'::1:t'::'::'::t"

:

degree of success r^ras demonstrated, it was not possible t,o pro- 
|

:

ject the use of P.I. for full classroom use
l

Resul-ts of a tvro year st,udy by Prince (1969) showed some r

iinteresting resurts wit,h disadvantaged children. comput,er 
i

I

assisted dritl and practice in Math rvas used in 17 elementary 
f

Ischools. After the first year a significant educational diff- i

l

erence existed between the groups on c.A.L. versus the control 
.

groups. A more detailed study t,he second year revealed that 
1,,,,,,,,,1,,.,,

there was rittle significance between groups of high income , ',,., .,.
::.i:' 

',t 
r.: :.- :.

high r.Q., and children on c.A.L. and regular instruction, but ,:::-,:::::::

st,artring results were obtained in favour of c.A.L. in Negro and

low income groups.
-: r'. . . :.'--_: l-

Gayden Stovel (I969) , Gipson (1971) and Jamison (1971) j,r::,:ir,,-.'...

show similar research studies with elementary school'children

l:. ,1.r.1. .
l::j::!j iì:iì
i:1,-r"..:
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in disadvantaged areas. rn comparing c.A.L. to conventionar
teaching techniquês, c.À.L. groups showed significantry greater
gains than the control groups.

street (1972) studied the use of c.A.L. to improve Math

skills of disadvantaged elementary students. Results ind.icated
no increase in c.A.L. versus non-c.A.L. scores on t,he basis of
standardized scores. rn some instances a sright increase was

noted. The lack of significant gain was attributed to r)
frequent computer "crashes", z) inappropriate programs and 3)

lack of supervision of students and related programs.

Drill and practice programs, t,utorial, and problem

solving programs are offering t,he teacher varied r.vays of pre-
paring materials to aid the disadvantaged rearner. The

characteristics of the d.isaclvantagecl student's family structure,
home environment, and neighbourhood all affect his rearning
potential.

Gipson comments on c.A.L. and the d.isad.vantaged.

The speciar needs of the disadvantaged student
suggests that modern electronic technology courd
be helpful. C.A.L. can be useful in oveiãoming
negative teacher attitudes toward disadvantageá
students, in teaching students to fotlow insi,ruc-tions, and in stimul-ating student j-nterest.
(Gipson, I97I, p. 1) .

selection of P.r. and c.A.L. Irlaterials for Èhe Develo ntall
Hand j-capped

Malpass (1963) evaluated

teaching procedures with E.M.H.

and T.M.H. (Trainable Mentally

t,he usefulness of automated

(EducabIe Mentally Handicapped)

Handicapped) institutionalized

i:i:::
,l :
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children. Resurts showed that the automated instructionar
procedures were effective in t,eaching word recognition, spe1ling,
and reading skiIls. This procedure was more effecÈive than

convent,ional classroom instruction. Retention levels using

automated instruction were significantly higher after a 60 day

period.

Santin (1971) and Nelon (I972) discussed the effectiveness
of P.r, and c.A.L. with the mentally handicapped. Both authors

reviewed the merits of using instructional technology in
vocabulary training.

Sandals (1973) st,udied the use of C.A.L. as a means of
t,eaching banking concepts to developmentarry handicapped young

adults. The programs presented mat,erials not onry through the

teletype, but, arso through the use of colored stides. concepts

such as budget,, deposits, and withdrawals were taught. sig-
nificant differences were shown between pre and. posttest,, and.

pret,est and retention test administrations. It was conclud.ed

from this study. that the computer was an effective means of
instruct,ing social skills to retarded learners.

At the University of Texas, Knutson (1920) established a

C.A.L. program to teach money skills to T.IU.H. students. A

metal overlay keyboard was designed with 10 oversized keys,

allowing actual coins to be placed on the keys. C.A.L.

was effective in improving the money skills for a large pro-
portion of students. rt was fert to be a successful method

of teaching a set of specified skills to the T.M.H..

r ::.. :.
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studies by Dezelle (r97r) and Thibod.eau (r97 4) used p. r.
to teach math to E.Èf.H. students. Neither author attained
significant gains when comparing control and experimental groups

in pretest - posttest sj-tuations. 
,,.:,

Fricklas & Rusch (Ig7 4) evaluated the teaching ef f ective- 
::::':;:{r

ness of Trimodal Programmed Instruction in Reading with pseud.o-

dysrexic children. Nine subjects interacted with a Teledesk,

which ut,ilized the child's kinesthetic, aud.itory and visuar ¡r.r,'i:
,-t 'modalities. Iriord recognition and comprehension skills showed. :,..,:
::-:r',::.:,': ::-a dramatic increase when postt,est,ed,

lvarner (1967) studied the effects of p.r. i-n phonics

with three groups of exceptional children seven emotionalry

d.isturbed, five neurologically impaired, and seven mentally ;

retarded. Results showed that the emotionally disturbed and

mentally retarded groups made significant progress between

initial and terminal performance. Girls, and younger chirdren 
i

below the age mean of eight, mad.e more significant progress :

than those that exceeded t,he mean. i ,.

c.A.L. with underachieving srudenrs iitl.'.
:;..:::_,:.:,

Crarvford (1970) stud.ied the role of C.A.L. as a remedial '':"""',''

math technique for underachieving students. Both experimental

and control groups recej-ved. crassroom instruction. The experi-
mental group also received C.A.L.. A significant gain was shown i,t,.,,:,,.',

by the experimental group. Itowever, a rack of significant
difference between posttest scores was noted. Ivlajor weaknesses

j :.:_t.:j- t.
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included frequent equipment breakdowns, insufficient staff
inservice, absenteeism of students, and an insufficient period
(B weeks) of evaluation.

Berthold (L97 4) compared the effectiveness of the teacher,

computer alone, and computer and teacher combination in teaching l,',.,t'

math and spelling to eleven minimally brain damaged children.
During three randomly ordered two week blocks, tutorials were

: presented by 1) teacher, 2) computer, 3) teacher and computer.

Cains in performance followed instruction by teacher and teacher-
l

I computer combination. Both methods were superior (p ( 0.05)

to C.A.L. alone.

Reasons for inferiority of computer alone \^¡ere I) the

teacher had available more modes of instruction than the tele-
type, and 2) the fuIl adaptability of the program \Áras not

utilized between sessions to meet the needs of the students.

fn Chicago, Litman (1973) implemented a C.À.L. syst,em for
underachieving elementary students. Greater gains were made in
language arts and math t,han in the read.ing program. Bspecialry

high gains were noted for students who completed more than 100
,,

., sessions.

' Programmed Instruction and Children with Auditory Disorders

, There have been more t,han 40 investigations since 1959

,:ì n which P.I. was used wit,h children with auditory disord.ers

(Pfau, 1969) . Research findings in the area of linguistic re-

, turd,ation have provided an impet,us f or the educator I s search

, for more product,ive instructional materials, better methods of

rl. :.:
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presentation, and modes of instruction that. will meet the needs

of the deaf student

Birch and stuckless (1963) studied the feasibility of
programmed written language with a group of l0 year oId deaf

chi-Idren. They found that 1) stuclents learned. the same content'
under either P.r. or the teacher-instructional approach, 2)

P.r. was more efficient than conventional teaching, and. 3)

generarry, teachers were favourabry d.isposed t,o p.r.. Birch
and stuckress concluded that progranmed. wrítten language for
deaf student,s is very feasible and that p.r. required less than

half t.he tj-me assigned to teacher inst,ruction.
rn contrary findings, hor./ever, Bornstein (r964) reveared.

that P.I. was no more effect,ive than the lecture method in teach-
ing high school math to deaf students. Furthermore, p.r. re-
quired. as much and often more time than the rect,ure method.

Roy et al (L964) and Grigonis (1970) found similar result,s
using P.r. with deaf students. significant gains in language

and verb vocabulary occurred with the use of p.I..

Karlsen (1966) developed an automated instructional system

to teach reading using a non-oral method (a visual presentation
via P.I.) to five year old hearíng impaired child.ren. Karlsen

found r) an automated system of non-orar reading instruct.ion
could be developed successfully for use with young deaf students,
2) the development of reading skills and the necessary language

l.- rì -:
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concepts to accompany these skills would require an enormous

amount of programming, 3) the teaching machiner âs used in
teaching reacling had a place in every classroom for deaf chil-d.-

ren.

Possibly the largest, and most comprehensive P.I. end.eavour

for the handicapped ctrird is Project LIFE - Language rmprove-

ment, to Facilitate Education of hearing impaired children. The

nucleus of the project is a linear approach to p.I., wit,h the

majority of materiars in filmstrip form. The machine provides

immediate feedback to the learner by means of a green confirma-

tion Iight.

Instructional materials available include over 400 film-
strips on perceptual training, perceptual thinking and language

reading. Pfau states that:
.the GE/Life Program is being wel_I received by

nearly every population of the handicapped, as weII
as non-handicapped programs because of the learning,/
motivational features of the program. (Pfau, L974,p. ssl).
Field testing has includ.ed over f00 centers. /\11 demo-

graphic and student performance data are compilecl and analyzed

by t,he Project Life Research Department. I{owever¡ rro statisti-
cal evaluation is yet available. The future success of the

program appears to l:e contingent upon continued. validation
before commercial dissemination is begun.

