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ABSTRACT

This study investigated the efficacy of computer assisted
learning (C.A.L.) in language arts and mathematics with students
who were severely or profoundly deaf. Three groups of students
were.assigned by their class groupings to one of three expérimental
conditions: C.A.L. language arts group; C.A.L. mathematics group;
or the C.A.L. combined language arts and mathematics group. All
three groups. received regular classroom instruction in language arts
and mathematics. According to the treatment céndition, each group
received C.A.L. either in language arts of mathematics or both
language and mathematics for six months, two or three times each six
day school cycle. The subjects were administered the Stanférd
Achievement Test (S.A.T.) before (pretest 1 and pretest 2), after ",
(post test) and three weeks after (retention test) the treatment
period.

The results of this study showed that there was a significant
difference over time. Ho&eﬁer, the results did not reveal statistical
significance among the three treatment groups. Any statistical
significance that was obtained was confounded by two factors: the
selection of bilased tréatment groups; and the use of different
alternate forms of the S.A.T. (1964). Theréfore, it was not possible
to defive any meaningful generalizations, or to predict any trends
from the experimental data..

Although statistical significance was not obtained in this study,

several important observations were noted which have relevant
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educational implications. Severely and profoundly deaf students
were able to work independently at the computer terminal; and C.A.L.
can be a practical means of reinforcing the academic skills of

deaf students.

iv



ACKNOWLEDGEMENTS

I would like to express my gratitude and appreciation to many
péople-—the students, teachers and administrators--without whose
assistance this thesis would not have been possible. Their
cooperation, participation, and assistancé was greatly appreciated.
I owe a Speéial thanks to the veolunteers who helped in supervising
the students while they worked at the terminals._

I wish to express my sincere thanks to my thesis committee,
Professor Maybelle Fergusbn and Dr. Lars Jansson,'for their help
and suggestions. I am deeply indebted to my advisor, Dr. Lauran
Sandéls; for‘his time, effort and patience throughout my research.
His support and guidance was greatly appreciated.

I woﬁld like to add special thanks to my parents for their.
interest and encouragement.

To my wife, June, I am sincerely grateful for her support,
assistance and valuable suggestions. Her encouragement was
invaluable during the difficult times.

Finally to my two sons, Joe and Curtis, this research is

intended to help them to learn as they have helped me to grow.



TABLE OF CONTENTS

Page
ABSTRACT . et i iiiiieteeinesosncessosnsssesnacnan O & &
ACKNOWLEDGEMENT S. 40 te o et tvoonnnoensonsacsconsns .......;.... ..... v
LIST OF TABLES.:vsuueennn. R e eeeeeereeaa. cee %1
LIST OF FIGURES. it it veveneeenoncncnacas e saeaseeane R & & & 1
Chapter

1 INTRODUCTION....eeevernennn. i, 1
2 THE DEAF CHILD..........;......u......... ........ ce e 4
An Introduction to DeafnesS........... Ceeireaseas 4
Definitions and Classifiéation SystemSeiessvensns 5

The Degree of Impairment...coecveoe cesacons ....;. 6 -
The Age of Onset of Hearing LosS....... ceneaasane | 8
The Primary Causes of Deafness........... ceeeena. 10
The Pﬁysical Origins of Deafness....cicvevennvans 12

How Amplification May Help A Hearing Loss........ 14

Behavioral Characteristics of Deaf Students...... 16

Intellectual Development..eveeesocnns R ERREE 16
Educational Achievement...c.ciecevenacenes .....;. 17
Language Development..cvessveecsnsssans teessennens 19
- Methods of Communication............ Cecessensanes 22
Summary....;............; ............. ceereannees 27

vi



.Chapter Page
3 A REVIEW OF INDIVIDUALIZED INSTRUCTIONAL TECHNIQUES
WITH EXCEPTIONAL CHILDREN....cvcoeavoscossoncocconcoccncs 28
Introduction to Programmed Instruction and
Computer Assisted Learning...cecossceconcnss ceeenen 28
Advantages 0f CoA.L.iveeeeneroavuresasncosansonsn 31
Instructional Technology, P.I. and Language
SKLLLS . 1 veeeeneee et eeee e e e e enan 33
P.I. and Arithmetic Skills......n..f.,..........; 38
P.I. With Deaf Students....;0.................... 43
Effectiveness of P;I............................. 53
C.A.L. With Special Education Students...o.cceoons 54
C.A.L. Mathematics Programs..‘ ...... ceeoane eaeeon 55
C.A.L. and Language Arfs Instruction..ieesceccosos vSQ\
C.A.L. in Both Mathematics and Language Arts..... 61
C.A.L. in Use in Deaf Education.......;..ou...... 64
Effectiveness of C.A.L.vevieeiinercenonnnononsnes 713

SUMMATY Y. cvvetreoransossssosrnnssnsaneson chrseeeses 75

L METHOD . euvveeevennvaneens R -

The Problem.......coovvinvieninann. Ceesecosaeanns 78
Research HypothesSeSe .o eeeeeticanstsorvcnanssansas 79
Description of the Research Setting -

The Manitoba School for the Deaf...... veeenenoon . 80
The Sample...ccoreescareanssosonssesosansossoansasan 82

Limitations of the Sample..ceavecereccsncconconss 86

vii



Chapter k Page

4 Measuring InStrumeNt..sceeceoncsossoesnacacsonnes 87
ApparatuS.coeccoscesceanses sestescsacrtannanns ceaans 89
Instructional Programs..... S T 91

Administration and.Procédure‘,................... 98
Pretest 1 and Pretest 2......e.eu.... eeereeees 100
Computer Scheduling.....cviieoevevenannnanes. 100
Post Test and Retention TesSt..iveeveennceeeos 102

Statistical Procedure........ Cereisseasesensessss 102
Analysis of Variance for Repeated
Measures Over Time..;............f........... 102

PoSt HOC TeStS.eeeerencencrosnnanananncocannsaaas 104
SCheffd. it ittt ittt et . 104
Newman - Kedls.o...v..f,........,............ 105

Test for Simple Main Effects..'.................; 105

Analysis of Covariance for Repeated Measures...:,' 106

Intercorrelations.....coiitiiiieiiieninnnrannan.. 106

S RESULTS e ettt rareesonconaoaansannnenenean ce e 107
Analysis of Variance for Word Meaning...... cee.s. 108
Analysis of Variance for Paragraph Meaning....... 110

Analysis of Variance for Arithmetic....cveveveee. 115

Analysis of Variance for Language............ e es. 118
Post Hoc TestS.ciaeeeanenns CeNesencsrsanaanen eves 120
S Y - S ce. 120

Newman — KeulsS..ueeoeeveoeoenoenoecannnnasens 124

viii



Chapter : Page
5 Test for Simple Main EffectS.cccccocsssccncaacaas 132
Analysis of Covariance for Repeated Measures..... 136

Intercorrelations...e... ceceacsverssscannsseansans 136

6 DISCUSSTON AND CONCLUSION. ..uvuvsvereeanoecannnnneanss 151
Analysis_of Variance for Word Meaning...... ceoess 151
Analysis of Variance for Paragraph Meaning....... 154
Aﬁalysis of Variance for Arithmetic;..... ...... .. 156

Analysis of Variance for‘Language..;............. 158

Analysis of Covariance for Repeated Measures..... 159
IntercorrelationSc.cecesecensecs ceessscsasanas eeess 159
General Comment.cooresssasosscnsescans ceeseesaces 160
Implications and Future ConsiderationS........... l62~

Limitations of the Study...ciivicesrocececcnseeas 164

Summary and Conclusions..... T XY
REFERENCES .4 evcoeeennn e teen et aeteeacece s Ceeeetecnsesee. 169
APPENDICES e e vveeneeannns et eteaeeaonaeeannn e ety 192
APPENDIX

A READING COMPREHENSION AND MATHEMATICS COMPUTATION
SCORES v e v e vonnnn e tteeaserese s areaaaeas cenee.. 193
B READING COMPREHENSION AND MATHEMATICS COMPUTATION
SCORES s veve vavevoconensnnnns PR R X
C SUMMARY PROFILES OF SUBJECTS . eveensenorscosasocacea 196

D SAMPLE COMPUTER PROGRAMS. .v.ocecvoaocnnnsas ....e.;... 207



" APPENDIX Page
E DATA TREATMENT DESTON. e vnvnvnonnsersnrnnnnenennnnnnn. 214
F RAW DATA SUMMARY TABLES. .. s eeesensinmonnnenonnnnnnn. 216

G SUMMARY TABLE OF MEANS ... 0o vennnsnoconncncnsens cees. 238




- TABLE

10

11

12

13

14

LIST OF TABLES

CLASSES OF HEARING HANDICAP...ccoevvonvsssnancvans 7

LEVELS OF HEARING TMPAIRMENT...c.ceeuvereancennnns 9
DESCRIPTIVE DATA FOR EACH TREATMENT GROUP......... 85
NUMBER OF Ss WRITING THE S.A.T. SUBTESTS.;..,..... 90

ANALYSIS OF VARIANCES SUMMARY TABLE FOR
REPEATED MEASURES DESIGN (Elementary

Ss-Word Meaning).e.evecceesaresacscsasenansasassass 109

ANALYSIS OF VARIANCES SUMMARY TABLE FOR
REPEATED MEASURES DESIGN (Senior

Ss-Word Meaning) ceceeeeeceenenaneecansonnaneonasss 111

ANALYSIS OF VARIANCES SUMMARY TABLE FOR

REPEATED MEASURES DESIGN (Elementary

Ss-Paragraph - Meaning) .ccucocea... ceesesssscssssses 112

ANATYSIS OF VARIANCES SUMMARY TABLE FOR
REPTATED MEASURES DESIGN (Senior
Ss-Paragraph Meaning)............ ceeenecesannaasace 114

ANALYSIS OF VARIANCES SUMMARY TABLE FOR
REPEATED MEASURES DESIGN (Elementary
Ss-Arithmetic).eeeieceneaeceeneenneanns cecanoan ce. 116

ANALYSIS OF VARIANCES SUMMARY TABLE FOR
REPEATED MEASURES DESIGN (Senior Ss-Arithmetic)... 117

ANALYSIS OF VARIANCES SUMMARY TABLE FOR
REPEATED MEASURES DESIGN (Senior Ss-Language) .... 119

MULTIPLE COMPARISONS OF TREATMENT MEANS USING
THE SCHEFFE PROCEDURE (Elementary Ss-Word
Meaning) eceeecconveoanescons thesteesresanas ceeaane 121

MULTIPLE COMPARISONS OF TREATMENT MEANS USING
THE SCHEFFE PROCEDURE (Elementary Ss—Paragraph
Meaning) ..o rerecnoaacacoscnsossonoss cheseasaes .. 122

MULTIPLE CQMPARISONS OF TREATMENT MEANS USING
THE SCHEFFE PROCEDURE (Elementary Ss—Arithmetic).. 123

xi



TABLE

15

16

17

18

19

20

21

22

23

24

25
26
27

28

-PAGE

TEST ON MEANS USING NEWMAN -~ KEULS PROCEDURE
(Elementary Ss-Word Meaning)....eeeecaceecensaaass 125

TEST ON MEANS USING NEWMAN - KEULS PROCEDURE
(Elementary Ss-~Paragraph Meaning) ....vvevnvnaan ee. 126

TEST ON MEANS USING NEWMAN - KEULS PROCEDURE
(Elementary Ss-Arithmetic).c.cievieveennacnnananss 127

TEST ON MEANS USING NEWMAN KEULS PROCEDURE
(Senior Ss~Word Meaning).sseeeeeeseeassoenannsaesss 129

{

|

TEST ON MEANS USING NEWMAN - KEULS PROCEDURE _
(Senior Ss-Arithmetic)..ceeiereienneeenunneonnns .. 130

TEST ON MEANS USING NEWMAN KEULS PROCEDURE
(Senior Ss-Language)..ceeeeveseescsenns veresssesass 131

ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS
(Elementary Ss-Word Meaning)....eeeeevocnceanceees 134

ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS
(Senior Ss-Language)..eeeeececocessescncnonaans eo« 135

ANALYSIS OF COVARIANCE
(Flementary SS).eceenencecsenannn ceesserasesessess 137

ANALYSIS OF COVARIANCE
(Senior SS).enuiierieerennesnnnenacecnsosasaansssas 138

CORRELATION MATRICES FOR WORD MEANING. .. ccoeeeen . 140
CORRELATION MATRICES FOR PARAGRAPH MEANING. ....... 141

CORRELATION MATRICES FOR ARITHMETIC...0veevseennees 142

CORRELATION MATRICES FOR LANGUAGE...v.veveeansrass 143

xii



FIGURE

LIST OF FIGURES

Page
FLOWCHART OF PROCEDURE FOR EXPERIMENTAL STUDY..... 99

GRAPH OF MEAN SCORES IN WORD MEANING FOR
ELEMENTARY S5 OVER TIME.....0vveeoureeannnnnnennna. 144

GRAPH OF MEAN SCORES IN WORD MEANING FOR
SENIOR S8 OVER TIME...ceuverovnennnannannannananss 145

~ GRAPH OF MEAN SCORES IN PARAGRAPH MEANING FOR
- ELEMENTARY S5 OVER TIME....cuvveeevunrnnnnnnnenans 146

GRAPH OF MEAN SCORES IN PARAGRAPH MEANING FOR
SENIOR Ss OVER TIME....v0...... R 1

GRAPH OF MEAN SCORES IN MATH FOR ELEMENTARY Ss
OVER TIME . ¢cieaeeenanosancnossssossnccnnnnnns een.. 148

GRAPH OF MEAN SCORES IN MATH FOR SENIOR Ss
OVER TIME....uvuenenenecononannnnnn P 11

GRAPH OF MEAN SCORES IN LANGUAGE FOR SENIOR Ss )
OVER TIME.uceecoansenacncnusnoencsnnonsacnanssnass 150



CHAPTER I

INTRODUCTION

During the past decade, considerabie research has accumulated
which suggests that Computer Assisted Learning (C.A.L.) has the
potential to serve as a useful instructional tool to supplement
traditional classroom instruction. Three major factors have made
- computers increasingly available as iInstructional devices within
many school systems: the development of programmed instruction (P.i.),

the rapid growth of minaturized electronic components, and reduced
computer hérdware costs. Computer technology has lohg been an allyh
of industry, but only recently has the field of education realized

its versatility and rich potential. ‘

One of the goals of education is to focus on the individual needs

of students. ‘C.A.L. has the capabhility to provide a program of
-individualized instruction. Since the mid 1960's, P.I. and C.A.L. have
been used successfully to individualize instruction in the public
elementary and secondary schools and in universities. Recent research’
suggests that P.I., and C.A.L. could be used to tailor instructional
materials to meet the specific needs of exceptional children in
special education. It would appear that a practical use of C.A.L.
could be with exceptional children who need the additional instructdion
and remediation that computers may provide. Thus it seems feasibie

that C.A.L. may help to improve the educational achievement of



students who are deaf.

The National Advisory Committee on Education of the Deaf has
established that an individualized program of instruction is one of
the basic rights to which all deaf persons are entitled (Withrow,
1973, p. 405). Surveys suggest, however,'that many deaf. educators
persist in using traditional teaching methods and materials developed
for hearing children. Current stuﬁies of academic achievement of the
deaf would seem to indicate that the continued use of these methods
and materials will perpetuate the disproportionate number of
underachieving young deaf adults who graduate from schools and
classes for the deaf each year. It is incumbent that educators of
the deaf continue to search for innovative methods and techmiques to
help improve the academic competencies of deaf students.

C.A.L. is one éuch innovative method that may optimize the
learning process. The computer may have significant implications
f0r.deaf education in that it provides a non-oral, visual approach to .
learning. The high motivational lgvel that may result ffom the
computer's self-instructional process further suggests that the
computer may be a véluable adjunct of instruction for deaf children.
The computer may enrich the teaching process as well as offér unique
-learning opportunities for individual deaf children.

P.I. has’been used successfully in the past with deaf students
in both the mathematics'and ianguage arts areas. Research with C.A.L.
" suggests that deaf students can be taught computational skills with
- the éomputer. Although favorable results with C.A.L. have been

obtained in the language arts area, further research is required to
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demonstrate its efficécy. The results and implications of previous
research that used C.A.L. with deaf students, will be used as a
frame of reference for the present investigation.

The development of a C.A.L. enviromment poses certain problems
that need to be resolved before it can be instituted in a school for
the deaf:

1. Deaf students must be taught to manipulate the

controls of a computer terminal, especially the
telephone, effectively and independently.

2. Young deaf students must be trained over many
sessions before they can be expected to use the
computer terminal independently.

3. Appropriate and sufficient numbers of programs must
be available to accomodate the diverse needs of

deaf students.

The present study specifically will research the following
questions:
1. can drill and practice programs in mathematics and
languagg arts effectively reinforce skills which
have been previously taught in the classroom; and
2. can C.A.L. help deaf students to retain these
skills over a period of time?
It is the thesis of this study that C.A.L. can be both a practical
and effective means to enhance the academic skills of students who

are deaf.



CHAPTER XI

THE DEAF STUDRENT

An Introduction to Deafness

Deafness and its resultant effects may be compared to an iceberg
(Brill, 1969, p.- 8). The most obvious effect is the deaf person's
inébility to talk normally and to understand the speech of other
people. The more serious problems, such as poor educational achieve-
ment and psycho-social maladjustment, are not easily observed. The
main effect of deafness is the person's inability to develop normal
communication patterns. This communication handicap is the-general
basis from which other serious problems develop.

Deafness is more than just a number on the decibel scale that
describes the severity of a hearing'loss. In addition to the language
difficﬁlties, the effects of deafness vary among individuals, which
makes it difficult to define the term precisely. In order to plan an
effective educational program for deaf students, it is necessary to
understand the factors which influence their psycholagical, social
and emotional development, and tbeir.educational achievements. The
purpose of thils section will be to define deafneés educationally, to
- classify the causes and types of deafness, andlto summarize other
significant characteristics that affect the educational achievement

of deaf students.



Definitions and Classification Systems

In 1975, the Conference of Executives of American Schools for the
Deaf (CEASD) adopted new definitions of the terms "hearing impairment",
"deaf", and "hard of hearing" (Proceedings of CEASD, 1975, pp. 25-28):

1. Hearing Impairment

This is a generic term indicating a hearing disability
which ma? range in severity from mild to profound.
This term includes the subsets of "deaf" and "hard of
hearing'.

2. Deaf
A deaf person is one whose hearing disability precludes
successful processing of linguistic information through
audition, with or without a hearing aid.

3. Hard of Hearing

A hard of hearing person is one who, with the use of a
hearing aid, generally has residual hearing sufficient
to enable successful procesgsing of linguistic

information.

In the last decade a plethora of articles and research has been
disseminated in the field of deaf education. Some of the terms used
can have different meanings depending upon one's perspective and/or
philosophy of deaf education. In‘order to clarify these terms, the
CEASD (1975, pp. 26-28) included in its definition a description of

these troublesome terms:



1. Disability

Hearing disability refers to the partial or total
incapacity to hear sounds due to an impairment of the
auditory system.

2. Impairment
Hearing impairment refers to the physical malformation
or alteration of the auditory system that produces a’
hearing disability.

3. Handicap
A handicap, as related to deafness, exists only to the
extent to which the disability limits the overall

functioning.

Any definition or classification of deafness must include four
basic factors: the degree of impairment, the age at onset of
impairment, the cause, and the physical origin of the impairment.
The first two factors are of critical importance to educators of

the deaf.

I. The Degree of Impairment

Hearing impairment isvgenerally clasgified accordiné to the
level of functional or residual hearing. In 1965 the Committee on
Conservation of Hearing of the American Academy of Opthalmology and
Otolaryngology divided hearing loss into categories of severity of
. handicap based on pure tone audiometric tests (Table 1). Specifically,

each class is defined in terms of the average hearing threshold level



TABLE 1

CLASSES OF HEARING HANDICAP

Hearing Threshold Degree of Abiiity to Understand
Level (dB - ISO) Handicap Speech
0~ 25 N Normal No significant diffi-
culty with faint speech
25 ~ 40 Slight ' Difficulty with faint
speech
40 - 55 Moderate Frequent difficulty
with normal speech
55 - 70 Moderate~ Conversation must be dir-
Severe ected at the person
70 - 90 : Severe Speech cannot be
’ learned by convention-
2l means
90 and Profound With amplification
above = fhe person only

perceives vibrations
and not complete
sound patterns

SOURCE: Adapted from Davis and Silverman (1970).




in the better ear across the speech frequencies of 500, 1,000, and
2,000 hertz (ﬁz) iﬁ terms of decibels (dB) as measured by a pure tone
audiometer (Davis and Silverman, 1970, pp. 254-55). Although these
divisions are arbitrary, they are useful as a general guide of the
degree of severity of hearing losses. Generally, they are indicative
of the student's ability to understand oral speech, and they’sugggst
special provisions that are necessary for the individual with a
hearing impairment to comprehend speech. Although these categories
are widely used by educators of the deaf, they have limited usefulness
in describing a person's handicap if this is the sole means of
classification.

Ihe CEASD (1975, pp. 26-27) developed four similar levels of
hearing loss based on the degree of iImpairment in decibels (Table 2).
Each level is accompanied by an interpretation of its effects on -
communication and language developmeht; and its implications for the
educational placement of hard of hearing and deaf students. The
CEASD recommends that these levels be used in research that-study
optional educational settings and communication methodologies used in

the education of deaf and hard of hearing students.

II. The Age of Onset of Hearing Loss

Deafness may also be categorized on the basis of onset (CEASD,
1975, p. 26), which is particularly relevant to the degree of
language handicap that may result: |

1. Prelingual Deafness

Prelingual deafness is present at birth or occurs at an
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early age prior to the development of speech or language.
Prelingual deafness poses a much more serious educational
problem because of its effects on langﬁage acquisition.

2., Postlingual Deafness

Postlingual deafness occurs at an age following the

development of speech and language.

Recent research (Gentile and Rambin, 1973; Rawlings, 1973; and
" Jensema and Mullins, 1974) estimates that as many as two-thirds of
deaf students whose age of onset is known, are hearing impaired from
birth. They further estimate that 80 to 90 percent of the students
in programs for the hearing impaired in the United States, acquire
their hearing loss by the time they are three years old. In
addition, Rawlings' (1973, p. 8) research indicates that there is

a trend for students who are prelingually deaf to have more severe
losses than those who are postlingually deaf. Thus, the over-
whelming majority of hearing impaired students enrolled in special

educational programs are prelingually deaf.

III. The Primary Causes of Deafness

In recent years, educators have shown increased interest and
'conce§n in the relationship between etiologies of deafness and
their influence on learning and behavior. Research indicates that
a signifiéant amount of the behavioral and educational variance
among deaf persons cannot be attributed solely to the severity of

hearing loss. Rather this can be better understood in terms of



11.

the causes of deafness (Vernon, 1969). Therefore, it is necessary

to discuss briefly the primary causes of deafness to appreciate the
significance of their effects on the potential educational achieve-
ment of deaf students.

The reported causes of hearing loss are categorized into two
groups, pre-natal causes and post-natal causes. However, often
it is not possible to determine the cause of deafness. For example,
reéearch indicates that approximately 25 to 48 percent of deaf
students report no known cause of their deafness (Vernon, 1969;
Rawlings, 1973; and Jensema and Mullins, 1974). The most recent
surveys by Rawlings (1973) and Jensema and Mullins (1974) state that
of students whose cause of deafness is known, approximately
two~thirds report a pre-natal cause.

Maternal rubella is a frequently reported pre-natal cause of
hearing loss. It is the cause of deafness for 15 to 20 percent of
studénts who report a known cause of deafness. Epidemics of rubella
are cyclical; the most severe outbreak occurring in 1964-65.

Calvert (1969) estimates that during'this epidemic, approximately
6,000 American children were born with hearing losses so severe
that they would require special educational intervention. Jensema
(1974, pp.'703-05) reports that, as a group, rubella~deafened
children exhibit certain characteristic traits. They have a more
severe hearing loss than children with other causes, and they have
a higher frequency of multiple handicaps, especially visual,
emotional/behavioral, and heart-related disorders. As a result of

their severe hearing loss and additional handicaps, a high
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proportion of rubella-deafened children are enrolled in special
programs for the multihandicapped deaf,

Vernon (1969) researched the effects of five major etiologies
of deafness: heredity, Rh factor, prematurity, meningitis, and
rubella on the intelleqtual, educational, psychological, and
behavioral development of deaf children. The resulté of his study
re?eal that many secondary disabilities, such as expressive and
receptive communication disorders, mental deficiency, atypical
behaviour, and learning problems are caused by brain damage which
results from the same condition that causes deafness. Vernon
(1969, p. 111) notes that this may be reflected in a population of
less academically capable students.

In the last thirty years, there has been an important change
in the major etiologies of deafness° Brili (1961, pp. 168-75)
reports that prior to the advent of antibiotics in the 1940'sg, as
many as 40 to 45 percent of deaf students were adventitiously
deaf and a large proportion of these students were postlingually
deaf. ‘Now, however, approximately 90 percent of.deaf students
have become deaf by the age of three, and thus, they are prelingually
deaf. The majority of these students begin school with minimal
speech and 1aﬁguage development. This situation indicates why
curricula and methods must necessarily change to meet the needs of

deaf students today.

IV. The Physical Originé of Deafness

Deafness may also be classified according to the area of



impairment in the auditory system. This classification system is

most important for purposes of medical management. From the

educational perspective, it is important to know the area of

impéirment to determine the audiological needs of the individual.

"There are three main types of hearing loss:

l'

Conductive Deafness

Conductive deafness is an impairment caused by
conditions in the outer ear, middle ear, or
Eustachian tubes which interfere with the passage
of sound waves to the inner.ear. Generally, an
individual with a conductive hearing loss has the

same loss of sensitivity for sounds of all frequencies.

. The hearing in conductive losses usually can be

improved or reétored by medical or surgical treatment.

- Sensorineural Deafness

Sensorineural deafness is an impairment due to some

pathology in the inner ear or along the neural

pathway from the inner ear to the brain stem. Most
people born with hearing losses have sensorineural
deafness (Newby, 1970, p. 50). Typically, a person
with seﬁsorineural hearing loss has better hearing
for the lower frequencies than for the high
frequeﬁcies. Sensorineural hearing-losses-generally
cannot be helped-through treatment. Once the nerve
fibers are destroyed, there is no regeneration

possible. The majority of deaf students in schools

13.
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for the deaf have sensorineural hearing losses.

3. Mixed Hearing Losses

Occasionally persons may exhibit symptoms of both
conductive and sensorineural hearing losses. In such
cases, the conductive hearing loss component may be -
treated medically, and the individual may be left with

only a sensorineural hearing loss.

