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AßSTRACT

Thl-sstudyinvesEigatedtheefficacyofcomputerassisEed

learnlng (c.A.L.) in language arEs and maths'natics with students

who were severely or profoundly deaf ' Three groups of students

were asslgned by their class grouplngs to one of three experimental

conditions: C.A.L. language arts grouP; C'A'L' mathematics group;

or the c.A.L. comblned language arts and mathsnatics group. All

three groups. received regular classroom instruction ín language arts

and mathematics. Accordlng to the treatment condl-Èl-on, each group

received c.A.L. elther ln language arts or mathematÍcs or both

language and mathsnatícs for slx months, two or three tlmes each sfx

day school cycle. The subJects were adminlstered the stanford

Achievenent Test (S.^.T.) before (pretese 1 and pretest 2), after

(post tesE) and Chree r+eeks afÈer (reÊenEion test) Èhe treatnent

period

The results of Ëhis study showed that there hras a signfficant

dffference over tirne. However, Èhe resul-ts did not reveal statistlcal

sfgnificance among the three treaEnent groups. Any staElstLcal

significanee thaf: was obtained was confounded by two factors: the

selection of btased treatxnent groups; and the use of dlfferent

al-Èernate f orms of the S.A.T. (1964). Therefore, Ít r.ras not possible

to dertve any rneaningful generalizations, or to predlct any trends

from the exPerfmental data.

Although sËatistical significance Iüas not obtained in this sCudy,

several important observations were noted r+hich have relevant

r-11_



educatlonal ímpllcations. Severely anct profoundly deaf studenEs

were able to work índependently at the computer terminal; and C.A.L.

can be a pïactical means of reinforclng the academic skll-ls of

deaf studenÈs.

l-v
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CHAPTER I

II{TRODUCTTON

During tl're past decade, conslderable research has accumulated

r¿hich suggests that Cornputer Assisted Learning (C.A"L.) has the

potential to serve as a useful ínstructional tool to supplement

traditional classroom instruction. Three rnaJor factors have made

compucers íncreasingly available as instructlonal devices within

many school systems: the development of prograurned l-nstructlon (P.I.),

the rapid growth of mLnaturLzeð. electronic components, and reduced

computer hard.r^¡are cost.s. Computer technology has loig been an ally

of industry, but only recently has the field of edttcation realized

its versatillty and rich potential.

One of Ëhe goals of education Ls to focus on the individual needs

of students. C.A.L. has the capability to provide a program of

individualized Ínstruction. Since the mid 1960's, P.I. and C.A.L. have

been used suceessfully to indÍvLduallze ínstruction in the public

elementary and secondary schools and fn universities. Recent research

suggests thât P.I. and C.A.L. could be used to tallor lnstruct.fonal

materials to mcet the specf-fic needs of exceptional chíldren in

special educatLon. It would appear thaL a practical use of C.A.L"

could l¡e with exceptional children who need the additional lnstructlon

and remediation that computers may provfde. Thus it seems feaslble

that C.A.L. rnay help to Ímprove Ëhe educational achíevemenÈ of



)

students r.rho are deaf .

The Natlonal Advisorv Cornnittee on Education of the Deaf has

establfshed that an indívidualized pro¡iram of instruction i-s one of

the basic rÍghts to rvhích all deaf persons are entitled (Withrow,

Lg73, p. 405). Surveys suggest, however, thaÈ many deaf educators

persist in using traditional Eeachíng methods and materials developed

for hearing children. Current studies of academic achlevenent of the

deaf would seem to l-ndicate that the contfnued use of these methods

and materfals will perpetuate the dlsproportlonate number of

underachieving young deaf adults rrho graduate from schools and

classes for the deaf each year. It is lncumbent that educators of

the deaf continue to search for fnnovaËive methods and tecirniques to

help lmprove the academlc competencies of deaf students.

C.A.L. is one such innovatl-ve method that may optlmfze the

learning process" The computer may have signiflcant irnplícations

for deaf education in that it provides a non-oral, vÍsual approach to

learnfng. The hfgh notivational level that may result from the

computer I s self -l-nstruc,tÍonal process f urther suggests that the

computer nay be a valuable adjuncE of instruction for deaf chfldren.

The computer may enrich the teaching process as well as offer unique

learnlng opportunltles for indfvidual deaf chlldren"

P.I. has been used successfullv ín the past wfth deaf students

in both the rnathematics and language arts areas. Research with C.A"L.

suggests that deaf students ean be taughÈ computatlonal skllIs wlth

Ëhe computer. lrlthough favorable results wíth C.A.L. have been

obtalned in the language arts area, further ,research 1s requf.red to
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demonstrate its efficaey. The results ancl fmplications of prevíous

research that used C.A.L. vl-th deaf students, r+ill be used as a

frame of reference for the present investigatfon.

The development of a C.A.L. enviromnent poses certain problems

that need to be resolved before it. can be instftuted in a school for

the deaf:

1. Deaf studenÈs must be taught to manipulate the

controls of a compuEer terminal, especÍally the

telephone, effectively and lndependently;

2. Young deaf students must be traÍned over many

sessions before they can be expected to use the

computer terminal independenËly.

3. ApproprfaEe and sufficient numbers of prograns must

be avaÍlable to accomodate the diverse needs of

deaf students.

The present study specifically will research the fo11owíng

questlons:

1. can drill and pracËfce programs .in mathematfcs and

language arts effectÍ.vely reinforce skÍl1s rvhich

have been previously taught in the classroom; and

2. can C.A.L. help deaf sEudents to retain these

skflls over a periocl of tùne?

It is the thesis of thls study that C.A.L. can be both a practical

and effective means to enhance the academic skills of students rrho

are deaf



CII{PTER II

TI]E DEAF STUDENT

An Introcluction to Deafness

Deafness and its resultant. effects may be compared to an íceberg

(Brill, 1969, p. B). The rnost. obvious effect is the deaf person's

inabilicy 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

maín effect of deafness is the person's inabilitJ'to develop normal

communÍcatíon patterns. Thís communícation hanclÍ.cap is the general

basis from l,rhích othe-r seríous probJ.ems develop

Deafness Ís more than just a number on the decibet scale thac

describes the severity of a hearing loss. rn additÍon to the language

difficultíes, the effects of deafness vary among índividuals, r¿hich

mal<es it difficult t,o define the term precfsely. rn order to plan an

effectíve educatlonal program for deaf students, it is necessary to

understand the factors r,¡hích ínfluence their psychologícal , socía1

and emotional development,, and theÍr educatíonal achievsnents. The

purpose of thls section will be to defÍne deafness educatíonaIly, to

classlfy the causes and Eypes of deafness, and to summarize other

slgnificant ciraracEeristics thaL affect the educational achievemenc

of deaf students.
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DeflnitÍons and Classification_ Systems

In 1975, Ehe Conference of ExecutÍves of .A.meric.an Schools for Ehe

Deaf (CEASD) a<lopted new definítions of the terms "hearing frnpaírment",

"deaf", and "hard of hearing" (Proceedíngs of CEÀSD, I975, pp. 25-28):

1. Ilearing ImpairmenÈ

Thls is a generic term indÍcatíng a hearl.ng ci isabflity

which may range i-n severity from mild to profound.

This term includ.es the subsets of "deaf" and "hard of

hear ing"

2. Deaf

¡L deaf person is one tn¡hose þoar{nø di e¡hi'l i ry precludes

successful processÍng of lingutstíc inforrnation through

audition, rr¡ith or rvithout a hearing aid.