Computer Assisted Learning in Deaf trducation

Probably the largest C.A.L. program for t,he hand.icapped
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has evolved from the tnstitute for ÞIathematics Stud.ies in Social

sciences at stanford uni-versity. A three year study included

51000 st,udents in 15 schools for the deaf. Language arts and

elementary mathematics \^rere evaluated (Suppes and Fletcher,
1974, pp. L29 131).

r ltlathematics strands experiment - The result,s of this pro-
gram indicated that C.A.L. math strands 1) lead to substantial
increases in mathematics computation Grade Points when used by

hearing impaired students, 2) gains can be achieved by students

working intensery for six to ten minutes a clay on drilr and

practice, 3) gains l^rere two to three times greater than regular
classroom instruction
fI Language Arts Experiment - This experiment, analagous to
the maths strands experiment, indicated t,hat the program hras of
significant varue for those students who completed many of the

sessions attempted, but of much less value for those stud.ents

who completed few of the sessions at,tempted.
' Research studies from the Kendall School for the Deaf

(Behrens, L969 ) and the Texas schoor for the Deaf (curbertson,

Lg74) describe results similar to suppes and Fretcher. The

studentsr motivation has been shown as consistently high and

sÈudents are described as showing an increased maturity towards

learning. The growth of c.A.L. in schoors for deaf is expected

to continue as a proven effective teaching toor for the deaf.

C.A.L. with the Visually Impaired

A pilot study at Overbrook School for the Blind in

l:iri,r;1::i

i-: : :

-.. :.1:i_!
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Philadelphia (Evans, r972) described the use of the computer

to provide remedial instruction in mathematics to blind student.s.

Braj-lre characters vüere printed on paper and emitted from a

Braille adapter.

Difficulties in C.A,.L. \.{ere i-n its aclaptation for the

visually impaired. The adapter printed onry grade one Brairle
as opposed to grade two Braj-Ile. It was found that the children
were accustomed. to reading a word in contracted or grad.e two

Braille and the loss of time was involved. until recognition in
grade one form was comprehencled. However, teachers felt that
c.A.L. with the blind has a promising future. systems are nov¡

being developed which witl use grade two Braille.
Programmed Instruction and the physically Handicapped

Coss (1966) studied the effectiveness of p.I. to teach

fractions ancl decimals to a group of zB severely ptrysically
handicapped second.ary students. subjects were divided into
four groups matched in terms of reading level and intetligence.
Four treatntent modes were used. Two groups alternated between

a t,eaching machine (f¡t) and the classroom (C) . One group

remained continuousry with the teacher and one continuously

with t,he machines. The machine controls h/ere adapted to the

disabilities.

Three main effect,s were found to be significant (p (.os)
the sequence of instruction, the complexity of instruction, and

the level- of intelligence of the student.

1.
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The results of the treatment groups were reported as

follows:

1) Tlf mode of j-nstruction was about 2/3 more efficient in
time

2) TDI mode was most effective in tandem with C mode

3) TM mode was most effective for students with lower

intelligence

4) C'instruction mode became more effective as instruct,ion

material became more complex

5) Ttl followed by C was the most effective seguence

6) Operation of machines could be adapted to the various

disabilities

Coss (1966, p. 29) described the effectiveness of auto-

mated. visual instruction in four problem areas for the physically
handicapped population

I - Time for Instruction. Teaching machine instruction
is more efficient than conventional instruction with this popu-

Iat,ion. In a situation where t,ime for instruction is reduced

due to medical and surgical priorities, the teaching machine mode

is effective in maintaining educational progress.

2 - Compensation for Interruptions of Learning Continuity.
Automated inst,ruction is under control of the student. I¡Ihere

int,erruptions of learning are caused by fatigue, pain, illness,
surgeryr or therapy, the student may review or proceed with the

subsequent task rvithout educational content loss upon returning

to the learning situation. Teacher absence has litÈIe effect on

cont,inuity.

'i-:1.
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3 - Provision for Meeting the Multi-grade Levels in Each

Classroom. Small classes require combinations of

several grades with achievement, spans of several years. Auto-

mated programs can permit individual students to work indepen-

dently at their appropriat,e grade leveIs.

4 - Provision for Multi-Leve1 Content. Teaching machines

have the capability of providing a variety of subject content

t,o suit curriculum or individual needs. Adequate aut,omated

instruction can also be offered to a student in a subject in
which the instructor lacks competence.

Summary

In t,he review of the literature, it is apparent that
P.I. and. C.A.L. are cred.ible means of instruct,ion for the

except.ional chiId. As 1it,t,Ie research has been recorded. in
the area of the physically handicappedi it is realistic to
st,udy the programs that have been mad.e available to other

except,ional children.

Pertinent. to this study, it is necessary to discuss the

advantages and merits of Lhe following: I) C.A.L. as a means

of drill and practice in mathematics, and 2) C.A.L. âs an appro-
priate t.eaching aid with the physically handicapped.

1) C.A.I,, ir mathematics - C.A.L. is a technological

innovation which has various uses in presenting materials to
students. The computer goes beyond the approach of the regular
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mathematics textbook, i.e. the trad.itional approach. Joella
Gipson (I97I) , who has studied C.A.L. for teachi-ng mathematics

to the disadvantaged, outlines some advantages of using

C .A.L . mathematics programs . The C ..A'.L. system can 1) provide

highly ind.ividualized mathematical instruction to a large

number of pupils daily, 2) perform an immediate analysis of

the accuracy of pupilrs mathematical responses, making possible

individualized inst.ruction, 3) keep each pupit and his teacher

informed of the individual pupil progress, 4) provide reports

to the teachers on class performance and item reliability for'
use in daily plannirg, 5) can be easily revised in program

content to meet t,he needs of the students, and. 6) present

materials on many levels of difficulty (unlike mathematics

textbooks) allowing pupils to progress at their own pace.

C.A.L. can be useful in overcoming negative attitudes of

the st,udent to teachers and to mathematic driIls. The com-

puter has no preconceived notions of the pupil's perfornance.

C.A.L. tends to accept children where they are and there is
no pressure to keep up with the rest of the class. The child
is able to progress at his own rate. rn the driIl and practice
C.A.L. program, each step is carefully spaced so the child can

master one level before he approaches the next step in the

mathematical process. The studentts weaknesses can be isolated
so that the teacher can provide additional materials for
problem areas.
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2) C.A.L. with the physically handicapped - The educa-

tional characteristics of physicalry handicapped, as discussed.

in chapter 2, suggest severar ad.vantages for utirizing the

computer in presenting and planning instruction. An instruc-
tional system using computers provides a learning environment

which accommcdates an exceptional child's needs in the following
areas: 1) active learning with a high student response rate,
2) i-mmediate feedback and reinforcement, 3) maintenance of
attention, 4) individual pacing of instruction, 5) infinite
pat,ience with sufficient repetition to insure learnj-ng and 6)

possibilities of modifying content of instruction to meet the

needs of individual- exceptional children (Faford , L973, rx7) .

The objectives of education for alr children are usually
mod.if ied to meet individual needs. Ed.ucators working with
'severely disabled children ín hospitals and. schools are

cognizant of the speciar needs of the popuration and attempt

to meet them

The students in the school under study are average in 
,,,

reading, compared to a non-handicapped. population, but show 
,i.,

a general weakness in mathematics. The students have diffi- .

culty remembering basic facts and apprying mathematicar con-

cepts. some of the probrems are due to tack of experience

with moneyr âs they do not have the opportunity to handle money ,l
as their peer groups d.o. The child.ren are bussed to school

and are generally dependent on their parents to terr tj-me for
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bus pick-up etc.. some of the children are not able to
handle objects and find bridging the gap between Èhe concrete

and abstract very difficult,. The transfer of learning is
difficult to maintai-n.

,,, Teaching aids in mathematics, such as drill work sheets , .

r are inappropriate for many of the children at El]en Douglass

' School, which is the school under study. Because pencil work is
,. tedious and slow for the children, work sheets must be used in the
' tyPewrit'er. Doing mathematics on a regular typewriter is diffi-
ì,ì: cult because the computational problems require the use of the

backspace key to move from the |s, rO's, and 100,s corumns.

, rne computer eliminates this frustrat.ion as it automatically sets

I "p the columns, and spacing is correct, for receiving the answer.

i 
o rarge percentage of t,he students use electric type-

, writers for language arts and sperring. They are familiar
I wit.h the computer teretype terminal. Arso, the keyboard

, characters are raised and widery spaced, which facirit,ates
typing for the cerebral palsied or severely handicapped child.

:; Because of the problems in the area of mathemat,ics, there
I is a need. for assistance, such as c.A.L., in order for the

children to complete an elementary mathematics course. The

use of c.A.L. enables the child to interact, on a one to one

,, basis with the comput,er. The student is abre to carry on a
dialogue of questions, answers, and immediate reinforcement with
the computer. c.A.L. seems an appropriate method by which to
teach mathematics Èo the physically handicapped.
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CHAPTER 4

ÏNVESTIGATTON

The Problem

The underlying problem represented. in this study is the
following: can drirl and. practice skilIs in mathematics be

taught. to physically handicapped children via a computer ter- .

minal? As previously mentioned in chapter L, questions to be

answered in the study are:

1. Can physically hand.icapped students manipulate the controls
on a computer terminal effectivery and independently?
2. Can appropriate programs in mathematics be made available
to a population of'students from grade one to grade six?
3 - can the skilIs achieved by dri1l and. practice be trans-
ferred to classroom mathematics activities?
4. Can the skills be retained over a period of time after the
experimental phase?