How Aﬁplification (Hearing Aids) May Help A Hearing Loss

A hearing aid is an instrument that brings sound more effectively
to the person's eaf, primarily by making it louder. Its primary
purpose is to make gpeech intélligible for the listener; however, no
hearing aid can ever compensate completely for a hearing loss (Davis
and Silverman, 1970, p. 305). Although a hearing aid railses the
intensity of sound delivered to the ear, this does not necessarily
imply that the person.will be able to discriminate the speech sounds
that he hears. Often parents regard hearing aids as a panacea, and
come to believe that their child will be able to hear and learn to
speak as a result of wearing hearing aids. Mindel and Vernon
(1971, p. 34) state-emphatically that, "In no instance will sound
awareness insure ;hat a deaf child will have normal speech'.

Residual hearing refers to the hearing available,'after damage
to the auditory mechanism has occurred. Many authorities contend
that relatively few heérihg impaired children are totally deaf;
that is, the majority of them have some residual hearing; Ling

(1976, p. 16) reports that many studies indicate that the more
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residual hearing a child has‘and uses, with amplification, the more
natural his speech probably will be. Some authorities in aural
rehabilitation (Sanders, 1971; and Ling, 1976) maintain that even
profoundly deaf persons with sensorineural heéring losses can
benefit from using hearing aids because they have some residual
hearing which is educatioﬁally useful.

Mindel and Vernon (1971, p. 34) however, categorize residual
hearing as being either "functionally useful remnants of hearing in
the higher pitched ranges" or as "useless sensitivity to low-pitched
sounds". Consonant sounds, which carry the information of épeech,
are heard as high frequency sounds; while vowel sounds are heard as
low frequency sounds. Thus, the potential for learning speech
through the amplification éf residual hearing, depends upon the kinq
and extent of residual hearing. The majority of profoundly deaf \
children have little measufablé residual hearing in the high
frequency ranges; and consequently, are rarely able to develop
normai speech and language solely through amplification andvthe
use of residual hearing. Sanders (1971, p. 204) and Ling (1976,

p. 17) acknowledge'that the amplification of residual hearing
should be a part of a multisensory approach in the education of
profoundly deaf children.

‘It is almost impossible to derive a set of criteria to determine
who should wear a hearing aid. In all céses, both the degree of
the hearing loss and the configuration of thevhearing loss through
the speech frequencies must be considered. Persons with a mild or

moderate conductive hearing loss will benefit the most from the use
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of a hearing aid. Amplification of sound will help‘them in their
gpeech production and languége developmeﬁt. Amplification probably
will not influence the speech production and language development
of persons with profound, sensorineural hearing losses. As
previously mentioned, these individuals constitute the majority of
students in schools for the deaf. Through the use of amplification
and auditory training, however, profoundly deaf students can be

taught to discriminate gross envirommental sounds.

Behavioral Characteristics of Deaf Students

I. Intellectual Development

During the past fifty years, there has been extensive research
to determine if deaf people differ significantly from normalAhearing
people in intellectual development. It was assumed that because 6fli
their perceptuai handicap, deaf persons had altered thought processes
thgt set them apart from normal hearing people (Myklebust, 1964;
and Fusfeld,vl967).

Early!research concluded that deaf people were poor in concept
formation and abstract thinking. This research is considered to
be invalid since the tests were tests of deaf perséns' verbal skills
rather than intelligence tests.

‘When nonverbal and performance type intelligence tests are
used, deaf people closely approximate the norms of the hearing
population (Vernon, 1968). Mindel and Vernon (1971, pp. 87-90) have

summarized over fifty independent research studies, and the results
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of these studies indicate that the deaf and hearing populations
‘generally have the same distribution of intelligence. Mindel and
Vernon (1971, p. 87) conclude that, "All the available evidence
demonstrates that there is'no direct relationship between hearing
loss and intelligence'.

Using Piaget's théories of cognitive aevelopment, Furth (1973)
has studied the intellectual functioning of deaf children and
adolescents. _His studies indicate that at the stage of formal
thinking, deaf children exhibit a less mature style of thinking.
Furth states that this is not directly related to their lack of
language. Rather he attributes it to an impoverished environment
which does not éhallenge deaf children as they develop, especially
during their school years.

Intelligence tests that are given to deaf persons will be
valid only if they are administered.by persons. who are Enowledgeable
about deafnesé and.who can communicate vith deaf people. Otherwise
the results will be invalid, since there will be a greater probability

that deaf children will obtain unreliable scores.

II. Educational Achievement

in the last thirty years,vthere has been extensive research on
the educational achievement of deaf students. Vast sums of money
have been spent to research what knowlédgeable teachers in deaf
education already know; namely, that in comparison to their hearing
peers, the majority of deaf students in special schools and classes

are woefully undereducated. Moores (1970, pp. 37-38) has best
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summarized this bleak situation:

...It has been demonstrated consistently that the

educational attainment of deaf children falls far

below what might be predicted on the basis of

chronological age and/or mental development. A

cummulative deficit also has been shown to exist;

that is, the academic retardation of the deaf,

relative to the hearing, increases as a function

of age, due to the tendency for the achievement

scores of the deaf to plateau during adolescence.

After a deaf child enters his teens, annual gains

are typically measured in terms of tenths of years.

The deaf child starts school at a disadvantage which

is continually expanding and is never overcome.

Current studies of the academic achievement of deaf students
indicate that their lowest scores are‘earned on the language and
reading subtests, and that they obtain relatively higher scores on
low language academic areas, such as Arithmetic Computation (see
Appendices A and B). As a result of their language deficit, deaf
students do the best in those academic subjects that do not require
high reading levels.

Research by Moores and Quigley (1969) points out that even
these low scores are spuriously inflated, since the achievement
tests, which are standardized on a hearing population in regular
public schools, assume a base of language proficiency which most
deaf students do not possess.

Recent analysis of achievement testing has revealed strong
relationships between test scores and certain variables (Jensema,
1975):

1. High scaled scores (which eliminate the age factor)

are obtained by deaf students: (a) whose hearing
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loss occurred after the-age of three; (b) who have
- an inherited hearing loss; or (c) who spend less
time in special educational programs.

2. Low scaled scores are obtained by deaf students who:
(a) have progressively more severe hearing losses;
and (b) in addition to their‘deafness have an
additional handicapping condition(s).

It must be noted, however, that these results do not include
the achievement of the growing numbers of_deaf stgdents who are
successfully integrated into regular educational programs.

McConnell (1973, p. 379) mainfains that without these results, an
accurate assessment of the educational achievement of deaf students
1s not demonstrated.

In summary, research results clearly indicate that the majority
of deaf students,‘who have been in special educational programs for
approximately twelve years, are funcfionally illiterate and lack
Basic lingqistic skills; These results reveal how normal learning is
significantly impeded by.severe and profound hearing losses. But |
Mindel and Vernon (1971, p. 94) also attribute this meagre educational
attaimment to educational systems "which have failed to develop the

intellectual potential of the average deaf persons'.

I1T. Language Development
The most serious effect of a profound, prelingual hearing loss,
is the deaf child's inability to develop competent linguistic skills.

The resulting language deficit has a pervading influence on the deaf
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child's educatibnal attainmenf. Despite intensive efforts by
educators, improved methods, and innovative techniques of teaching,
there has been no significant improvement in the encoding and decoding
1iﬁguistic abilities of deaf students.
Research on the development of language in ﬁormal children
suggests that there is a critical period for language acquisition°
These language-formative years appear to be between birth and age
five (McNeill, 1966; Moores, 1970; and Mindel and Vernon,.1971).
If proper language stimulation does not occur dufing this optimal
period, then language development may be severely retarded.
Lenneberg (1967) suggests that this special capacity tovacquire
language maybdisappear‘with the beginning of adolescence. This
suggests that any experiential deprivation during thgse criticél
years for language learning may be irrevefsible in effect (Alterman,ﬂb
1970, pp. 518«19),A
Although grammatical speeéh does not begin before one and a
half years of age (McNeill, 1966, p. 22), it is estimated that by
age five, a hearing child has a vocabulary of 8,000 to 20,000
words. Research indicates that fivé and six year old children use
all the basic sentence patterns of English in their speech (Loban,
1963; asvreported in Smith, Goodman aﬁd Meredith, 1970, pp. 9-10).
By age five, the normal child is fluent in his native language,
"""" and he continues to refine his grammar until by age ten his
master& is equivalent to that of adults (C.‘Chomsky, 1969; as
reported in Kennedy, 1972, p. 1). Thus, in an extremely short

period of time, a child has developed the foundation for language
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competence. As the child's language develops; it becomes a tool
whereby he derives meaning from the world around him.
| The language development of tﬁe prelingually, profoundly deaf
child stands in sharp contrast to that of the normal hearing child’s.
It is extremely difficult to obtain an accurate measure of the
receptive and expressive vocabulary of very young profoundly deaf
children. - These children may communicate by using gestures, oral
speech, speechreading, audition, fingerspelling, signing, énd
reading, either singly or in various combinations. It ié probably
for this reason thét the writer has been unable to find in the
literature any recorded estimates of the vocabulary development'
of young deaf children. It_isvthis writer's opinion, however,
that it is not uncommon that many young deaf children begin school
with an expressive vocabulary of less than one hundred words,
regardless of their method of communication. A. van Uden (1970,
p. 525) suggests that with intensive parent home training and
auditory training, deaf children can develop a spoken vocabulary
of 300 words by age five. It is generally agreed that deaf children,
at age six, h;ve littlé or no functional knowledge of sentence
structure.

According to McNeill (1966,7pp, 5-6) all children have an
innate capacity to acquire language. N. Chomsky (1968) states
that appropriate experiences are required to trigger the language
processes into operation. Exposure to the language enviromment in
the home is usually sufficient for the normal child. The profoundly
deaf child requires specialized language teaching to compensate for

the absence of auditory input. Several methods, that reflect the
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prevailing_theory of grammar, have been developed to teach.language
to deaf children:' the Wing Symbols (1880); the Barry Five Slate
(1889); the Fitzgeréld Key (1926); and the Natural Approach
(1958). A detailed account of these language methods is provided
by Miller (1964). The most recent method to appear is the Rhode
Island Language Curriculum (1968) which is based on transformational
generafive grammar. Current achievement results suggests that
educators of the deaf still do not have the appropriate method(s)
to help profoundly deaf children acquire mature linguistic skills.
The majority of deaf children do not develop a formal method
of communication until they begin school. The main exception are
deaf children born to deaf parents who begin to use manual
communication with their children at a very early_age. Without a
~ formal means of communication, the critical years for language
acquisition for the majority of déaf students are irretrievably
lost. Moores (1970, p. 43) states: ''perhaps any language program
that is initiéted‘after the age of five, no métter what methods
are used, is doomed to failure for the majority of deaf éhildren".
In view of the critical years for language acquisition, it is impera-
tive that deaf children be exposed to language as soon as their
hearing loss has been diagnosed. A lack of effective communication
during these formative years may have significant>implications

for the child's future development.

IV. Methods of Communication

The development of communication is the most important
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objective in the education of deaf children. A recent survey

by Jordan, Gustason, and Rosen (1976) indicates that the oral/aural
.method, the Rochester method, and total communication are the three
communication methods which are most widely used in classes and
schools for the hearing impaired. In order to emsure clarity of
discussion, these three methods are defined as follows:

1. Oral/Aural Method

This is a method of instruction which relies on
speech, speechreading, amplification of residual
hearing, reading and writing. In its purest form,
manual communication is not permitted.

2. Rochester Method

This is a method of instruction that uses finger-
spelling simultaneously with’speech,‘speechreading,
and amplification. This method does not permit any
other form of communication.

3., Total Communication

Total communication is an eclectic method of
instruction that incorporates aural, manual, and

oral modes of communication.

It should be hoted that each of these three communication
methods is commonly regérded as a philosophy of deaf education,
which then is incorporated in the classroom as a method of
instruction. In addition, the‘Rochester method and total

eommunication are to be distinguished from manual methods of
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communication that are used by the majority of deaf people in
their conversation with one another.

The following definitions of the different forms of manual
comnunication are adapted fr&m Fant (1974, pp. 189-97) and Brasel
and Quigley (1975, pp. 1-4):

1. Manual Communication

Manual Communication is the generic term used to
represent the language of signs, fingerspelling and
structural pantomime. The term encompasses all
variations in the language of signs from grammatiéally
structured Manual English to the unstructured
American Sign Language.

2, Manual English

Manual English is a combination of signs and finger-
spelling which attempts to~adhere to grammatical
English syntax. The signed and fingerspelled words
of the message generally bear a one-to-one relation-
ship with the same message when spoken verbally.
Recently, several similar Manual English systems
have been developed in an attempt to teach grammatical
English to deaf children. These systems, which are
éommonly referred to by their acronyms‘are: SEE,‘
Signing Exact English; SEE, Seeing Essential English;
and VE or LOVE, the Linguistics of Visual English.

3. American Sign Language

American Sign Language is the typical language deaf
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people use when conversing with each other. 1t is
often referred to as ASL or "Ameslan''. Some consider
it to be a language in itselfbbeéause it has a unique
grammatical structure (Fant, 1971; and Stokoe, 1960;
as reportéd in Brasel and Quigley, 1975, p. 2). Fant
(1974, pp. 195-96) maintains that "Ameslan" is the
first language for the majority of deaf people,
since it is the language with which they are most
comfortablé and fluent;‘and English is their second

language.

Since fhe 18th century, deaf education has been confronted with
the oral-manual communication controversy. The debate, now, as
then, is between proponent$ of the oral philosophy, who maintain thaf\
deaf children must be taught by only éral/aural means, and those
who believe that oralisﬁ should be supplemented with other techniques,
netably fingerspelling and/or sign language. Those who support
the oral philosophy believe that the majority of deaf children can
be taught to speak and to comprehend spoken language through
intensive training in lipreading and auditory training; They feel
that any form of manual communicatién will hinder‘or prevent
development of the child's ability to speak and lipread. Their
philosophy rests on the belief that training in speech and
speechreading ensures an easier adjustment to the world in which
speech is the chief medium of commdnication (Miller, 1970, pp. 216-

17).
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Advocates of total communication point out that many deaf
children are not able to develop good speech and lipreading:
gkills, and many are not able to develop these skills at all.

They regard the fingerspelling and sign language components of

‘total communication as a necessary prerequisite for successful

communication. Their position is based on the law of individual:
differences{ that 1s, since not all deaf children are able to
learn speech or speechreading equally well, the means of communication
uged to teach them should match their abilities (Brill, 1974,
pp. 257-60). For many deaf children, total communication becomes
the preferred mode of communication through which knowledge of
language and other subject areas can be developed. Despite basic
differences in philosophies, both groups have similar long—range
educational goals: improvement in speech perception, ééédemic
ability, language skills, and psychqlogical well-being (Simmons-
Martin, 1972, p. 549).

The tragedy of the debate between oralism and total communi-
cation 1is that it haé often forced educators to defend their teaching
methods (Kennedy, 1972, p. 10). Historically, the defense of

either philosophy has been based on rhetoric and emotion rathef than

on the results of empirical research. Although recent research

tends to support the claim that educational achievement is enhanced
throughbthe use of total communication (Vernon and Koh, 1970, 1971;
and Moores, Weilss, and Goodwin, 1974) there is some current research
which suggests that the efficacy of any one method is not conclusive

(White and Stevenson, 1975; and Beckmeyer, 1976).



Summary

Ihé information presénted herein suggests that there is a
myriad of complex factors that have a profound influence on the
education of children who are deaf. It is readily apparent that
if educators are to assist deaf children to attain their maximum
potential in their psychological, social, emotional, and academic
development,kthen it is incumbent that educators plan
individualized programs that will best meet the individual needs

of their studentsu

27.



CHAPTER III

A REVIEW OF INDIVIDUALIZED INSTRUCTIONAL TECHNIQUES WITH EXCEPTIONAL
CHILDREN

INTRODUCTION TO PROGRAMMED INSTRUCTION AND COMPUTER ASSISTED LEARNING

The underlying principles of Computer Assisted Learning
(C.A.L.) are found in Programmed Instruction (P.I.). The features
and advantages of C.A.L. are similar to those provided by P.I.
Research suggests that both P.I. and C.A.L. are effective methods
that facilitate the learning of academic and social skills by both
:egular and special education students.

Modern developments in P.I. begin with tbe work of
Dr. S. L. Pressey in the 1920's. Dr. Pressey developed ﬁachines
thét could teach and test by using multiple choice questions.

Dr., Pressey's work mét with little support until the 1960's. Then,
renewed interest in P.I. developed with the work of B. ¥. Skinner's
"linear programming' and Norman Crowder's 'branching programming'.
Féllowing their work, the.use of P.I. exploded as countless numbers
of business, educational, industrial and military organizations
utilized P.I. via the teaching machine. Much of this initial
enthusiasm diminished, however, when it was discovered that the
teaching machine was not the panacea it was anticiéated to be. Since
these beginnings, much experimentation, adaptation, and refinement
have continued with the result that now P.I. has gained acceptance

in education in both written and machine form.
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P.I. is a direct application of learning theory provided by
theorists on human learning to instructional procedures. Pressey
(1967), "the father of teaching machines", defines P.I. simply as
planned instruction. Pfau (1970, pp. 344) states that P.I. is
concerned with the precise selection and arrangement of subject
matter so tﬁat the student is able to move from entry level to
mastery level in the most efficient manner. According to Green
(1962, p. 111) the basic paradigm of P.I. is the-interaction
between the pupil and the programmer. The most important
characteristic of this interaction is that reinforcement of one
person's behavior depends upon the action of another person for
its mediation. Deterline (1962, pp. 4-5) states that the identify-
ing characteristic of P.I., in both book and machine form, is the
active role assigned to the student. Active responding refers to
thinking, verbalizing at an intellectual level, and reacting to
the subject matter. Other characteristics of P.I. include the
sequential presentation of small steps, immediate feedback,_
self-pacing, and high probability of correct responses.

The concept of C.A.L. is based on the principles of P.I.
and individualized learning. Although there is a forty year
history of computer technology, computers wefe not installed in
school systems until the 1960's. Since that time, the use of
C.A.L. has Increased to the extent that it has ceased to be a
novelty on the educational scene. It has bgen demonstrated to be
a.techhologically feasible tool in the teaching/learning process

(Taylor et al., 1974, p. 1). Atkinson and Wilson (1969, p. 3)
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attribute this rapid growth of C.A.L..to the rich potential of‘
C.A.L. to answer today's most pressing neéd-in education--the
individualization of instruction.

" The computer? with its attributes of speed in problem solving,
virtually endless storage and retrieval capacity for enormdus
numbers of facts, and its system of logical ordering of informationm,
seems naturally suited to the educational process. There are
various applications of computers in education, for example, C.A.L.,
Computer Managed Instruction (C.M.I.), Computer Supported Instruct-
ion (C.S.X.), Computer Administered Testing and the teaching of
computer science. There are indications that the use of computers
in education will continue to expand in type, number and importance.
A recent survey indicates that 26Z of all secondary schools in the
United States'ﬁow Qse computers specifically for instructional
purposes (vonFeldt, 1977, pp. 2-3). It has been predicted that
within five to ten years, practically all high scﬂool and college
students will be using a computer daily (Piécewicz, 1977, p. 15).

C.A.L., as used in this study, is defined as: "A man-machine

" interaction in which the teaching function is accompliéhed by a
.computer system without intervention by a human instructor. Both
training material and instructional logic are stored in computer
memory" (Salisbury, 1971, p. 48). Taylor et al. succinctly define
Computer Assisted Instruction (C.A.I.) which is synonymous with
C.A.L., as "the use of the computer for direct instruction of
students" (Taylor et al., 1974, p. 2).

Within the context of C.A.L., there are three basic modes
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of instruction which are defined by Taylor et al. (1974, pp. 3-21)
- 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 student in practicing skills. With
drill and practice, facts or skills are taught
through some othey mode or means. The students
then use C.A.L. drill and practice to memorize
those facts or to practice those skills.,

2. Tutorial

The tutorial mode of C.A.L. is intended to
approximate the interaction which would occur
between a skilled, patient tutor and an individual
pupil. A tutorial system is used initially to
present a concept and to develop a student's

skill in using the concept.

3, Simulation

In this mode of computer use, the learner is led by
the computer through a learning situation similar
to actual on~the-spot learning, as if the learner
were in the real-life situation. The model of
reality may represent an economic system, a social
system, a set 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
test and refine decision strategiles.

Advantages of C.A.L.

Majer (1972, pp. 86-89) suggests that there are many advan-

tages of C.A.L., but they can all be subsumed under the

individualization of instruction. Majer (1973, p. 24) also
contends that it is unlikely that a teacher could match the
computer's effectiveness over a long period of time. Suppes (1965)

suggests that only computer. technology may be able to accomodate
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individual differences in subject matter learning. Lance (1977,
pp. 92-97) maintains that with the implementation of Public

Law 94-192 in thé United States, an individualized program of
instruction for every exceptional child can be achieved only with
the help of computer technology.

Among its many advantages, vonFeldt (1977, pp. 7—8).reports
that the use of C.A.L. in education results in:

1. the increased availability of the teacher's time:

2. individualized learning, at the student’s own

pace; and

3. reduced learning time.

These advantages were confirmed in a study.conducted by Butman
(1973). The results of his study revealed that significant
’reductions in training timé occurred when students used C.A.L.
In addition, the monitoring and reinforcing features of C.A.L.
provided the students with the motivation and skills to move
ahead at their own pace.

Cogen (1969, pp. 38-41) has 1istéd seventeen advantages of
C.A.L. in special education. Bﬁtman (1973) argues that C.A.L. is
most economical and most effecﬁive when used in special education.
Sandals (1973, pp. 36-41) statesbthat in comparison to traditional
methods of instruction, the handicapped child may benefit from
C.A.L. since: |

1. the material is presented in small logical steps so

it is easy to master;

2. the student is able to work at his/her own speed;
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3. the studént is actively involved and receives
immediate personalized feedback:

4, the use of small steps accomodates the studént's
shbrt attention span and_thereby focuses his/her
attention on the learning;

5. the consistent immediate feedback helps éhe student
to become an independent learner;

6. the teacher is better able to individualize
his/her teaching; and

7. the student often becomes more highly motivated,
and this may generalize in the form of ﬁnproved

behavior.

One of the main goals of special education is to provide the
students with an individualized program of instruction. Both the
general and specific advantages of C.A.L. strongly suggest that
C.A.L. has tremendous potential‘to meet the specific needs of
exceptional childreh.' Research suggests that both P.I. and
C.A.L. can providé the additional instruction and remediation

that children in special education require.,

Instructional Technology, P.I., and Language Skills

| Woolman and Davy (1963) developed a series of programmed .
textbooks on reading skills for use with mentally retarded persons.
It wasvfound that the use of these P.I. texts significantly

improved their achievement. as compared to gains with conventional
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teéhniques.

Studies by Pérsons (1963) and Naumann, Porter, and Wensley
(1964) both obtained significant results in the acquisition of
reading and writing skills using P.I. methods witﬁ mentally retarded
children.

Malpass (1963) evaluated the effectiveness of automated
instruction with Educable Mentally Retarded (E.M.R.) and Trainable
Mentally Retarded (T.M.R.) institutionmalized children. The results
revealed that éutomated instruction was more effective than conven-
tional classroom instruction im teaching word recognition, spelling
and reading skills.

Blackman and Smith (1964) compared conventional classroom
methods and prbgrammed teaching machines in teaching reading to
E.M.R. children. The results indicated that there were no
significant differences between the methods of instruction.

Malpass (1966) tested the effectivemess of P.I. in teaching
basic reading skills to slow learning, culturally different
kindgrgarten.children. Forty—five children were divided into
thrée treatment groups: \the control group received traditional
classroom instruction; one experimental group was machinebtaught;
and the second experimental group used programmed workbooks. The
results revealed that:

l.. both experimental groups made significant vocabulary

gains as compared to the control groupg and

2. there was no significant difference between the

machine-taught and programmed workbook methods.
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Vergason (1966) compared automated slide projectionlinstruc—
tion with traditional teaching methods with E.M.R. subjects.
Results indicated that after periods of 1, 2, 4, and 15 months,
significant differences in sight vocabulary retention rates were
found in favor of the subject; who received automated instruction.
Vergason concluded that the systematic overlearning produced by
automated instruction might have been responsible for the.different
retention rates.

A study entitled The Peabody—Chicago—DetroitAReading Project,
was instituted by Woodcock (1967) to compare six mefhods of
teaching beginning reading to young E.M.R. children, who were
non-readers. The six methods investigated were: (1) Language -
Experience, (2) traditional orthography, (3) basal reader,

(4) I.T.A., (5) Rebus, and (8) programmed textbooks. After two
years of instruction, results indicated that there were no
significant differences on séven reading achievement measures
Vamong the six methods. Woodcock concluded that instructional
approach did not significantly affect the reading achievement of
young E.M.R. children during the first two yéars of instruction if
they were non-readers at the outset.

Warner (1967) used P.I. in teachingiphonic skills with three
groups of exceptional children: mentally retarded chiidren;
neurologically impaired children; and emotionally disturbed
children. Thelresults revealed that the mentally retarded and

emotionally disturbed groups of children made significant gains



36.

between initial and terminal performance. Girls as compared to
boys, and children younger than the mean age of eight, made more
significant progress than those who were older than eight years.
Malpass, Williams and Gilmore (1967) compafed two formats of
P.I. and conventional instruction to‘teach reading and spelling to
three groups of retarded children. It was found that both P.T.
methods, the Mast Teaching Machine and programmed workbooks,
were superior to conventional classroom instruction. There were
- no significant differences between the.two P.I. methods.
Steg (1968) and Bender (1968) studied the effectiveness of
two teaching machines in teaching reading and 1anguage skills to
disadvantaged pre-kindergarten children. 'The machines used were
the Edison Responsive Talking Typewriter and the Story Telling
Automated -Reading Tutor. Results revealed that both teaching
machines were more efficient than regular class?oom instruction.
A study undertaken at Tulane University (1968), measured
the effects of group P.I. on reading to Head Start children.
The Sullivan Associates Readiness in Language Arts was used with
-fifteen children in each of five experimental Head Start classes.
Fqual numbers of children were used in the control groups. The
" results revealed that the experimental group made greater gains
in (1) recognition and identification of letters, and (2) familiar-
ity with numbers and letters. The control group made larger gains
in (1) familiarities and differences in word formations, and (2)
understanding oral instructions and sensitivity toward sounds.

Significant differences were obtained in some areas.



37,

Ellson, Harris and Barber (1969) conducted a study in the
Indianapolis city-center schools that evaluated the effects of
programmed tutoring and traditional directed tutoring in teaching
reading to first grade disadvantaged children. Two experimental
grouﬁs received programmed tutoring either once or twice a day
for fifteen minutes per session; while two control groups received
either one or two daily sessions of directed tutoring. 'The results
indicated that programmed tutoring was superior; however, only
programmed tutoring twicé a day was statisticallyvsignificant.

Richardson and Collier (1971) used a highly-structured
programmed method to teach basic reading skills to an expetiméntal
group.of twelve dyslegic children. Post test results revealed
that the experimental group was superior to a control on all
measures of decoding, and that they could generalize these
decoding skills to unfamiliar content.