3. åeE--e!is"riss.

A irard of hearing person is one who, with the use of a

hearing aicl, generall-y has resídual hearlng sufficient.

to enable successful processÍng of linguist.ic

infornation.

In the last decade a plethora of articles and research has been

disseminated Ín the fielcl of deaf education. Some of the terms usecl

can have different meanings depending upon one's perspective and/or

philosophy of deaf educatíon. rn order to clarify these terms, the

CEASD (L975, pp. 26-28) incruded ín its definírion a <lescriprion of

these t.rouble-some terms:
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1" DtsabllitI

Hearing disabflity refers to the partial or total

f.ncapacÍty to hear sounds due Èo an lmpairment of the

audÍtory sysÈem.

2. Impafrment

llearing Jmpairurent refers to the physlcal malformatLon

or aLteraÈion of the audltory syst€rn that producea a

hearing dfsablllty.

3. Ilandicap

A handicap¡ aa related to deafnese, exists only to the

extent to v¡hich Ëhe dlsabl-l-itv Lf¡rits the overall

functlonfng.

Any deffnitlon or classification of deafness must include four

basfc factors: the degree of impairnent, the age at onset of

frnpairmenÈ, the cause, and Èhe physlcal orLgin of the fmpairment,

the first Èr¡o factors are of crltical- importance to educators of

th,e deaf ,

I. The Degree of Inrpairmelt

Hearing fmpairment ls generalLy classified according to the

level of functional or residual hearing. In 1965 the CorunLttee on

Conservation of llearing of the .American Âcaderny of Opthalnology and

Otolaryngology divlded hearing loss fnÈo categories of severfty of

handfcap based on pure tone audfomet,rlc tests (Table l-). Specif J.call_y,

each class is deffned ln terms of the aveïage heartng threshold l-evel



a

Hearlng Threshold
Level, (dB - IS0)

o-25

25-40

40-55

55-70

70-90

TABLE 1

CLASSES OF HEARING IIANDICAP

Degree of
llandlcap

Norsìa1

Slfght

Moderate

ModeraËe-
Severe

Severe

Profound

Abfflty to Understand
Speech

No signlffcant dlffl-
culty wfth faint speech

Dlfffculty wfth falnt
epeech

Frequent difflculcY
wlth normal sPeech

Conversatlon must be dlr-
ected at the Person

Speech cannot be
Iearned by conventlon-
al means

Wfth anpllffcation
the person onlY
percelves vibratÍons
and not compleÈe
sound patterns

SOURCE: Adapted from Davle and Sflverrnan (1970).
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Ln the better ear acrose the speech frequencies of 500, 11000, and

21000 hertz (Hz) in Ëerms of decibels (dB) as neagured by a pure tone

audiometer (Davis and SÍLverman, L970" pp. 254-55). Although these

divlefons are arbftrary, they are useful as a general gulde of the

degree of severity of hearing losses. Generally, they are indícative

of the studentls abiLity to understand oral speech, and they suggest

specl-al provlslons that are neceasary for the lndfvlclual vrlLh a

hearing fmpalrmenÈ Èo comprehend epeech" A1-though these categories

are wfdeLy used by educators of the deaf, they have limJ-ted usefulness

fn descrfbíng a personts handicap if thie fs the sol-e means of

classlf ica tfon "

The CEASD (1975r pp. 26-27) devei-oped four sùnilar l-evels of

hearing loss based on the degree of f.mpairmenÈ in decibei-s (Table 2)..

Each level is acconpanied by an interpretation of fts effects on

coumunÍcat,ion and language development.; and its ímpllcations for Ehe

educatlonal placørent of hard of hearlng and deaf student,s. The

CEASD recoumends that these levels be used in research that study

optional educational settinge and couununieatLon methodologies used fn

the educaÈion of deaf and hard of hearing stu<Ient,s.

II. The Age of Oneet of llearing Iross

Deafness may also be categoxlzed on the basis of onseË (CEASD,

L975" p" 26), whfch is particularly relevant to the degree of

language handicap that may result:

1" Prelf-ngual Deafness

Prelfngtral deafnees is prese.nt at blrth or occurs at an
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eårly age prior Eo the developrnent of speech or J_anguage,

Prelingual deafness poses a much nore serious ed.ucatlonal

probløn because of its effects on language acquisitl-on.

2 " Poo_tl-jlngual Deaf nees

Postlingual deafnesa occura at an age follorv-ing t,he

developrnent of speech and language.

Recent research (Gentfle and Rambln, 1973; RawJ-ings, 1973; and

Jensema and ìîuttfns, L974) estfmatee that, as måny as t¡¡o-thlrds of

deaf students whose age of onset is known, are hearing impaíred from

birth. They further estimate that B0 to 90 percene of the students

fn programs for the hearing irnpafred in the Unfted Staees, acqutre

thel-r hearing lose by the tfne Ehey are three years old. In

addftfon, Rawlfngs' (1973, p. B) research fndfcates that there is

a trend for students who are prelingually deaf to have more severe

losses than those s¡ho are postlinguaLly deaf" Thus, Èhe over-

whelmlng maJorfty of hearlng lmpaired studenÈs enrolled 1n specfal

educationaL programs are prellngual-ly deaf.

III" The Prí-narv Causes of,Deafness

In recenÈ yearsn educators have shown increased fnterest end

concern fn the rel-aefonship between etiologies of <ieafness and

their influence on Learnlng and behavior. Research lndfcates that

a slgnificant amount of the behavioral and edueaÉional variance

among deaf persons cannoË be attributed solely to the severfty of

hearlng loss. Rather this can be beEter understood in terrns of
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the causes of deafness (vernon, L969). Therefore, lt is necesaary

to dÍscuss brlefly the prfmary causes of deafness to appreciate the

signiffcance of their effects on the potential- educational achfeve-

ment of deaf sgudents.

The reported causes of hearing J.oss are categorfzed into tr.ro

groups' pre-natal causes and post-natal cause6. However, often

1È is not possible co determine the cause of deafness. For exampJ_e,

research indlcates that approxfmateJ-y 25 to 48 percent of deaf

students report no knor^m cause of their deafness (vernon, 1969;

Rawllngs, 1973; and Jensema and Mullins, rg74)" The rûost recent

surveys by Rawlfngs (1973) and Jensema and Mullins (1974) staÈe that

of studenËs whoge cause of deafness fs knor..,no approxlmaÈely

tr,¡o-thirds reporE a pre-natal cause.