Research Hypothesis

rf two randomly selected groups of physicalry hand.icapped
students received regular classroom instruction j-n mathematics
and one of the groups received extra help in c.A.L. in mathe-
matics, then there wirl be a difference in performance of the
two groups over time on a standardi-zed achievement test in math.
The Sample

The subjects in this study were students attend.ing Ellen
Douglass school for the physical-ly handicapped. Erlen Douglass
is part of Winnipeg No. 1 School Division and. services aII of
the physically handicapped erementary students in the winnipeg
area who require special services that are not provided by the

L,.
¡.:-
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regular school system.

The children were bussed to school daily. School hours

were 9:30 am to 3:30 pm. The school population consisted of

62 children. There were four classes from kindergarten to
grade 6 , one being an Educable Mentally Handicapped class, and'

one Trainable MentaIIy Handicapped c1ass. The students who

participated in this study \,vere selected from five out of the

six classes. The Trainable MentalIy Handicapped class was not

included as the programs available were not suitabl-e for the

retarded. Forty subjects were sel-ected from the school to
participate in the experiment. The ten remaining students from

the five classes were not chosen due to the nature of the dis-
ability (i.e. blindness or because the progranìs were not suited

to their age 1evels) .

The subjects under study ranged from ages 5 to L4, with a

mean age of 10 .0 years. There were 20 girts and 20 boys. The

subjectst f.Q. range was from 62 to 131. Seventy-five percent

of the scores ranged below the I.Q. of I00. Four I.e. scores

were not available and some of the scores were antiquated by

six years. There was some doubt as to the accuracy of some of

the scores. The children ranged from grade one to grade six

with a mean grade level of 3.2.

Forty subjects were randomly assigned to groups - 20

in a control group and 20 in an experimental group. A T-test

was performed to insure that the means from the pre-test scores

of the two groups were not significantly different (p ( .05) .
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Four of the subjects were not available duri-ng the
postt,est. and retention test phase. The experimental group

dropped to N = L7 and the contror group had 19 participating
in the study.

The range of disabilities of the student.s who part.icipated
in the st,udy can be found. in Table One. A more complet,e analysis
of the subjects.t handicapping cond.itions and related disorders

,

can be found in Appendix A. It should be noted that subjects

I 8, 15 , 27 , and 32 were the four students that were not, avail-
I able d.uring posttest. and retention test administration.

Limitations of the 'Samp1e

A number of limit.ing factors will be discussed and the
: generalization of results should be viewed in the context of

sampling limitations.
Prior to carrying out the investigation, every subject

I (control and experimental group) experienced seven months

familiarity training with the ccrnputer terminal and programs.

Thus none of the subjects were naive to C.A.L. and it was safe

to assume that the results obtained would. not be affected by the
, novelty of the computer.

However, the size of the.sample, time tabling difficulties,
and available computer terminals imposed constraints upon the
study. If the school population \^iere larger and more computer

terminals were available, the experimental model could have

been made more robust by providing special training techniques

'!. -.!-::... .:-:.''

.a::.., | _:
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TABLE ONE

Diagnosis and Incidence of Students in t,he Study

Diagnosis

Cerebral PaIsy

Irluscular Dystrophy

Muscular Atrophy

Myotonic Dyst,rophy

Spina Bifida

Phocomelia

Art,hrogryposis

Ost,eogenesis Imperfect.a

Accident

Louis-Barr Syndrome

Incidence

13

3

4

1

10

3

2

I
2

I

ir .:
i.: .'i
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f or the control group such as C.A.L. in language. AIso con-

trol group participation in peer group tutorj-ng or programmed

instruction might have been a more effective control group

situation.
Due t,o the small population of the school and a wide

range of age IeveIs, a large variability of scores resulted.

The age grouping ranged from 5 to L4 years and grade levels

were from one to six (Stanford Achievement Test Scores).

The control and. experimental groups were assigned randomly.

However, the d.ísabilities of the st,udents in the control group

may have differed., by chance, significantly from the experimen-

ta1 group (i.e. a greater number of neurological disorders

could be assigned to one group)

Lastly, the results from this sample of physically handi-

capped students could not be generalized Lo all physically

handicapped students. The students in the school are the more

severely handicapped children in the Winnipeg area.

Instructional Programs

The computer software tfr.a was used in this study vrere

drill and practice programs in mathematics. The programs were

wrj-t,ten by teachers and were in the "BASIC" language. BASIC is

a powerful high level language that can be used on Cybershare

Limited (formerly Phoenix Data System), which was the computer

system used in this study.

ir.. .
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Five prograns in mathematics v¡ere used during thís study.

Examples of each program can be found in Appendix B. A short

summary of each is as follows:

Addsub 1

Addsub I is a driIl and practice proþram for either addition

or subtraction. The largest sum, or remainder, can be no larger

than l-4. The objectives of this program were:

1. To give the student practice in addition

2. To give the student practice in subtraction

3. If specified by the range of numbers, the drill
will give the student practice in carrying (in

addition) and borrorving (in subtraction)

Addsan

Addsan is a drill in ad.dition for remed.iation. There is
a choice of how many digits (from I to 5) in each number and

how many numbers (from 1 to 5) the student requires practJ-ce.

The objectives of addsan rúüere:

1. To give the student practice in adding

2. To give the student practice in carrying

3. To give the st,udent practice in adding numbers by

columns

Subtsan

This program provides drill in subtraction for remedia-

tion. It randomly generates problems with up to 5 digits in

the top number. The objectives of subtsan were:
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1. To provide practice in subtraction for remediation

2. To provide drill in borrowing

3. To provide practice in using concepts of date and time

Multsan

Multsan is a driIl in multiplication. There is an option

for the number of digits (from I to 5) in the number to be

multiplied. Ã.rso, the st,udent has the choice of eit,her multi-
plying by a fixed or rand.om number. The objectives of multsan

were:

1. To give drill in multiplication
2. To progress along with the student (i.e. the diffi-

culty of the problem is based on the stude¡r-trs level
of knowledge. If he knows up to the 5 times tables,
he can be drilled on just that.)

3. The driIl can be used for testing purposes simply by

not giving the students an extra try.
4. The drill can be used to practice "carrying"
Divide

Divide is a drirl in division. The student can do I to 15

randomly generated problems with an option of whether decimals

are to be invorved. The number of d.igits ín the divisor and

dividend. can be serected. The objectives of divide were:

1. To give the student practice in the division of
integers

2. To drill the division of d.ecimal numbers
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Measuring Instrument

The test that was chosen to assess the subjects' achieve-

ment in mathemat.ics was the Stanford Achievement Test (L964),

Arithmetic computation subtest. This test was chosen as its 
::,:,::1,:j...

questionsreIated'fairIyc1ose1ytotheski11sd'ri11edinthe

computer program. Primary II Battery alternate forms W, X,

and Y were used.. The s.A.T. has been used extensively and as .. :

Trimble (Buros , Lg72, p. 527) explains it, rrAs one might, expgct i',,',,.,',,,,r,,,,t: :t:_.: ;..

i-n the fourt,h extensive revision of a battery of t,ests mad.e 
i..:,,,,,,,,,,;.,;,,,
l:::;lt:::.:.'.i. :_t.: 1,.after nearly 50 years of experience gained in extensive use, :

these tests do superbly well what they claím to do. "

The children in this stud.y t er a large percentage of the i

subjects, had. d.ifficulty writing and printing. Because of i

rtheir1abouredski11inwriting,it'wasquestionab1ewhether

the S.A.T. should be timed or untimed (power) ; Durj-ng the 
,

itesting, the teachers noted the number of questions that the I

j

.'st'udentsansweredinthespecifiedtime.Thenthestudents
were given an .additional time period to finish the test. 

,",.,,,,,,,,,,,,,

t. tests were execut.ed. f or each testing situation to determine ,,t' ,,',',"
i :-::-: :-: :, .:: : : .

if the means f or the untimed vs. timed situations were signif i- i'-",""',':"j"

cant. Results showed. that there was no significant d.ifference

between means (p (.05) . Therefore, timed. scores were used to
interpret the results 

,..',,-,r,:.:,1.

rt::::-: t:,:
i..
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Apparatus - Computer Equipment and Facilities

The computer hardware that was used in t,his study was

owned by the Province of Manitoba at Cybershare Ltd.. It

was a CDC 6500 computer. A model 33 hardcopy tel-etype

terminal using a telephone data set interfaced wit,h a Vu

Comm II cat,hode ray tube (C.n.f.¡ was used. in the school as

the instructional terminal. The C.R.T. monitor was necessary

to accommodate the various heights of wheelchairs. Some of
I

I tft" students were not able to read the hard copy off the

teletype, and, therefore, the necessity of the C.R.T monitor.

The total cost of the project was shared by three

school divisions, who were also involved in C.A.L. with the

I trandicapped, and the Department of Education. As is was

I necessary to use the C.R.T. at Ellen Douglass School, the

rental cost was slightly higher than the other schools invol-
i

ved in the project. A breakdown of t.he cost involved in ren-

, tals and computer time can be found in Appendix C.

The terminal was situated. in a spacious room that was

used by child care rvorkers during recess and noon hour, but

was relatively free from use during the computer schedule.