Fricklas and Rusch (1974) evaluated the teaching effectiveness
of the Trimodal Programmed Instruction in Reading with elementary
school children. These children had been making limited or no
progress in their reading programs despite other remedial
procedures. Nine subjects interacfed with.a Teledesk which
utilized the child's audio, visual and kinesthetic modalities.

The Trimodal Reading Instruction approach employed the whole
word method of reading instruction. After two months of instruc-
tion, post test scores revealed that the students’ word recognition

“and comprehension skills increased dramatically.



P.I. and Arithmetic Skills

A study by Price (1961) compared three methods of teaching
the prineéiples of addition and subtraction to mentally retarded
students. The three teaching methods used were: (1) programmed
materials that required that the anéwer be written~ing
(2) programmed materials that used multiple choice (MC); and
(3) conventional teaching. The two experimental groups received
instruction by means of teaching machines. Differences between
the pretest and post test scores indicated that there were no
significant differences between the three groups in the émount
learned except in subtraction where the MC machine taught group
was superior. The results also revealed that the two machine
taught groups made as much progress, but required considerably
less time than the conventional teaching group.

Blaclman and Capobianco (1965) gvaluated P.I. using teach;ng
machines to teach reading and arithmetic to E.M.R. adoleécents.
An experimental group was taught by teaching machines, while the

control group was taught by traditional methods. The findings
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indicated that both groups improved significantlyvin both subject -

areas, but no superiority was shown by either teaching method.
Rainey (1965) also evaluated commercial P.I. in arithmeéic
with two matched groups of E.M.R. subjects. The experimental
group used a MIN-MAX Teaching Machine to drill multiplication and
division facts. The control group received regular classroom

instruction. The results revealed that there were no significant

differences between the two methods; however, there were consistent
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differences in favor of the experimental group.

In a follow-up study, Raiﬁey and Kelly (1?67) compared the
effectiveness of a commercial programmed aritklmetic textbook with
two.teacher made prégrams with three matched groups of E.M.R.
students. The three methods that were evaluated were: (1) the
TMI Grollier Multiplication and Division Facts Program; (2) an
understanding approach; and (3) a presentation-practice (rote)
approach for learning arithmetic facts. The results indicated
that the rote approach was significantly better for learning
division facts, while no treatment differences were found for
multiplication. The authors suggested that the subjects would
benefit from P.I. if they ﬁere above the 2.3 grade level in
reading achievement.

A comprehensive study by Coss (1966) researched the effective-~
ness of P.I. in teaching fractions and decimals to é group of
secondary students who were physically handicapped. The subjects
were divided into four matched treatment groups. One group
remained céntinuously with the teacher, and another group continu-
ously with the teaching machines (T.M.). Two groups alternated
between the T.M. and the classroom.. |

Results among the treatment groﬁps revealed that:

1. T.M. instruction was approximately two-thirds

more efficient invtime;
2. T.M. instruction was most effective in

conjunction with classroom instruction:



T.M. instruction was most effective for students
with lower levels of intelligence;

classroom instruction became more effective as the
dinstructional matérial became more complex;

T.M. instruction followed'by classroom instruction
was the most effectiye sequence; and

the teaching machines could be adapted fér use

by physically handicapped students.

Coss concluded that automated visual instruction for the

physically handicapped was effective in that:

l.

P.I. was more efficient than conventional instruc-

tion for this population;

automated instruction was under the control of

the student which enabled the educational progress
to be maintained, notably in situations where
instructional time was reduced due to medical
priorities;

P.I. permitted individual students to work
independently at thelr appropriate grade levels;
and

teaching.machines’haVe the capability of providing
a variety.of subject content to suit curriculum

or individual needs.

Johnson (1966) studied the effectivness of different tech-

40.
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niques to teach arithmetic to mentally retarded subjects. It
was found that the group which used a programmed sequence in
combination with conventional classroom lessons showed signifi-

cantly better results than groups which used: (1) a program

designed by Johmson; (2) T.M.I. Grollier's Elementary Arithmetic:

Addition and Subtraction Facts; or (3) conventional classroom

lessons.

Metzger (1966) used a teaching machine and a P.I. text to
teach basic addition facts to E.M.R. pupils. The results indicated
that both the teaching machine and the P.I. text could.be used
successfully with these students.

Haskell (1967) compared P.I. and conventional instruction
in teaching four basic arithmetic rules to two matched groups of
children who had cerebral palsy. After thirteen weeks of
instruction, there were no differences between the two treatment
groups. Haskell concluded tha£ P.I. was as good as conventional
" methods, aﬁd that the more‘severely handicapped children benefitted
the most from‘P.I.

- Higgins and Rusch (1967) effecfively used a teaching machine,
the audio-visual manipulative (AVM) desk, to teach arithmetic
concepts to E.M.R. children. The results from four separate
field studies revealed that the AVM method was effective, and that
higher post.test scores were dbtained when the children went

through the program twice instead of just once.

Kaplan (1969) used non-verbal P.I. to teach mathematics to
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disadvéntaged inner-city children. The programs Qere designed to
teach simple additive and subtractive operations. Post test
resulte, based on six children who completed the program,
indicated that the mean scores rose by 6.3 points. The degree of
improvement ranged from an increase of 28% to 57%. Kaplan
concluded that:
1. P.I. can be used as suppiémentary materials, and
can be used by the least advanced students;
2. teacherg can learn considerable knowledgg about
students' learning behavior as they work
through the planned sequences which aim toward
specific behavioral objectives in P.I.; and
3. P.I. enables teachers to "zero-in' on particular

behavioral objectives.

Dezelle (1971) compared P.I. an& conventlional classroom
techniques in teaching arithmetic to junior high school students
who were mentally retarded. No significant differences were
obtained between the experimental group and the conventional
group between pretest and post test scores on the California
Achievement Test. Similar results were obtained by Thilbodean
(1974) who used P,I.-to teach math to E.M.R. students.

In a two year studf in Tacoma, Washington (1971), investi-
gators used the techniques of precision teaching to improve the

academic performance of disadvantaged children who had been

labelled mentally retarded. Included in this program were: the
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systematic arrangement of instructional cues; programmed learning;
reinforcement contingenciess and'continuous measurement of
performance. The results showed that mean grade gains in reading
and math were approximately three times higher for the experimental
classes than for the contrql groups. The results}suggested that

a high percentage of children from an economically depressed area
are labelled mentally retarded for socio-envirommental reasons.
Furthermore, the results indicated that such children are capable
of agquiring basic skills in a learning enviromment which maximizes
pupil performance.

Collins.énd Calevro (1974) used P.I. and a peer tutoring
system to improve the math skills of nine grade eight students in
a mainstreaming program. The students, whose math skill deficits
ranged from 3.8 to 6.6 years, met daily with peer tutors for one
half hour of instrucfion from the Sullivan Associates Programmed
Math Series. After three months of instruction, the students’7

achievement improved dramatically.

P.I. With Deaf Students

P.I. is a form of independent study that offers valuable
learning opportunities for deaf students. Stepp (1971, p. 444)
suggests that the strength of P.I. is found in the logic of its
principles. Stolurow (1960, pp. 78-83) and Pfau (1970, p. 14)
both contend that P.I. has application and advantages in special
education. Snyder (1971, p. 448) indicates that there are certain

unique advantages of P.I. from the students' perspective.
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Falconer (1962, pp. 390-91) claims that there are distinct
advantages of P.I. for use with deaf students. Stuckless and
Birch (1964, p. 296) state that since P.I. is a visual medium, it
can be used as a formal method of language instruction with deaf
students.

One of the first investigations of the use of P.I. with
deaf students was conducted by Thompson in the 1920's (Thompson,
1964, pp. 349-53). Ten young deaf children were given special
reading instruction for'eight months. The children worked
independently at their own rate with "quasi P.I." materials--
vocabulary flash cards, direction sheets, book material, and
practice sheets. A matched group of controls continued with their
regular instruction. Results indicated that the experimental
group made significant gains in reading scores over the control
group. These fesults suggested that language and reading skills
of deaf children could be accelerated by the proper use of
scientifically organized instructional materiais. |

Since 1959, there have been more than forty investigations
in which P.I. has been used with deaf children (Pfau, 1969,
" p. 24). 1In addition; approximately sixty differeﬁt teaching
machines have been used to teach different skills to deaf children
(Pfau, 1970, p. 15). 1In general, the results indicate that P.I.
has had a high motivational value for deaf students. Tﬁis'
research of the use of P.I. reflects the search for more effective

materials and better methods of presentation that will best meet
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the needs of deaf students.

One of the first major investigations of the use of P.I.
with deaf students was conducted by Falconer (1961, pp. 251-57).
He used a teaching machine to teach sight vocabulary to eight
young deaf children. The results of both the post test and
retention test suggested ﬁhat P.I. was an effective adjunct to
classroom instruction. Falconer's research led to numerous later
investigations.

Fehf (1962, pp. 14-21) used P.I. to teach the indefinite

e

articles "a' and "

an" to a small group of eight-to-ten year old
deaf boys.- Results indicated that the students were able to
transfer the newly learned principles to classroom language
activities,

In their respective studies, neither Falconer nor Fehr used
a control group. Consequently, their conclgsions were confined
to-statements that learning had taken place (Stuckless and Birch,
1962, p. 415). However, each study demonstrated‘that P.I. could
be used successfully with deaf students.

Beckmeyer (1963, pp. 415~17) used comercially prepared
programmed materials to teach reading to ten deaf children. The
results indicated that it was feasible to use programmed material
that had been desigﬁed for hearing children, with deaf children,
if the deaf children have the prerequisite reading grade skills
required by the program.

Birch and Stuckless (1963, pp. 317-36) compared P.I. and
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regular classroom instruction on the developmént of written
language of ninety-nine deaf stﬁdents. Their results indicated
that expressive grammar could be taught by P.I. in less than
half the time that conventional instruction required. They
also found that the grammar of adolescent deaf students could be
improved significantly by using P.I. that was constructed to
remediate specific areas of language difficulty. The authors
concluded that programming written language for deaf students
was very feasible.

In a second study, Birch and Stuckless (1963) compared P.I.
with conventional instruction to Eorrect grammatical errors in
deaf adolescents. The students were assigﬁed.to one of three
gfoups: experlmental group One which received a single presentation
of the language program; experimental group Two which had repeated
presentations of the language programs; or the control group
which received graditional instruction. The results revealed
that repeated presentations of the same programs, when coupled
with conventional instruction, resulted in the greatest improvement.
Stﬁckless (1964; as reported in Rosenstein, 1966, p..19l)
subsequently divided the P.I, groups and found that P.I. had
failed to reduce the number of errors in language in children
who had had a good knowledge of grammar at the beplnning of
the study.

‘Roy, Schein, énd Frisina (1964) used an electric typewriter
and P.I. to teach reading to deaf children three to seven years of

age. The results indicated that P.I. produced significant language
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improvement as compared to the gains made by a matched control
group using traditional methods. The authors'suggested that
coordinated programmed language exercises on the typewriter could
supplement the regular language program.

Rush (1964, pp. 356-58) developed a linear program to teach
fifty seven deaf children the language of directions as used in
tests and workbooks. Results revealed highly significant gains
in comprehension. P.I. was found to be an effective and time
saving procedure. A revised version of this study has since
been commercially disseminated (Rush, 1972).

In another experiment, Rush (1966, pp. 219-26) investigated
the use of programmed materials in teaching written language to
thirty eight children ages eleven to seventeen years. Results
indicated that a significant amount of improved learning occurred,
which suggested that P.T. may have wide application to teach
language skills to deaf and other languaﬁe—handicaﬁped people.

A comprehensive study was undertaken by Karlsen (1566) to teach
beginning reading to five vear old, hearing impaired children,
using an automated instructional system of visual reading
instruction. The teaching machine used was the Honeywell
University of Minnesota Instructional Device (HUMID). After
' two years of study, Karlsen concluded that the. teaching machine
(1) could be used to teach young deaf children to read, (2) was
uniquely well equipped to present the printed word effectively,

and (3).had a place in every classroom for deaf children, either
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as the basic system of teaching reading or as‘a system of
suppiemental reading instruction. The most significant conclusion
drawn, however, was that it would require an inordinate amount of -
programming to develop a system of reading materials that would
'bring deaf children up from beginning reading‘toka fourth grade
reading level.

Scherer (1967, pp. 1997-2011) used P.I. and an automated
teaching device to study the reading processes of deaf children
through the simgltaneous presentation of stimuli. Three matched
groﬁps of young Aeaf children, ages six to ten years, were
assigned to one of three experimental groups: (1) speechreading,
pictures, and the printed word; (2) prihted word and pictures and

(3) speechreading and the printed word. The results indicated that

" the students who received the simultaneous presentation of the

three stimuli obtained statistiéally significant higher scores
on the paragraph comprehension and sentence comprehension tests.
It was concluded that the presence of the three stimuli, when
presented in a programmed learning fbrmat, led to more effective
learning of reading skills, |

Lennan (1969, pp. 906-11) used teacher pFepared programmed
matgrials to teach basic vocabulary and language patterné to
sixteen emotionally disturbed boys. Teachers' evaluations of the
students' performance revealed that P.I. also improved teachers’
effectiveness in the plénningvand teaching of their programs.

Brown and Arkebauer (1970, pp. 81-85) found that the

Language Master was an effective tool to teach vocabulary to



49,

young hearing impaired children. In addition it was also noted
that it enabled thé children to assuﬁe a greater role of
responsibility in their educational development; and the Language
Master provided added flexibility in classroom management,

Grigonis (1970) used P.I. to teach verb vocabulary and sentence
structure to seventy eight deaf children five to ten years af age.
FSignificant gains were obtained in verb vocabulary and sentence
structure., The author concluded that P.I. constituted an effective
and efficient teaching technique; and that it had wide spread
applicability for young deaf children.

One of the largest and most comprehensive P.I. endeavour for
the handicapped to be carried out on a longitudinal basis .is
Project LIFE--Language Instructiqn to Facilitate Education of
hearing impaired children. It consists of programmed linear
filmstrip lessons on perceptual training, cognitive thinking and
language/reading. Also, there are supplementary materials--story
books, workbooks, and picture dictionaries. The program is intended
to'teach'receptive language sﬁills and significantly increase the
language learning rate of hearing impaired children; By using
the program it is hoped'that the child will discover "“that hé can
learn independently and that learning can be fun" (Pfau, 1972;

p. 18). Althoﬁgh the program has been field tested and validated
in many centers since 1963, and has beenvcommercially available
since 1973, this writer knows of very little empirical research
that has studied the efficacy of the program.

McKinney (as reported in Spidal and Pfau, 1972, pp. 33-41)
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used Project LIFE to teach language.and comﬁunication skills to
nine illiterate deaf adults. Following a subjective evaluation
of their post-program language and communicative behavior, she
concluded that all subjects made substantial gains in their
linguistic competencies and communication skills.

Vockell et al. (1973, pé. 431-39) studie& the effectiveness
of the Perceptual Training and Thinking Activities Programs of
Project LIFE with two groups of mildly retarded deaf children,
ages eight to twelve. Results revealed that both groups showed
improvement in perceptual and thinking efficiency. The lack of
.a control group and/of randomization of the sample prevent
generalization of the findings; however, the results suggest
further research be undertaken,

The research discussed to this point suggests that P.I.,
as compared to regular teaching methqu, has been quite successful
in teaching language skills to deéf students. However, there is
some reééarch that suggests that P.I. is ineffective. Devine
(1971; as reported in Cline, 1974, p. 93) compared P.I. with
regular classroOm instruction and found that although the scores
for children using P.I. were higher, they were not significantly
higher. Pfau (1969) found that P.I. was not effective in teaching
expressive language to deaf students. Stepp (1971, p. 444)
reported that the initial use of P.I. with deaf students was not
too successful because the réading vocabulary in the commercial
programmed material was too difficult.

Cline (1974,.p. 93) suggests that P;I. may be more effective
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in teaching certain language skills, such as simple reading skills
and simple sentence construction, and that it may be less

effective than traditional inmstruction in teaching speech skills
and vocabulary. The limits of P.I. may suggest that appropriate .
programs to teach these_speech and vocabulary skills have not yet
‘been developed. For P.I. to be effective with deaf students, the
vocabulary, grammar and syntax muét be carefully chosen and written,
and illustrated with a great variety of colorful:pictures (Karlsen,
1965, p. 539).

The lack of linguistic competence in standard English is the
outstanding handicap of deaf persons. Consequently, the area of
language has received mere attention, discussion, and research
than any other aspect of deafness. Suppes (1974, pp. 165-66).
reports that there are few detailed studies, apart'from data on
achievement tests, that deal with the mathematical abilities of
deaf students beyond the skills of aritkmetic. A recent survey by
Johnson'(l977, pp. 19-25) of mathematics programs, materials,
and methods in schools for the deaf indicated that among the 58
schools surveyed (1) approximately 20% are using programmed
mathematics, (2} 167% are using C.A.I. in mathematics, and (3) less
than 57 of instructional time is utilized for individualized
instruction in mathematics.,

A study by Bornstein (1964) found that P.I. was’no more
effective than the lgcture method in teaching high school maths

to deaf students. Furthermore, P.I. required as much and often
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more time than the lecture method. Bornstein noted, however, that
P.I. has a potential advantage for those students who complete

the programmed materials prior to an alloted standard of time. The
problem Bornstein feels, is to identifylthese students before they
beginbto use programmed materials, .

The following studies of P.I. demonstrates the potential for
diverse use of P.I. in deaf education. ,Fessant’(l963, pp. 241-44)
has Qsed P.I. successfully to teach vocabulary, measures and
principles in industrial arts. McGrady (1964, pp. 531-36) used
P.I. to study conceptual learning of two matched groups of young
deaf and hearing children. The significant gains made by the deaf
children between pre and post tests indicated that P.I. could be
used in a program to ﬁelp‘develop their conceptual thinking.

P.I. hés-been used successfully to teach lipreading skills to
hard-of-hearing and deaf students (McDearmon, 1967). Neyhus
(1967)vfounavthat P.I., in the format of motibn picture films, was
more efficient than traditional methods~in teaching lipreading
skills. |

Doehring (1968) used P.I. in pitture-sound association to
assess the nonverbal, auditory perceptual abilities of deaf
children. The results suggestéd that systematic P.I. might bé
a very efficient means of teaching specific auditory-visual
associations; and that such a system could help profoundly deaf
children to learn to identify meaningful nonverbal sounds.

Stepp (1971) used a self-instructional P.I. system to

develop speechreading skills in ten young hearing impaired
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children. The programmed system consisted of an)8 mm film
projector, cartridge fibns,’and a set of headphones. Results of
éhe program indicated that thevchildren could assume respon-
sibildity for some of their learning, and that speechreading

could be programmed for individual learning.

Effectiveness of P.I.

Many.research studies that have compared P.i. to traditional
classroom instruction have concluded that P.I. was more effective.
Schramm (1964) and Hartley (1966), however, have reviewed a large
number of experimental studies in a variety of subject areas and
grades, and found that P.I. was only slightly superior to conven-
tional instruction. Similar results were obtained by Lange (1972).

Fry (1968) has also comparea the effectiveness of P.I. with
traditional classroom teachiﬁg. Fry concluded that the research
literature had not established the superiority of P.I., especially
in the field of reading. Fry suggested that the value of P.I.
was that it enabled the teacher to individualize instruction and

thereby meet the needs of more students. A review .of past research

led Bachor (1973) to conclude that there was little empirical
evidence to support the use of P.I. in elementary language
instruction.

Zoll (1969) reviewed thirty five research studies that used
P.I. in mathematics and foﬁnd that there were no significant
differences between P.I. and traditional instructioﬁ. The research

did suggest, however, that students may require less time to
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complete programﬁed materials.

Krumboltz (1963; as reported in Lumsden, 1974, p. 148)
asserted that comparisons between P.I. and conventional classroom
instruction were questionable in that:

i. classroom teachers vary so widely in conventional
instruction that there is no stable basis for
comparison;

2. programmed materials vary widely in their scope
and quality of writing; and

3. the criterion test may have been designed to measure

only a limited objective.

Jamison et al. (1974, p. 41) noted that the current research
emphasis in P.I. has changed from comparative studies‘of effec-
tiveness to studies of how to improve the programs and how to
increase student interest. Jamison also suggested that future
studies research how student variables relate to achievement

in P.I.

C.A.L. With Special Education Students

The advantages of C.A.L; for studénts'in special education
have been extolled since the early 1960's. The most intensively
researched area has been that of the effectiveness of drill aﬁd
practice programs in elementary mathematics and reading. The
research findings have shown positive results for exceptional

children using C.A.L.
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C.A.,L. Mathematics Programs

Prince (1969) conducted a two year study using C.A.L. with
disadvantaged children. C.A.L. drill and practice programs in
mathematics were used in seventeen schools. At the end of the
first year of the study, a significant difference was found in
favor of the groups using C.A.L. as compared to the groups who
ﬁad regular instruction. A more detailed analysis in the second
year indicated that.there was no significant difference between
C.A.L. and regular instruction. However, significant differences
were found in favor of Negro and low income groups using C.A.L.
as compared to other teaching methods.

Stovall (1969; as reported in Gipson, 1971) and Gipson.(1971)
each studied the effectiveness of C.A.L. in teaching mathematics to .
culturally disadvantaged children. Stovall reported that a drill
and practice C.A.L. program was used effectively to teach mathematics
to 700 elementary school children. The results revealed that the
experimental groups scored significantly higher in computational
skills than did the céntrol groﬁps. Gipson used C.A.L. to supplement
the maths program for grade seven students. Significaﬁt gains were
shown on a test directly rglated to. the programmed materials.
However, significént gains were not demonstrated when a standardized
* achievement test was used,

Beech et al. {(1970) evaluated a Dial-A-Drill program for
disadvantaged‘studeﬁts in New York City Schools. The studenté, in
grades two to six; were telephoned at homeAand given three practice

sessions a week in oral arithmetic problems. Each practice session
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was five minutes in duration. The exercises were generated from
digitized word recordings stored on a computer disk, and the
stﬁdents responded on a touchtone dial telephone. Results
indicated that there was no significant difference between the
experimental and control groups at all grade levels. It was
suggested that the lack of sufficient'computer contact time was
résponsible for the lack of measurable differences between_the
groups.

The authors also surveyed the attitudes of both the students
and parents to the Dial-A-Drill program. Both groups responded
favorably to the experiment, which surprised the authors since.
they felt‘that this population, which was drawn from the boverty
areas of New York, ggnerally had a negative attitude towards
education.

Crawford (1970) used C.A.L. as a remedial technique to teach
arithmetic to underachieving students. The experimental group
received C.A.L. in addition to regular classroom instruction,
while the control group received only classroom instruction.
Although the experimental group made significant gains, statistical
- significance was notAobtained between the two groups. It was
felt that frequent equipment failures, insufficient staff training,
a high rate of gbsenteeism, and an insufficient experimental
period of only eiéht weeks may have contributed to the lack of
significance between the experimental and control groups.

Knutson and Prochnow (1970) successfully used a C.A.L.

simulation program to teach money management skills to Trainable
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Mentally Handicapped (T.M.H.) students. The computer épparatus
consisted of a teletype terminal interfaced with slide presentations
and audio instructions. The terminal keyboard was designed with
ten oversized keys, which permitted actual coins to be placed on
the keys. There were significant differences between pretest and
post test scores. The authors conclﬁdedvthat C.A,L. was an
effective method in teaching social skills to T.M.H. students.

Gipson (1971, p. 11) indicates that there are four advantages
of using C.A.L. frograms. The C.A.L. system can (1) provide
highly individualized mathematical instruction to’a large number of
pupils daily, (2) perform an immediate analysis of the pupil's
mathematical responses, making possible individualized instruction,
(3) keep each pupil and his/her teacher informed of the pupil's
progress, and (4) provide reports to the teachers on class
perfo;mance and item reliability for use in daily planning.

Street (1972) investigated the use of C.A.L. to improve the
basic arithmetic skills of disadvantaged elementary school students.
Standardized test scores revealed that there was no significant
difference betwgen e%perimental C.A.L. groups and control groups.
The lack of significant gain was attributed to (1) frequent
computer shutdowns, (2) studénts working on inappropriate programs,
and (3) lack of supervision of students and the programs‘they used.

Sandals (1973) studied the effectivenéss of C.A.L. in teaching
banking concepts to T.M.H. young adults. ‘Canepts such as budpgets,
deposits, and withdrawls were taught on teletype terminals that were

interfaced with a slide presentation. Significant differences were
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showun between pretest and post test, and between pretest andv
retention test scores. The results also reveale& that tﬁe subjects
were able to transfer these skills to new situations. It was
concluded that C.A.L. was an effective means of teaching money
management skills to T.M.H. persons.

Hill (1976) studied the effectiveness of C.A.L. drill and
practice programs in arithmetic with physically handicapped

children. The experimental group recéived C.A.L. in addition to

regular classroom instruction, and the control group had only

classroom instruction. The results indicated that there was no
significant difference between the two groups. However, the C.A.L.
group made significant educationalvgains in that they showed an
increase in grade level of seven months as compared to a three
month gain for the control group, during the four month

experimental period.

C.A.L. and Language Arts Instructdion

Several researéhers strongly advocate the use of C.A.L. in
language instruction, especially at the elementary school level.
Schiavone, Rowen and Farrell (1971) suggest that C.A.L. as a
supplement tfo reading instruction has several distinct advantagés
over traditional methods. Studies by Fletcher and Atkinson (1972),
Fletcher and'Suppes (1972), and Atkinson_gg.gl.‘(l973) have showvm
that students, when using C.A.L., have made significant and comsis-

tent gains over what would be expected from classroom instruction

alone.
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Martin (1964) compared the effectiveness of the Edison
‘Responsive Enviromment Instrument (E.R.E.) with a comnventional
method in teaching reading to two matched groups of kindergarten
chiidren. The E.R.E. is a multimedia computerized tyﬁewriter
designed specifically for reading instruction. The experimental
group consisted of twenty two children, some of whom were mentally
retarded. The experimental group used the E.R.E. for thirty
minutes each session over a five month period. The control group
was taught by enriched conventional reading methods. The results
indicated that the experimental group learmed to read significantly
better than the control group. The scores of the retarded.children
improved as mugh as those of the other children. It was felt that
the differences between the experimental and control groups would
have been greater if the experiment had continued.

Green (1968) used a multimedia system--slides, a teletype
terminal, and tape recorder--to teach disadvantaged, four year old
children to recognize words and letters. C.A.L. was tested with
middle class and disadvantaged children. It was found that the
programs were more suitable for the middle class children. Green
felt, however, that a C.A.L. approach was 3150 well suited for
disadvantaged children.

Majer (1972, pp. 78-81; and 1973, pp. 23-26) reviewéd a variety
of C.A.L. :eading programs-~remedial, regular curriculum, and special
‘educationw—that had been successful on a range of variables. These

studies revealed that with C.A.L., students: '(1) can learn to read;
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(2) are motivated; (3) have improved atfitudes to learning;

(4) have better school attendance; and (5) have improved their
behavior. In éddition, with C.A.L. teachers were able to make
better diagnosis of reading problems earlier in the sbhool vyear.
Méjer (1972, p. 94) concluded that there was a need to go beyond
our. "traditional instructional strategies in reading', and that
computer technology has "the potential for the level of individ-
ualization necessary for personalized reéding instruction"
(Majer, 1973, p. 23).