Maternal rubella 1s a frequently reporËed pre-nataL cause of

hearlng Loss. rt is the cause of deafness for 15 to 20 percent of

students who report, a knoi¿n cause of deafnees. Epldernlcs of rubell-a

are cyclical; the most severe outbreak occurring i.n 1964-65.

calvert (1969) estfrnates that durÍng thfs epidemlc, approxlrnateJ_y

6r000 Anerfcan children were born wfth hearing losees so severe

that they trould requÍre speclal educational lnÈerventfon. Jensema

(L974¡ pp" 703-05) reports that, as a group, rubel_1.a-deafened

chLldren exhibft certain characteristÍc trafts. They have a more

severe hearÍng l-oss than chil-dren r,¡Íth other causes, and they have

a higher frequency of muJ-tfple handfcaps, especlally vísua1,

errotfonal/behavioral, and heart-related disorders. As a result of

rhelr severe hearlng loss and additlonal handicaps, a high



11

proporÈfon of rubellateafened chlldren are enrolled Ín specfaL

progr¿ms for the nul_tthandicapped deaf .

vernon (L969) researehed the effects of flve maJor etiologies
of deafness: heredfty, Rh facÈor, pre"raturiËy, meníngltfs, and

rubella on the intellectual, educatfonal, psychologlcalo and

behavioiar devel-opment of deaf chfldren. The resulte of hfs studv

reveal that nany secondary disabilltieso euch as expresslve and

receptfve cornmunlcatfon disorders, mental deffcfency, atypfcal

behaviour, and 3-earning probrørs are caused by brain damage qrhich

resurts from the game condíÈlon that causes deafnese. vernon

(1969, p. 1l-1) notec that this may be reflected fn a population of

less academf.eall_y capable sËudente.

rn the last thirty yearsu there has been an finportanÈ chang

fn the maJor etfoLogies of deafne's. Brirr (1961, pp. L6g-75)

reports that prfor to the advent of antibiotics in the i.g4Ous! ag

many as 40 to 45 percent of deaf students rsere adventftfously

deaf and a large proportion of theee studenËs !¡ere postlrngually

deaf. Nown however, approxfmately 90 percent of deaf students

have become deaf by the age of threeo and thuso they are prelf.nguatry

deaf. The rnaJority of theee students begin schoor vrith minlnal

speech and language development" Thls sftuatl_on fndf.cates why

currfcula and methods must necessarily change to meee Èhe needs of

deaf sEudents toda\r.

rv"

Deafness nay also be classfffed according to the area of
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fmpairment i.n the auditory systeqn. This classl,ficatlon sysÈem is

rûo6t fmportant for purposes of medical- manageaent" From the

educatlonal perspeótfveu it iB fmportant to know the area of

fmpairment to determLne the audfoLogfcal needs of the indivfdual.

There are Èhree maf.n Èypes of hearf-ng loss:

]. Conductive Deafnese

Conductfve deafnese is an lmpaf::rnent caused by

condltfone ln the out.er ear, middle earo or

Eustachfan tubes which interfere &rith the pas8age

of sound $raves to the inner ear. Generally, an

individual with a conducEive hearing loss has ehe

same loss of sensitlvfty for sounds of all frequencJ.es.

The hearing in conductÍve losses usually can be

fmproved or restored by medfcaL or surgical treatment.

S ensorfneural Deaf nese

Sensorineural deafness is an impafrment due to Boüe

pathol-ogy in the f-nner ear or al-ong Èhe neural

path$ray from the inner ear to the brain stem. Most

peopl-e born with hearing l-osses have sensorlneural

deafness (Newby, 1970, p. 50) " Typfcal-Ly, a person

rviÈh sensorineural hearing loss has beÈter hearing

for the lower frequencles thÁn for the high

frequencies. Sensorineural hearing losses generally

cannot be helped Èhrough treatrnent. Once the nerve

fibers are destroyed, there ls no regeneration

poseible" The majorlty of deaf students 1n schools

,
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for the deaf have sensorineural hearfng losses.

3. MÍxed llearfng Losses

Occasionally persons may exhiblt synptoms of both

conduct,ive and senaorineural hearing Lossee. Tn such

cases, the conductive hearfng loss component may be

treated uredf-caI-lyu and Èhe l-ndivfdual nay be lef t v¡ith

only a sensorineural hearing loss"

How Amplijicatfon -(H_earfng Aids). gsJ Hel_p A ÌIearfr,rg J-oss

A hearlng afd is an instrument that brings sound more effect,ively

to the person's ear, prfmarily by making iÈ louder. ItB prfmary

purpose ls to nake speech intelligfble for the listener; however, no

hearfng afd can ever conpensate cornpletely for a hearing loss (Davl_s

and sllvermane 1970, p. 305) " Although a hearÍng afd raises the

f.ntensity of sound delfvered to the ear, thís does not necessarf.i-y

lnply that the peraon will be able to diecrlmfnate the speech sounds

that he hears. often parencs regard hearÍng afds as a panacea, and

come to believe thaE their chfld idlll be able to hear and 1earn to

speak as a resul-t of wearing hearlng alds. Minde1 and Vernon

(1971, p" 34) state emphatically that" "rn no Ínstance r il-l sound

awarene€rs insure that a deaf chfld w111 have normal speech".

Resfdual hearJ.ng refers to the hearfng avaflabre, after damage

to the audftory mechanfær hae occurred. Many authoriEies contend

Èhat, relatfvely few hearing f.n,palred chLldren are totally deaf ;

that iso the maJority of then have sone resfdual hearing. Ling

(L976, p, 16) reports that many studles fndicate that, the more
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residual hearlng a chlld has and uses, with arnpliffcàtfono Èhe more

natural hís speech probably wllI be. Some authorfties fn aural

rehabllltatLon (Sanders, L97L; and Ling, L976) malnÈafn Ehat even

profoundly deaf persons wl-th sensorlneural hearfng losses can

benefit from usÍng hearing aids because they have some resl-dual

hearing r+hich ls ed,ucationally useful.

Mindel and Ver'non (1971, p" 34) however, categorize resldual-

hearin¡¡ as being e1Èher "functionall-y useful remnants of hearfng fn

the hfgher pitched ranges" or as "useless sensÍtivity to low-pÍtched

sounds". Consonant sounds, rvhich carry the fnformatlou of speech,

are heard as hfgh frequency sounds; while vorn¡el sounds are heard as

low frequency sounds. Thus, the potential for learnÍng speech

through the amplification of residual hearing, depends upon the kind

and extent of resfdual hearing. The maJority of profoundly deaf

children have little measurable resfdual hearing in the hlgh

frequency ranges; and consequently, are rarely able to develop

normal speech and language solely through anplfflcation and the

use of residual hearing" Sanders (1971, p. 204) and Llng (1976"

p. 17) acknowledge that the arnplifícatfon of residual hearing

should be a part of a multfsensory approach Ín the educat.l-on of

profoundly deaf chfldren,

It is almost impossible to clerive a set. of criteria to det.ermíne

who should r¡ear a hearing aid. In al1 cases, both the degree of

the hearing loss and the conffguratfon of the hearlng ross through

the speech frequencies must be considered " Persons wíth a mlld or

moderate conductive hearing loss will benefit the most from the use
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of a hearing ald " Ampliflcatl-on of sound wt1l help them 1n thefr

epeech producÈ1on and language development. Amplification probably

wfll not fnfluence the speech production and language deveJ.opment

of persons with profound, sensorineural hearing losses. As

prevLously mentloned, these fndividuals consEitute the majorfty of

students in schools for the deaf. Through the use of amplf-fication

and auditory trafning, hovrever, profoundly deaf students can be

taught to cliscrfmÍnate gross envl-rorrnental sounds.

Behavíoral Characteristics of Deaf Students

I. lnlstiect"at n.v.trp.gt

During the past fÍfty years, there has been exEensive research

to determlne if deaf people díffer significantly from normal hearing

people in intellectual development. It was assumed Ëhat because of

Èheir percepÈual handfcap, deaf persons hacl altered thought processes

Èhat set thern apart from norrnal hearíng people (Myklebust, 1964;

and Fusfe1d, L967)"

Early.research concluded that deaf people h'ere poor 1n concept

formation and abstracË thinking. This research is considered to

be lnvalid sfnce the tests were tests of d.eaf Dersonst verbal skílls

rather than intellfgence tests.