The child care workers' office was situated beside the computer

i room. If difficulties arose v¡hen students vrere working on the

computer, the child care workers were cLose at hand for assis-

tance.
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Administration and Procedure

The study commenced on February 10, L97 5 and continued

until June 13, L975. The actual experimental phase using

C.A.L. \^Iith mathematics proceeded. for 11 weeks. A more com-

plete schedul-e of procedure is available in Figure One.

Pretest 1 and Pretest 2

The sub jects \^/ere given two pretests. This was required
' u.s the students were not familiar with formal testing situa-
' tions

i The first pretest was given between February I0 and

February 14 and the second pretest was administered between

February L7 and 2I. The tests were administered in four

I classrooms. The test administrators were three teachers from

I tf¡e school and the experimenter. The students were randomly
i

i "ssigned to a teacher in the pretest situaLion. Each of the

i four testers ad.ministrated the S.A.T. to ten stud.ents during

each pretest and also participated in scoring the tests.
Computer Scheduling Arrangements

The scheduling for computer times was as follows: ten

students were accommodated each d.y, so that each student was

on the computer terminal every other day.

The daily time sched.ule incorporated these time ai-lot-
ments:

A.M. P.M.
9 :00 9 :30 12 : 30 - 1:00
9: 30 10 :00 1:00 I:30

10 :00 - 10 : 30 1:30 2 :00
11:00 - 11:30 2:30 3:00
11:30 - 12200 3:00 3:30

_.:,:: :

i. .l'ìr ::
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Figure One

Flowchart of Procedure

43.

Pre

Feb. I7-2I )

No
c.A. L.

C.A.L. Schedule

Feb. 24-28 (1)

Mar. 3-7 (2)

Mar.10-14 (3)

Mar. I7-2I (4)

Mar. 24-27 (5)

Easter Break
Mar.31-Apr.4

Apr. 7-11 (6)

Apr. 14-18 (7)

Apr.2I-25 (8)

Apr. 2B-May 2 (9)

May 5-9 (10)

May L2-L6 (11)

Postt,est
May 20-23

Retention test
June 9-13
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It was realized t.hat due to f ield trips, swimming, iII-
nesses, computer failure, and inservices, some sessions \^/ere

missed. However, the students received from 23 to 27 sessions

(averaging 25) during the 11 week experimental period. Because

of the sj-x-d.ay cycle and many other commitments such as physio-

therapy, occupational therapy, speech therapy and arts and

crafts, makeup classes h/ere too difficult to schedute.

The computer schedule enabled. the child 30 minutes of
computer time every second day. However, the student worked

on drill and pract,ice for 15 20 minutes and. l0 minutes was

t,aken to assist the child to and from class

After the student,s had written the pretests, the experi-
mentar groups were praced on a program associated with their
achievement results on the tests. The experimenter and teacher

chose the appropriat,e lever to suj-t the stud.ents, needs ín
math. Each studentts performance was recorded on a criterion
reference chart (refer to Appendi_x D for a complete hierarchy
of mathematical levels) . when a student achieved. goz on a
level, he or she was then praced on the next appropriate reveI.
A 903 proficiency level was chosenr âs it was assumed. that if
a stud.ent scored 9 out of 10 questions correctly, then he or
she understood and could cope with that level. Johnson and Kress

(1972) and Mitler (1973) interpret the 90% proficiency leve1 as

an independent revel of achievement. They state that for an

i:r,ì
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independent knowled,ge of materials, scores should be no rower

than 90%.

The control and. experimental groups received approxj-mately

the same amount of classroom instruction in mathematics as had

been regularly assigned.. The amount of time for classroom

instruction varied. from teacher to teacher. Most of the child-
ren were t,aught individually or in sma1l groups.

volunteers from winnipeg high schools and a graduate stu-
dent from the university of Manj-toba (Faculty of Education)

assisted the students with "rogging-in', procedures and. execu-
tion of the experiment. 'vorunteer and adurt help in the school
was not unusual for t,he students. At the same time that c.A.L.
vol-unteers were associated wiÈh the computer project, additional
volunteers v¡ere helping child.ren in the classroom.

Posttest and Retention Test

The posttest was administered. during the week of May 20-

23 and. the retention test was given three weeks later during
the week of ,June 9-13. The same procedure was used during these 

i,:,:,:
¡"tj'1';'t,esting situations as with the pretests. students were ran- j,¡i,,.

domly assj-gned to four t,eachers. The teacher administ,ered the ' 
::'

t,est to a group of l0 students. Test.ing took place in the
teacher rs home classroom.

r Statistical Procedure 
1,.,.;,

Analysis of Variance

The test for significant differences over the repeated
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measures of pretest (I), (2) , posttest and retention test
administration was performed using a 2 x 4 Analysis of Variance

for Repeated Measures design.

The following are the statistical hypotheses of the

Anarysis of variance for Repeated. Measures. A more complete

explanat,ion of derivations and formula can be found. in Vüiner

(1971) Chapter 4.

I. Null Hypothesis

Ho = 4l = q2 = 0

If two groups of physically handicapped children are admin-

istered st.andardized achievement tests both at the beginning

and completion of the study, then there wilr be no significant
difference between the treatment effects (means) of the levels
of factor A (i.e. experimentar versus conLrol group means).

Alternative Hypothesis

HI = not Ho

rf two groups of physically handicapped. children are

administered stand.ardized achievement tests both at the beginning

and completion of the study, then there will be a significant
d.ifference between the treatment effects (means) of the 1evels

of factor A (i.e. experj-mentar versus control group means) .

2. Nul1 Hypothesis

Ho=ßt =þr=þr=þa = o

rf two groups of physically handicapped children are

administered standardized achievement tests both at, the beginning

l. -..:-: :: .. ,-.

i. : ::-::.: - : - - :_.' :": : ,:'
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and completion of the study, then there will be no significant
d.ifference between the treatment effects (means) of the levels
of factor B (over a period of time) .

Alternative HypoLhesis

HI = not Ho

If two groups of physically handicapped children are

administered standardized achievement tests both at the beginning

,and completion of the study, then there will be a significant
difference between the treatment, effects (means) of the leve1s

of factor B (over a period of time)

3. NuIl Hypothesis

nrþr= nrPr=*rÞr= *, fin= nrþr= úrþr= * þr= q â= o

If two groups of physically handicapped children are

administered standardized achievement tests both at the begÍnning

and ccrnpretion of the st,udy, then there will be no significant
difference between the experimental and control group treatment

effects (means) in respect to the mathematics scores over a
period. of time

Alternative Hypothesis

Hr= not Ho

If two groups of physically handicapped children are

administered. standard.ized achievement tests both at the beginning

and completi-on of the study, then there will be a significant
difference between the experiment,al and control group treatment

i.
t: ::

I ',:

l

| ;.:.::.:

l'::::
It....
l:'.:';



effects (means) in respect to the mathematics

period of time.
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scores over a

"1

xr+x,

ir*\
fr*f¿

xr*x,

xr+x 
n

fg+fa

between pretests

at the .05 and .01

After an examination of the results an aposteriori mul-
tipre comparison t,est was used.. This was accomplished by

using the Newman-Keuls method for determining whether significant
differences were between the pretests, posttest, and/or re-
tention tests. winer (197r) states that with unequal sample

sizes it is convenient to work with treatment means.

Thus, using Newman-Keuls, the folrowi-ng means over time

were tested for significant differences:

H

xt

xl

xI

x2

Í,

F,

=F3 (pre2=post)

=î4(pre2=ret.)

=f4 (post = ret. )

Significant differences were compared

(f and 2), posttests, and retention tests
levels.

Further investigation of the results was accomplished. by

using the test for simpre main effects. rf the AB interaction
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is significant, the experimenter will normally proceed to test,
for simple main effects. In this study there was a significant
interaction at the .10 level. However, Èhere was no significance
at the .05 leveI. Due to the large variability of subjects in

i

ttre sample and t,he sma1l sampre size, it was f ert that for
descriptive purposes only, the test for simple main effects, be

computed and discussed

' For descriptive purposes, the intercorrelations between

Pretests (1) and (2), and posttest and between pretests (1)

i and (2) and retention test. were calculated. The intercorrela-
tions $/ere calculated for the experimental and control groups.

I These results will indicat,e whether the increased. scores, íf atry,

, bet\^/een pretests and post,test could be att,ributed to overall
t,reatment effects.

l.: :.: : :

. .. ..':



CHAPTER 5

RESULTS

This chapter will present the results of this st.ud.y. A

discussion of the results rerated. to the nulr hypotheses will
be found in the discussion section of this thesis

The raw data tables are found in Appendix E. The scores

are represented in the form of grade point scores (year/month).

The means, varj-ances, and. standard deviations can be found in
Appendix F.

ånalysis of VariaLce

The Analysis of Variance summary table can be found in
Table Two. For Hypothesj-s 1, the critical value needed for
significance at the .05 level was 4.08 (df = 1,34). There was

no signifícant difference between the experimental and control
group means. Thus nuII hypothesis 1 was accepted.

The critical value for Hypothesis 2 was 2.68 aL the .05

level (df = 3,102). The F ratio was significant at the .05

Ievel. The ccrnputed F ratio revears that there was a signifi-
I

cant difference between the means of the Ievels of factor B,

but it d.oes not tel-l where the dif ference Ì{as. NuIl Hypothesis

2 was therefore rejected and the Alternative Hypothesis accepted.