Nelon (1972) researched the effectiveness of C.A.L. with
twenty four elementary school children. Twelve of the subjects were
E.M.R. and twelve were children with nérmal intelligence. The
subjects were judged to be.relatively equivalent in mental ége and
developmental levels. The experimental group, which consisted of
E.M.R. and normal children, received computer assisted vpcabul#ry
instruction. A matched control group received only the post test.
The results indicated that there Qere gsignificant differences on
the post test scores in favor of the experimental group. Further
analysis revealed thaﬁ, for subjects of compafable mental age,
there were no significant differences between thé E.M.R. and
normal students in learning, error rate, and the time réﬁuired to
complete the program.

Elfner (1973) conducted a three year reading program for
forty E.M.R. children. The projecﬁ used C.A.Lf in a programmed

format in the first year. In the second year, C.A.L. was converted
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to computer managed instruction. During the final year, supplemen~
tary instruction was presented without the use of the computer.

The results revealed that: (1) significant gains were made by the
forty students; (2) the students required more drill and practice

~ than originally thought; and (3) students who took more time to
respond to questions on the computer showed‘more gaing on the

‘post test.

Smetana et al. (1975) used a highly structured computer
assisted language arts system, the Oralographic Reading Program,
to teach reading skills to learning disabled students. The
students, ages seven to twelve years, were neurologically or
perceptually impaired. At the beginning of the project, the
students were non-readers. The program was designed to develop
skills in phonetic decoding, reading, writing and problem solving.
The students worked approximately one hour per day'with three
learning instruments~-~the Talking Page, the Talking Typewriter,
and the Voice Mirror. After eight months, the students were hble

to decode ﬁords, and were able to read at the second grade level.

C.A.L. In Both Mathematics and Language Afts

A two year‘C,A.I. project was implemented to teach arithmetic
and reading to disadvantaged youths and adults (Hankin et al.,
1967) . This project was to serve as a prerequisite for entering
vocational training. The project was concluded after only one year

- because funding was terminated. However, the results after the
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first year indicated that it was feasiﬂle to use C.A.I. to teach
arithmetic and reading to disédvantaged youthé and illiferate
‘adults.

Leonard (1970) developed a C.A.L.. project for eleven students

who had learning probléms. C.A.L. programs were developed specifi—

»cally for these students in elementary'reading, maths, and
spelling. In addition, commgrcially prepared programs in
arithmetic were used. The terminal was interfaced with slides and
an audio component. Afte; five months of instruction, the results
of a standardized achievement test revealed that the students
obtained improved scores on the reading, arithmetic and spelling

. subtests. It was concluded that C.A.L. was a beneficial teaching
device.

Litman (1973) successfuliy implemented a C.A.L. program for
underachieving, elementary students.‘ Thé drill and practice
programs, in reading, language arts, and mathematics, had been
developed comnercially. After one year, the results showed that
the students obtained achievement scores at the "normal” rate of

one month grade level gain for every month of C.A.L. instruction.

These were better gains than traditional gains of 5.6 months for
every 8 months of imnstruction in other special educational
programs, 1In adaition, greater gains were made 1in language arts

- and maths than in reading. Students who céMpleted more than
100 C.A.L. sessions scored very high gains. It was concluded that
the project was highly successful in providing individualized

instruction.



Berthold (1574) researched the effectiveness of three
Adifferent methods of teaching mathematics and spelling to eleven
minimally brain damaged children. The three methods comfared
were (1) C.A.L., (2) the teacher, and (3) C.A.L. in combination
with the teacher. Significant gains in achievement were obtained
by the teacher, and the C.A.L.-teacher combination. It was
suggested that the poor performance of the C.A.L. method could
be attributed to (1) inadequate numbers and levels of C.A.L.
programs; and (2) the computer program was notbbeing'fully
utilized to meet the needs of the students. |

S't-. Aubin (1976) developed a C.A.L. project for 198
handicapped children in Chicago. Students who had hearing,
visual, mental, orthopedic, or other learning disabilities were
enrolled in C.A.L. math, reading, or lanpuage arts programs that
had been developed commercially. The results of a‘fi§e month
evaluation beriod indicated that the students' academic progress
was directly correlated to the amount of computer contact time
they had had. A survey of the teachers revealed that they were
positive about the benefits of C.A.L. for their students.

Fiorentino (1977) investigated the use of C.A.L. with junior
high schbol students who had learning disabilities. Drill and
practice C.A.L. programs Qere used to teach basic computation and
spelling skills. Three random groups of subjects were randomly
assigned'tobcuA.L, arithemetic, C.A.L. spelling; and to a control

group. After a three month experimental period, the results of a

63.
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standardized achievement test showed that there were no significant
differences among the three groups. Further analysis of the

" results revealed that there were significant differences over

time for both arithmetic and spelling which were attributed to
C.A.L. The significant differences over time in_arithmetic were
due to the gains made by the C.A.L. arithmetic group. Similarly,
spelling gains obtained over time were.due to the gains made by

the C.A.L. spelling group. These latter gains, however, were not
statistically significant. It was concluded that.C.A.L. was an
effective aid in.arill and practice réutines in both arithmetic

and spelling for students who had learning problems.

C.A.L. in Use in Deaf Education.

C.A.L. has been used by deaf students since 1963—69. In
1970,'the.1nstitute,for Mathematical Studies in the Social
Sciences (IMSSS) at Stanford University instituted a éhree year
C.A.L. project for hearing impairea and deaf students. The
‘computer network involved 6Ver 4,000 students in 15 schools for
- the deaf in 4 states and the District of Columbia. C.A.L.
curricula were developed in: (1) elementary maths; (2) arithmetic
word problem solving; (3) language arts; (4) basic English;

(5) algebra; (6) computer programming in AID; (7) computer
_programming in BASIC; and (8) logic and algebra. Specifically,
the language arts and elementary mathematics curricula were

evaluated during the three year project. In their final report
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on tﬁe project, Fletcher aﬁd Suppes (1973) concluded that C.A.L.
(1) can significantly benefit deaf students; (2) is economically
practical; and (3) can support serious research with deaf students.
Following is a.summary of the results of the two main studies
in the elementary maths and language arts curricula with elementary
and secondary school students (Suppes and Fletcher, 1974,
pp. 129-31):
I. Mathematics strands experiment--Suppes, Fletcher, Zanotti,
Lorton, and Searle (1973) studied the effect of varying numbers
of mathematic strand sessions on the acquisition of compufational
skills. The results indicated that: (1) C.A.L. maths strands
curriculum enabled deaf students to achieve Grade Placement (G.P.)
gains in mathematical computation expected of»normai hearing
students; (2) these gains were two to three times greater than
claésroom instruction; (3) the more pften the students used the
computer, the greater the G.P. gain; aﬁd that (4) G.P. gains
could be achieved in short and intensive daily sessions in a
supplementary drill and practice program, in cooperation with
regular classroom instruction. |
II. Language arts experiment——Thié experiment conducted by
Flefcher and Beard (1973) was analagous to the maths strands
experiment. That is, each studenﬁ was allowéd to take‘only a
.specified number of language arts Bessions. The reéults indicated
that varying the number of‘sessions did not have a sigﬁificant

effect. Fletcher and Suppes (1973) concluded that the program
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“was of significant value for those students who completed many of
ﬁhe sessions that theyvattempted, but of much less value for those
students who completed few of the sessions they attempted. The
results of this experiment raise the question whether or not
similar results would have been obtained with only fegular
classroom instruction.

Suppes and Fletcher (1974, p. 131) concluded by asserting
the value of the three fear projedt. They note that 13 of the 15
schools that participated in the project have continued to use
C.A.L., financed by their own funding; while two new schools
will be added to form one network 'that directly resulted from
this project”.

Further analysis of the Stanford project by Fletcher and
Suppes (1976) has yielded additional, interesting findings.
First, if deaf students received one ten minute C.A.L. mathematics
session per day for at least two—thirds of a school year,'a_G.P.
iﬁprovement of 1.0 to 1.5 years can be expected. This is an
' improvemen£ over the usual G.P. increase of 0.3 to 0.4 years
obtained with claséroom instruction. Second, Sﬁppes, Fletchér
and Zanotti (l976)_have demonstrated that precise G.P. gains can
be predicted as a functionvof C.A.L. sessions. Thus, it is
possible to individualize instruction both in the amount of
instruétion required and in the G.P. goél established for each
student. Third, the performance data indicated that @he cognitive

performance of deaf students was as good as that of normal hearing
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students on tasks that did not directly involve verbal skills.
Finally, Fletcher and Suppes noted that the average cost of

C.A.L. for each school was $300 per month or $.60 per student
session. These figures were based on twenty-five student sessions
per day for twenty days each month per terminal. The authors
further suggested that many of the schools had more than tweﬁty—
five student sessions per day, which substantially reduced

their costs per session.

In summarizing the effects of C.A.L. drill and practice
maths programs used at the Kendall School for the Deaf, Behrens,
Clack, éndvAlprin (1969) noted that the students' motivation had
been consistently high; and that the students demonstrated increaged

-maturity towards learning, especially towards tests and errors.
Perhaps most significant, however, was the finding that the students
were able to handle; in word problems, the lanpuage they were
unable to handle in the classroom.

‘Barnes and Finkelstein (1971, p. 468) have aptly stated that
C.A.L. provides educators of the deaf, with an opportunity heretofore.
unobtainable~~that of tailoring instruction to the needs of the
inéividualllearnér, so as to provide an efficient and effective
learning process. It is in this manner that a computer based
system is being used to assist deaf studenfs at the Natiomal
Technical Institute for the Deaf in Rochester, New York to
prepare for advanced maths.

Since 1973, San Antonio.College in Texas has used C.A.L. to

-teach English to freshman students’(Rudisill and Jabs, 1976).
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The program was also adapted for use with hearing impaired students

7 at the college. C.A.L. was interfaced with illustrated slides and

video tape. The lessons on the video tape were presented in total
communication which enabled the hearing impaired students to work
successfully on the terminals. Results of a study revealed tﬁat
the‘composition grade scores of the freshman students had improved
dramatically. The authors concluded that C.A.L. was playing a
significant role in the learning process of hearing impaired
students.

Weyer (1973) conducted a C.A.L. project which used computer
graphics to teach fingerspelling and to measure the configuration
similarities in fingerspelling. The project was evaluated in two
separate experiments. The first experimént measured the éubjects‘
ability to read fingerspelled(sentences at different ratés of
speed. The second experiment measured similarities between
fingersﬁelled letters by assessing the confusion caused by the

rapid presentation of fingerspelling. Overall results of the two

~experiments indicated that the computer-generated alphabet was

a useful toolvfor teaching fingerspelling, and for obtaining
measures of fingerspelling similarities.

’A C.A.L. project was undertaken in mathematics and reading
for 400 visually or hearing impaired students in the Cincinnati
public schoois (Morgan, 1975). Students were given pretests to
determine their needs, and the teachers were trained to develop

appropriate C.A.L. programs and to monitor the students progress.
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At the end of the first year of the project, the fesults demon-~-
strated that C.A.L. was beneficial with deaf students; and that
the deaf students obtained better scores in mathematics than in
reading. Responses to a questionnaire revealed that the deaf
students, their parents, and their teachers reacted favorably
toward the use of C.A.L. The results‘of the first year also
indicated that further hardware and software dévelopment was
necessary befére C.A.L. could be fully implementéd and tested
with visually impaired students.

In September; 1975, C.A.L. was instituted at the Scranton
State School for the Deaf in Scranton, Pennsylvania (Fricke,
1976). A minicomﬁuter and twenty teletype terminéls were installed,
and commercially prepared drill and practice programs in
elementary mathematics, reading, and language arts were used with
the students. In the first year of the project, middle school
students éveraged a 1.3 grade level gain in mathematics and a |
0.4 gain in reading. High school studénts showed a 1.1 grade
level gain in mathematics and a 1.3 gain in reading. Teachers
reacted favorably toward C.A.L., but complained about the level
and limifations of the curricula. The fotal cost of the system
projected for five vears was estimated at $180,000. Based on the
first year's average of 1.7 hours of use per student per week, the
average cost pér student hour was $3.80.

ﬁadachy and Miller‘(l976) reported that C.A.L. had been used

to help college students, who were deaf, to master basic English



70.

structures. The C.A.L. programs were based on an English as a
second language format, since it was felt that the deaf students'
first languagevwas sign language. The lessons began with a
pretest and then branched_to appropriate drills. Some of the
vocabulary lessons were coordinated with video tape presentations
in American Sign Language and Signed English. Future plans
included further development of video tape computer linkups,
whereby language concepts are presentedbin sign language, and then
drill and practice is provided by means of C.A.L., In addition, it
was anticipated that C.A.L. lessons would be introduced into the
regular cﬁrriculum with emphasis on language skills, reading, and
femediatiqn. |
Newcomb (1976) predicts that computer aided language instruction
in deaf education will go beyond current C.A.L. drill and practice -
routines to that of providing automatic grammatical analysis. He
foresees that grammatical processing programs will be developed
which will permit computers to understand English sentencés. With
a model of English grammar, the computer theh could judge the.
grammatical correctness of any sentence produced by the deaf
student. The computer could identify the type and location of
any errors, and could provide immediate corrective feedback.
NewcombAsuggested that if the students were able to responé with
unrestriéted sentence production on the computer, and if the
computer provided large quantities of remedial language practice,

then the use of grammatical processing programs could result in a
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significant improvement in English language achievement for deaf
students. ‘

Nomeland and Harris (1976) developed a C.A;L. laboratory with
drill and practice exercises in mathematics for deaf students at
Kendall School in Washington, D.C. The curricuium offered two
basic math options, fixed and mixed strand. During the first
year 111 students, ages eight to fifteen years, participated in
the project. At the end of the first year, results. of the
Stanford Achievement Test revealed that (1) 20 oﬁt of 28 lower
elementary students achieved at least a one grade level increase
in math, and 8 students increased two years; (2) 15 out of 33
upper elementary students demonstrated a one grade increase;
and (3) 8 out of 23 middle school students increased one grade
level or more. The lower achievement gains for the middle school
students were attributed to the fact‘that-most of them remained
in the mixed strand progréms for most of the year, aﬁd that their
achievement test scores may have been invalid.

C.A.L. has been used successfully in akvariety of discipiines—~
English, mathematics, chemistry, and foreign languages--with
hearing impaired students at Gallaﬁdet College in Washington, D.C.
(Torr, 1976). Both drill and practice, and simUiation modes have
been used to teach these subjects. Torr concluded that the
experimental use and cost of C.A.L. was jusfified given the
magnitﬁde of the educational difficulties faced by ﬁearing impaired

students.
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Kearsley et al. (1977) developed a C.A.L. program that
taught deaf children how to use a ruler. The program required

the students to draw a dimensioned form according to specifications,

- involving the blending of a set of cognitive skills with

psychomotor skills. The program was highly Qisual, and almostvall
responses required in the prégram were done by pointing on the
cathode ray tube.with a lightpen. Of the fifteen students who
started the program, twelve completed it in three sessions. The
lessons were presented one week apart. Analysis of the performance
data revealed that C.A.L. provided efficient instruction. Two
spin-off benefits of the program were also ohserved: (1) the
students learned the necessity of reading and following instructions:
and (2) they learned the need to be precise in their pointing
responses. The authors concluded ﬁhat more exposure to C.A.L.
might not only improve the specific target skills; but it might
also contribute to a greatervgeneral learning ability.

Smith and vonFeldt (1977) used two separate studies to
compare the effectiveness of C.A.L. and Instruc;ional Television
in teaching Webster's diacritical markings to deaf students in a
technical vocational éollege, The Webster diacritical system

provides a discrete symbol for each sound and designates the

'appropfiate syllable to be stressed in any polysyllabic word.

The symbol system, therefore resents cues for correct
ym s > P
pronunciation, auditory discrimination, and visual recognition

of new words. Both the C.A.L. and Instructiohal Television
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formats used audio-visual cues to teach the symbols for vowels,
diphthongs, and the consonants--c, ng, X, and qu. The results

revealed that C.A.L. was superior to Instructional Television;

and that C.A.L. taught the skills without the use of the teacher.

However, it was also notéd that C.A.L. provided for drill and
practice, réview, and almost immediate recall of the course
content on the post test; whereas Instructional Television did
not. It was concluded that these variables, as well as the
method bf_instruction, may have been responsible for the post test
differences. Future plans epvision combining both ﬁodes into a
computer based interactive television system which, it is hoped,

will provide greater gains in a shorter period of time.

Effectiveness of C.A.L.

C.A.L. 1s the newest, and most expensive, form of
instructional media‘currently in use in education. Prior to 1970,
almost all of the C.A.L. projects were conducted in university
research settings. In the last few years, many schools have
begun to use and researcﬁ the effectiveness of C.A.L. both in
general qnd speéial‘education° A review of the researéh literature
indicates that there are few fecorded empiriéal studies on the
effectiveness of C.A.L. (Jamison'gg_gl., 1974; and Taylor et al.,
1974).

Fletcher et al. (1972) suggested that students will attain

strong and consistent achievement gains if they have C.A.L. over
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a reasonable portion of the school year. To support their claim,
they cited sixteen studies that report C.A.L. has been used
successfully in a variety of subject areas at different levels
of instruction. The‘authors also noted that their review revealed
that therg were.practically'no negative findings in C.A.L.
Littfell (1973) concluded that the computer has the potential
to be a valuable instructional tool. He observed that past
research indicated that C.A.L. : (1) can be as effective or
better than conventional instruction; (2) has'the,capability to
reduce significantly instructional time:; and that (3) C.A.L. is
mdre beneficial with low achieving students. Littrell also
commented that while C.A.L. had not proven to be cosi effective,
significant reductions in its cost seemed possible.
>Jamison_g£.§£. (1974, pp. 55-56) suggested that a review of
the'feséarch literature indicated that no uniform conclusion could
be drawn about the effectiveness of C.A.L. They observed, however,
that: (1) at the elementary level, C.A.L. was an effective
supplement to regular instruction; (2) aé the secondary level,
C.A.L. was as effective as traditional instruction, when used as
a replacement; (3) C.A.L. may result in substantial savings of
‘instructional time; and (4) C.A.L. may be most beneficial when it
is used by disadvantaged and slower students.
Taylor et al. (1974) did an extensive review of C.A.L. drill
and practice programs in elementary arithmetic and language éfts.
- Based on theilr review of the research, they concluded:

1. C.A.L. had proven to be an effective instructional tool,
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N
°

When students proceeded at their own rate, they

generally learned more rapidly with C.A.L. than

‘with traditional instructiomn.

3. Retention of learned material did not appear to
be as high with C.A.L. as compared to traditional
instruction.

4. C.A.L. was effective as a form of individualized
supplemental instruction.

5. C.A.L. was more effective with low ability students
than with middle or high ability students.

6. Both students and teacﬁers were highly enthusiastic

about C.A.L.

' Similar findings were obtained by Edwards et al. (1975) in their

evaluation of the effectivenegs of C.A.L.

Fletcher and Suppes»(1976) concluded that C.A.L. could be
used successfully by deaf students. They felt, however, that the
major drawback of C.A.L. was its cost. The authorsvsuggested
that: 1 C.A.Lf would continue to exéand in use in schools for
the deaf; (2) the quality of C.A.L. would continue to increase;
and (3) the costs of C.A.L. would continue to decrease in the

immediate future.

Summary

In summary; the research suggests that students do learn
from programmed materials. Generally, P.T. and-C.A.L. are as

effective as traditional classroom instruction, and may require
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less time for students to achieve specific educational goals.
f.I. and C.A.L. should be considered as adjuncts to the teaching
b'system and not as replacements. P.I. used in combination with
C.A.L. should enable deaf students tc hecome independent learners
and to 1earn more effectively.
A review of the research literature leads to the following
conclusions:
1. C.A.L. is an effective educational tool:
2, C.A.L. is most éffective with special education
students;
3. C.A.L. reduces learning time;
4. both students and teachers have positive
attitudes towards C.A.L,;
5. the costs of C.A.L. will continue to decrease
which will enable it tovbecome very
cost—-effective; and
6. C.A.L. soon may play an integral part in the

education of all deaf children.

A primary goal in the education of children who are deaf is to
provide an individualized program of instruction for every student.
Computers are potentially powerfﬁl enough to individualize at many
levels simultaneously. Accumulated research suggests that C.A.L. is
an effective form of individualized instruction in both regular and

special education. It would appear, then, that with C.A.L. one type
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of student who would benefit most would be deaf ehildren who need

the additional instruction and remediation, in mathematics

and language arts,



CHAPTER IV

METHOD

The Problem

Regardless of which philosophy of education has been adhered
to, traditional methods of instruction have not met the basic
- academic needs of the majority of deaf children. 'The poor
educational achievement of deaf children throughout their school
careers demands that educators of the deaf search for new and
innovative methods of instruction. Research conducted in the
United States suggests that deaf children can make significant
grade point gains in basic arithmetic through the use of C.A.L.
This research has also demonstrated that C.A.L. has resulted in
increased grade point gains in the language arts areas. These
latter results are encouraging, although the gains are not
statistically significant. Therefore, further research is
warranted to determine if C.A.L. could help severely and
profoundly deaf children to enhance their educational achievement.

A main objective of this study is to evaluate the effectiveness
of C.A.L. as a means.of individualizing instruction for deaf
children. As previously mentioned in Chapter I, this study
addresses itself specifically to the following questions:

1. can drill and practice programs in mathematics and
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language arts effectively reinforce skills which
have been previously taught in the classroom; and
2. can C.A.L. help deaf students to retain these

skills over a‘period of time?

Research Hypotheses

Three groups of profoundly deaf students received regular
classroom instruction in.arithmetic and language arts. In
addition, one of the groups received C.A;L. in mathematics only, a
second group received C.A.L. in language arts only, and the third
group received C.A.L. in both mathematics and language arts.
It is hypothesized that significance will be depéndent on the number
'of lessons each group receives in a particular subject.
Specifically, the following null hypotheses were tested
for both arithmetic and language arts achievement scores:

Null Hypothesis (1)

There will be no significant differences among the treatment
effects (mean scores) of the levels of factor A (the 3 experimental
group means) .

Null Hypothesis (2)

- There will be no significant differences among the treatment
effects (means) and the levels of factor B (over time).

Null Hypothesis (3)

There will be‘no significant differences among the 3

experimental groups and their performance with respect to
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(a) arithmetic and (b) language arts achievement scores over time.

Description of the Research Setting ~ The Manitoba School for the Deaf

The Manitoba School for the Deaf, in Winnipeg, is a combined
day and residential school that serves the educational needs of
hearing impaired children who will benefit most from a totél
communication approach for thé development of their written and
spoken English. The Manitoﬁa School for the Deaf provides special
services that are not.provided by the regular public schools. The
school also provides the students with medical, dental, optometric,
audiolégical, psychological, psychiatric, and social work services.

The school population consisted of 119 students, ranging from
-six to twenty years of age. Forty-five students lived in the
school's residence from Monday to Friday under the supervision of
the Dean of Residence and ten residence counsellors. During the
weekend, these students returned to their homes, which usually were
in the rural areas. All other students commuted daily to and from
the school either by special schodl bus or by Metro Transit.

There were twenty-six members on the educational staff:
‘classroom teachers, a guidance counsellor, a home economics
teacher, an industrial arts teaéher, a physical eduéation teécher,
a speech teacher, and two teaching assistants. All educétional
 personnel were under the supervision of the assistant principal

and principal.
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The school is ungraded; however, it is divided into three

levels:

1.

The Lower School consisted of 62 students, ages 6

to 14 years old, in 10 classes. In each of the
Lower School classes, the classroom teacher taught
all of the academic subjects, and spe;ialists were
responsible for classes in Speech, Rhythym, and
Phyéical Education.

The Intermediate School contained 14 students, ages

10 to 15‘years old, in 2 classes. Both classes
rotated among three different teachers for their |
academic subjects, while classes in Speech, Rhythym,
Physical Education, Guidance, Industrial Arts and

Home Economics were taught by specialists.

The Senior School was comprised of 43 students,

ages 13 to 20 years old, in 7 classes. These

classes rotated to different teachers for their

" academic and non-academic subjects. Included in

the Upper School Curriculum were the following
programs: a regular acadeﬁic program with the
addition of Speech, Industrial Arts and Home
Economics, Physical Education, and Guidance and
Counselling. Vocationmally oriented students
attended classgs at a regu1ar public vocational
school under the guidance of a full-time vocational

co-~ordinator. A small number of selected students
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were integrated either intd-a public elementary
school or high school on a part-time basis. These
students ﬁere accompanied by a teacher of the deadf,
who served as an interpreter for the students and

also provided any necessary remedial tutoring.

The Sample

From the school population of 119 students, 99 students were
selected to serve as Ss in the experiment. Thirteen students were
under eight years of age and were excluded from the study as it is
not recommended to test deaf students who.are less than eight years
of age (Trybus, 1975). 1In addition, seven students were excluded
because they had a very limited command of receptive and expressive
language, and therefore, could not be expected to handle the C.A.L.
language arts programs.

Ali 99 Ss completed pretests 1 and 2 in November, 1975, and
the experiméntal C.A.L. portion of the study. However, not all the
Ss completed the post test and/or retention test"phases'of the
study in May and June, 1976. During June, 1976, 26 students were
permitted to leave school prior to the official closing of school
on June 30, 1976 to seek either summer or permanentvemployment.
These Ss did not write the poét test and/or retention tést.
Consequently, complete statistical analyses could be performed on
only 73 Ss. The following deécription of the samfle is based on
only those Ss who completed all phases of the experimental study

and were included in the statistical analyses.
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There were 43 boys and 30 girls in the experimeﬁtal study.
The Ss ranged from 8 to 18.5 years, with a mean age of 11.9 years.
Seventy-one Ss were severely or profoundly deaf; that is, they had
a hearing loss of 70 dB or more in the better ear across the.
speech range. Two Ss were moderately deaf; that is, they had a
hearing loss between 55 to 69 dB in the better ear across the speech
range. Thirteen Ss were multiply handicapped. In addition. to
their deafness, they had additional handicapping‘conditioné{ such

as cerebral palsy or mental retardation, or visual disorders.

‘These conditions significantly add to the complexity of educating

a hearing impaired child (Gentile and McCarthy, 1973, p. 2).

Data obtained from the school's records were used to compute.
the Ss's average reading levels. The Ss reading levels ranged from.
a Grade Score of 1.25 to 7.50, with a mean score of 2.38. There
were 9 Ss for whom reading levels were not available in the school
records. A more complete descriptive profile,on each student can
be found in Appendix C.