I,Ihen nonverbal and perfonnance type intelligence tests are

used, deaf people closely approximate the norma of the hearlng

populaÈton (Vernon, 1968). Mlncìel and Vernon (1971, pp. 87-90) have

summarlzed over fifty lndependent research sÈudies, and the resull-s
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of these studles indlcate that the deaf and hearfng populatfons

generally have the sarne distrfbutlon of intel-l-igence. Mindel and

Vernon (f971, p. 87) conclude th8t, "AlL the aval-l-abl-e evidence

demonstrates that there is no dlrect relationship between hearing

loss and intelltgencet?.

Usfng Plagetrs theorfes of cognitive development, Furth (f973)

has studfed the lntellectual functlontng of deaf children and

adolescents. His studies indicaEe that at the stage of formal

thtnklng, deaf chfldren exhfbiC a less maEure style of thinking.

FurEh sÈates that ¿his Ís not dtreccly relaÈed to thefr lack of

language. Rather he aEÈrLbutes it to an fmpoverished envirorÍrìent

which does not chalLenge deaf chtl-dren as they develop, especlally

during Lheir school years

Intelllgence Èests that are given Lo deaf persons r,rill be

valid only 1f they are administered by persons who are knowledgeable

abouË deafness and r¿ho can conrnunicate rvÍth deaf people. Otherwlse

the results will be invalf-d, since Ehere vrill be a greaÈer probabílity

thåt deaf children wili- obtafn unreliable scores.

II" Educaclonal Achievenene

In Èhe last thirËy yearse Èhere has been extensive re6earch on

Èhe educatfonal achievsnenÈ of deaf students. Vast sums of money

have been spenE to research whaf knor.,ledgeable Eeachers ln deaf

education already know; namelyo that in comparfson to thefr hearing

peera, the maJority of deaf students in special schools and clasees

are noefully undereducated. Moores (L970, Pp" 37-38) has best
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surnmarized this bl-eak situation:

...It has been demonstrated consistently thaÈ the
educatÍonal at,tairunenË of deaf children falls far
below what nlght be predicted on the basis of
chronological age and/or mental development" A

crmrrulative deffcft al-so has been shown Ëo exist;
Èhat is, the acade¡uLc retardatlon of the deaf,
relaÈlve to the hearing, fncreasea as a function
of age, due to the tendency for the achiev@ent
scores of the deaf co plateau during adolescence'
After a deaf child enters his Èeens, annual gains
are typically neasured 1n terms of tenËhs of years'
The deaf chlld starta school at e diÊadvantage which
is contfnually expanding and is never overcome'

Current studfes of the acadæfc achf.evsnent of deaf students

indlcate that thefr loçrest scores are earned on the language and

readfng subtests, and tha! Èhey obtafn relatively higher score6 on

areas, such ae Arfttrnetic ComputaÈion (see

As a resulE of Eheir language deficlt, deaf

studenÈs do the best in those academlc subjects thaÈ do not requfre

high readl,ng levele"

low language acadenic

Appendices A and B).

Research by

these low scores

Moores and Quigley (1969) points out that even

are spurior:sly fnf lated, since the achievernent

Lests, which are standatð,lzed on a hearing populatlon fn regular

public sehools, assume a base of language profJ-ciency tøhich most

deaf studenEs do not Possess.

Recent analysis of achievenent testing has revealed strong

relationships between test scorea and certain varfables (Jensema,

L97 5) z

1. tligh scaled scores (r.rhich eliminate the age factor)

are obÈalned bv deaf students: (a) whose hearing
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loss occurr.d 
"f t.r the age of three; (b) r.rho have

an fnherited hearlng l_oss; or (c) who spend less

tlme in specf.al educational programs.

2. Low scaled scores are obtained by deaf students who:

(a) have progreasively more Eevere hearing losses;

and (b) in addl.efon to thel-r deafness have an

addftfonal handicappfng condltton(s) .

rt must be noted, however, that these results do not fncltide

Ëhe achfevsnent of the growing mrmbers of deaf students who are

successfui-ly integrated lnto regular educational programs.

McConnell (1973" p. 379) rnaintafns that wiEhout these results, an

accurate aBsesgment of the educational achievement of deaf students

fs not deJnonstrated.

rn su¡unary, research result,s crearry l-ndlcate that the maJorlty

of deaf students, who have been fn specÍaL educational programs for

approxlrnaÈely twelve years, are functfonally llllterate and lack

basic lingulstic skllLs. These results reveal how normal J-earning is

sfgnlffcantly finpeded by severe and profound hearfng losses. But

Mlndel and Vernon (1971-, p. 94) also attrfbute thJ,s rneagre educatfonal

attairment to educational- systems "r,¡hfch have falled co develop the

lntellectual pot,ential of the average deaf personst'.

lII" Langugge Pgvelopment

The most serfous effect of a profound, prellngual hearlng loss,

ls the deaf chfld's inabillcy to develop competent lingulscic skills.

The resulting language deficit has a pervading influence on the deaf
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childrs educatíonal attairünenc" Despite fnÈensfve ef forts by

educaÈors, {mproved nethods, and innovatlve technlgues of teachf.ngu

there has been no sfgniffcanÈ lmprovønent in the encodfng and decodfng

l-fnguisttc abll-itfes of deaf studenEs.

Research on t.he development of language ln normal children

suggests that Èhere is a crLtical perfod for language acquisition"

These language-formative yeârË appear to be between birth and age

five (McNeill, L966; Moores, L97O; and Mfndel and Vernon, L}TI).

If proper language sÈimuLation does not occur durfng thls optfnal

perJ.od, then language devel-opinenÈ may be severely retarde<i.

Lenneberg (1967) suggests thaE this special capacity to acquire

language may dfsappear 'r,riEh the beginning of adolescence. This

suggesÈs that any experlential deprfvatlon during these crltical

years for language learning nay be irreverslble ln effect (Alterman,

1970u pp" 51-8-19).

AtÈhough grammatlcal speech does noE begin before one and a

half yeare of age (l,tctletll, 1966, p. 22) " lt fs eetimated that by

age ffve, a hearing chfLd has a vocabulary of 8"000 to 20,000

words. Research indicates that five and sfx year old chlldren use

all the baslc sentence pateerns of English fn thetr speech (Loban,

1963; as reported in Smlth, Goodman and Meredith, 1970, pP. 9-10).

By age five, the normal chfld ls fluent ln his native languageo

and he contlnues to refine hls granrnar until by age ten his

mastery fs equÍvalent to that of adults (C. Chomsky, 1969; as

reported fn Kennedy, L972, p. 1). Thus, 1n an octrønely short

perLod of tim.e, a child has developed the founda¡ion for J-anguage
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competence. As the chlldts language develops, it becomes a tool

whereby he derives meanfng from the world around hfm"

The language derrel-opment of Èhe prel-ingually, profoundly deaf

chlld stands in sharp contrast t.o thae of the normal hearing chl-ld's.