The critical values needed for significance at the .05

level (df = 3,L02) for Hypothesis 3 was 2.68, The observed F

ratj-o showed there was no significant interaction. Therefore

NuIl Hypothesis 3 was accepted.

i.i.:,
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TABLE TWO

Analysis of Variances Summary Table

for Repeat.ed Measures Design

Source of
Variation

Sums of
Squares

Degrees of
Freedom

Mean F
Square Ratio

A (Treatment)

Subj. r^¡ groups

B (Math scores)

AB

BX subj. w groups

2.82

I6L.26

6. B0

1. 36

19.20

I

34

3

3

r02

2.82

4.74

2.26

0.45

0. r8

0.59

L2.04 **

2.42 *

TOTALS 191.16 143

** P <.05
* P <.10
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An apost,eriori probing technique explainecl in the
invest,igation section was used. The data for Newman-Keuls is
shown in Tabre 3. rn part (r) the means of the revels of B are
arranged in rank order from low to high. Differences between

the pairs of ordered means are computed. rn part (iii) the
crit,icar varues for t,he ordered differences between pairs are

computed. The pairs of means which can be considered different
are indicated by asterisks in part (rv¡. The computed varues

in (iii) are compared to the differences in ordered means (i).
rf (i) is greater thanr or equar to (iii), then there is a

significant, difference shown. Levers of significance at, the
.05 level were found between pretest (r) and posttest and

ret'ention tesÈ and pretest (z) and posttest and retention test,.
At the .01 level significance was found between pretest (r)
and the retention test, and pretest, (2) and the retention test.

The test for simpre main effects was used in order to
answer the following quest,ions: (refer to Appendix E for
clarification of letters a, a, b, etc.).12r

(1) Is there a difference between a and a at l¡ or
I2L

'r:¡l',1¡:r.:.'fl

aanda atb or
122

...1 ...

a and a at b or tiì;-..,:123

a anda atb
I24
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TABLE TIIREE

Test on l"Ieans Using Newman-Keuls procedure

bb
12

bb

ordered
means 2.59 2.63 Z.g7 3.13

bbbb

(i) b .04 .28 .s4
1

.24 .50

.26b

(ii) q.95 (r,102) 2.80 3.36 3.69

q.99 (r,102) 3.70 4.20 4.50

(iii) s
Fq. 95 (r ,102 )

Bq. 99 (r , I02 )

.20 .24 .27

.27 .30 .33

Pre (1) Pre (11) Posttest Retention

(iv) Pre (1)

Pre (2)

Posttest

**

**

* p (.os
** p (.01
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(2) rs t.here a difference between b b and b and b at a or
L2341

between b b andb andb ata
12342

The resurt.s are shown in Table Four. An examination of
the data reveals t,hat the experimental group showed a significant
difference over time at the .01 level.

The intercorrelations vtere calculated for the experimental

and control groups. Resurts of the correlation matrices can

be found in Table Five. Resul,bs from this investigation showed

that pretests to retention tests for both groups are highry
correlated and significant, at, .05 and .01 levels.

graph of the results showing the mean scores of the

experimentar and control groups can be found in Figure Two.

'4.4.
i.1..
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TABLE FOUR

Analysis of Variance Table for Simple Main Effects

Source ss. df MS F

1. Between subjects
2. Between A at b,

3. Between A at, b,

4. Between A at b,

5. Between A at, bn

6. Within celI

7. Within subjects

8. Between B at .l

g. Between B at u2

TO. AB

11. BX subj. w. groups

.01

.69

L.02

2 .48

rB0 .47

6 .42

L.46

I .36

L9.20

I .01 .2. .007
(6-)

.69 .3. .52
(6-)

I .02 .4. .77
(6-)

2.48 .5.1.87l;)o

L.32

2 'L4 8 11 '2'6Ì<rt(n)

0.49 9 2.58(rr)

0 . 45 ,10. 2 .37I 

-l
'11-'

0 .19

i.

I

I

136

3

r02

*

**
.05

.01
ì;. '

=p

=p

p

p

critical
critical

4.08 (df

3.9s (df

L,341 2.68 (df = 3,102)

3,102)
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TABLE FIVE

Correlation lrlatrices for Control

and Experimental Groups

Experimental Group
12

1(Pre ) 2(Pre ) 3)posr) 4(Rer.)
I

I (pre ) 1.00
2

2(Pre ) 0.74** 1.00

3 (Post) 0.64** O. BZ** I. OO

¿ (Ret,. ) 0.64r,* O. 86** 0 .92** 1.00

* p 1.OS r critical = .48 df (15)

tr* p(.Of r critical = .60 df (I5)

Control Group
12

I (Pre )2(pre ) 3(posr) ¿(Rer.)
1

I(Pre ) f .OO
2

2 (Pre ) o. g5** t. o0

3 (Post.) O .g2** 0.96** I. O0

4 ) Ret. ) O. B7** O .gZ* * 0.95** 1.00
* p < .05 r critical = .45 df (17)

** p ( .Of r criticat = .57 df (17)

l:ì
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

with respect to t,he basic problem, this st,udy had demon-

strated that physically handicapped students v/ere able to work

independentry on the computer terminal regardless of age or
severity of handicapping condit,ions. c.A.L. hras shown t,o be a

practical means of remedial instruct.ion with this population of
students

Analysis of Variance

Null hypothesis (1) was accepted. revealing that, there
was no significant difference between experimental and control
groups due to treatment effects.

NulI hypothesis (2) was reject,ed showing a signÍficant
effect over time. To determine where the significance occurred,,
Newman-Keuls probing procedure rtras used. Results showed

significance between pretest (r) and the posttest and reten-
tion tests, and between pretest (2) and the posttest and. reten-
tion tests. Resurts impry that learning occurred over a four
month period. There was no significant difference between post,-

test and retention test scores. However, it is interesting to
note that. the experimental group mean rose four months, while
the control group scores increased by one month in the one month

retention period. During the retention interval, c.A.L. could
have played a rore in learning. This will be discussed in more

depth later in the chapter.
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NuIIIiypothesis(3)waSacceptedatthe.o51eve1but'
rejected at'the .I0 level. Reasons for lack of significance
at. the more conservat,ive lever was felt to be due t,o the
large variability of scores. students' s.A.T. scored ranged

; from I to 6.7 grade point levels. wit,h a small sample and ;,:,,,,,
]-argevarj.ances,significancewasdifficu1ttoachieve.

For descriptive purposes onry, the result,s f rom the t,est,

for simple main effect,s will be discussed.. Results showed ...,',1.',..:.
''ìi _ 1

r . , :,1.r.ì..:'..I that the experimental group achieved significance over t,ime , '

::.... .-j... -.::

, at the .01 leveI. The control group showed no significance over i:'",,,.'.1.,,

time at the .05 revel. The experimental group thus showed

superiority and significant, gains over the conÈrol group when 
i

i

comparing group mean scores over time. 
l

, *esults of the correlations reveal that gains in learning 
i

ì

I r4tere consistent over the four mont,h period within l¡oth treatment 
i

groups. However, correlations for the first pretest were not
:

as highly correlated wit,h the posttest and retention test,s as 
lthe correlaÈions for the second pretest. This resurt, shows 
j: ; :,,::,.

Èhat pretest (1) was perhaps a less reliable predictor of scores i',','.'..'',".''

..': : : .''' '':

' than pretest (2) . Because these children experienced few test,- ,.',",.'.',,'"

ing situations, it was necessary to administer the two pretests
to obt.ain more accurate results. ,

overall, the results of the study did not shorv statistical ¡r,,,,,,,,,..- - ----¿ " v vse¿e e4vq¿ 
iì.;t]""""ìsignificance. For the teacher, however, there are educational 
''l

gains from t,his study. rn comparing the mean scores, the
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experiment,al group increased seven months in mathematics from

pretest to retention test, while the contror group increased

three months in mathematics during the same time perj-od

Especiarly when dearing with a handicapped population such as

t,he chil-dren at Ellen Douglass school, some merit must be

accorded to C.A.L. as a form of d.rill and. practice in mathematics.
For a more individual analysis of the results refer to Appendix F.
General Comment

Previous research in the area of c.A.L. with the handi-
capped has shown that C.A.L. can be as effective as trad.itional
classroom instruction and, in some cases, more effective.
some interesting observations have been obtained from this
present study and reveal meaningful educational implications.

some of the students using c.A.L. far exceeded the expec-

tations of their teachers. Because of the motivation present

with c.A.L., basic facts were learned more quickry by t,hese

students. They were ready to proceed to the next leve.l in
mathematics, but in some cases had to wait until the teacher

taught the new concept in the classroom.

several children who showed a nega'tive attitude toward

mathematics in the classroom showed a greater int.erest in
classroom mathematics activities .

Teachers \^¡ere excited to see the ease and efficiency
that students displayed when doing mathematics on the computer

terminal. For many of the children, getting ready to do

I :'-:: .:,:

:-

l; r:.,:.:,:
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arithmetic is an invoLved process. The teacher first must

put a table and slant board on the wheel-chair, place a t.ype-

writer on the t,abIe, and insert the paper. Mathematics

assignments must be made specially so as to line up properly
in the typewriter. C.A.L. eliminates this process. Also,

few of the children have the strength or co-ordination to
erase errors. The computer allows the student to make

correctíons easi-ly.

students worked much faster on the computer than in the

classroom. some children would take r0 minutes to d.o r0

questions on the computer terminal, whereas, in the classroom,

a similar 10 questions would t.ake up to one half hour to
complete.