The 73 Ss were assigned by their class groupings into one of

_ three treatment groups: the language arts group; the mathematics

group; or the combined language arts and mathematics group. In the

Lower Séﬁool, the classroom téachers were allowed po choose the
treatment group for their class. The Intermediate and Senior
classes were randomly assigned to one of the three treatment groups.
fhe final treatment groupings consisted of the following numbers of

school classes and numbers of students:

1. The Language Arts Group contained 6 classes, consisting
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of 25 Ss from 2 Lower School classes, 1 Intermédiate
class, and 3 Senior School classes;

2. The Combined Language Arts and Mathematics Group

contained 5 classes, consisting of 29 8s from 3
Lower School classes, 1 Intermediate School class,
and 1 Senior School class; and

3. The Mathematics Group contained 6 classes, cohsisting

of 19 §§_from 3 Lower School, and 3 Senior classes.
Descriptive data for each treatment group is summarized in Table 3.
A t-test was calculated to ensure that the means of the three
groups were not significantly aifferent. The results of this test

will be discussed in greater detail in the Limitations of the Sample

section,

The treatment for the language arts group consisted of C.A.L.
only in language arts programs. Language arts programs based on
transformational grammar that were written particularly for deaf
students were predominantly used by this group. The treatment'for'
the mathematics group consisted of C.A.L. only in basic ccmputational
skills of additibn, subtraction, multipliéation, and division. Thé
treatment for the combined language‘arts and mathematics group
consistedvof C.A.L. in both language arts programs and basic
- computational skills. Throughout the experimental period, all
three treatment groups continued to receive regular claésroom_

instruction in both language arts and mathematics.
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DESCRIPTIVE DATA FOR EACH TREATMENT GROUP
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No. of Multiply

Sex Ages Reading Level Handicapped
Group M F Range Mean Range Mean Ss
1. Language Arts 15 10 9-17 13 1.5-7.5 2.7 1
2. Combined 17 12 8-19 11 1.3-3.5 2.1 4
3. Mathematics 11 8 8-18 12 1.7-3.6 2.3 8



86.

Limitations of the Sample

Since the purpose of this study is to aetermine the effectivenéss
of C.A.L. drill and practice programs in,mathematics and language
arts for severely and profoundly deaf students, it was necessary to
include as many Ss as péssible to ensure the validity of comparisons
‘between groups. However, the relatively large sample size, N=73,
and tﬁe small number of computer terminals available, n=2, limited
the amount of computer contact time per pupil. Each S worked at
- the computer terminal approximately 15 minutes 2 or 3 times per
6 day'cycle,

Five Lower School classroom teachers indicated that they
wanted their students to receive C,A,L. éither inilanguage arts or
mathematics. Thus, these five groups were’assigned to treatment
" groups based on teacher requests, rather than through random
selection. Since there were only three remaining Lower School
classes, they were éssigned to the combined language arts and
mathematics treatment group.

Since all the Lower School clésses were not randomly assigned
to treatment groups, one of the inherent dangers was that biased
groups woula be selectéd° The results of a t-test performed on
the means of the preteét scores of the three elementary age
treatment groups revealed that there were significant differences
between the three treatment groups. In Pretest 2, the Language
Arts Group obtained significantly higher mean scores than the two

other treatment groups on the Word Meaning, Paragraph Meaning, and
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Arithmetic subtests (p< .05). There were no significant differences,
howaver,.between the Combined and Mathematics groups.

Significant differences between the three treatment groups
were also obtained on Pretest 1. The Language Arts group scored
significantly.higher mean scores than the Combineéd group on all
three subtests (p< .05). The Language Arts group also scored
significantly higher mean.scores than the Mathematics group on
the Paragraph Meaning subtest; In addition, the Mathematics
group obtained higher mean écores than the'Combinéd.group on the
Arithmetic subtest.

The Intermediate and Senior classes were randomly assigned to
one of the three treatment groups. The results of the t-test
performed on the senior Ss pretest mean scores indicated that the
three treatment groups were‘not significantly different on the
Word Meaning, Paragraph Meaning, and Arithmetic subtests. On both
Pretest 1 and Pretest 2, the Language Arts group scored significantly
higher mean scores than the Mathematics group on the Language
subtest (p ¢.05). Similarly, the Combined group obtained higher

kkkkk mean scores than the ﬁathematics group on the Langu;ge subtest on
both prefests. Reassigmment at tﬁis time was not pdssible.

These resulté revealed that hiased treatment groupé were
selected. Therefore, interpretation and generalization of the

‘results of this stddy must be restricted given this limitation.

Measuring Inétrument

The Stanford. Achievement Test (S.A.T.; 1964) was éhosen_to
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‘assess the §§f achievement in the language arts and mathematics.
Specifically, the Vocabulary Meaning, Paragraph Meaning, Language,
and Arithmetic Computation subtests were used to evaluate the_gg'
performance. This test was chosen since it was very similar to the
skills that wefe practiced on the computer programs. All five
battery levels—~Primary I, Primary II, Intérmediate I, Intermediate II, -
and Aannced——and alternate forms W, X, and Y wére used during the
pretests, post tests, and retention tests during-the course of the
study.

The S.A.T. is highlybrecommended by Bryan (Buros, 1965,

PP» 109-24), Stake and Hastings (Buros, 1965, pp. 124-28), and
Trimble (Buros, 1972, pp. 921-22) for measuring elementary-school
achievement. The S.A.T., however, was developed for and standardized
on a normal hearing population. Thus, the validity of the test

must be questioned, when used with severely and profoundly deaf
students. Since there was ﬁo other mére appropriate test, and .
since'it was so widely used both in regular publiclschools and
schools for the deaf, the S.A.T. (1964) was felt'to be appropriate .
for use in this stuay.

Each S wrote the test bgttery that was most appropriate to
hiS/her'age and grade level. All_§§ wrote four subtests, except
for those Ss who wrote the Primary I or Advanced‘Battery. §s who

_____ wrote the Primary I battery did not write the Language‘subtest
since Language was not one of the skills assessed by this battery.

~Similar1y, Ss who wrofe the Advanced battery did not write the



-Voéabuléry Meaning subtest, since it was not included in.this
battery.

Not all Ss wrote all four subtésts from the same battery.
Often young deaf students math abilities exceed their
reading/language ability. Thus 8 Ss from the Lower School and
8 §§_from the Intermediate School wrote'the Vocabulary Meaning
and Paragraph Meaning subtests using the Primary I battery, but
wrote the Arithmetic Computation‘subtest using the Primary II
battery.

Table 4 illustrates the numbers of Ss and the test battefies

they wrote for each of the four subtests.

Apparatus

The computer hardware consisted of a CDC6500 computer which
was owned by the Manitoba’Government and was located at the
Cybershare Data Center in Winnipeg. Two Model 33. hardcopy
teletypewriters that used a phone data:set, served as_the.instructional

terminals in the school. Two-copy Telex paper was used and

provided.duplicate printouts of each .program. One copy of the
‘program was kept and filed by the experimentér, while the S
retained the other copy for himself/herself.

The two terminals were placed in a classroom-in the Upper

School. Generally, each Lower School class came to the computer

room, and the teacher decided which students would work at the
tetminals. The other students were given seat work or individual .

tutoring while awaiting their turn at the terminals. The Intermediate



TABLE 4

NUMBER OF Ss WRITING THE S.A.T. SUBTESTS

Primary I  Primary IT  Intermediate I Intermediate II

90.

Computation.

.Advanced
Vocabulary ' 44 11 5 9 -
Meaning
Paragraph 42 11 5 9 2
Meaning
‘Language - 3 5 9 2
Arithmetic 25 ‘ .26 5 ‘ 9 2
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and Senior School‘students usually were sent in pairs by the class~
room teacher to work at the terminals. The experimenter's
classroom was close to the computer room, and he could provide
immediate assistance if technical difficulties arose while the

Ss were working on the terminals.

Instructional Programs

The computer software used in this study were drill and
practice programs in language arts and mathematics. - Descriptions
and examples of these programs can be found in Appéndix D. These
prbgrams were developed by teachers and were prog:ammed in the
cbmputer language "BASIC'. The reédability of the prbgrams,
especially in the -language arts, was at a very low level to
ensure that all Ss would understand what was expected of them.

During the study, the Lower School teachers chose the programs
and the parameéers for each student in her class.‘ The experimenter,
in consultation with the teachers, chose the programs and the
parameters for each Intermediate and Senior Schooi.student.

Eight programs in the basics of mathematics were used in
this study. Examples of each progfém cén be found in Appendix D.

A brief resume of each of these eight programs follows:

1. Couﬁtxt

Countxt is a counting/recognition drill. Each
question consists of a sequence of a randomly-
‘chosen number of boxes and dollar signé, which

-the student must count. The objectives of
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Countxt‘were:

a. to give the student practice in counting;

b. to help the student to distinguish objects;.
that is, to count boxes or dollér signs, as
he must be able to differentiate between them

in a sequence; and

¢. to aid the student in his memory work; that

is, he/she must remember how many boxes he
has counted already while he skips over the

‘dollar signs.

Count20

Count20 is a counting drill. It is a drill and
practice program.for young Primary level students
who are just learning to count. The objectives
of this program were:

a.  to introduce the student to the concept of

countiﬁg objects;

b.. to give the students practice in counting

1 to 20 objects;
Ce to_ﬁelp the. student be aware that numbers
lactually correspond to real objects; and
d. to let the student practice the natural

sequence of numbers.

Addsubl

Addsubl is a drill and practice program for either

addition or subtraction or for a combination of



both addition and subtraction. The largest sum

‘and/or remainder can be no largér than 19. The

objectives of this program were:

a. to~givé the student practice in addition
and/or subtraction; and

b. if the range of the specified parameters is
large enough, the drill will give the student
practice in. carrying in addiﬁion, and borrOWing
in subtraction.

Missl provides practice in solving equations, where

one pf the values of the equation .is omitted. The

objectives of Missl were:

a. to focus attention oﬁ the symbols used to
éxpress the concepts of addition, subtraction,
and multiplication;

b. to give practice in solving equations;

c. to give practice in the inverse concept of

addition to find differences;

d. to give practice in the inverse concept of
subtraction to find sums;

e. to emphasize the importance of reasoning from
the known to the uanknown; and

f. to give pfactice with the commuﬁative principle.

Addéan

Addsan is a program that provides drill in addition.
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There is a choice of how many numbers (from 1 fo 5)
and how many digits {from 1 to 5) in each nﬁmbef.
The objectives of Addsan were: |

a. to give the student practice in adding;

b. to give the student practice in carrying; and
c. to give the student practice in adding numbers

by columns.

Subtsan

Subtsan is a program that provides drill in subtraction.

The program randomly generates problems with as many
as 5 digits in thé top number. The columns of

numbers are arranged so that improper carryihg is
diagnosed‘immediately. The objectives of Subtsan were:
a. to provide practiée in subtraction; and

b. to provide drill in borrowing.

Multsan

This program is a drill in multiplication. There

is an option for the number of digits (from 1 to 5)

in the number tovbe multiplied. Also, the program
prqvides the choice of either multiplying by a fixed
constant of a randomly—cho§en.number° _Thére is also
tﬁe option of having an extra try for each prdblem,

or only one try. The objecﬁives of this program were:
a. to‘provide drill in multiplication; and |

b. to provide practice in carrying.
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Five Programs based on transformational grammar as developed
‘in the Rhode Island Language Curriculum were used frequently in
the study. These programs were specifically developed for the

students at the Manitoba School for the Deaf.

Divide

Divide is a program that provides drill in division.
The number of digits in the divisor and dividend is
optional. Also, there is an option to include
decimals. The objectives of Divide were:

a. to drill the division of integers; and

b. to practice the division of decimal numbers.

Examples of each-
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of these programs can be found in Appendix D. A brief description

of these five programs is as follows:

l‘

WhoWhat

This is a drill and practice program that contains

6 drills. The drills involve determining whether

-a noun is or is not ‘a person, and whether the

subject of simple sentgnce (Sentence Pattern 1) is

a "who" or a "what". The objectives of WhoWhat were:

a. to help the student to distinguish an object
from a person; |

b. to introduce the use of Sentence Pattern 1;

c. to introduce the concepts of "who' and "what"
words;

d. to give the student practice with verbs; and
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e. to provide the student with practice in

answering simple "who" or ”what”.questions.

Rhodel

Rhodel emphasizes analyzing sentence patterns‘and

correct verb usage. An option provides the students

with tHe opportunity to write good sentences

through copying the sentences. The objectives of

this program were:

a. to provide practice in analyzing Sentence
Patterns 1 and 2; |

b. to reinforce the concepts of‘hwho" and "what"
wprds;

C. to provide practice in correct verb usage when
asking questibns; |

d. to provide practice in the use of adverbial

phrases - "how", "when", and "where"; and

- e, to provide practice in copying sentences.

Rhodela

Rhodela is a progiam that supplements Rhodel. It is
intended primarily for those students-who are having

pfbblems understanding the concepts "is a person",

"is not a person", and "who" and "what". The

objectives of this program were:
a. to provide practice in distinguishing between

persons and things;

b. to provide practice in uéing the words "who" and
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”whai” as being interchangeable with ”ié_a
person'' or "is not a person"; andv

c. to provide practice in the concept of the
negation of the "be" verb; for example, choosing
e n

is" or "is not a person'.

Rhode?2

Rhode2 also emphasizes the analysis of sentence

patterns and correct verb usage. The objectives of

RhodeZ were:

a. to provide pfactice in analyzing Sentence
Patterns 3, 4, and 5;

b. to provide practice in identifying past, present,
and future tenses of verbs;

c. to provide ?ractice in simple éxpansions; and

d. to provide practice in copying sentences.

Beverbs

Beverbs is a drill apd practiqe program that contains
6 drills. The drills involve "be" words, auxiliary
verbs, and questions. The student is required to type
sentences, and/or questions using proper spacing and
punctuation marks.'»The objectives of Be&erbs were:

a. to help the student to distinguish between "be"

_verbs and other verbs; |
b. to increase the students use of sentence patterns;

c. to give the student practice with auxiliary verbs;
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d. to give the student practice with sentence
formation, spelling, sﬁacing, copying and
punctuation; and

e. to provide the student with practice in writing

questions.

In addition a large number and variety of programs in the
laﬁguage arts were also used in the study. Drill and practice in
1anguagé and reading was provided by programs in spelling (SpelBl,
SpelAl), regular'énd irregular verbs (Verbl, Mreadl, Mread2 and
Mread3), negative verbs in the contraction form (Pairl), commonly
misused.pairs of words (Pair2), possessive words (Possess),
pronouns (Pron3), and reading comprehension (Storyl). Examples of

each of these programs can be found in Appendix D.

Administration and Procedure

The study began on November 3, 1975 and continued until
June 25, 1976. Originally the study was scheduled to finish‘on
May 28, 1976; however, frequent interruptions‘throughout the
experimental period necessitated a longer C.A.L..séhedule to’
provide each S with as much computer contact as possible. The
actual C.A.L. experimental period consisted’of 24 weeks. A
complete flpwchart of the tﬁnetable*procedure can be found in

Figure 1.
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FIGURE 1

FLOWCHART OF PROCEDURE FOR EXPERIMENTAL STUDY

Pretest 1
Nov., 3 -~ 7
4

Pretest 2 ) " C.A.L. SCHEDULE
Nov. 10 -~ 14 :

W

Nov. 17 - 21 (1) Feb. 23

f

27 (13)

Nov. 24 - 28 (2) Mar. 1 - 5 (14)

Dec. 1 -~ 5 (3) Mar. 8 - 12 (15)

Dec. 8 - 12 (4) Mar. 15 - 19 (16)

Dec. 15 - 19 (5) Mar. 22 - 26 (17)

Christmas Break Easter Break
Dec. 22- Jan. 2 Mar. 29~ Apr. 2

Jan. 5 - 9 (6) Apr. 5 - 9 (18)

Jan. 12 - 16 (7) | Apr. 12 - 16 (19)

Jan. 19 - 23 (8) Apr. 16 - 23 {Z0)

Jan. 26 - 30 (9) Apri 26 - 30 (21)

Feb., 2 ~ 6 (10) May 3 - 7 (22)
Feb., 9 - 13 (11) May 10 - 14 (23)
) Feb. 16 = 20 (12) | May 17 - 21 (24)

Post Test »
May 24 - 28

Retention Test
June 21 -.25
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I. Pretest 1 and Pretest 2

The Ss were given two pretests approximately ten days apart
from November 3 to NovemberA14, 1975. Two pretests were used to
ensure that the results were not contaminated; The tests were
administered by the classroom teachers for the Lower School Ss, .

. and by the language, maths, and reading teachers fér the
Intermediate and Senior School Ss. All testing was under the
guidance Qf the experimenter. For pretest 1, Form W of the S.A.T.
was used, while for pretest 2, Form X, an alternate form was used.

Each teacher, who administered a test, scored the test and
convérted the Ss' raw scores into grade score equivalents. The
experimenter checked the raw scores and converéioné for all the

subtests for all Ss.

II. Computer Scheduling

C,A.L. commenced on November 17, 1975 after all Ss had
completed the second subtest. During.the eXperimental period,
each § re;:eived C.A.L. in language, of mathematics or language and
mathematics at least twice each six day cycle. Each C.A.L. program
»required épproximately fifteen minutes to complete. Throughout the
experimental period, the Ss received regular classfdom Instruction
in language, maths, and reading in accordance with his/her

timetable.

After the Ss had written the pretests, they were. placed on
a C.A.L. program associated with their test results and individual

needs. The classroom teacher and/or experimenter chose the
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appropriate level of difficulty based on the Ss' skills and
abilities.

The experimenter established a criterion score of 907 as the
proficiency level for advancement to the next level of drili
difficulty. It was assumed that if the S scored 9QZ, he demonstrated
a mastery of the coneepts and skills at that drill level of the
progfam. Johnson and Kress (1975, pp. 5~7) view the 90%

'proficiency level as an independent 1ével of achievement. It is,
therefore, reasonable to assume that in this study 907 is not too
rigorous as a criterion level of proficiency. Rather it reflects
an independent understanding of the material at hand.

During the experimental period, volunteers assisted the Ss,
if necessary, to 'log-on" and "iog—off" the computer terminals.
They also served to rgmediate any difficulties that occurred
wvhile the Ss worked at their programs. All'volunteers were given
explicit instructions neifher té assist nor prompt the Ss while
they worked at their drill programs. Generally, the volunteers
were high school studgnts, college students and pargnts Qf the
students.

The Ss were veryAfamiliar with CfA.L,, since it had been
‘introduced into fhé school in May, 1974. 1In addition, the Ss
were given two months of C.A.L. just prdor to the experimental
study. It could be safely assumed that the Ss were no longer
responding to the névelty of C.A.L. 'As a result, the study was

able to qontrol for the Hawthorne Effect.
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IITI. Post Test and Retention Test

The post test was administered during the week of May 24-28,
and the retention test was given three weeks later during the
week of Juﬁe 21-25. }The tests were administered by the same
teachers who had édministered the pretests. 'Again, all'testing
was under the guidance of the experimenter. ForAthe post test,
Foim Y of the S.A.T. was uséd, while for the retention test,
Form W was used.

The tests were scored and converted to grade score equivalents
by the teachers who had administered the post test and retention
test. All the raw scores and conversions for all the subtests.

for all Ss were checked by the experimenter. Then the statistical

analyses were computed.

STATISTICAL PROCEDURE

Analysis of Variance for Repeated Measures Over Time
The tests for significant differences over time using the
repeated measures.pf pretest (1), pretest (2), post test and
retention test raw scores for arithmetic and language arts were
performedVUSing the Analyses of Variance for Mixed Designs Program.
The statisticél analyses consisted of seven separate 3 x 4
analysis of variance designs for repéated méasures over time.

Analyses of Variance were performed separately on elementary age

. Ss and senior age Ss for both arithmetic and language arts scores.

A diagram of the data treatment design can be found in Appendix E.



The following are the statistical hypotheses for arithmetic
and language arts using the Analysis of Variance for Repeated
Measures (3 x 4 design). A more comprehensive discussion of

derivations and formulae can be found in Winer (1971)vChapter 4,

1. HNull Hypothesis

Ho - K71 = | X9 = H3=0

There will be no significant differences among the
treatment effects (mean scores) of factor A (treatment
group means) .

Alternative Hypothesis

Hl = ngt Ho
There will be significant differences among the

treatment effects of factor A.

2., Null Hypothesis , '
- H ‘"‘/31 =ﬂ2'=/53 '"'/ga =0

There will be no significant differences in mean

achievement scores among the treatment groups.

Alternative Hypothesis

Hl = not HO
There will be significant differences in mean

achievement scores among the treatment groups.

3. Null Hypothesis

=X fi ct B =X P o= B =X
Hy =59 =97 1/3 17 T

There will be‘no significant differences among the

103.

-
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3 treatment groups and their performance with respect
to (a) arithmetic and (b) language arts scores over
a period of time.

Alternative Hypothesis

H1 = not HO
There will be significant differences among the 3
treatment groups and their performance with respect

to (a) arithmétic andv(b) language arts scores

over a period of time.

Post Hoc Tests

After the results of the Analyses of Variance were examined,
two a posteriori multiple comparison tests were used to determine

where the significant differences occurred.

I. Scheffé

The Scheffé method was used to determine whether the
significant differences occurred between: (1) group 1, the laﬁguage
arts group and group 2, the combined lénguage arts and mathematics
group, or‘(2) group ‘1, the language grts group and group 3, the
mathemafics group or (3) group 2 and group 3. Since the Scheffé
~procedure is more rigorous than other procedures, Fergusonx
(1971, p. 271) recommends that significéntvdifferencés be compared

at the .10 level.
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ITI. Newman-Keuls

The Newman-Keuls probing technique was used to determine
whether sigﬁificant differences existed between Pretests, post
test, and/or retention tests. Winer, (1971, pp. 77-85) states
that with unequal sample sizes it is best to use treatment means
rather thah treatment totals. Thus, using this method, the

following treatment means were compared:

Ho. w
Ei = ié (pre 1 = pre 2) or ii #'ib
ii = Eﬁy(pre 1 = post) or ii # ié
ii = ig (pre 1 = ret.) ' ~ or Ei‘# ig
ié ='§3 (pre 2 = post) or ié # ié
ié = Eg (pre 2 = ret.) ' or Xé # iz
is = i; (post = rgt.) or i} # EA

Significant differences were compared between pretests

(1 and 2), post test, and retention tests at the .QS and .01 levels.

Test for Simple Main Effects

Further analysgs of the results were carried‘out by means of
the test for simple main effects. If the AB‘interaction of
factors A (treatments) and B (time) is significant, it is standard
procedure to test for simplebmain effects. Since this investigation
reveaiéd significant interaction for one of the language arts

scores for elementary age Ss and one language arts score for
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senior Ss, all at the .05 level, tests for simple main effects

- were performed.

Analysis of Covariance for Repeated Measures

The results of the Analyses of Variance revealed that the
overall results between groups were inconsistent. Consequently, -
the Analysis of Covariance was also used to test for significant

differences over time for the post test scores. Pretest 1 and

 pretest 2 were used as covariates. Two Analyses of Covariance with

repeated measures were performed separately for elementary Ss and
senior Ss on four dependent variabies. The rebeated measures were
the four dependent variables: word meaning, paragraph meaﬁing,
arithmetic and language scores. The two pretests scores were used

to covary with the post test scores.

INTERCORRELATIONS -

Intercorrelatibns between (1) pfetests 1 and 2, and post test,
and (2) pretests 1 and 2 and retention test were calculated for
arithmetic and language arts scores for descriptive purposes.

These results will indicate whether the increased scores, if any,

may be attributed to overall treatment effects.



CHAPTER V

RESULTS

The resﬁlts of the study are presented in this chapter. A
discussion of the results in relation to the hypotheses will be
found in the discussioﬁ section of the thesis.

The raw data tables are fdund in Appendix F.‘ The scores
are represented in the form of grade point scores (years/months).

.The‘means, variances, and sténdard deviations are found also in
Appendix F. In addition, the cell means in summary téble forﬁ
.appear in Appendix G,

As stated’in Chapter Four, the three main Null Hypotheses
for'the Analyses of Variancevfor word meaning, pafagraph meaning,
language, and arithmetic were:

1. there will be no significant differences among

the treatment means;
2. there will be ﬁo significant differences in mean
achievement scores among the treatment groups; and
3. there will be no significant differences among the
3 experimental groups and their performaﬁce with
respect to (a) arithmetic and (b) language arts

achievement scores over time.
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Analysis of Variance for Word Meaning

I. Elementary Ss

The summary table for the Analysis of Variance for word meaning
for elementary Ss can be found in Table 5. For Hypothesis 1, the
critical value needed for significance at the .01 level was 5.18
(df = 2,36). The F ratio was significant at the .0l level. The
computed F rafio reveals that there was a significant difference
among the means of the levels of factor A, but it does not tell us
where the difference is. Anva posteriori probing“procedure is
needed to determine where the difference lies. The Null Hypothesis
was rejected, therefore, and the Alternate Hypothesis was accepted.

The critical value for Hypothesis 2 at the .01 level was 3.95
(df = 3,108). The F ratio was significant at the .0l level. The
computed F ratio reveals that there was a significant difference
among the means of the levels of factor B. Another a posteriori
probing procedure is required to determine where the difference
lies. Nﬁll Hypothesis 2 was rejected and the Altérnate Hypothesis
was accepted.

For Hypothesis 3, the critical value needed fo?_signifiéance
at the .0l level was 2.96 (df = 6,108). The combuted F rétio was
significant at the .01 level, which indicated a significant
interaction effect. Null Hypothesis 3 was rejected, therefore,

and the Alternate Hypothesis was accepted.



ANALYSIS OF VARIANCES SUMMARY TABLE
FOR REPEATED MEASURES DESIGN

(Elementaryigg—Word Meaning)

TABLE 5
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*% p < ,01

Source of Sums of Degrees of . ‘Mean " F
Variation Squares Freedom Square Ratio

A (Treatment) 8.71 -2 4,35 11.69 *=*
Subj. w groups 13.41 36 ©0.37

B (Word Scores) 2.68 3 0.89 19.14 #*%
'AB 0.83 6 0.14 C2.97 %%
BX‘subj.'w groups 5.05 108 0.05

TOTALS: 31.69 . 155

* p < .05
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II. " Senior Ss
The summary table for the Analysis of Variance for word
meaning for senior Ss can be found in Table 6. For Hypothesis 1,
the critical value needed fér significénce at the .05 level was
3.35 (df = 2,27). There was no significant difference among the 3
experimental groups means. Thus, Null Hypothesis 1 was accepted..
The critical value for Hypothesis 2 at the .01 level was 3.95
(df = 3,81). The F ratio was significant at the~;01 level. The
computed F ratio reveals that there was a significant difference
among the means of the levels of factor B. An a posteriori prébing
teéhnique is required to determine where the difference liés. Null
Hypothesis 2 was rejected and the Alternate Hypothesis was accepted,
For Hypétheéis 3, the critical value needed for significance a;
the .05 level was 2.17 (df = 6,81), The calculated F ratio revealedxx
fhat there was no significant interaction. Therefore,; Null

" Hypothesis 3 was accepted,

Analysis of Variance for Paragraph Meaning

I Elementary Ss

‘The summary table for the Analysis of Variance for paragraph
meaning for elementary,§§ can be found in Table 7. For Hypothesis 1,
the critical value needed for significaﬁce at the .01 level Qas 5.39

V(df = 2,34). The F ratio was significant at the .01 level, which
indicated that there was a significant difference among the means of -
the levels of factor A. Null Hypothesis 1 was rejected, therefore,

and the Alternate Hypothesis was accepted.