It is extremel-y difficutt t,o obtain an accurate measure of the

receptive and expressl-ve vocabulary of very young profoundly deaf

children. These chlldren may cominunicaee by uslng gestures, oral

speech, speechreading, audÍtfon, fingerspelJ-ing, signing, and

reading, either sin¡¡1y or ln various combinations. It is probabl-y

for thls reason thac the writer has been unable Èo fLnd 1n the

literaEure any recorded estlmates of the vocabulary development

of young deaf children, It is this wrlterrs opinion, howevero

that Lt 1s not u.ncommon that many young deaf chlldren begin school

with an o<pressive vocabulary of less than one hundred wordso

regardless of their met,hod of communication. A. van Uden (1970,

p. 525) suggests that wfth intenslvê parenÈ home trainíng and

auditory training, deaf children can develop a spoken vocabulary

of 300 words by age fíve" It 1s generally agreed that deaf children'

at age six, have lfttle or no functional knowledge of sentence

sÈructure

Accordlng Eo I'fcNe1ll (l-966, pp. 5-6) all chfldren have an

fnnate capacity Ëo acqufre language" N. Chomsky (1968) states

that approprfate experiences are requíred to trigger the langr¡age

processes into operation" Exposure to the language envf-ronment ln

Èhe home is usually sufficienË for the normal chlld. The profoundly

deaf child requires specfalized language teaching to compensaÈe for

the absence of audlEory input. Several rnethods, that reflect the
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prevailfng theory of granmar, have been developed to teach l-anguage

to deaf chlldren: the Wing Slmbo1s (1880); the Barry Ffve S1ate

(1889); the Fitzgerald Key (L926); and the Natural Approach

(1958). A detaf.led account of these l-anguage meÈhods ls provf,ded

by Fffller (1964) " The moat recent method ro appear fs the Rhode

Island Language Curriculum (1968) r,¡hich fs based on Èransformational

generatfve gramnar" Current achlevæent, results suggests that

educators of the deaf st1ll do not have the approprfate method(s)

to help profoundly deaf children acquire mature llnguisÈic skf_Ils.

The maJorlty of deaf chfl-dren do not develop â fornal_ xoethod

of cosmunLcatfon untfl they begfn sehool" The main exceptlon are

deaf chil-dren born to deaf parenÈs who begln to use manual

conmunication lrith theír chiLdren at a very early age. WfÈhout a

formal means of cormunf.cation, the erttical years for language

acqulsltion for the maJorLÈy of deaf sÈu<tents are lrretrievabry

lost. Moores (1970, p" 43) states: "perhaps any language prograrD

that is fniLiaÈed -af ter the age of f f-ve, no matter v¡hat meÈhods

are used, Ís doomed to faflure for the rnaJorfty of deaf children".

rn vfew of che critical years for language acquisitfon, it is impera-

tive thaË deaf chll-dren be ercposed to language as soon as thelr

hearing loss has been diagnosed" A l-ack of effectÍve cormnunlcatfon

durfng these formative yearÈ may have sfgniflcant fmplications

for the chlldts future d.eveloÞment.

IV" MeËhods of- Conmunicatl-on

The developnenÈ of counnunicatfon is the most importanE
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obJective fn the educatfon of deaf chfldren" A recent survey

by Jordanu Gustason, and Rosen (1976) indicaÈes that the oral/aural

¡nethod¡ Ehe Rochester method, and total cournunicat.íon are Êhe three

com'runf-catlon meÈhods vrhlch are inost wfdely used in classes and

schools for the hearing lrnpaired" In order Èo ensure clarity of

dfscussion, t.hese three rnethods are def ined as follows:

l-. Oral/Aural MeLhod

Thís ts a method of instruction which relf.es on

speech, speechreadlng, arnplf-fication of residual

hearlng, readJ-ng and writing. In its puresË form,

manual- con¡nunication fs not permltted"

2" RochesÈer Method

This is a method of fnstructlon Ehat uses finger-

spelling slmulÈaneously wlth speech, speechreadfng,

and amplifl-catíon. thls method <ioes not permft any

other fonn of comnunication.

3 " Total CormnunicaEion

Total conrmunication 1s an eclectic nethod of

Lnstructlon Ehat incorporates aural, manual, and

oral modes of conrnunicatfon.

It shoul-d be noted that each of these three cornmunlcation

r , , methods Ís commonly regarded as a phl-losophy of deaf education,

which then is incorÞorated in the classroom as a method of

insÈrucÈion. In addltionu the Rochester method and Eotal

'Y '' eormunlcation are to be distinguished from manual rnethods of
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coumunicat.ion that. are used by the maJorfty of deaf people 1n

thelr conversatfon wlth one anot,her.

The follor.rlne deflnitions of the different for¡ns of manual

coum¡unicatÍon are adapted from Fant (1974¡ pp. 189-97) and Brasel

and Qufgley (L975, pp. 1-4):

1. Manual Conrnunf.catlon

Manual Conmunfcation ls the generic term used to

represent the language of aigns, fingerspelllng and

structur.al pantomfme. The tern encompasçes all

varfatLons fn the language of slgns from graurnatfcally

atructured Manual Englfsh to the unstrucÈured

Anerican Sign tanguage"

2. Manual English

Iîanual English is a comblnation of slgns and finger-

spelllng which attempts to adhere co grammatical

Engllsh syntax. The sfgned and ffngerspelled r"rords

of the message generall-y bear a one-to-one reLatlon-

shlp with the same message when spoken verbally.

Recently, several sfinflar Manual Engltsh sy6terns

have been developed 1n an attsnpt to teach grarmnatical

Engllsh to deaf children. These sysÊems, which are

comnonly referred to by theír acronJ¡ms are: SEE,

Signfng Exact English; SEE, Seefng Essentfal Engllsh;

and VE or LOVEu the Lfnguistics of Visual Engi.ish.

3" Anerican Sign L.qqguage

Amerfcan Slgn Language ls the typical language deaf
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people use vrhen conversing rrrlth each other. It is

often referred to as ASL or "Ameslan". Sorne consider

ft to be a language fn itself because Lt has a unique

grammaÈfcal structure (Fant, I971; and Stokoe, 1960;

as reported ln Brasel and Quigley, 1975, p. 2). Fant

(I974r pp. 195-96) maintains that "A¡neslan" is the

ffrst language for the maJorfty of deaf people,

sfnce fr 1s Èhe language with whlch they are most

comfortable and fluent; and English is their second

language.

Slnce the lBth century, deaf education has been confronEed with

the oral-r'nanual cor¡munlcatl-on controversy. The debate, novr, as

Ehen, is betrueen proponents of the oral phllosophy, who maintain that

deaf chLldren must be taughÈ by only oral/aural means, and those

who believe thaÈ orallsn should be supplernenÈed with other Èechniques,

notably fingerspelllng and/or sfgn language. Those who support

the oraL phllosophy believe that Êhe maJority of deaf chfldren can

be tåught to speak and to comprehend spoken language through

Íntensive Ërainlng in lipreadfng and audltory traJ.ning. They feel-

Ëhat any form of manual cor¡rnunicaËion wfll hinder or prevent

development of the chfl-d's abllfcy to speak and lfpread. Thelr

phflosophy rests on the belÍef that tralning 1n speech and

speechreadfng ensures an easler adjusbnent to the world ln whl-ch

speech is the chief medium of communication (Miller, 1970¡ pp. 2L6-

17).
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Advocates of total comnunfcat.ion point ouÈ that many deaf

children are not able Èo develop good speech and lipreading

ekilleo and many are not able to develop these skllls at all"

They regard the fJ-ngerspei-lfng and sfgn language ccmponents of

toÈa1 corununl-cation as a neces¡sary prerequÍsfte for successfuL

coununication. Thelr poeition is based on Ehe law of lndivfdual

differences; thaÈ lso sfnce not aLl deaf chil-dren are able to

learn speech or speechreadlng equally weIl, the means of conmunicatlon

used to teach them should natch their abilities (Brill, J-974,

pp" 257-60)" For many deaf children, totaL com¡nunicaÈ1on beeomes

the preferred mode of comrnunÍcaËfon through whlch knowledge of

Language and other subJect areas can be developed. Despite basLc

dffferences fn phil-osophfes, both groups have sirnilar long-range

educatlonal goale: lmprovanent ln speech perceptlon, academic

ability, l-anguage skflls, and peychological well-bèing (Sismons-

Martfnn L972, p. 549) "