A positive resuLt from c.A.L. was the concern of teachers

to individuarize more closely in mathematics. Although this
experimenter does not believe this began soon enough, it was

apparent during the last phase of the st,udy. As discussed

previously, a four month gain was shown by the experimental

group from the posttest to the retention test and a one month

gai-n was shown by the control group. The teachers and this
experimenter fert that this large gain was due tg . closer
relat,ionship between classroom instruction and results of the

C.A.L. d.rills .
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If the classroom teachers had been more aware of the student's
performance on the computer and co-ordinated results of c.A.L.
with crassroom instruction at the beginning of the study,
C.A.L. would perhaps have been more effective.
Implic3tions and Future Considerations

The resurts of the study show ed.ucationar relevance and

support the use of c.A.L. as an efficient means of presenting

dri1l and practice skills to the physically handicapped.. How-

ever, improvements in some areas are warranted. The informa-
tion gained from the investigation should. be considered in
future studies with C.A.L..

One of the major criticisms of the project was thaL

programs for grades 1 and 2 and grade 6 were too limited.
More programs \,rere needed in the areas of missing addends,

fractions, money problems, and calculations with d.ecimaLs.

Because of the results of this study, programs v/ere made

availabre for the project. An additionat 15 programs were

written to include the areas mentioned above. programs were

made appropriate for preprimary and retarded. revels as welr
as the advanced 5 and 6 Ievels.

rn ad.dition to the lack of programs available to the
primary and grade 6 levers, it, was felt that a closer riasorr

between the school project co-ordinator and teachers should

:
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have been made availabre. rn order to use c.A.L. effectivery,
teachers must have a closer supervision in the type of pro-
grams that their student.s are using. classroom instruction
should be closely related with the c.A.L. drirls. Meetings

with the teachers at two week intervals, to discuss the

studentrs progress, wourd help to alleviate this problem and

thus strengthen the effectiveness of C.A.L..
rt was arso ment,ioned by the teachers that a three month

period was not long enough to assess the gains of hand.i-

capped children. rt was felt that a five or six month period

would result in more realistic gains.

volunteers were an extremely necessary part of this study

and future investigators should realize their importance.

Because of the mobility problems and age of the students,

volunteers were necessary to supervise the logging-in procedu-

res. without their assistance, the project could not have

been carried out as efficiently.
Further studies in this area should use experimental

models that include contror groups or contrast groups that
are receiving additj-onal instruction of some type. The

control group could be given computerízed drill and practice
sheets in math, calculators, or remedial drill by vorunteers

for the same period of time as the experimentar group engaged.

in c.A.L.. such experimentation would provide a more robust

-l r': '::' ::lrl
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model froqr which t,o draw more general conclusions.

Other important considerations when implementing com-

puters with the handicapped are listed be1ow.

1. There is an interest, shown by the Occupational Therapy

Department at. Ellen Douglass to develop programs to teach

"activities for daily living". programs courd be written in
the areas of nutrition, money management, and personal hygiene.

2. A synthetic talker carred. "votrax" courd be considered

as a method of remedial instruction for the handicapped.

Votrax is a computerized voice' synthesizer. The student reads

the hard copy while listening to the te><t of the program.

votrax could provide remediation for the visually handicapped

or for children who have d.ifficulties in the area of reading.

3. There is a need for an informatíon retrieval system to
aid the teacher in the maintenance of student records. This

system would enable complete d.aily records to be available.
Printouts would provide information on each student, giving
student name, program used, percent,age correct and home room

number. Record keeping would be minimal with this system.

In conclusion, the future of computers with exceptional

children looks encouraging. However, the future of comput,ers

can be only as effective as the degree of acceptance by

teachers, principals, parents, and administrators who are

involved with a computer project.
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Summary and Conclusions

rn regard to the Analysis of variance resurts, the data
supported the acceptance of null hypothesis (f) that there was

no significant difference between the experimental and control
group means. However, significant differences over time were

found between the pretests, postt.ests and retent,ion test, in
reject,ing nul1 hypothesis (2') . The aposteriori Newman-Keuls

technique showed the differences to be between pretest (r)
and the posttest and retention test, and between pretest (2)

and the post and retention t,ests. The third null hypothesis was

accepted showing that there was no difference in performance

of the two groups over time. For descriptive purposes only,
Lhe test for simple main effects was computed showing that the
experimental group showed significant gains over time while the

cont'rol group did not. Results of t.he correlations show consistent
learning over a four mont,h period. However, t,he reliabirity of
pretest (1) \tras questionable.

The resurts of this study using c.A.L. to assist, in drill
and pract,ice in mathemat,ics are educat,ionarly relevant, to
teachers and administrators. Because of the ease with which

physically handicapped students a.re abre to manipulate the

computer terminar and the rerat,ively row expense invorved,

c.A.L. has shown potent,iar with the handicapped. Motivation
levers remained high throughout t,he project and many children
continued to enjoy learning through C.A.L..
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APPENDIX B

SA¡iIPLE COMPUTER PROGRAMS

81.



! /;/lal

':ì
.i

t.
:l
'i.

I

!.

82.
PROGRîÎq ADDSUBI' ...:

THIS IS A DRTLL åND'PRACTTCE PROGRAMME FOR ADDING OR
suBTRAcrING. THE PARAI-ETERS ARE To-BE sEùEcrED By :THE TEACHER. '.

, '. DO YOU tdANT ADDITION ( !+')¡ SUBTRACTION (.'-0)¡ OR BOTH (.8.)? ;
SMALLEST POSSI BLE SUM ( FROÍ,I I TO 18 ) ? ¡

,I LARGEST POSSIBLE SI'',M (FROM T TO ¡9) ? 6
:: HO}J MANY OUESÎ¡ONS (FROM I TO 2ø) DO YOU hIANT ? 3

:l

TYPE IN YOUR FIRST NAME HERE? CATHI
ÎYPE IN YOUR LAST NAME fIERE ? }IILL

HELLO CATHI¡ TRY ADD¡NG THESE PROBLEMS.

2'+2
?4

; eCATHI , : ,' ,' ',,i, . _ :, . :...t. ... .. . ..: .

?4
<CATHI

IIELL¡ CATHI HILL. YOU HAVE DONE a PROBLEMS.

YOU HAD '3 CORRECT ANSrdçRf ql AND t, ' T.JRONG ANSbTER(S).

THAl GIVES YOUì ?5 PERCENT CORRECT.'

SO LONGr CATHI. HAVE A HAPPY EAY!
'ì .:' : l; ¡ :' ':1'':: 

'



76/øg/15" l4r 52.3?. t

PROGRAM ADDSAN

SELF CONSTRUCTED DRILLS lN ADDITION FOR REþ{ED¡ATIoN 
I

.

HOH MANY PROBLEMS (FROI,I.I. TO Iø) DO YOU ¡'ANT 1O DO? 3

l
HOld MANY NUMBERS (FROM e TO 5) DO YOU tdANT 10 ADD ? g

HOIJ r,lANY DIGITS (FROM I TO 5 )DO YOU hIANT IN EACH NUIIBER? 2

rr : DO YOU bIANT,AN EXTRA TRY ( 'T') 
'OR NO EXTRA'TRY ('NT') ? T

);':
1 , PLEASE INDICATE t'¡HETHER YOU I'IANT ' ALL DATA ( 'D')
I'. OR FTRST AND LAST NAÌ,IE ONLY (F)
'aF

'

I{HAT IS YOUR FIRST NAME ? CATHT

AND h.lHAT. IS VOUR LAST NAME? HTLL

' HELLO CATHI HOIJ ARE YOITTITODAY? ,'

, DO,YOU hIANT TO SEE THE DIRECIIONS? TYPE 'YES' OR 'NO!.

I ) TODAY yOU trILL BE DOING SOME ADDING PROBLEÈ1S.

.2' UHEN THE MACHINE STOPS TYPE TN YOUR ANShIER FOR'

,. EACH COLUMN¡ ONE AT A TIME.
3) AFTER YOU PUSH A NUMBEB BOTTON ALI{AYS PUSH THE

,',.r RETURN BUTTON.
: ..., 

'. 
, I.

OK LEI|S BEGIN... ..

I ".- : ::.' :i: "-'

83.

5. 6
54'lø

(+)
?ø

- ? 2.-
?. 1

V ERY GOOD CAÎTIT

I 2 ø IS THE CORRECT ANSI{ER



84.

â8
42
ø8

(+)
,r, ? 9' ' \

--r,. 7 I
RIO}I1 YOU ARE DOING F¡NE CATHT

ø ,g 8 ¡ S THE CORRECT ANSIdER

SORRY TRY AGAIN

SORRY TRY AGA¡N

?l
RIGHT ON CATHI KEEP UP TTIE GOOD hIORK

I 5 ø IS THE CORRECT ANSHER

THE DR¡LL IS OVER CATHI . YOU HAD 3 CORRECT ANSI'JER(S)
AND ø t|tRONG ANSWER(S).

'ltl I TH e Ex TRA TRI ES.
THAT GIVES YOU Iøø PERCENT CORRECT.