ANALYSIS OF VARIANCES SUMMARY TABLE

FOR REPEATED MEASURES DESIGN

TABLE 6

(Senior Ss-Word Meaning)
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Source of Sums of Degrees of Mean F
Variation Squares Freedom Square Ratio

A (Treatment) 13.10 2 6.55 1.28
Subj. W groups 138.17 27 5.12

B (Word Scores) 3.10 3 1.03 8.26 **
AB 0.74 6 0.12 0.99
BX subj. w groups 10.12 81 0.12

TOTALS 164,33 119

% p< .05

*% p <L 01



TABLE 7

ANALYSIS OF VARIANCES SUMMARY TABLE

FOR REPEATED MEASURES DESIGN

(Elementary Ss-Paragraph Meaning)

112,

Source of Sums of Degrees of Mean F
Variation Squares Freedom - Square Ratio

A (Treatment) 6.97 2 " 3.49 © 13,74 A%
Subj. w groups 8.63 34 . 0.25

B (Paragraph Mean.) 0.18 3 , 0.06 3.02 %
AB 0.22 6 0.04 1.89
BX subj. w groups 2.00 102 0.02

TOTALS 18.56 147

* p< .05

% p < 01
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The critical value for Hypothesis 2 at the .05 level was 2.68
(df = 3,102). The computed F ratio was significant at the .05
level, which indicated that there was a significant difference among
the means of the levels of factor B. Null Hypothesis. 2 was rejected
and the Alternate Hypothesis'was accepted, |

'For Hypothesis 3, the critical value needed for'significance at
the .05 level Qas 2.17 (df = 6,102). The computed F ratio revealed
that there was novsignificant interaction. Therefore, Null Hypothesis

3 was accepted.

IT Senior Ss

The summary fable for the Analysis of Variance for paragraph
meaning for senior Ss caﬁ be found in Table 8. TFor Hypothesis l;
the critical value needed for signifiéancé at the .05 level was 3.35
(df = 2,29). There was no significant difference among the 3
experimental group means. Therefore, Null Hypothesis 1 was accepted.

The critical value for Hypothesis 2 at the .OS‘levél was 2.76
(df'= 3,87). There was no significant difference among the means of
the levels of factor B over time. Therefore, Null Hypothesis 2 Wés
accepted. |

For Hypothesis 3, the critical value needed for significance at
" the .OS level was 2.25 (df = 6,87). The computed T ratio revealed
that there was no significant interaction. Therefore, Null |

4 Hypothesis 3 was accepted.



TABLE 8
ANALYSIS OF VARIANCES SUMMARY TABLE
FOR REPEATED MEASURES DESIGN

(Senior Ss-Paragraph Meaning)
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Source of Sums of Degrees of Mean F
Variation Squares -Freedom - Square Ratio
A (Treatment) 17.60 2 8.80 1.33
Subj. w groups 191.67 ‘ 29 6.61

* B (Paragraph Mean.) 0.43 3 0.14 0.97
AB 1.75 6 0.29 1.96
BX subj. w groups 12.96 87 ©0.15
TOTALS 226.24 127
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Analysis of Variance for Arithmetic

I Elementary Ss

The summary table for the Analysis of Vafiance forbarithmetic
for elementary_§§ can be found in Table 9.  For Hypothesis 1, the
critical value needed for significance at the .01 level was 5.39
(df = 2,34). The F ratio was significant at the ,01 level, which
1ndicated that there was a significant difference among the means
of the levels of factor A. Null Hypothesis 1 was rejected, - therefore,
and the Alternate Hypothesis was accepted, | |

The critical value for Hypothesis 2 at the .01 level was 3,95,
The computed F ratio was significant at the .01 level, which
indicated that there was a significant difference among the means
of the leiels of factor B. Null Hypothesis 2 was rejected and the .
Alternate Hypothesis was accepted.

For Hypothesis 3, the critical value needed for significance at
the .05 level was 2.17 (df = 6,102) . The computed F ratio revealed
that there was no significant interaction. Therefore, Null

Hypothesis 3 was aceepted.

IT Senior Ss

The summary table for Analysis of Variance for erithmetic for
senior Ss can be found in Table 10. For Hypothesis 1, the critical
value needed for siénificance at the .05 level was 3.32 (df = 2 ,30).
‘There was no significant difference among the 3 experimental group

means. Therefore, Null Hypothesis 1 was accepted.



ANALYSIS OF VARIANCES SUMMARY TABLE

FOR. REPEATED MEASURES DESIGN

(Elementary Ss-Arithmetic)

TABLE 9
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Source of Sums of Degrees of Mean F
Variation Squares Freedom Square Ratio

A (Treatment) 19.20 2 9.60 8.30 *%
Subj. w groups 39.31 34 1.15-

B (Math Scores) 3.61 3 1.20 17.41 #%
AB 0.41 6 0.07 0.98

BX subj. w groups 7.06 102 0.07

TOTALS 71.47 147

* p £ .05

*% p <« 01
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TABLE 10
ANALYSIS OF VARTIANCES SUMMARY TABLE
FOR REPEATED MEASURES DESIGN

(Senior Ss-Arithmetic)

Source of ~ Sums of Degrees of Mean F
Variation _ Squares Freedom © Square Ratio

A (Treatment) 30.18 2 15.09 ~0.83
Subj. w groups 548.21v 30 - 18.27

B (Math Scores) 12.27 3 4.09 9.34 %%
AB 1.34 6 0.22 0.51
BX subj. w groups 39.39 | 20 0.44

TOTALS 632.12 131

* p < .05

** p < .01
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The‘critical value for Hypothesis'Z at the .01 level was 3,95
(df = 3,90). The computed F ratio was significant at the .01 level,
which indicated that there was a significant difference among the
means of the levels of factor B. Null Hypothesis 2,was rejected,
therefore, and the Alterna;e Hypothesis was accepted.

For Hypothesis 3, the critical value needed fof significance
at the .05 level was 2.17 (df = 6,90). The computed F ratio revealed
that there was no significant interaction. . Therefore, Null Hypothesis

3 was acéepted.

Analysis of Variance ﬁor Language
Senior Ss

The summéry table for Analysis of Variance for language for senior
Ss can be found in Table 11. .For Hypothesis 1, the critical vaiue |
needed for significance at ﬁhe .05 level was 3.63 (df = 2,16). There
was no significant difference among ihe(S experimental group means.
Thus, Null Hypothesis 1 was accepted.

The critical value for Hypothesis 2 at the .0l level was 4.31
(df = 3,48). The computed F rafio was significant at the .01 level,’
which indicated that there was a signifiqant difference émong the
means of the levels of factor B. Null Hypothesis 2 was rejected,
. therefore, and the Alternate Hypothesis was accepted.

For Hypothesis 3, the critical value needed for éignificénce
at the .0l level was 3.29 (df = 6,48). The computed F ratio was
significant at the .01 level, Which indicated a significant interaction
effect. Therefore, Null Hypothesis 3 was rejected, and the Altefnate

Hypothesis was accepted.



TABLE 11
ANALYSIS OF VARTANCES SUMMARY TABLE
FOR REPEATED MEASURES DESIGN

(Senior Ss-Language)
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Source of '~ Sums of Degrees of Mean F
Variation Squares Freedom - Squares Ratio

A (Treatment) 77.52 2 38.76 3.06
Subj. w groups 202.75 v 16 12.67

B (Language Scores) 3.54 3 1.18 8.42 #%
AB ‘ 2.77 - 6 0.46 3.30 **
BX subj. w groups 6.73 48 ’ 0.14

TOTALS ' 314.92 - 75

* p < .05

¥ p < .01
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For more descriptive information, the cell means for ANOVA

can be found in Appendix G.

Post Hoc Tests

I. Scheffé

Significant differences were fbund among the 3 éxperimental
group means of factor A for elementary Ss in word meaning, paragraph
meaning, and arithmetic. The Schefféd probing technique was used to
determine where the differences occurred. The daté for this test can
be found in Tables 12, 13, and 14 for word meaning, paragraph
meaning and arithmetic respectively.

In this method, the means of the levels of A are arranged in
rank order from low to high. Differences between the pairs of
means are cémputed. F ratios (F = tz).and F’ values are calculated \

from the formulae:

and F'= (k-1) F

For any difference to.be’significant at the required level, F must

be greater than or equal to 7’ (Ferguson, 1971, pp. 270-71).

Since the Scheffé'procedure is more rigorous than other procedures,
Ferguson (1971, p. 271) recommends that significant differgnces be
compared at the .10 level. The pairs of means which can be considered

different are indicated by asterisks.
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TABLE 12
MULTIPLE COMPARISONS OF TREATMENT MFANS
USING THE SCHEFFF PROCEDURE

(Elementary Ss-Word Meaning)

a a

2 33 1
(Combined) (Maths) (Language)
Ordered . ’ 1.69 1.74 2,24
Means
a, a, a,
‘az ' F = 0.13 F = 15.44
(F = 4.70) (F'= 4.70)
a3 F/= 12.74
(F'= 4.70)
a, .
) 23 8
Combined Maths Language
(az) Combined - S *k
(a3) Maths k%
* p < .10

% p < .05



TABLE 13

MULTIPLE COMPARISONS.OF TREATMENT MEANS

USING THE SCHEFFE PROCEDURE

(Elementary Ss-Paragraph Meaning)
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a a

" a

2 3 1
(Combined) (Maths) (Language)
Ordered 1.60 1.61 2.08
Means ‘
a2 a, a,
a . F = 0.01 F = 28,41
2 / s
' (F'= 4.70) (F'= 4.70)
'a3 F = 18.23
- (F'= 4.70)
a; .
(a,) (ay) (a))
- Combined Maths Language
(az) Combined - *%
(a3) Maths *k
*  p< .10
** p < .05



TABLE 14.
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MULTIPLE COMPARISONS OF TREATMENT MEANS

’
USING THE SCHEFFE PROCEDURE

(Elementary Ss-Arithmetic)

a

a

a

2 3 1.
(Combined) (Maths) (Language)
Ordered 1.45 1.78 2.33.
Means
a, a, a;
a, F=4.24 F = 19.36
(F'= 4.70) (F'= 4.70)
a3 F=6.25
(F'= 4.70)
a, L
a, a, a;
Combined Maths Language
(az) Combined — Kk
(33) Math Kok
* 'p-< .10

*% p< .05
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Elementary Ss

1. Word Meaning

In Table 12 significant differences at the .05 level were
found between (1) the languagg arts (al), and the combined language
arts - maths (az) groups, and (2) between the language arts (al)
and maths (33) groups.

2. Paragraph Meaning

The data of Tabie 13 reveals significance at the .05 level
- between (1) the language arts and combined grOUps, and_(Z) the
language arts and maths'groups.
3. Arithmetic

Significant differences at the .05 level were found between
(1) the language_arts and combined groups and (2) the language arts

and maths groups in Table 14.:

IT. Newman-Keuls

Significant differences were found among the levels of factor B
(over time) for elementary.§§ in word meaning, paragraph meaning,
and arithmetic scores. In addition, significant differences for
senior §§_were‘obtained in word meaning, arithmetic and language
scores. The Newman-Keuls probing teéhnique was used to determine
where‘the,differences occurred.

The data for the Newman-Keuls test for elementary Ss can he
found in Tables'IS to 17 for word meaning, paragraph meaning and

arithmetic respectively. -The data for senior Ss can be found in ‘



TABLE 15

TEST ON MEANS USING NEWMAN-KEULS PROCEDURE

(Elementary Ss-Word Meaning)

2 1 3 4
Ordered 1.75 1.77 2.00 2.04
Means
5, 5 3 b,
(1) b2 .02 .25 .29
b1 .23 .27
b3 .04
(i) q.95 (r,108) 2.80 . 3.36 3.68
q.99 (r,108) 3.70 4,20 4.50
(i1i) s ,
Bq.95 (r,108) .11 .13 .15
"3_ |
Bq.99 (r,108) .15 17 .18
Pre (2) Pre (1)  Post Test Retention
(iv) Pre (2) . %% %%
Pre (1) Kk %k
Post Test .
* p < .05
%

p< .01



TABLE 16

TEST ON MEFANS USING NEWMAN-KEULS PROCEDURE

(Elementary Ss-Paragraph Meaning)
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b2 b1 b3 b4
Ordered 1.71 1.76 1.78 1.80
Means
b2 bl b3 b4
(1) b, ' _ ‘ .05 .07 .09
b] ' .02 .04
b3 .02
(11) q.95 (r,102) ' 2.80 3.36 - 3.68
q.99  (r,102) 3.70 4.20 4,50
(1i1) s_
Bq.95 (r,102) .06 .07 .07
S——
Bq.99 (r,102) .07 .08 .09
Pre (2) Pre (1) Post Test Retention
(iv) Pre (2) . * *k
Pre (1) .
Post Test .
* p .05
01

* p .



TABLE 17
TEST ON° MEANS USING NEWMAN-KLULS PROCEDURE

"~ . (Elementary Ss-Arithmetic)
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2 1 3 4
Ordered 1.66 1.75 1.95 - 2,06
Means
5 by bs by
(i) b2 .09 .29 40
bl . : | .20 .31
b3 .11
(11) .95  (r,102) 2.80 3.36 - 3.68
q.99 (r,102) 3.70 - 4,30 4,50
(141) s | |
Bq.95  (r,102) Sl .13 .15
. S-—.
Bq.99 (r,102) ‘ .15 C.17 .18
Pre (2) . Pre (1) Post Test Retention
(iv) = Pre (2) o ek Sk
Pre (1) : #% fok
Post Test —_
* p .05

** p < ,01
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Tables 18 to 20 for word meaning, arithmetic and language
respectively.
In this technique, the means of the levels of B are arranged

in rank order from low to high. Then differences between pairs of

the means are computed. In part (iii1) the critical values for the
ordered differences between pairs afe computed, and they are
compared to the differences in ordered means (i). If (1) is
greater than, or equal to (iii) then there is a significant

difference.

1. Elementarvas

In Table 15 for word meaning, levels of Significance at the
;Ol‘level were found between pretest (2) and post test and
retention test; and between pretest (1) and post test and.retention

‘.test.

In Tablev16 fdr pafagraph meaning, levels of significance at

the .01 level were fpund between bretest (2) and retention test.

At the .05 level, significance was obtained between pretest (2)

and post test.
In Table 17 for arithmetic, levels of significance at the .01
level were found between pretest (2) and post test and retention

test; and between pretest (1) and post test and retention test,

2. Senior Ss
In Table 18 for word meaning, levels of significance at the .01

level were found between pretest (2) and retention test and post test;

and between pretest (1) and post test.



TARLE 18

TEST ON MEANS USING NEWMAN-KEULS PROCEDURE

(Senior Ss-Word Meaning)

.01

2 b1 b4 b3
Ordered 92 2.99 3.22 3.31
Means
2 5 By by
(i) b2 .07 .30 .39
b1 .23 .32
b4 .09
(ii) q.95 (r,81) 2.83 3.40 3.74
q.99 (r,81) 3.76 4,28 4,59
(114) s .
Bq.95 (r,81) W17 .20 .22
S-——.
Bq.99 (r,81) .23 .26 .28
Pre (2) Pre (1) Retention = Post Test
(iv) Pre (2) L ok %%k
Pre (1) * fik
Retention .
* p < .05
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TABLE 19
TEST ON MEANS USING NEWMAN-KEULS PROCEDURES

(Senior §§7Arithmetic)

b2 b1 b3 b4
Ordered. 4,07 4,37 4,77 4,82
Means
b2 b1 : b3 b4
(i) b2 .30 .70 .75
b1 | C ‘ 40 .45’
b3 | .05
(i1)  q.95  (r,90) 2.80 3.36 ~ 3.68
q.99  (r,90) ~3.70 4.20 4.50
(ii1) s |
Bq.95 (r,90) .34 40 Lab
S .
Bq.99 (r,90) hb ' .50 .54
Pre (2) Pre (1) Post Test Retention
(iv) Pre (2) ) - k% *k
Prg (1) . , % *
Post Test -
* p < .05

*% p <.01-
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" TABLY. 20
TEST ON MEANS USING NEWMAN-KEULS PROCEDURES

(Senior Ss~Language)

b2 b3 b1 b4
Ordered 3.80 4,17 “4.21 4,40
Means .
b2 b3 b1 b4
1) b, ' .37 .41 .60
b, . oo .23
bl . . .19
C(d1)  q.95  (r,48) .26 .31 L34
q.99 (r,48) .34 .39 42
(111)  s_ ~
Bq.95 ‘(r,48) .26 .31 .34
Bq.99  (r,48) .34 .39 ’ .42
Pre (2) Post Test Pre (1) Retention
(iv) Pre (2) 7 *k *dk ok
Post Test —_— —_—
Pre (1) .
* p'< .05

*% p ¢ .01
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At the .05 level, significance was obtained betweeﬁ pretest (1) and
retention test.

In Table 19 for arithmetic, levels of significance at the .01
level We£e_found between pretest (2) and post test and_reténtion V
test. At the .05 level, significance was obtained between pretest 1
and post test énd retention test.

In Table 20, levels of significance at the .01 level were
found between pretest 2 and post test, and pretest 1 and

retention test.

ITI. Test for Simple Main Effects
Tests for simple main effects were performed in order to

determine if there are differences between:

1. al, az, qnd a3 at bl or
al, az, apd a3 at b2 or
al, a,, and a3 at b3 or
al, a2, and 33 at b4'

2. . bl’ bz, b3,.and'b[+ at al or
bl’ b2, b3, and b4 at a, or
bl’ b2’ b3, and b4 at 33.

A clarification of letters a b et cetera for the data

1’ %2 Ppo

treatment design can be found in Appendix E.

1. Elemehtary Ss

The results for elementary‘§§‘for word meaning are shown in
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Table 21. An anaiysis of the data indicates a significant difference.
ambng treatment effects for pretest 2, post test and retention test

at the .01 1ev¢l. Both the language arts and combined language
arts-maths groups showed significant differences over time at the

.01 level, and a significant interaction at the .05 level. Therefore,
the Null Hypothesislthat there is no significant difference in the
effects of factor A can be rejected at levels bz,-b3, and b4 (pretest 2,
post test, and retention test; respecfively). 'Also, the Null
Hypothesis that there is no significant difference in_the effects

of factor B'(time) when observations are made at levels a, (language

arts group) and a, (combined group)is rejected.

2. Senior Ss

The results for senior Ss for language are shown in Table 22.
Data analysis indicates a significant difference among trgatment
effects of pretest'l, pretest 2, post test and retention test at the

.05 level. Both the language arts and combined groups showed

 significant differences over time at the .05 and .01 levels,

respectively, aﬁd significant interaction at the .0l level. Therefore,
the Null Hypothesis that there is’nb siénificant différence in the
effects of factor A can bhe rejected ét levels bA, 62, b3, and b%.
the Null Hypothesis that there is no significant difference in the

‘Also,

effects of factor B (time) when observations are made at levels ay

and a, is rejected.



TABLE 21
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ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS

(Elementary Ss~-Word Meaning)

df

0 2.96 (df

LI

Source SS MS F
1. Between subjects
2. Between A at b1 0.74" 2 0.37 (%) = 2,85
3. Between A at b2 2.64 2 1.32 (§) = 10.23 ##%
4., Between A at b3 3.95 2 1.98 (%) = 15,23 %%
5. Between A at b, 3.08 2 1.54 (g) = 11.85 **
6. Within Cell 18.46 144 0.13
7. ‘Within subjects
8. Between B at 2 2.45 3 0.82 (Tg) = 16.40 **
(language arts group)
9. Between B at a, 0.95 3 0.32 (33) = 6.40 *x
(combined group)
10. Between B at a, 0.28 - 3 0.09 (%g' = 1.80
11, aB 0.83 6 0.14 (3 = 2.80
12, BX Subj. W. groups - 5,05 108 O,QS
* p<.055 F critical = 3.07 (df = 2,144); 2.69 (df = 3,108);
, 2.71 (df = 6,108)
** p<.0L; F critieal = 4.79 (df = 2,144); 3.95 (df = 3,108):

6,108)
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TABLE 22
ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS

(Senior Ss-Lanugage)

Source LH . df MS . F

1. Between subjects

2. Between A at b, 28.72 2 14.36 (%) = 4,39 *

3. Between A at b, 25.19 2 12.60 '(g) = 3.85 %

4. Between A at b, 28.00 2 14,00 () = 4.28 *

5. Between A at b4 20.69 2 10.35 (%) = 3,17 % -

6. Within Cell 209.48 64 - 3.27

7. Within subjects .

8. Between B at a 1.24 3 0.41 (Ig) = 2.93 *

' (language arts group)

9. Befween B at a, 2.86 3 0.95 (Tg) = 6,79 %%
(combined group)

10. Between B at a, L3 0.38 (39 = 2.71

11. AB 277 6 0.46 (%%) = 3,29 %%

12, BX Subj. W. groups - 6.73 48 0.14

% p<.05; F critical = 3.15 (df = 2,64); 2.84 (3,48); 2.34 (df = 6,48)

*% p< 013 F eritical = 4.98 (df = 4,98); 4.31 (3,48); 3.29 (df = 6,48)
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Analysis of Covariance for '‘Repeated Measures

1. Elementary Ss

The summary table for the Analysis of Covariance for Repeated

‘Measures for elementary Ss can be found in Table 23. Pretest 1 and

pretest 2 were used as covariates. The computed F value for factor G
indicated that there were significant differences among the means of
the dependent variables at the 0.001 level. The remaining computed F
values were not significant at either the .05 or' .0l levels. The
significant difference among theAmeéns of the three subtests were

consistent with expectations because of the differences in the
ﬁ . v

scaled scores on the subtests.

2. Senior Ss

The summary table for the Analysis of Covariance for Repeated

Measures for senior Ss can be found in Table 24. None of the computed

~F values were significant at either the .05 or .01 levels.

Further tests using the results of the Analysis of Covariance
were not carried out, since the overall results revealed a lack of

significance for both the elementary Ss and senior Ss.

IV. Intercorrelations

For descriptiﬁe‘purposes, the intercorrelations were calculated
for’elementary_gg, senior Ss and total'Ss for the word meaning,
paragraph meaning and arithmetic subtests. 1In addition, the

intercorrelations for senior Ss for the language subtest were calculated.



TABLE 23

ANALYSIS OF CONVARIANCE SUMMARY TABLE

FOR REPEATED MEASURES DESIGN

(Elementary Ss)

137.

*% p o 01

32:;‘:: 12:: Ss DF MS F LEVEL
Mean 55.15 1 55.15  5.62 0.02

G (dependent variables) 159.06 2 79.53 8;11 0.001 -
H (groups) 9.23 2 4.61 0.47 0.63 |
GH: 21.94 4 5.9  0.56 0.69

Ist covar. (pretest 1)  251.41 1  251.41 25.63

2nd covar. (pretest 2)  205.65 1  205.65 20.97
A1l Covariates 1962.22 2 981.11 100.03

Error 1000.38 102 9.81

* p<..05



TABLE 24

ANALYSIS OF VARIANCES SUMMARY TABLE

FOR REPEATED MEASURES DESIGN

(Senior Ss)

138.

Source of

*% p ¢ 01

" Variation SS DF MS F LEVEL
Mean 160.02 1 160.02  2.89 0.09
G (dependent variables)  360.85 ‘3 120.28  2.17 0.10
H (groups) 201.79 2 100.89 1.82 0.17
CH 171.74 6 28.62 -0.52 0.79
st covar. (pretest 1)  993.99 1 993.99 17.94
2nd co§ar. (pretest 2) 435,76 1 435l76 7.87
All Covariates | 25700.21 2 12850.11'231;94
Error 5429.52 98 | 55.40
* p ¢ .05
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The results of the correlationldata indicated that pretests to
retention tests were highly correlated and significant at the .05
and .01 levels for all four subtests. When the elementary and
senior groﬂps are compared,’ the correlation data revealed that
"there was greater stability of scores from pretests to retention
tests on all three subtests for the senior Ss group. The results
of the correlation matrices are found in Table 25 for Word Meaning,
Table 26 for Paragraph Meaning, Table 27 for Arithmetic, and

Table 28 for Language.

in each subtest, the group mean scﬁres for all three treatment

groups, for both elementary Ss and senior Ss, are represented

graphically in Figures 2 to 8.
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TABLE 25

CORRELATION MATRICES FOR WORD MEANING

Elementary Ss

1 (pre 1) 2 (pre 2) 3 (post) 4 (ret)
1 (pre 1) " 1.00 '
2 (pre 2) 0,69%% 1.00
3 (post) 0.71%% 0.86%* 1.00
&4 (ret) 0.75%% 0.73%% 0.84%% 11,00

* p < .05 1 critical = .32 df (37)
*¥%* p < .01 r critical = .41 df (37)

‘Senior Ss _
| 1 (pre 1) 2. (pre 2) 3 (post) 4 (ret)
1 (pre 1) | 1.00
2 (pre 2) 0.90%* 1.00
3 (post) 0.91%%  0,90%% ©1.00
4 (ret) 0391 %+ 0.94%% 0,943 1.00

* p g .05 critical = .36 df (28)
"% p ¢ 01 r critical = .46 df (28)

Total Ss
1 (pre 1) 2 (pre 2)- 3 (post) 4.(ret)
1 (pre 1) 1.00
2 (pre 2) - 0.93%% ~1.00
3 (post) 0.93%% 0,93%% 1.00
4 (ret) 0.92%% 0.93%%! 0.95%% | 1.00

* p € .05 r critical = ,24 df (65)
** p < .01 r critical = .31 df (65)



CORRELATION MATRICES FOR PARAGRAPH MEANING

TABLE 26
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Elementary Ss.

2 (pre 2)

1 (pre 1) 3 (post) 4 (ret)
1 (pre 1) 1.00
. 2 (pre 2) 0.87%* 1.00
3 (post) 0.86%* 0.76%% 1.00
4 (ret) 0.85%% 0.85%% 0.91%% 1.00
* p < .05 r critical = .32 df (35)
*% p ¢ «01 r critical = .41 df (35)
Senior §§_ _ ‘v
1 (pre 1) - 2 (pre 2) 3 (post) 4 (ret)
1 (pre 1) 1.00
2 (pre 2) 0.94%% 1.00
3 (post) 0.93%* 0.91%%  1.00
4 (ret) 0.93%% -0.93%% 0.89%* 1.00
* p < .05 r critical = .34 df (30)
% p .01 r critical = .44 df (30)
Total Ss
1 (pre 1) .2 (pre 2) 3 (post) 4 (ret)
1 (pre 1) 1.00
2 (pre 2) 0.95**. 1.00
3 (post) 0.95%% 0.93%% 1.00
4l(ret)- 0.95%% 0.94%% 0.93%% 1.00

* p < .05 r critical = .24 df (65)
*% p < .0l r eritical = .31 df (653)
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"TABLE 27

CORRELATION MATRICES FOR ARITHMETIC

Elementary Ss

1 (pre 1) 2 (pre 2) 3 (post) K (ret)
1 (pre 1) 1.00
2 (pre 2) 0.90%% 1.00
3 (post) 0.93%% 0.85%% - 1,00
4 (ret) 0.87%% _ A0.88** '. 0,92#%%, 1,00.