The tragedy of the debate between oraLism and Eoeal- communf.-

catlon Ls that Ít hae often forced educators to defend ÈheLr teachlng

methods (Kennedy, L972, p. 10)" lllstorical-ly, Èhe defense of

efther phllosophy has been based on rhetoric and €motion rather thãn

on the resulÈs of onpirical research. Although recenÈ research

tends to support the clalm that educatíonal achlevsrent fs enhanced

through the use of total communlcatfon (Vernon and Koh, 1970, I97L;

and Moores, Wefss, and Goodwi.n, L974) Èhere Ls eome currenE regearch

whfch suggeste that the efffcacy of any one method is not conclusive

(Whit.e and Stevensone L97 5; and Becl,¡n eyer , L97 6) "
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Summary

The lnformatlon presented herein suggests that there fs a

rnyrlad of complex factors that have a profound lnfluence on the

education of children who are deaf. rt fs readily apparent that

l-f educators are to assisÈ deaf children to attain thelr maxfmus,

potential in their psychologf.calo socfal, emotlonal , and academf.c

development, then f.t is incumbent that educators plan

fndÍvfdualized programs that r¿il1 best meeÈ the indivtdual needs

of their studenÈs



CHAPTER ÏII

A REVIEIìI OF INDIVIDUALIZED INSTRUCTIONAL TECHI.ÌIQUES I^IITH EXCEPTIONAL
.C}IILDRNN

INTRODUCTION TO PROGRA}ßÍED INSTRUCTION AND COMPUTER ASSISTED LEARNING

The underlying prfncf.ples of Cornputer Assisted Learning

(c.A.L.) are found Ín Progranuned rnstructlon (p.r.). The features

and advantages of C.A.L. are simllar to those provided by p.I.

Research suggests thaÈ boÈh P.r. and c.A.L. are eff ectl-ve rnethods

that faclIÍtate the learnlng of academic and social skills by both

regular and special educatfon students.

Modern developments in P.I. beeín with the work of

Dr" S. L" Pressey in Èhe L920' s. Dr. Pressey developed machines

Èbat could teach and tesÈ by using multiple choice questions.

Dr. Presseyrs work net vrfth lfÈtle flrpport until the 1960ts. Then,

renewed interest, in P.r. developed r¡ith the r,¡ork of B. F. skínnerrs
ttlinear prograuunl-ngt' and Norman crowderts t'branching progranrning".

Followlng their work, the use of P.r. exploded as countless numbers

of busJ-ness, educational, índustrial and milítary organizations

utilized P.r. via the teachíng machine. Ì'luch of this lnitlal

enthusfasrn dÍminished, however, rvhen it rn'as discovered that the

teaching machine Ì,ras not tire panacea it r¿as anticipated to be. Since

these begfnnings, much experlmentation, adaptation, and reflnement

have continued rvith the result that nor^, P.r. has gained acceptance

in education in both written and machine form.
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P.I" is a direct appllcaÈlon of learnlng theory provided by

Èheorlsts on human learning to instructl-onaL procedures. Pressey

(1967), "the father of teachfng machlnes", defínes P.I" sfmply as

planned instruction. Pfau (1-970, pp. 344) Btates that P.T. is

concerned rsir:h the precise sel-ectfon and arrangement of subject

matÈer so thaE Ehe studenÈ is able to rnove from entrv level to

mastery level fn the most efficfent manner. Accordfng to Green

(1962, p" f11) the basLc paradfgm of P.I" íe Èhe lnteractlon

beÈween the puptl and Èhe programmer. The most fmPortant

characterfstlc of this ineeraction is that reinforcement of one

personts behavior depends upon the actfon of anoÈher person for

its medÍatLon. Deterline (L962" pp. 4-5) states that Ëhe identlfy-

fng characteristic of P"L", fn both book and machine form, is the

active role ¿ssigned to the student" AcEíve respondÍng refers Èo

thfnking, verbalizing at an intelleccual level" and reactf-ng to

the subject matter. Other characÈeristfcs of P.I. include the

sequentlal presentation of snaLl sceps, inrnediate feedback,

self-pacing, and high probabil-ity of correct responses.

The concepe of C.A.L. ls based on the prf-nclples of P.I.

and indívidualized j-earning" Although there is a forty year

history of compuËer technology, computers l.rere not instalLed fn

school systems untll che 1960ts. Sfnce Ehat time, the use of

C"A.L. has lncreased go the extent thaÈ it has ceased to be a

novelty on the educational scene" Ït has been demonscrated to be

a technologlcally feasible Eool in Ehe teaching/learninp¡ process

(Taylor et a1. , L974" p" l-) " Atkfnson and Wii.son (1969, p. 3)
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attrlbute this rapid groruth of C.A.L. to the rlch potential of

C.A.L. to ansvrer fodayrs most pressing need fn education--the

fndivldualizatlon of instruction"

The computer, with its attributes of speed ín pr:oblem solving,

virtually endless storage and retrieval capaclty for enormous

numbers of facts, and lts systern of logical ordering of informatíon,

see:ns naturally suited to the educational process. There are

various applÍcations of computers'Ín education, for example, C.A.L.,

Computer Managed Instruct.ion (C.M.I.), Computer Supported InstrucË-

ion (C.S"I.), Computer AdmÍnl-stered Testing and the teachfng of

computer science. There are indications that the use of computers

in education v¡ill continue to expand in type, number and Ímportance.

A recent survey indicates that 26% of all secondary schools in the

Uníted States nov¡ use computers specifically for instrrrctíonal

purposes (vonFeldt, 1.977 ¡ pp. 2-3). It has been predícted that

within fi.ve to ten years, practically aIJ- high school and college

students will be uslng a computer daily (Piecewicz, Ig77, p. 15)"

C.A.L", as used ín this study, is deflned as: "A man-machine

interaction in which the teachLng function is accomplished by a

computer syst.eî without intervention by a human instructor. Both

trafning material and instructional logic are stored in computer

mernory" (Salisbury". 797I, p. 48) " Taylor et al. succinctly define

Computer Assisted InsËrucEfon (C.A.I.) which fs synonymous vith

C.A.L., âs "the use of the computer for direct instructlon of

students'r (Taylor et al" , 1974, p. 2) .

hiithin the conÈext of C.A.L., there are three basic mod.es
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of lnstruction vrhLch are defined by Taylor eË al. (L974¡ pp. 3-2f)

ag:

1. Drfll and Practice

The drill and praetfce mode of C.A.L. ínvolves the
use of the conputer to drtLl students in facts or
to assfst the etudent in practfcfng skille. WiÈh
drill and practiceu facts or skills are taught
through some other mode or means. The st.udents
then use C.A.L. drLll and pracÈfce to memorize
Èhose facts or to Þractfce thoee sk1lls.

2" Tutorial

The tutorial mode of C.A.L. f-s intended to
approximate the inÈeraction r¡hfch wouLd occur
betrtreen a eklll-ed, pat,ient tutor and an índivlduaL
pupll. A tuËorial system is used f.nitfally to
preÊent, a concept and to develop a etudenteo
skill fn using the coneept.