. DO YOU ¡{ANT TO DO ANY I.IORE PROBLEFIS TODAY? ANSIÚER

'YES' OR 'NO' . ? NO

THANK YOU FOR COMING TO PRACTTCE TODAY CATHI O

I HOPE THAT I HILL'Fgnn FROtI YOU AGAIN SOON. 
\..I --'" - \



85.

76/ø3/15, I 5.32.37.
PROGRAM SUBTSAN

. SELF CONSTRUCTED DR¡LLS IN SUBTRACTION FOR REMEDIATIOÑ

HOId MANY PROBLEMS (FROII I TO Iø' DO YOU IdANT TO TRY ? 3

HOId MANY DIGITS (FROM I TO 5) DO YOU }JANT IN THE LARGER 
Iì:.:':J

NUMBER?.3
,: '

HO}J MANY DTGITS(FROM I TO 3 )DO YOU I|'ANT IN THE SMALLER. ::.:
NUMBER? 2 , , ,,,,,.

irt, DO STUDENTS GET A EXTRA TRY('T') OR NO EXTRA TRY('NT')
'i : ? N1-' :

: DO YOU t'lANT FIRST AND LAST NAMES('F') OR FULL DATA( tD') .I?D -

lt:.
:

I r,HAT Is youR FIRsr NAME ?, CATHI
j.

i I¡JHAT IS YOUR LAST NAME? HILL

h,HAT IS THE DATE TODAY? MARCH 3

i h,HAT-TIME ¡S IT ? 3¿ØØ
.. ,

/
'HELLO CATHI¡HOhI ARE YOU TODAY?

i oo you hrANT To sEE THE DIRECTIoNS? TypE yES OR NO.
tÀlô:: rtlp

, OK,LETS GET STARTED...
,\

?7
"'.?7-I

?5
YES THAT:S GOOD CATHI KEEP UP THE GOOD [rlORK.e.



5 7' 7 IS THE CORRECT ANS!{ER.

!¡

593:
92

( -)
?t

?9 i : -

' NO CATHI YOUR ANSIdER IS NOT CORRECT. THE ANST¡JER
SHOULD HAVE BEEN ø . ,hJE TJILL TRY|A NEbJ PROBLEM

'L_.:!i¡. i.^,:l:\-..¡.-l\.i:t\:1','ti.:ir:.:-..r--,.-:::.- ':, ,-. '-'. r, :: -.," . -: ! - -. ;--. .,' .-i, :. 
1.. .'-1.\ a :.:::\

86.

4 \ ø 3' 6 I i¡,:.',¡i.;,:,:::;:.:-:.,.:-:::.::.-( -) ?--i ' ?4 '

.NO CATHI YOUR ANSIdER IS NOT CORRECT. THE ANSI¡JER. ::¡,:,::,:,:
SHoULD HAVE BEEN 5 . [,JE !üILL TRy A NEt{ PROBLEM ¡';:::;'::

Ig, 4 4
53\l

t:' 
,

'. ? g
RIGHT ON CATHI YOU ARE DOING F¡NE :

I I I IS THE CORRECT ANSI¡{ER. \ l

i_l
I

6øø
.6t

( -)
? I ,,.,'--,,,'r,

? 3 i;-; ::::

? 5 .:.:...': :.YES THAT'S GOOD ÇATHI KEEP Up lHE GOOD hlORK.,. :i::,:::.:

5 3 g IS -THE CORRECT ANSI.JER.

THE DRILL IS OVER CATHI HILL, YOU HAD 3 CORRECT
2 hIRONG AND HAD .ø EXÎRA TRIES.

THAT GIVES YOU 6Ø. PERCENT CORRECT iI,:;:......:.
t:ì. :..,.i .,,

' l ;:': "::::::'1::

DO YOU ü'ANT TO DO'ANY MORE PROBLEMS TODAY? TYPE YES OR NO
?NO
THANK YOU FOR COMING TODAY CATHI .
I HOPE THAT I I.'ILL SEE YOU AGAIN SOON

i:r: -'



87.

..:'-PnOenAU MULTSAN ' ' t 
. ,' ' ,'

SELF-CONSIRUCIED DRILL- IN MULTIPTT CATION
FoR REIvIEDIATIoN.

HO!'\MANY PROELEI'IS (FROM I TO Iø' DO YOU I,JANT TO DO? 3

¡- HOh' MANY DIGTTS (rNO; I TO 5) DO YOU ICANÎ IN TOP NUM? I
l.

I :.
D0 You IdANT To MULTIPLY BY A FIXED CONSTANT (.C.) ,

OR BY A RANDOMLY EEI\ICNNTED NUMBER ('R') ? C
t 

.-
'tdHAT NUMBER (FROM I To 9) Do you I.,ANT To MULTIPLY By? 6

:' ',

D0 You hrANT AN EXTRA TRy ('T') oR NO EXTRA lRy ( 'NT') i

FOR EACH PROBLEM? T .

DO YOU hJANT FIRST AND LAST NAME(F' OR FULL DAÎA(D)? F
I

I.JHAII S YOUR .FI RST NAI-IE ? OATHI ù

htHAT IS YOUR LAST NAr'fE?'HtLL

HELLO CATH¡¡ HOüI ARE YOU TODAY?

DO YOU hIANI TO SEE THE DIRECTTONS? TYPE'YES'OR'NO'.? NO

OK¡LEÎ:S BEGIN...

:t"ot

5l
.6

( x)
?ø

?3
VERY GOOD CATHI

, 3 ø TS THE gORRECT ANSWER

9:
6\

I(x) -----'
?4

?5
RTGHT ON CATHI YOU ARE DOING F¡NE

5 4 IS THE CORRECT ANShIER
.,ì

t.:



l

i

I

I

. :,._:::.ij:t1tÌ,:,:

oo
OO ¡

? '', r: ::;:: :

6
.(x)

?2
?3 :

NO¡ CATH¡. YOU ANSIdERED ÎHIS COLUMN hJRONG. ' 
,lRY AGAIN... AAA? 4"

.B.¡GHT oN CATH¡ YOU AgE DOING FINE 
,

4 2 rs rHE coRREcr AN5¡JER ''-'""'."' ''

lHE DRI|L IS ovER¡ CATHI. You HAD o coRREcr ANsHERsiø I{RONG ANSI,'ER(S), AND I EXTRA TRIES.
THIS GIVES YOU Iøø PERCENT.

DO YOU IJANÎ A CHANCE'1O DO MORq) PROBLEMS TOÞAy¡YES oR NO? NO ' ,,,1,.;,-.,;'-,¡,
, . : : :: . j

THANK YOU FOR COÈITNG HERE TODAY CATHI.I HOPE
THAT I trILL SEE YOU AGA¡N SOONr , 

':.,,.'.;',,:,.,,.,i': :, ,r', ._ .'-.-.

76/03/15. l_5.4-[,Ø6... \ ' ,

PRocRArt totv¡gF ¡,' )

'..
THIS IS A DRILL TN DIVTS¡ON FOR REFIED¡ATIOIV.

'i

HIT THERE. }¡HAT iS VOUN FIRST NAME? CATHI
i

iixnr Is you* LAsr NAME¡ cATHI ? HILL I

l/
HOI{ MANY PROBLEMS (FROM I TO I5) ¡IOULD YOU'LTKE TO DO ? 3 i...,;,.....,..:..

DO YOU h,ANT TO IÙORK TITH DEC¡T,IALS ? NO

HOh' MANY DICITS (FROM I TO 9) DO YOU }'ANT INTHE NUMBER YOU DIVIDE ¡NTO? 4

Hoh, MANY DIGrrs (FBor'r r ro 4 , Do you h,ANT IN THENU!4BER THAÎ YOU DI VI DE BY ? I ..!
,i'



VERY GOODI CAT}II .

89.

THAT IS CORRECT. THE ANS¡JER IS 85ø .

| ..:

3

s.! llø2

, 33ø6

EXCELLENT, CATHI. THAT
THE ANSI{ER TS IIØ2 .

IS ABSOLUTELY CORRECT.

/
'7

a?5ø5
l

-------
) 3535

TREMENDOUS, CATH¡.

THE DRILL IS OVERT

NUMBER OF PROBLEMS

NT.IMBER OF PROBLEMS

PERCENTAGE¡ Iøø

THAT IS RIGHT.

CATHI.

ATTET'TPTED¡ 3

CORRECT¡ .3

THE ANSbJER I S 5ø5 .

}JOULD YOU LIKE TO DO SOME MORE PROBLEMS ? NO

GOOD-BYE, CATHI, HAVE A NTCE DAY.
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APPENDIX C

SUM}4ARY OF COSTS

Ellen Douglass School was one of three other school s

involved in this project. The tot,al annual cost for the

whole project was $15,000. The Department, of Educat,ion

assumed 608 of the total cost and the School Divisions were

responsible for 408. Winnipeg School Division paid $2r000

for a ten month period and the Department of Education

contributed $3,000 to the Ellen Douglass School project.

A breakdown of monthly costs for the terminal at Ellen

Douglass is as follows:

Display screen and. printer rent,al $200.15
f'fontfrfy line cost 7.65
Computer connect time (ports) 100.00
Processing time 25.00
Paper costs 10.00

Additional costs covered undergraduat,e and graduate

service fellowships, program d.evelopment and consultative

services, and discounted disc storage space.

The cost effectiveness per student showed that during the

three month experimental period, 11 students made a totaL gain of

59 months, The cost. per pupil was approximately $2f.00 per month

gain.
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93.