* p .05 r critical = .32 df (35)
*% p ¢ .01 v critical = .41 df (35)

Senior: Ss
1 (pre 1) 2 (pre 2) 3 (post) 4 (ret)

‘1 (pre 1) 1 1.00
2 (pre 2) 0.97%% 1.00
3 (post) 0.97%% 0.95%% 1.00
4 (ret) 0.87%% 0.86%% 0,925 1.00
* pg .05 r critical = .34 df (31)
#% p ¢ .0l r critical = .44 df (31)
Total Ss

: 1 (pre 1) 2 (pre 2) 3 (post) 4 (ret)
1 (pre 1) 1.00
2 (pre 2) 0.98%% 1.00
3 (post) . 0.98%% 0.96%% 1,00
4 (ret) | 0.92%4% 0.92%% 0.95%% 1.00

* p < .05 r critical = .23 df (66)
*% p g .01l v critical = .30 df (66)
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TABLE 28

CORRELATION MATRICES F%R LANGUAGE

S - Senior Ss
| 1 (pre 1) 2> (pre 2) 3 (post) 4 (ret)
1 (pre 1) '1.00 '
2 (pre 2) 0.95%% 1.00
3 (post) 0.97%* 0.96%% 1.00
4 (ret) 0.98%%  0,94%x  0.95wk " 1.00
* p < .05 r critical = .45 df (17)
= .57 df (17)

*% p & .01 r critical
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CHAPTER VI

DISCUSSION AND CONCLUSIONS

The findings of this study have demonstrated that: (1) severely
and profoundly deaf students were able to work independently at the
computer terminal, and (2) C.A.L. is a practical means of reinforcing

the academic skills of deaf students.

Analysis of Variance for Word Meaning

I. Elementary Ss

Since there was a significant difference among the experimental\ 
groups due to treatment effects, Null Hypothesis (1) was rejected, |
and the Alternate Hypothesis for elementary‘§§ for word meaning was
accepted. The Scheffé‘probing procedure was used to determine where
the significant differences occurred. Results of this teét indicated
significant differences at the .05 level between (1) the language arts
group and the combined group, and (2) the language arts group and the
maths group. There was‘no significant difference between the maths
group and the combined group. These results indicated that significant
gains in word meaning were made by the language arts group, which
received the greatest amount of supplementary C.A.L. language arts
instruction. These results were consistent with expectations.

The Analysis of Variance revealed a significant difference over

time; therefore, Null Hypothesis (2) was rejected and the Alternate
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kHypothesis was accepted. Results of the Newman-Keuls probing

technique revgaled éignificant differences between: (1) pretest 2
and the post test and retention tests; and (2) between pretest 1 and
the post test and retention tests. Both différences were significant
at the .0l level. These results suggest that vocabulary learning, as
measured by the word meaning subtest, occurred durihg the experimental
period.

The results obtained with respect to Null Hypothesis (3) showed

a significant interaction effect. Thus, Null Hypothesis (3) was

‘rejected; and the Alternate Hypothesis, that there were significant

differences among the treatment effects over time, was accepted.
Accordingly,.tests for simblé main effects Qere performed.

Results of the tests for simple main effects indicated significant
differences over time for treatment effects between pretest 2, post |
test and retention test. Although significance was found‘at the posf
test and retention test levelé, these results were confounded by thé
significan;e shown at pretest 2. The reason for the confounding
significance at the pretest 2 level was felt to be due to biased
experimental groups. This will be discussed in more depth later in
this chapter.

- The results of the tests for simple main effects also reveiled

that both the language arts group and the combihed group showed
significant interaction at thev}OS level., The maths group did not
show any significance at the ;05 level. Thus; both groups which
received supplementary C.A.L. in 1anguage obtalned 51gnificantly

larger galns in word meaning that the maths group, which did not
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receive supplementary C.A.L. in language. These results were

consistent with expectations.

II. Senior Ss

Siﬁce no significant differencés were found among the experimental
group means, Null Hypothesis (1) for senior Ss for word meaning was
aécepted. |

The Analysis of Variance revealed a significant difference over
time; therefore, Null Hypothesis (2) was-rejeéted'and the Alternate
Hypothesis was accepted. Results of the Newman-Keuls probing
procedure revealed significance at the .01 level between: (1) pretest 2
and the retention test and post tests, and (2) between pretest 1 and
the post test. At the .05 level, significance was obtained betweenx
pretest 1 and the retention test. These results suggest that
vocabulary learning, as measured by the word meaning subtest, occcurred
duringvthe experimental period.

The results obtained for Null Hypothesis (3) revealed mno
éignificant interaction effect at either.the .05 or .01 levels. Thus,
Null Hypéthesis (3) for word meaning. for senior Ss was accepted. The
lack of significance may be due to the large variability of scores.

The students' S.A.T. word meaning scores ranged from grade point
level 1.7 to 8.5. Significancé was difficult to achieve with such

a large variability of scores and with a relatively small sample.
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Analysis of Variahce for Paragraph Meaning

I. Elementary Ss

Since there was a significant difference among the experimental
groups due to treatment effects, Null Hypothesis (1) was rejected
and the Alternatg Hypothesis for elementary-§§ for paragraph meaﬁing
was accepted. Results of tﬁe Scheffé'probing procedure revealed
significant differences at the .05 level betwéen: (1) the language
arts and combined group, and (2) between the language arts and maths
group, Thefe was no significant difference between . the maths group
and the combined group. These results replicate the findings for-
word meaning for elementary Ss. These findings indicated that
significant gains iﬁ ﬁaragraph reading were made by the language arts
group, which received the greatest amount of supplementary C.A.L.
language arts instruction. These results were consistent with
expectations.

The Analysis of Variance revealed a signifiéant difference over
time; therefore, Null Hypothesis (2) was rejected and the Alternate

Hypothesis was accepted. Results of the Newman-Keuls probing

technique showed significance'betwaen: (1) pretest 2 and the retention
test at the .61 level, and (2) between pretest 2 and the post test at
the .05 level. However, these results were confounded since no
significant differenceé were obtained between pretest 1 and the post
test and retention tests. These latter results suggest that no
significant gains in paragraph reading»occurréd during the_experimental
period.

The results obtained with respect to Null Hypothesis (3)
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revealed no significant interaction effect at either the .05 or .01
levels. Thus, Null Hypothesis (3) for paragraph meaning for

elementary Ss was accepted.

IT. Senior Ss

Since no significant differences were found among the experimental
group means, Null Hypothesis (1) for senior Ss for paragraph
meaning was accepted.

The Analysis of Variance revealed no signifigant difference over
time; therefore, Null Hypothesis (2) was acéepted.

The results obtained for Null Hypothesis (3) revealed no
significant interaction effect at either the .05 or .Ql levels. Thus,
Null Hypothesis (3) for paragraph meaning was accepted.

There are several explanations for the lack of significance for
paragraph meaning for senior Ss. First, there was an insufficient
number of C.A.L. language arts progréms appropriate for thé diverse
needs éf senior age‘§§.v Second, past research has revealed that
reading comprehension is the academic subject most severely affected

by deafness (DiFrancesca and Carey, 1972, p. vi). Related to this

is the severity of the students'-hearing loss.. Students who have

severe or profound hearing léssés usually obtain their poorest

.achievement Scores on reading comprehension tests (DiFrancesca, 1972,
’’’’’’ p. 9). The majority of students in this study had either severe or
profound hearing losses. Finally, this situation is further complicated

since deaf students generally score their smallest achievement gains,

usually in tenths of one year, during their adolescent years (Moores,
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1970, p. 37). Given these considerations, it is not surprising that
there was a lack. of significance for paragraph meaning for senior Ss

in the present study.

Analysis of Variance for Ardithmetdic

I. Elementary'Ss

Since there was a signiﬁicant difference aﬁong the experimental
groups due to treatment effects,vNull_Hypothesis.(l) was rejected
and the Alternate Hypothesis for elementary_§§ fot arithmetic was'v
accepted.. Results of the Scheffé‘probing procedure revealed
significant differences at the .05 level between: (1) the language
arts group and the combinea group, and (2) between the language arts
group and fhe maths group. There was no significant difference
between the maths group and the combined group. The significant
difference between the language arts‘group and the maths gréup, in
favor of the language arts group, was inconsistenf with expectations.
These results suggest that the language arts group was superior to

the two other experimental groups. This was due to the selection of

biased experimental groups. The lack of significance between the
maths group and the combined group may have been due to the lack of
sufficient computer contac; time dufing the experimental period.
Each § worked at the computer terminal approximatel§115 minutes, 2

- or 3 times per 6 day cycle. Current research indicates‘that C.A.L.
is most beneficial when‘the students work at the computer terminals
for a brief time each day. lowever, in the pfesent stﬁdy it was not

possible to provide every S with the opportunity to work at the
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terminals daily since theré ﬁere only two terminals available.

'The Analysis of Variance revealed a significant difference over
time; therefore, Null Hypothesis (2) was rejected and the Alternate
Hypothesis was accepted. Results ofvthe Newman-Keuls probing
technique showed significance at the .0l level bhetween: (1) pretest 2
and the post test and retention tests; and (2) between pretest 1 and
the post test and retention tests. These results suggest that learping
- in arithmetic occurred during the experimental beriod.

The results obtained with respect to Null Hypothesis (3) revealed
no significant interaction effect at either the .05 or .01 levels.
Thus, Null Hypothesis (3) for arithmetic for elementary.§§ was

accepted.

II. Senior Ss

Since no significant differences were found among the experimental
group means, Null Hypothesis (1) for senior Ss for arithmetic was
accepted.

The Analysis of Variance revealed a‘significant difference over
time; therefore, Null Hypothesis (2) vas rejecfed and the Alternate
‘Hypothesis was accepted. Results of the Newmag-Keuls probing technique
revealed significént differences at the .01 level between pretest 2
and the post test and retention tests. ‘At the .05 level, significance
was found between‘pretest 1 and the post test and retention tests.
These results. suggest that learning din arithmetic'occﬁrred during the
experimental period. | |

The results obtained for Null Hypothesis (3) revealed no
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significant interaction effect at either the ;05 or .01 levels. The“
lack of significance may be due to the large variability of
arithmetic scores, which ranged from grade point level 1.5 to 12.6.
Significance waé difficult to achieve with such a large variability

of scores with a small sample.

Analysis of Variance for Language

Senior Ss

Since no significant diffefences were found among the experimental
group means, Null Hypothesis (1) for senior Ss for 1anguage was
accepted. |

The Analysis of Variance revealed a significént difference over
time; therefore, Null Hypothesis (2) was rejected and the Alternate
Hypothesis wasvaécepted. Results of the Newman;Keuls probing
procedure'revealed significant differences, at the .01 level betweéﬁ
pretest 2 and the post test, pretest 1, and the retention tests.
Since the post. test ScOores were sméller than the prgtest 1 scores,
it was impossible to derive any.méaningful generalization regarding
the significance of the data.

The results obtained with respect to Null Hypothesis (3)
shbwed a significant interaction effect. Thus Null Hypothésis (3)
was reJected, and the Alternate Hypothesis, that there were significant-
differences among the treatment effects over time, was accepted.
Accordingly, tests for simple main effects were performed

The results of the tests for simple main effects revealed that

both the language arts group and»the'combined group showed significant
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interaction at the .0l level. The maths group didbnot show any
significance at either the .05 ér .0l levels. Thus, both groups

which received supplemehtary C.A.L. in language obtained significantly
greater gains in language than the maths group, which did not receive
supplementary C.A.L. in language. However, it was not possible to
derive any generalizations from the data, since the combined group
showed significance at the .01 level, while the language arts group
showed significance only at the ;05 level. This was not consistent

with expectations.

Analysis of Covariance for Repeated Measures

The general results of the Analysis of Covariance for Repeated-
Measures revealed a lack of significance for both the elementary Ss.
and senior_§§. Only one computed F value revealed statistical
signifieance. This statistical significance, which was consistent
with expectations, was ebtained ameng the means of the three'subtests
for elementary Ss. The scores of the tﬁree subtests~—word meaning,
paragraph meaning, and arithmetic--are sceled scores,-and'therefore;
differences among the means of the three subtests were expected.

Since the results of the Analysis of Covariance for Repeated Measures
revealed a lack of overall significance, further tests were not

carried out.

Intercorrelations

The results of the correlation data indicated that gains in

achievement were quite consistent during the experimental period.
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However, when the elementary and senior grouﬁs were compared, the
correlations reveaied that the scores of the séniorb§§.showed greater
stability from pretests to retention tests on all three subtests.
This wés not surprising since.deaf students' acﬁievemént scores tend
to plateau during their adolescent years, and so fhere was less
variabiliéy in their scores. The converse is true; however for young
deaf students. Thus, the correlations for elementary Ss reflect the
variability of their scores. 1In general, there was a tendency for
the scores on the subtests to decline slightly‘f;qm pretest 1 to
pretest 2. This result may have been due to the use of alternate
forms of the Stanford Achievement Test (S.A.T.) on bretgst 1 and
pretest 2.

In general, the results of this study did nof show s;atistical
significance. Since biased treatment groups were~used,‘any statistiéél'
significance that was obtained was confounded by this factor,
Therefqre, it is not possible to derive any meaningful generalizations,

or to predict any trends from the experimental data.

General Comment

. Previous research ﬁas démonstrated that C.A.L. can be an
effective supplement to conventional classroom instruction.
Although statistical significance was not obtained in this.study,
several important observations were noted throughout the expérimental
period which have relevant educational implications.
Shortly after the experimentai period commenced, it became

evident that the majority of the students were capable of
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’”loggingjon".and "logging-off" the computer terminals by themselves.
Many of the teachers were quite surprised that even the youngest
students could be independent, and did not require much assistance.
This suggests that teachers often underestimate the abilities of

their students, and. perhaps do not encourage them to work independently,

One benefit of C.A.L. has been the heightened awareness of
many of the teachers of the importance of 1ndividuallzlng instruction
for their students. As the experimental period progressed, it became

clear that many of the teachers were using C.A.L. .to strengthen skill

areas as well as reinforce concepts that had been previously taught
in the classroom. However, it is this experiﬁenterfs opinion that
the potentiai of C.A.L. to individualize instruction was not always
being utilized to its maximum capability. This may have been due to
“the teachers' inexperience and/or 1nadequate training in how to
diagnose and prescribe individual programs of study. Inservice
trainlng in diagnosis and prescription and greater exposu:e»to
C.A.L. would enable teachers to use C.A.L. more effectively,

The use of C.A.L. also resulted in tlme effic1ency. Generally,

the students worked much faster and often with greater accuracy on

the computer than in the classroom. This was espec1allv true in
mathematics. The same maths program required fifteen minutes to
complete on the computer terminal, but required thlrty minutes or

more to complete in the classroom.

The time efficiency factor of C.A.L. also improved the students’
attention span and concomitantly, their ability to attend to the

learning situation. A general complaint among teachers of the deaf
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is the ‘students’ iﬁability and/or unwillingness to attend to the
learning situation. The typical classroom éetting provides many
distractors for the stﬁdents, which often results in an inefficient
tegghing~learning process. However, the C.A.L. drill and practice
programs were highly motivating and focused the students’ attention.
This resulted in an improved learning enviromment.

In addition, many teachers observed that the students displayed
a positive a#titude towards C,A.L. The students; particularly the
&oung students,.worked enthusiastiéally at the terminals. Several
- students, who often showed a negative’attitude towards learning in
tﬁe classroom; found C.A.L. to be stiﬁulating and enjoyable.

Another benefit of_C.A.L. is that it can provide deaf students
with a "quality-quantity" approach in their language learning. That
is, the computer can provide the.students with thousands pf examples‘
of grammatically correct sentences. It is probable that the méjority
of deaf students in North‘America curréntly are receiving either a
”QUality" or "quantity" approach in their language learning, but very
few are receiving both. fhe need for a combined approach is obvious.

C.A.L. has also resulted in several othe: benefits. Many of
the students in the study learned how to use the telephone and to
type. Both of these skills are essential in the use of the
teletypewriter telephones (T.T.Y.) which deaf'people uge-to

communicate with each other.

Implications and Future Considerations

The general results of this study suggest that C.A.L. is a
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practical means of reinforcing the academic skills of deaf students.
Drill and practice; when presented in the classroom, is boring and
uninspiring;‘ But when it is presented in é C.A.L. format, the
students found it stimulation and challenging. The information
gained during this study suggested that improvements were needed in
several areas. These changes would provide future studies with‘a
strengthened experimental model from which more specific conclusions
could be drawn.

Foremost, additional C.A.L. language arts programs need to be
written. Topics for these new programs should include: negétion,
conjunction, question formation,.pronominalization, complementétion,
relaﬁivization, and passive voice. Research by Russell, Quigley,
and Power (1976) indicates that these are the linguistic constructigqs
thatbhearing impaired students have the most difficulty in masteringl\
These new programs, in addition to the éurrent programs, need to be
developed in a hierarchy of skill development. Although a start has
been made to develop a hierarchy of skillé and progréms, many gaps

exist, and these must be filled before any future research in language

arts in undertaken.

Additional mathematical programs that involve word problems need
to'bé developed, at both the lower andﬁupper elementary levels; Such
programs would furtﬁer reinforce and develop the reading, thinking
and computational skills of deaf students.

In this study, each sﬁbjéct worked at‘the computer usually

every second or third day since only two terminals were available,

This limited the amount of‘computgr'contéct time for each subject
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throughout the experimental period.. In future studies with C.A.L.,
better results might be obtained if the subjects work at the computer
for fifteen minutes daily for six to eight months. This could enable
signifiéént gains to occur in Both language arts and matﬁematics.

AOther C.A.L. studies in the future could go beyond the usual
comparisoﬁ with conventional classroom instructioﬁ. For example,
contrel groups could receivg drill and practice in mathmatical
computation using hand digital calculators. Language arts lessons
taught in the classroom could be reinforced through the use of C.A.L.
interfaced with slides, video tapes and television. Such
multi-media experimentation would greatly enhance our understanding
of the effectiveness éf.educational technology and its feasibility
with deaf students,

Future C.A.L. studies that involye deaf students could also
consider program development in non-academic and social skills such
as: money management, nutrition, personal hygiene, consumer
education, and vocational-caréer development; Computer assisted
diagnostic testing also could become an integral part of a C.A.L.
program. This would provide information on the students’ entry
behaviors and program performance, which would lead to -further

diagnosis, prescription and remedial strategies.

Limitations of the Study ~ ' ;}Efﬁﬂ

The selection of biased treatment groups precluded any
meaningful conclusions and generalizations from the experimental

data. The experimenter was able to gain the cooperation;.support
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and participation of some of the teachers in this study by.allowing
them to select the C.A.L. treatment éondition for their students,
rather than by random assigmment of treatment ;onditions. This
procedure significantly weakened the experimental‘modei of this
study. Future C.A.L. stqdies with deaf students should adhere to
the scientific model by randomly selecting the subjects and randomly
assigning them to the treatment conditions. Such a procedure

would ensure that relevant conclusions and generalizations could be
drawn from the data.

The use of different parallel forms, W, X, and Y of thevStanford
Achievement Test (S.A.T.) was also a limitation of this study. .
Brill '(1974, pp. 173-177) states that the use of different parailel
. forms of the same test, at the beginning and end of a learning
period, will not provide a true measure of what deaf students have
learned. Brill advises that the same test form must be administered
both at the beginning and at ﬁhe end of a learning period in order
to measure the deaf'student's progress. It follows, therefore, that
the use of three parallel.test forms in this study did not provide a
régl'measure of the learning that occurred during the experimental
C;A.L, period.

The validity of the use of the S.A.T. (1964)>used with the
deaf students in this study must also be questioned. This test was
designed for and standardizéd on a_normal hearing pépulation, and
thus has limited use with deaf stﬁdénts. Test levels of the S.A.T.
are ordinarily assigned to the studenfs qn'the basis of their school

grade placement; However, this is inappropriate with deaf children,
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since grade level designations do not reflect their academic ability;
rather they usually indicate the number of years the children have
attended school. A Special Edition for Hearing Impaired Students of
the S.A.T. (1973) has been recently published., This Special Edition
was not used in thié study as it was not available when this study
commenced. This tést was developed and standardiéed on a large
sample of hearing impaired students in thé United States. This
Spéciél Edition of the S.A.T. would appear ﬁo be more suitable for
deaf children since the content and the difficulty level were
selected'independently for each subtest area. This ié espe;ially
Important in the reading and mathematics areas, since deaf students
abilities on these two subtests are vefy disparate; In addition,
national nérms for hearing impaired students, according to age have
been developed with the Special Edition. It is recommended that
future sfudies’using C.A.L. with deaf students use the Special
Edition of‘the S.A.T. since it would appear to be more appropriate.

In this study, C.A.L. might have been.moré effective if there
had been closer supervision of the types of C.A.L. programs selected
for the students. - Often,_maﬁy of the students in a class would work
at one program,,éll using the same parameters. Improved liason
between the experimenter and .-teachers would ha&e'ensuréd better
coordination between classroom instruction and related C.A.L. topics
for each student. In addition, inéervice training in the preparation
of individualized prograﬁs of study should héve been provided for
the teachers prior to the commencement of this study. Better

‘program selection and closer evaluation of the students' progress
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throughout the experimental period might have enhanced the
;effectiveness of C.A.L.

Volunteers were an invaluable aid in the proctoring and
monitoring of the system and the students as they worked at the
terminals.' Howaﬁer, the effectiveness of C;A,L also might have
‘been improved if there had been only one proctor, who would have
performed these duties on a full time basis. Such a person would
have been ablevto provide more consistent supervision, and better
coordinatipn between the experimenter and the teachers. It must be
emphasized, however, that the volunteers in this study enabled the

project to run quite efficiently.

Summary and Conclusions

The selection of biased treatment ?roups and the use of dlfferene
-alternate forms of the §S. A.T. confounded the experimental data of
this study. These limitations negated -any statistical significance
that was obtained from the data. Consequently, it is not possible
to derive any meaning ful generalizations or to predice-any signifieant
trends from the experimental data_gg£_§g.

The results of this study, however, are educationally relevant
to teachers and researchers. This study has demonst;ated that C.A.L.
is feasible with brofoundly deaf students. The majority of the
students demonstrated that they are capable of u51ng the system with
very little assistance. Teachers observed that C.AL. is stimnlating
and challenging.to.the etudents, and a practical means to strengthen

skill areas.and reinforce concepts that have been previously taught
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in the classroom, both in the mathématics and lénguage arts. As
teachers become more skillful in individuélizing their instruction
and coordinating C.A.L.'with‘tﬁeir teaching, the effectiveness of
C.A.L._will increase accordingly.

In éonclusion, the use of the computer as an instructional tool
is increasingly becoming a viable method of instruction. Its
future in the education of deaf children seems especially bright.
As more programs are developed in academic, non-adcademic and social
skill areas, researchers will have greater scope tg investigate its
efficacy and diversity in the education of children who are

profoundly deaf.
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APPENDICES A AND B

READING COMPREHENSION AND MATHEMATICS COMPUTATION SCORES



Figure 1:

Scaled
Score

. Figure 2:

Scaled
Score

Source:

Reading Comprehension Score

APPENDIX A

for Hearing Impaired Students

Mathematics Computation Scores

180

120

s National Distribution

194,

Means For .
Hearing Students } -~

1 | !

1

t

{

1

- .
50th Percentile

7 75th Percentile
7 50th Percentile

=1 25th Percentile

-4 10th Percentile

Hearing Impaired Students

200

180

" 160

- 120

11

12 13 14

15
Students’ Age

16

17

18

National Distribution for

19 20:

Means For

Hearing Students h 7

I |

i

1

!

12

13 14 15
Students’ Age

Trybus and Karchmer (1977)

16

17

18

19

90th Percentile
75th Percentile

50th Percentile

25th Percentilei

10th Percentile




195.
APPENDIX B

MEAN GRADE LEVEL OF STUDENTS WITH 60 dB (ISO) OR GREATER HEARING LOSS
Academié Achievement Test Performance of Hearing Impaired Students
U.S: Spring 1969

Office of Demographic Studies, Gallaudet College, Washington, D.C.

Reading
Age 8 9 10 11 12 13 14 15 1§ 17 18 19
Test Battery
Primary I 1.87 1.91 1.97 2.04
Primary II . 2.38 2.50 2.41 2.51 2.44
Intermediate I : 3.41 3.46 3.33 3.33 3.35
Intermediate IT ~ 3.97 4.31 4.24 4,17 4.02-
Language
Primary II ©2.98 3.17 2.99 3.04 2.87
Intermediate I ‘ 3.42 3.54 3.41 3.40 3.48
Intermediate IT 4,13 4.66 4.50 4.57 4.40
Advanced 5.46 5.82 6.02 6.15 6.00

Arithmetic Computation

Primary II 2.93 3.59 3.44 3.72 3.83

Intermediate I 4.43 4.78 4.76 5.30 5.25
Intermediate jas . : -~ 4.85 5,74 5,94 6.20 6.05

Advanced A ' 6.50 7.27 7.63 7.94 7.84

Source: “Adapted from Spidal and Pfau (1972).
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APPENDIX C

SUMMARY PROFILES OF SUBJECTS
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APPENDIX D

SAMPLE COMPUTER PROGRAMS




/CALL,MSD¢ P=COUNT20)
. | - 208,
DATES  77/12/14. TIME:  20.57.07.,

WHAT IS YOUR STUDENT NUMBER 7 MSD999
VHAT 1S YOUR FIRST NaME 7 Loy
WHAT IS YOUR LAST Naumg ? REEVES
TEACHER OR STUDENT TO PUT IN THE PARAMETERS
BETWEEN 1 anp eo.
DO YOU WANT FuLL DATA 17 OR SHORTENED DATA (2) 7

' HOW MANY PROBLEMS DO YOU waNT. (FROM 1 TO 20)? 10

LEAST NUMBER OF ITEMS TO BE COUNTED 2 1
LARGEST NUMBER OF ITEMS ‘TCO BE COUNTED 712

DO YOU waNnT THE COUNTING INTRODUCTION? YES OR NO.? NO-

= 74
< Lou
$ 5 3 $ $ $ 3
= 27 \
< LOU
3 1 £1 3
= 7 4
< LoU
A\
$ $ $ ES $ $ $
= 77
< LOU




8
a7 1}
» "< 'LOU
$ $ $ $ $ $ $ $
= 710
< LOU
1 c1
= 73
< LOU
9
$ $ $ 8 $ $ «
'J
= 76
< LOU
3 3
= 72
< LOU
$ $ $ $ $ $ $ $
= 7 10
< LOU

- . wn v Pn e A .-

THATV IS ALL FOR NOW LOU DO YOQU HAVE TIME FOR MORE?"