3, Slmulation

In this mode of computer use, the learner is led by
the computer ghrough a l-earnfng situation slmflar
to aetual on-the-spot learning, as lf the learner
ruere ln the real-lffe situation" The rnodei- of
realfty may represenE an economfc systøn, a social
systsn, a set of physfcai- relationships eÈc. In
using the eÍmulation the students learn the
structure of the systør, the relationshLps and
assr:mptions operatlng, and have an opportunity to
test and reffne decision strategles"

Advantages of C.ê.L_.

MaJer (L972" pp. 86-89) suggests that there are many aclvan-

Èages of C"A.L.o but they can all be subsumed under the

indLvidualízatfon of insÈruction" llaJer (1973, p. 24) also

contends that l-t Ís unlíkely Èhat a teacher could match the

computerrs effectiveness over a long period of tfme. Suppes (1965)

suggestE thåt only computer technology may be able to accomodate
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fndividual differences ln subject matter learnfng. Lance (L977,

pp" 92-97) maintains Èhat wfth Èhe fnplernenEaEfon of public

Lar¡ 94-l-92 in the Unlted SÈateeo an indlvidualized program of

fnsËructlon for every e<ceptional child can be achleved only with

Ehe help of computer technology.

Among its many advantages, vonFelde (1977, pp" 7-B) reporte

ËhaÈ Ëhe use of C.A.L. fn education results in:

1. the inereased avaÍlabflfty of the teacherrs tfme;

2. indfvfdualized learntng, at the studentrs o\¡rït

pace; and

3. reduced learnfng time.

These ad.vantages \¡rere confirmed in a etudy conducted by Butman

(19i3). The results of his study rer¡eal-ed that signlffcanr

reductions fn traíning tfme occurred when students ueed c.A.L"

rn addlEion, the monitorfng and reLnforcfng feati¡res of c"A.L"

provfded the students wfth the motlvatfon and skills Èo move

ahead aC thefr own pace.

Cogen (Lg6gr pp. 38-41) has lisüed sevenreen advantages of

C.A.L. 1n special education. Butman (1973) argues rhat C"A.L. ls

mosÈ economlcal and mosE effective when used in special education.

sandale (Lg73r pp. 36-41) atates that in comparison to traditlonal

methods of lnstruction, the handfcapped child may benefit from

C,A.L" sfnce:

1-. the materfal fs presenÈed ln smal1 logical steps so

ft fs easy to master;

2" the student j.B abLe to work at his/her ovm speed;
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3. t,he student i6 actively lnvolved and recel-ves

fmnedlate personalized f eedback;

4, the use of mall st.eps accomodates the student's

short attentfon span and thereby focuses hts/her

attentfon on Ëhe learning:

5. the consfstenÈ lnnoediate feedback helps the student,

to become an independent J-earner;

6. the teacher is better abl-e to individuaLize

his/her teachfng; and

7. the student ofÈen becomes rnore hlghLy motlvatedo

and thfs may generall-ze ln the form of fmproved

behavior.

One of the mafn goals of specfal education 1s to provlde the

studenl-s with an indlvíduallzed program of insÈrucelon" Both the

general and specific advantages of C,A.L. strongly suggest that

C"A.L. has trsnendous potentf-al to neet the specif ie neede of

exceptional chiLdren" Research suggests thaË both P"I. and

C.A.L" can provfde the additional_ l-nstructfon and rsnediation

that chil-dren in specl-al- educatfon require.

InstrJrctfonal Tec.hry_i-ogv, P.I. r. and Language S-Bills

I^loolman and Davy (1963) developed a series of prograuraed 
"

textbooks on reading skills for use r"¡fth mentally retarded persons.

It was found that the use of these P.I. texts significantly

fmproved Ëhefr achievsnent as compared to gaine r¿iËh conventional
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Èechníques.

Studf.es by Parsons (1963) and Naumann, Port,er, and Wensley

(1964) boch obeained signiflcant results fn the acqulsieion of

reading and writing skills using P.I. rneÈhods lrfth menraLly retarded

chf l-dren.

Mal-pass (f963) evaluated Ehe effectLveness of automated

lnstruction v¡fth EducabLe Mentally Retarded (E.If.R.) and Trainable

MenÈally Retarded (T.M.R.) instf tutf.onalized children. The results

revealed that automated lnstruction !üas more effective th¿n conven-

tlonal classroom ineErucËfon La teachÍng r,¡ord recognftion, spelling

and reading skills.

Blackman and Smlth (1964) compared conventional clagsroom

meËhods and progra¡r¡rned eeachlng mechLnes in teaching readlng to

E"M"R. children" The results indicat,ed that, there were no

slgnificant dlfferènces betv¡een the methode of ínstruction.

Malpass (1966) tested the effectlveness of P.I. in teaching

basic readfng skfli-s Ëo slovr learning, culturally different

kindergarten chÍl-dren" Forty-fl-ve chil-dren \.rere dtvided inro

Èhree Èreatuent groups: the conÈrol group received tradltional

classroom fnstructlon; one experimenta.l group was machlne-taughÈ;

and the second experlmental group used prograrnmed workbooks. The

results revealed that:

1. both experJmental groups made slgnif{canÈ vocabulary

galns as compared to the conerol group; and

Z" there ÌÅras no signíf icant di-fference between Èhe

machLne-taught and programmed r,¡orkbook nethods.
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Vergason (1.966) compared automated sl-tde projectfon lnstruc-

t,ion uith rraditional teachi.ng methods with E.¡{.R" subjects.

Results indicated that after periods of l, 2" 4, and 15 rnonths,

signif lcant diff erences in sight vocabulary retentl-on rates \,¡ere

found in favor of the strbjects r¿ho received automaËed instructlon.

Vergason concluded tlut the systematic overlearnfng produced by

aut.omated insEruction rntght have been responsLble for the dlfferent

retenËion rates

A study entitled The Peabody-Chicago-Detroit Reading ProJect,

was instituted by I^loodcock (1967) to compare slx methods of

teaching beglnning reading to young E.M.R. chfldren, who were

non-readers. The six methods investigated !'tere: (1) Language -

Experíence, (2) tradLrfonal orthography" (3) basal reader,

(4) I.T"A., (5) Rebusn and (6) programrned textbooks. Af ter tr.¡o

years of instruct.ion, resul-ts indicated that there BTere no

sfgnificant differences on aé-ven reading achíeve¡nent measures

¿rmong the slx methods" trIoodcock concluded that instructional

approach díd not sÍgniflcantly affect the reacling achlevement of

young E.M.R. children during the first two years of instrucÈion if

they were non-readers at Èhe outset.

Itrarner (L967) used P"I. in EeachLng phonic skills with three

groups of exceptfonal chlldren: mentally reEarded ehlldren;

neurologically irnpaired chf-ldren; an<l emotíonally clisturbecl

children. The results revealed that the mentally retarded and

emotionally disturbed groups of children made sígniflcant gains
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beÈrøeen Ínitial and terrninal perfonnance. Glrls as comPared to

boys, ancl chfldren younger than the mean age of eíght' made more

signfficanÈ progress than those v¡ho were older than eighg years.

If,alpass, I^lilliams and Gilrnore (1967) compared two formats of

P.I. and conventfonal insLruction to. teach reading and spelling to

three groups of retarded chíldren. IC was found that both P.I"

methods, the Mast Teachfng Machine and programmed workbooks,

Irere Superio.r to Conventional claSsroom instruction. There rsere

no signifl-cant differences between the two P.I. methods'

Steg (1968) and Bencler (1968) studied the effectíveness of

tvro teachlng rnachines in teaching reading and language skills to

dlsadvantaged pre-klndergarten chl-ldren. The machines used were

the Edison Responsive Talking Typewríter and the Story Telling

Automated.Readfng Tutor. Results revealed that both teachlng

machfnes l{ere more efffcient than regular classroom ínstruction'

A study unclertaken aE Tulane Universfty (1968), measured

the effects of group P.I. on reading to Head Start children.