APPENDIX D

Name

Room #

Computer Time Periods

Add.: one digit
(under 10) ex:

+ one digít
4+5 Addsub 1

Add: one digit + one digit
(over 10) ex: 7+6 Addsan

Subt: one digit. - one digit.
(under 10) ex:9-6 Addsub 1

Add: two
ex: 35 +

digits + one digit
6 Addsan

Subt: two digits - one digit
ex: 14 8 Subtsan

Add: two digits + two digits
ex: 36 + 42 Addsan

Subt.: two digits - two digits
ex: 42 27 Subtsan

one
xl

one
x3

Mult,:
ex: 9

digit x
Multsan

":",::MuIt: one
ex: 7 x 2

digit x
Ivlultsan

Mult:
ex: B

digit x
I4uItsan

TO



l:i::i1:ï

94

APPENDIX D (cont,'d.

Name

Room #

Computer Time Periods

11 Mult:
ex: 7

digit x
Multsan

one
x4

L2

13

I4

15

Mult: one digit x
ex: 7 x 5 Mult.san

Add: 3 digits+3 digits
ex: 426+337 Addsan

Subt,: 3 digits-3 digits
ex: 436-242 Subtsan

MuIt:2dígitsxl
ex:25 xIMu1tsan

Mult:2digitsx2
ex:25x2Mu1tsan

MuIt:2digitsx3
ex:36x3Multsan

Mult: 2 digit,s x 4
ex:37 x4Multsan

MuIt:2digitsx5
ex:85x5Mu1tsan

16

L7

18

19

20

2I

Divide:1 digitsl digit
(no decimal)2 B Divide

Divide:2 digit.s : t
digit. (no decimal)
2 24 Divide



95.

APPENDIX D

Name

Room #

Computer Time Periods

22 i{ult: I
ex: 7 x

digít x 6
6 Multsan

DATE
SCORE

23

24

itfult: l- digit. x 7
ex: B x 7 l,lu1tsan

MuIt: I digit x B

ex:BxBMultsan

Mult:ldigitx9
ex: 7 x 9 irlultsan

Divide: I
(decimal )

disir : 1 digit.
2 7 Divide

Review (higher level
mathematics )

(may be 3 digit multi-
plication)

(2 digit divisor etc. )

25

26

27

10
LO

29

30

Divide: 2 digits : 1 digit
(decimal)235 'Divide

MuIt: 2 digit.s x 6
ex: 27 x 6 llultsan

liult: 2 digits x 7
ex:29 xTlviultsan

Mult: 2 digits x 9
ex: 37 x B l'Íultsan

Mult: 2 digits x 9
ex:94x9Multsan

31 l;':

General

Specify

lrì::1::::r
;ì .:.. -.:..

',']

32
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SCORE DATA TABLES

96.



E
xp

er
im

en
ta

l

G
ro

up t1

S
ub

je
ct

s

A
P

P
E

N
D

T
X

 E

R
A

W
 S

C
O

R
E

 D
A

T
A

 T
A

B
LE

S

1 2 3 4 5 6 7 I 9
10 11 L2 I3 L4 15 16 17

P
re

te
st

 b
,

0 1.
6

1.
8

1.
8

1.
9

2.
r

2.
4

2.
4

2.
5

2.
9

3.
1

3.
2

3.
3

3.
5

3.
5

3.
9

4.
0

P
re

te
st

, 
b,

1.
8

L.
7

r.
7

3.
5

1.
9

'1
.9 L.
7

2.
3

2.
4

2.
9

2.
4

3.
2

3.
3

3.
6

3,
9

3.
7

5.
3

P
os

tte
st

 b
,

2.
L

I.7 r.
9

4.
8

1.
9

2.
4

r.
7

3.
3

2.
7

2.
9

2.
8

3.
8

3.
7

3.
3

4.
6

3.
9

4.
3

R
et

en
tr

on
T

es
t 

bn

1.
9

1.
6

2.
9

5.
0

3.
1

2.
6

2.
r

3.
2

3.
5

2.
6

3.
2

3.
8

?o 3.
9

5.
4

4.
I

5.
0

\o \¡



A
P

P
E

N
D

IX
 E

 (
co

nt
rd

. 
)

R
A

V
ü 

S
C

O
R

E
 D

A
T

A
 T

A
B

LE
S

C
on

tr
ol

G
ro

up u2

S
ub

je
ct

s

I 2 3 4 5 6 7 I 9
10 11 72 13 L4 15 16 I7 I8 19

P
re

te
st

 b
,

I.B 1.
5

r.
4

1.
5

1.
8

1.
9

1.
9

2.
L

2.
5

2.
5

2.
6

2.
7

2.
8

2.
9

2.
9

3.
5

3.
7

3.
8

6.
7

P
re

te
st

 b
,

2.
0

1.
5

L.
4

r.
7

1.
8

1.
9

1.
5

1.
8

1.
9

1.
9

2.
7

2.
3

2.
7

2.
4

3.
0

4.
0

3.
7

3.
9

5.
4

P
os

tte
st

 b
,

L.
7

t.7 1.
3

1.
5

1.
6

2.
L

L.
7

r.
7

3.
0

2.
3

2.
9

2.
4

2.
8

2.
I

2.
8

4.
4

4.
8

4.
8

5.
9

:Ìa

R
et

en
t,i

on
T

es
t 

bn

1.
8

1.
5

1.
3

1.
3

L.
7

2.
7

1.
1

2.
6

2.
7

2.
4

2.
5

2.
6

3.
2

2.
7

3.
0

4.
4

5.
0

6.
2

tr
o

\0 æ



.,.!=_"_*., _ --l\.t:1*)

APPENDIX F

MEANS AND STANDARD DEVIATIONS

oo



A
P

P
E

N
D

IX
 F

M
E

A
N

S
 A

N
D

 S
T

A
N

D
A

R
D

 D
E

V
T

A
T

T
O

N
S

E
xp

er
im

en
ta

l
G

ro
up t1
.

P
re

te
st

 1
(b

1)

N
-1

7
F

- 
-=

2 
-5

1r
1

S
 =

 1
.0

5

J 
=

1.
10

C
on

tr
ol

G
ro

up u2

P
re

te
st

 2
 (

b 
2)

N
=

L7

îr
,r

=
2 

'7

|i[
 =

 t
9

X
-^

 -
=

2 
-6

I 
¡l

S
 =

 1
.0

7

s2
=

1'
o3

P
os

tte
st

 (
b3

 )

S
 =

 1
.1

8

S
2=

1.
39

N
=

L7

it,
 ,=

3 
' o

|r
J 

=
 1

9

F
^ 

^=
2.

5
lrz

S
 =

 1
.0

4

52
 =

L.
02

R
et

en
tio

n
T

es
t 

(b
4)

S
 =

 1
.1

0

S
2=

1.
08

\J
=

17

T
'r,

 n=
3 

' 4

N
=

19
f"

 
"=

2.
7

L 
tJ

S 32

=
 1

.1
83

=
1.

40

S
 =

 L
.6

6

S
2=

2.
77

N
-1

9

T
r,

^=
2 

'8

S
 =

 I
.4

9

S
2=

2.
27

H o o

T ,.i
:

i 
l;)

1



| :-a

APPENDIX G

ANALYSTS OF INDTVTDUAL DATA

101.



t: .,- :.:

L02.

APPEhIDIX G

, A subjective analysis of the individual data wilr be

discussed. There was an inconsistency in several of the individual
la:.: _-:

, scoret and an explanation of these scores will be discussed as ,,.,:ì-'

, follows. A graph of the learning curves of the individuals
showing gains and. losses in both control and experimental groups

,i are shown in f igures 3 ,4 ,5 and 6 .
:l

Experinrental Group

j pt.test to retention.test,. Subjects I and 6 showed increases of

i t-t and I.7 months from pretest I to pretest 2. Both subject,s
showed exÈreme nervousness in the first pretest. This accounted

l

j for such low scores during this t,est

subjects 4, 9 , 12, 13 and 19 showed no gains during t.he pre-
test to retention test,. It. was felt t,hat in these cases the

I computer programs vsere not appropriat,e to the needs of the stu-
dent's. lrfore classroom experience was needed in order to develop i

i.the mathematical concepts being drilled on the computer i':

Subjects 5 and 7 showed no gains until the retent,ion test,
and at this time gains of over a year were shown. During the
posttest examination, these children wrote Èheir tests in differ-

:

i ent rooms, isorat,ing them from their peer group. The teacher
I

felt that the student.s performed poorly because they were in
strange rooms and away from their friends during this testing
phase

subjects 1, 6, 8, 10 and t4 showed consistent gains from



I03.
Control Group

Subjects L, 3, 4, S, 7, 10, !2, 13, 15, 16 and ZO showed no

gains from pretest to retention t,est having only classroom
instruction. This tends to be a typical learning pattern in
mathematics with handicapped children. Additional teaching
methods could perhaps change this pattern.

Students 2, 6, B, 9, 12 and 14 showed some gaÍns. These

children were progressing st,eadily in most other subjects as well j'

as in the area of mathematics

some of the order students were totd that erigibility for
high school wourd be'contingent upon good. grades in all areas.
students L7, 18 and 19 showed large gâins in mathemat,ics. rt
was felt that these gains could be related to their aspirations
for high school entrance.
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