TYPE IN YES OR NO ? NO

THAT'S ALL, LOU. YOU HAD 10 CORRECT ANSWERS AND
O WRONG ANSWERS.

'THAT GIVES YOU 100 PERCENT.

" GOODBYE LQU REEVES COME “AGAIN SOON.

209,




DATE: 77/12/14. . TIME: 2116047 . 210.
VHAT IS YOUR STUDENT NUMBER ? MSD999

. wHAT IS5 YOUR FIRST NAME ? LOUV

WHAT 1S YOUR LAST NAME 7 REEVES

"THIS 1S A SUBTRACTION PROGRAMME DESIGNED TO GIVE THE
STUDENT PRACTICE WITH PROBLEMS SPECIFIED BY THE TEACHER.

' HOW MANY PROBLEMS (FROM 1 TO 20) WOULD YOU LIKE.? 10

. HOW MANY DIGITS (FROM 1 TO 5) DO YOU WANT IN.THE'LARGER
. NUMBERa 7 4 ’

HOW MANY DIGITS (FROM 1 TO 4 > DO YOU WANT IN THE
SMALLER NUMBER. ? 3

\

HI; MY NAME IS NOS, THE FRIENDLY COMPUTER.

S w3 OD D R A e O N e T D KD D G OO U3 D OV e e WD AR NN CX R e S OB SN o P RO ms oD e mm €S e S e W e Y e e e e e e T we e o

OsKes LOU. TRY SUBTRACTING THESE PROBLEMS.

WHEN THE MACHINE STOPS. TYPE IN THE ANSWER FOR THAT COLUMN
ONLY. PRESS THE RETURN BUTTON AND WAIT FOR THE NEXT ° ?°.

-4 0 6 6
- 3 2 5
? 1
? 4
? 7

GOOD WORK, LOU. THE ANSWER 1S 3741 o

A

D NS R D W D WS "R R D MR e e e - o

X THAT'S NOT RIGHT, LOU. TRY AGAIN.
24 o

A

GOOD WORK, LOU. THE ANSWER IS 4958 .



~HODE]

© 211,
' DATE:  77,12/14. ' TIME: 21.42.41.

. WHAT IS YOUR STUDENT NUMBER 7 MSD999
WHAT IS YOQUR FIRST NAME ? Lou
WHAT IS YOUR LAST NAME 7 REEVES .

DRILL IN LANGUAGE ARTS - SENTENCE PATTERNS BASED ON
THE RHODE I SLAND LANGUAGE CURRICULUM FOR THE DEAF.

v DQ YOU WANT TO SEE THE LIST OF DRILLS. YES OR .NO? NO

WHICH DRILL DO YOU WANT (1:8:3»4 OR 57 1
HOW MANY QUESTIONS (FROM 1 TO 15) DO YOU UANT 7 10

DO YOU WANT TO . COPY EACH SENTENCE? 'YES’ CR *NO°* 7 NO

#%%DRILL NUMBER 1| « WHO, WHAT. k%
HERE ARE THE DIRECTIONSe c...
TYPE IN JWHO' WHEN THE SENTENCE 1S.ABOUT A PERSON.
_TYPE IN °*WHAT' WHEN THE SENTENCE IS NOT ABOUT A PERSON.
! « LARRY FELL.

: =zmma | ? WHO
CORRECT LOU.
2 « A CAT RAN.
=evsza ’ 7 WHAT

RIGHT ON LOU.
3 . THE WORM CRAWLED.
CORRECT LOU. )

47, THE TEACHER WALKED. |
‘mEsoman | ? WHO

{

' YOU ARE DOING FINE.




5 ¢« ° A BALLOON BURST. .
mMEmEs § ? WHAT

" RIGHT ON LOU. - ,
6 o A BALLOON BURST.
mxm=ms g ? WHAT

YO0U ARE DOING FINE.

7 o THE BUS DRIVER WAITED.

B TN ? WHO

CORRECT LOU.
8 .+ A BALLOON BURST.

. e —! ? WHAT
RIGHT ON LOU.

'9 . THE RAIN FELL.

' m=m=mm ? WHAT

YOU ARE DOING FINE.

10 «  LARRY FELL.

====={ 7 YHO

' CORRECT LOU,
' THE DRILL IS OVER LOU REEVES. OUT OF 10
YOU HAD 10 RIGHT AND 0 WRONG.

- YOUR SCORE IS 100 PERCENT.

QUESTIONS

212.



POSSESS

, 213,
' DATE$ 77/12/15. . TIME: 16.21.44.

.WHAT IS YOUR STUDENT NUMBER ? MSD999
WHAT IS YOUR FIRST NAME ? LOQU
WHAT IS YQUR LAST NAME ? REEVES

THIS IS A DRILL IN POSSESSIUE FORMS OF SINGULAR AND

PLURAL NOUNS, ADJECTIVES, AND PRONOUNS. ‘ : ’
- DO YOU WANT TO SEE A LIST OF THE AVAILABLE TOPICS ? NO

WHICH TOPIC (FROM 1 TO 5> DO YOU WANT 2 1

VDO YOU WANT TO SEE THE RULES FOR POSSESCIVE FORMS OF
NOUNS ? NO

HOW MANY QUESTIONS (FROM 1 TO 15 DO YOU WANT ? 8

DO YOU WANT.TO SEE THE DIRECTIONS ? NO

O°K°) LOUO LET'S GOooa

THE EYES OF PAUL ARE BLUE.
( ) EYES ARE BLUE.
( 7 PAUL®* S

PERFECT, LOU

THE CHEEKS OF THE SQUIRREL ARE FILLED WITH NUTS. ’ ®
THE ¢ ) CHEEKS ARE FILLED WITH NUTS. '
THE ¢ ? SQUIRREL"® S

PERFECT, LOU

THE IDEA OF THE ELF ‘WAS TQ USE MUSHROOMS AS UMBRELLAS.
. THE ¢ > IDEA WAS TO USE MUSHROOMS AS UMBRELLAS.
THE ¢ ? ELF*S )

- THAT'S GREAT, LOU
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APPENDIX E

DATA TREATMENT DESIGN
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APPENDIX E
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APPENDIX F

MEANS AND' STANDARD DEVIATTONS
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APPENDIX F
RAW DATA SUMMARY TARLES

(Elementary;§§7Word Meaning)

____~__~__ﬁ_,_..M___*_m__*_,__-~__~_~_~_-__~_*____.____*__ﬁ__
- Language Arts Group (al) :

_~._.__ﬁ_~___uu_w*__.._____~_,____“*__*~_,,____._~__,ﬁ‘_____~__

Ss Pre 1 " Pre 2 Post Retention
T .
1 2.3 - 2.0 2.1 2.5
2 2.0 2.3 2.6 - 2.7
3 1.8 2.0 .5 2.3
& 1.g 2.1 2.7 2.7
5 1.8 2.6 2. 2.7
6 2.3 2.6 2.3 2.5
7 1.9 2.5 2.9 1.8
8 2.3 2.3 3.2 3.2
9 2.5 | 2.4 2.9 3.6
10 1.5 1.7 1.9 1.8
11 1.8 1.8 2.4 24
12 1.7 1.6 1.8 2.0
13 L5 L6 g L5
Totals 25.2 27.5 31.8 31.7
Means 1.94 2.12 2.45 2.44
5.0. 0.32 0.37 - 0.46 0.58

(s.p.)2 0.10 0.13 0.21 S 0.3



218,

APPENDIX F (cont'd.)
RAW DATA SUHMARY TABLES

(Elementary.§5—Word Meaning)

Combined Group (az)

Ss Pre 1 Pre 2 Post . Retention

1 14 Ls 16 173
2 1.7 1.6 1.6 1.6
3 1.5 1.6 1.6 - - 1.8
4 1.9 1.5 1:8 1.8
5 1.4 7 7 1.5
s 2.2 1.7 1.9 1.8
7 1.9 1.8 2.4 2
8 1.4 1.1 1.4 1.4
9 1.7 L4 1.6 1.7
10 1.2 1.4 1.4 1.4
11 1.7 1.4 2.1 2.4
12 1.6 1.2 1.3 2.2
13 1.5 1.4 1.5 1.5
1 1.8 2.2 2.6 2.7
15 1.4 1.5 1.5 1.5
16 1.6 14 1.7 1.7
17 1.7 1.9 2.1 2.3
Totals 27.6 26.3 29.8 31.5
Means 1.62 1.55 1.75 1.85
s.Dp. 0.2 0.26 0.36 . 0.41

(S.D.)2 0.06 0.07 0.13 . 0.17



APPENDIX F (cont'd:)

RAW DATA SUMMARY TABLES

(Elementary Ss~Word Meaning)

219.

Mathematics Group (a3)

(s.D.)? 0.03

Ss Pre 1 Pre 2 Post Retention
1 1.8 1.8 2.1 2.0
2 1.4 1.0 1.3 1.4
3 1.7 1.3 1.7 1.7
4 1.6 1.4 1.7 1.6
5 1.9 1.7 1.9 2.0
6 1.7 1.7 1.7 1.8
7 1.7 1.8 1.6 1.7
8 2.0 1.8 2.1 1.9
9 . 1.8 1.9 2.2 2.3
Totals  15.6 14.4 16.3 16.4
Means 1.73 l¥60 1.81 1.82
5. 0.17 0.30 0.29 0.26
0.09 0.08 0.07
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 ,APPENDIX F (cont'qd.)
RAW DATA SUMMARY TABLES

(Senior Ss-Word Meaning)

Language Arts Group (al)

Ss . Pre 1 Pre 2 Post | Retention
1 2.3 | 2.3 2.4 2.7
2 2.4 1.8 2.2 2.2
3 2.2 2.5 2.6 2.4
4 2.4 1.9 2.6 1.8
5 4.7 4.7 5.2 4.7
6 4.4 3.0 4.7 4.2
7 6.7 7.1 8.5 7.8
8 3.3 3.2 3.2 3.1
9 3.6 3.0 3.6 3.9
10 2.7 3.1 3.3 3.9
Totals ' 34;7 : 32.6 38.3 - 36.7
Means | 3.47 3.26 3.83 3.67
§.D. | 1.44 21.58 1,91 1.73

(s.0.)° 2.08 2.50 3.66 3.01
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APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior Ss-Word Meaning)

Combined Group (az)

Ss Pre 1 Pre 2 Post Retention

1 2.7 C 2.6 3.6 3.6
2 v 3.5 3.6 3

3 1.9 1.7 2.0 1.8

4 2.7 2.8 2.7 2.9
5 2.1 2.3 1.9 2.0

6 1.8 1.7 2.1 2.4

7 2.7 2.6 2.7 3.2

8 2.3 2.5 é.7 . 2.6

9 . 3.9 3.9 3.8 4.2

10 4.7 - 3.9 5.1 4
11 4.2 3.9 3.5 3.5
12 3.3 3.3 3.2 3.6
Totals  35.9 34.7 36,9 37.8
Means 2.99 2.89 308 3.15
s.p. 0.9  0.80 0.92 0.82

(s.0.)2 0.89 0.65 0.84 - ©0.70
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APPENDIX F (cont'q.)
RAW DATA SUMMARY TABLES

(Senior_§§fWOrd Meaning)

Mathematics Group (a3)

Ss | ‘ Pre 1 - Pre 2 Post Retention

1 4.1 3.0 4.7 - | 3.5

2 3.2 2.9 2.7 3.0

3 2.3 3.0 3.1 ’ 3.2

4 1.8 2.0 2.7 : 2.1

5 1.8 1.8 2.5 | - 2.7

6 3.2 3.0 3.1 3.3

7 1.9 2.7 3.5 2.8

8 1.8 2.5 2.0 2.1
Totals ' 20.1 . 20.9l 24,3 22.7
Means 2.51 2.61 3.06 2.84
S.D. - | 0.88 0.48 | 0.81 0.52.

(S.D.)2 0.77 ‘ 0.23 - 0.65 ' 0.27
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APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Elementary Ss~Paragraph Meaning)

- Language Arts Group (al)

Ss Pre 1 - Pre 2 Post : Retention

1 2.4 : 1.8 2.9 2.4

2 2.7 2.6 2.6 2.6

3 2,4 2.0 2.3 2.5

4 2.5 2.1 2.1 2.0

5 2.4 2.6 : 2.5 2.9

6 2.4 2.5 2.5 2.4

7 2.1 1.9 2.6 2.5

8 1.9 | 1.7 1.7 1.8

9 1.8 1.7 2.1 2.1
0 1.6 1.6 L6 | 1.6
11 1.7 1.6 1.7 . 1.8
12 ‘ 1.7 1.6 1.7 1.7
13 1.6 1.5 1.5 1.5
Totals 27.2 25.2 "' 27.8 27.8
Means . 2.09 1.94 2.4 2.14
S.D. 0.39 0.40 0.46 . 0.46

(S.D.)2 0.15 - - 0.16 0.21 0.21
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- APPENDIX F (cont'd.)
.RAW DATA SUMMARY TABLES

(Elementary Ss-Paragraph Meaning)

Combined Group (az)

;§§ ' Pre 1 ' Pre 2 qut Retention
1 1.6 17 16 | 1.7
2 1.7 1.7 1.6 1.6
3 | 1.6 1.6 1.4 1.6
4 1.4 1.3 1.4 | 1.2
5 1.5 1.4 1.6 1.4
6 1.6 1.7 1.6 1.6
7 1.6 1.7 1.9 1.8
8 1.6 1.6 1.7 | 2.0
9 1.6 1.6 1.6 | 1.6
10 1.5 1.4 1.9 1.8
11 1.5 1.6 1.7 1.6
2 1.8 1.7 1.8 1.6
13 1.6 1.5 1.6 1.6
1 1.4 1.4 - 1.5 1.7
15 . 1.8 1.6 1.6 1.6
Totals 23.8 23.5 24.5 24,4
Meang 1.59 . 1.57 1.63 1.63
S.D. 0.12 | 0.14 . 0.15 0.18

(s.D.)? 0.01 0.02 0.02 0.03



225,

APPENDIX T (cont'd.)
RAW DATA SUMNARY TABLES

(Elementary Ss-Paragraph Meaning)

Mathematics Group (a3)

Ss ’ . Pre 1 Pre 2 Post Retention
1 1.6 1.7 1.7 1.7
2 1.2 1.5 1.3 . 1.5
3 1.6 1.7 1.4 1.7
4 1.5 1.5 1.7 1.7
5 1.9 1.7 w7 1.7
6 1.6 1.7 1.6 1.6
7. 1.6 1.4 1.3 1.4
8 1.7 1.7 1.8 1.8
9 1.7 1.7 1.6 1.7
Totals 14.4 14,6 14.1 ' 14.8
Means - 1.60 1.62 1.57 1.64
S.D. | 0.19 0.12 0.19 0.12

(.02 0.0 0.01 0.04 0.02
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APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior Ss-Paragraph Meaning)

Language Arts Group (al)

Ss Pre 1 Pre 2 Post Retention
1 2.1 1.8 2.4 1.8
2 1.9 | 1.8 2.2 1.9
3 1.9 1.8 1.7 - 1.8
& 2 1.9 1.8 1.8
5 6.3 6.6 6.6 5.6
6 5.4 5.0 4§2“ 5.4
7 5.6 - 4.8 5.0 4.3
8 4.6 4.1 4.3 4.7
9 Y 8.0 6.2 7.0
10 2.7 3.8 2.7 | 2.7
o oy 2.7 3.4 2.5
12 2.3 2.4 2.2 2.4
Totals  44.¢ 447 42.7 41.9
Means 3.67 3.73 ©3.56 3.49
S.D. 1.83 2,06 1.70 1.82

G S 4,25 2.87 3.1
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APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior Ss-Paragraph Meaning)

Combined Grouﬁ (az)

Ss Pre 1 Pre 2 Post . Retention
1 2.6 2.4 25 a5
2 3.6 3.5 2.7 3.1
3 16 1.5 1.8 | 1.8
4 2.0 2.1 2.5 2.6
5 L 1.6 2.0 2.3
6 1.8 1.7 1.8 1
7 2.3 2.0 2.2 2.5
8 2.4 2.1 2.5 2.3
9 4.4 3.0 3.9 4.1
10 4.3 4.3 4.9 3.2
11 3.2 3.0 4.6 3.0
12 3.8 4.0 Ry 3.8
Totals 33,8 31 5.5 33.0
Means 2.82 2.60 2.96 2.75
S.D. 1.01 0.95 -~ 1.11 0.72

(S,D.)? i 1.01 0.90 1.23 0.52



228.

APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior Ss~Paragraph Meaning)

Mathematics Group (a3)

Ss Pre 1 Pre 2._' Post Retenﬁion
1 3.4 4.1 41 4.1
2 2.8 2.9 2.8 3.7
3 2.5 1.9 2.9 2.6
4 3.1 2.4 2.6 2.6
5 1.9 1.8 1.9 2.3
6 2.9 3.4 3.3 3.1
7 3.1 2.9 3.4 3.4
5 2.0 1.8 2.5 2.7
Totals 21.7 21.2 23.5 24,5
Means 2.71 2.65 2.94 3.06
S.D. 0.5 0.83  0.67 0.63

(s.n.)? 0.29 0.69 0.44 0.39



229,

APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Elementary_§§~Arithmetic)

. .
' Language Artsg Group (al)”
Ss Pre 1 Pre 2 Post’ Retention
1 2.9 2.9 3.1' ' _ 3.7

2 2.8 2.8 , 3.6 . 3.8

3 g 3.0 3.9 | 4.0

4 1.9 2.1 2.3 2.5

5 . 2.0 3.4 3.5

6 2.9 2.6 2.7 3.4

7 2.9 3.0 3.0 3.3

8 1.5 Ls 16 1.6

9 1.6 1.6 1.6 1.6

10 1.6 1.6 1.6 1.6

11 1.7 1.6 1.6 1.6

12 1.6 1.5 16 1.5
13 1.5 L5 1 1.5

Totals 28.5 27.7 31;4 | 33.6
. Means 5 44 2.13 2.42 2.59
s.D. 0.64 0.63 - 0.91 1.4

,(S.D.)Z 0.41 0.40 0.82 1.08



230.

APPENDIX F (cont'd,)
RAW DATA SUMMARY TABLES

(Elementary.§§—Arithmetic)

Combined Group (a2)
Ss _ | Pre 1 Pre 2 ' Post Retention
1 1.4 1.4 s 1

2 - 1.5 1.4 I . 1.6

3 S : 1.5 1.6
"""" 4 1.3 1.4 1.5 1.5
5 1.3 1.4 1.4 : 1.4
6 1.5 1.5. 1.6 | 1.6
7 1.4 1.3 1.6 | 1.6
8 1;5» 1.6 1.6 , 1.6
9 1.3 . © 1.3 1.1 1.4
10 1.2 1.2 1.4 1.5
11 1.3 1.3 e - 45
12 1.6 1.5 1.5 1;6
13 1.2 1.0 | 1.2 1.4
14 Lb as L5 2.6
. Totals 19.0 18.9 20.6 226
Means 1.36 1.35 1.47 1,51

S.D, ‘ 0.14 0.17 0.15 0.30

(s.D.)2 0.02 0.03 , 0.02 ' 0.09



231,

APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Elementary'§§fArithmetic)

Mathematics Group (33)

Ss Pre 1 Pre 2 Post Retention

1 1.2 ' 1.2, s 1.5

2 1.0 1.1 1.2 . 1.2

3 ‘ 1.4 1.2 1.4 i1.5

4 1.4 1.5 1.4 1.5

5 . 2.4 1.3 2.4 o 1.6

6 | 2.3 x1.7: 2.6 2.1

7 1.5 1.5 1.5 1,4.

8 2.0 1.7 2.9 © 3.5

9 2.0 2.2 2.1 3.0

10 1.8 1.6 2.5 2.4
Totals 17.0 . 15.0 19.5 19.7
Means _ 1.70 1.50 1.95 1.97
S.D. 0.47 " 0.33 | 0.62 0.77

(s.n.)2 _ © 0,22 0.11 0.38 0.59



232,

APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior Ss-Arithmetic)

Language Arts Group (al)

Ss Pre 1 Pre .2 Post Retention
1. 1.5 1.6 1.5 1.6
2 1.6 1.5 16 - 1.6
3 1.5 1.6 1.6 1.6
4 - 1.6 1.6 1.6 1.6
5. 10.0 10.0 10.8 7.9
6 8.2 6.6 7.6 | 6.3
7 7. 6.3 8.4 7.8
8 8.5 7.8 9.6 12.6
9 7.1 7.1 7.9 8.4
10 3.9 3.5 4.8 44
11 | 5.7 4.5 5.8 5.1
12 5.1 b s 48
Totals 61.8 o 56,5 v - 66.9 ‘ 63.7
Meaﬁs _ 5.15 4,71 5.58 - 5.31
S.D. 3.10 2.87 3.3 3.47

(S.D.)2 9.58 - 8.21 11.43 - 12,07



233,

APPENDIX F (cont'd,)
- RAW DATA SUMMARY TABLES

(Senior Ss-Arithmetic)

Combined Group (a2)

Ss Pre 1 Pre 2 Post - Retention

i 3.7 3.6 3.8 ° 4.2

2 3.8 3.3 4.3 4.3

3 2.7 1.9 3.0 2.8

4 | 3.9 3.0 4.3 - 4.5

5 2.9 2.6 3.7 4.2

6 3.9 3.6 2.5 a3

7 | 4.0 3.7 4 4.9

8 4.5 43 s 5.2

9 5.6 s 5.9 5.4

10 3.8 4.1 - 5.0 5.0

11 3i7 41 4.1 3.8

12 ‘ 6.6 7.1 6.5 ' 71

Totals 49.1  46.7 52.9 54,7
Means O 4.09 $3.89 4.4 4.56
S.D. C1.07 o 1.34 1.14 BN

(S.D.)2 1.15 - 1.80 - 1.29 1.22



234,

APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior §§~Arithmetic)

— — —-.\\\

Ss Pre 1 Pre 2 Post Retention
1 . 5.8 - 4.4 6.5 5.9

2 2.9 3.3 37 4.0
3 3.8 2.7 3.7 3.6
4 3.3 3.8 3.6 3.7
5 3.9 3.8 3.2 2.7
6 3.5 3.5 5.2 6.2
7 5.1 4.9 6.2 6.2
8 5.0 4.6 5.3 7.5
9 L5 s 15 L5
Totals 34.8 32.6 38.9 41.3
Means. . 3 gy 362 43 4.59
S.D. 1.30 1.04 1.60 1.96

(s.0.)? 1.69 . 1,09 S 2.56 3.83



APPENDIX F (cont'd.)

RAW DATA SUMMARY TABLES

(Senior Ss-Language)

Language Arts Group (al)

Ss Pre 1 Pre 2 Post Retention
1 8.2 7.6 8.4 7.7
2 7.8 7.5 7.9 7.5
3 5.8 3.9 5.1 4.9
4 6.0 5.8 5.5 5.4
5 9.7 8.2 9.7 9.8
6 2.7 2.7 3.2 2.8
7 2.4 3.1 3.5 2.4
8 3.1 2.7 2.5 3.0
"I‘otals 44,7 41.5 45.8 43.5
Means 5.59 5.19 5.73 5.44
5.D. 2.78 2.36 2.67 12,69
(5.D.)2 7.73 5.57 7.12 7.26



APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES_

(Senior.§§~Language)

Combined Group (az)

236.

Pre 1 Pre 2 Post Retention

Ss
1 4.1 4.6 3.6 5.1
2 3.2 2.7 N
3 4.8 3.2 bo . 4.8
4 4.8 2.9 - 4.1 4.7
Totals 16.9 14.4 14.8 18.6
Means 4.23 3.60 3.70 4.65
S.D. 0.76 0.83 0.46 0.46
(5.D.)? 0.58 0.69 0.21 . 0.22




APPENDIX F (cont'd.)
RAW DATA SUMMARY TABLES

(Senior.§§—Language)

237,

Mathematics Group (a3)

Ss Pre 1 Pre 2 Post Retention
1 2.6 2.7 2.6 3.2
2 | 2.9 2.8 3.4 2.9
3 2.7 2.8 3.8 3.0
4 2.1 1.9 2.2 ’2"1
5 4,2 3.3 4.2 4.5
6 2.5 2.5 3.1 3.4
7 2.7 2.3 2.3 2.6
Totals 19,7 18.3 21.6 21.7
Means 2,81 2.61 3.09 3.10
S.D; | 0.66 0.44 0.76 0.75
0.20 0.58 0.56

(5.D.)2 0.44
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APPENDIX G

SUMMARY TABLE OF MEANS




APPENDIX G ' 239.

SUMMARY TABLE OF MEANS
FOR ELEMENTARY Ss

Word Meaning

P£e~l Pre 2 Post | Ret. X
Language Arts 1.94 2.12 2.45 2.44 2.23
Combined" o 1.62 1.55 1.75 1.85 1.69
Arithmetic 1.73 1.60 1.81 1.82 1.74
X ' 1.75 1.75 2.00 2.04 1.89
Paragraph Meaning
L, Pre 1 Pre 2 Post ____Ret, X
Language Arts 2.09 1.94 2.14 2.14 2.08
Combined 1.59 1.57 - 1.63 1.63 1.60
Arithmetic . 1.60 1.62 1.57 1.64 1.61
X 1.77 1.71 1.79 1.81 1.77
.Mathé
Pre 1 Pre 2 ' Post Ret. X
Language Arts 2.19 2.13 2.42 2,59 2.33
Combined 1.36 ~1.35 : 1.47 1.61 1.45
Arithmetic ' 1.70 1.50 1.95 1.97 1.78
X 1,74 1.66 1.93 . 2.05 1.85




APPENDIX G (cont'd) 240,

SUMMARY TABLE OF MEANS FOR

SENIOR Ss
Word Meaning
Pre 1 Pre 2 _Post Ret. X
Language Arts 3.47 3.26 3.83 3.67 3.56
Combined 2.99 2.89 3.08 3.15 _ 3.03
Arithmetic 2.51 2.61 3,32 2.84 3.13
X ‘ 3.02 2.94 3.32 3.24 3.13
Paragraph Meaning
Pre 1 Pre 2 Post " Ret. X
Language Arts 3.67 3.73 3.56 3.49 3.61
Combined 2.82 2.60 2.96 2.75 2.78.
Arithmetic : 2.71 2.65 2.94 3.06 2.84
X 3.11 3.03 3.18 3.11 1311
Maths
Pre 1 Pre 2 Post Ret. X
Language Arts 5.15 4,71 5.58 5.31 5.19
Combined 4.09 3.89 4.41 4,56 4,24
Arithmetic . 3.87 3.62 : 4.32 4.59 4.10
X _ 4,42 4,12 4.81 4.84 4.54
Language
Pre 1 Pre 2 Post Ret. X
Language Arts 5.59 5.19 5.73 5,44 5.48
Combined 4,23 3.60 3.70 4.65 4.04
Arithmetic 2.81 2.61 3.09 3.10 2.90
X 4.28 3.91 4.33 4.41 . 14.23