The Sullivan Assocl-ates Readiness in Language Arts was used with

fifteen chl-ldren in each of five experimenEal Head Start classes'

Equal numbers of children vlere used in the control groups. The

results revealed that Èhe experimental group made greater gafns

tn (1) recognition and ídentíficatlon of letters, and (2) faml-llar-

ity wíÈh numbers and letters. The conl-rol group macie larger galns

in (1) familíaritÍes an<l differences ln word fornations, and (2)

understanding oral instructlons and sensitivity toward sounds.

Significant differences were obtained fn some areas.
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Ellsonu liarris and Barber (l-969) conducted a study in the

Indianapolie ciÈy-ceRter school.s that evaluatecl the effects of

prograrmed tutoring and ËradfÈlonal- directed tutorl-ng fn teach{ng

readfng Eo ffrst grade disadvantaged children. Two experl¡rental

groups reeeived programned tutorÍng either once or tvrfce a day

for fffteen minutes per session; whil-e Er¡o control groups recefved

elther one or two dafl-y sessions of dírected tut.oring. The results

lnciicated thÂc progræuned tuÊoring was superior; however, on1-y

progranmed tutoring twice a day lrJas statistfcally sfgnfficant.

Rl-chardson and Collfer (1971) used a hfghly-structured

programûed nethod to teach traelc reading ekills to an experimental

group of Ëwelve dyslexfe chil-dren" PosÈ test results revealed

that the experimental group was superfor to a control- on all

measures of decodlng, and that they could gerieralize these

decodfrrg elcll-ls to unfamflfar contenE.

Frfcklas and Ruech (J974) eval-uated the teachlng effectiveness

of rhe Trlmodal- Progranmed InstrucÈÍon fn Reading with eLementary

school- chiLdren, These chLl-dren had been making ltmt'red or no

progress 1n their reading progËama despite other rernedial

procedures. Nine subJects lnteracÈed v¡ith a Tel-edeslc. v¡htch

utflized Ehe chíldrs audio, visual ancl kfnesthetic modall-ties.

The Trimodal Reacling I'nstructLon approach ernployed the whole

word method of reading instructlon. Af ter trvo months of l-nstruc-

t.ion, post test scorea reveal-ed that the students' v¡ord recognit.lon

and comprehenslon slcfll-s increased dramatically.



38.

P.I, and Aritluretic Sktlls

A study by Price (1961) compared Èhree methods of reachlng

the prf-neiples of addiËion and subtraceion to mentally retarded

students. The Èhree teaching methods used r,rere: (1) programned

materials that required that Èhe ansr,rer be written-Ín;

(2) progrpnrmed materials that used mul-tiple choice (ltC) ; and

(3) eonventional- teaching" The two experfmenÈâl groups recelved

lnstructfon by means of teachl.ng machines" Differences betrueen

the pretest and post, teat scores indicated fhat Ehere llere no

significant differences betr¿een Êhe three groups ln the amount

learned e(cept in subtractfon where the MC machine taught group

was euperior. The results also revealed that the Er,¡o machíne

taught groups made as much progresse but requfred considerably

Iess Ëfme than the convent.fonal teaching group.

Black¡nan and Capobianco (1965) evaluated P.I. usfng teachfng

machlnes to teach readíng and aritbmeÊfc to E"M.R" adol-escents.

An experfnental group was taught by Èeaching machJ.nes, r,¡hil-e the

control group was taught by tradielonal methods. The findings

lndicated that both groups fmproved sf.gníficantly in boeh eub-ject

areas, but no superiority l"as sho&rn by either teaching method.

Raf-ney (1965) also evaluated commerclal P.I. in arlthnetfc

wf th tr¿ro matched groups of E.M.R. subJects. The experlmental

group used a MIN-MAX Teaching }faehine to drill multiplfcation and

dfvision facÈs. The control group receÍved regular classroon

insÈruction. The results revealed that there rüere .no slgnlficant

differences betrveen the two meËhocls; however, there were consistent
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differences ln favor of the experlmental group"

In a follolt-up studyo Rainey anri Kelly (1967) cmrpared the

eff ectlveness of a con'onercial prograrnmed arlÈtmetic textbook wieh

tr+o Èeacher made programs rriËh three matched groups of E.M.R.

studenÈs. The three methods thaË n"ere evaluated $¡ere: (1) the

TMI Grollfer MultipLicatf,on and Dívieion Facts Program; (2) an

understandlng approach; and (3) a presentation-practice (rote)

approach for leêrnJ-ng arÍttmetlc facts. The resulÊ8 fndfeated

Ëhat the rote approach wae slgniflcantly better for lea::nf"ng

divlslon facts, while no Ëreatment diff erences r,rere iound for

mul-tiplf-cat{on, The authors suggested that the subJeete would

benefft from P"I" if they were above the 2.3 grade level in

readirrg aehievernent .

A comprehensive study by Coss (f966) reeearched the effecÈlve-

ness of P-ï. in teachlng fracËfons and decf¡nals to a group oi

secondary students v¡ho were phyefcally handfcapped. The subJects

were dlvided fnto four matched treatnent groups. One group

rsnained eontinuously with the geacher, and another €ìroup cont,inu-

ously wiÈh the teaching nachines (T"If.). Two groupe alternated

between the T.M. and Èhe classroom.

Results among the Ereatrnent groups revealed that:

1. T.M" l-nstrucÈion waa approxÍmately tr+o-thirds

more efflcient in time:

2. T.M. lnstruction ü¡as most eff ective in

conjunctlon with classroom fnstrucÈion:
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3. T"!1" Lnstructfon r¡râs most effective for students

¡rfth lower Levels of intelligence;

4" classroom insEruction became nore effective as Ëhe

instructional material- became more complex;

5" T.l'1. Lnstruction f oll-owed by classroom ineÈructfon

was the rnost effective bequence; and

6. the teaching nachinee could be adapted for use

by physically handicapped students"

Coes concluded that, autsilated vieual instruction for the

phyaicall-y handlcapped was effectfve fn ghat:

1. P.I. was more efffcÍenÈ than conventionaL instruc-

tÍon for thl-s populaeion;

2" autonated lnsÈructlon \À¡as under Ehe control of

the studeriÈ L¡hfch enabled the educational progress

to be rnaintalned, notably in situations vhere

insEructional time was reduced due to medical

priorlties;

3" P.I. permitted Lndividual students to l.rork

lndependently at thefr appropriaËe grade levels;

and

4. teachLng nachines have the capabf.lity of províding

a varleEy of subject content to suit currlculun

or indfvldual neede"

Johnson (1966) etudÍed the effectivness of different Ëech-
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níques to teach aritl-ìmetic to mentally retarcled subj ects. It

ruas found that the group ruhich used a programmed sequence in

combÍnation rvith conventional classroom lessons showed signifi-

ennflw hpffêr rê^,,1¡- rl--- ôy^,Ìñc r.'hi¡1r ,rcô.1. /l\ . nr^ñr.ñ
- - -buJ-Lù Ltldrl öl.uuPÞ wrrrLll uÞeu. \f ) 4 LrL vó!drrr

desígned by Johnson; (2) T.M.I. Grollier's Elements:y_4!i!þrneqls:
':

Addition and Subtraction Facts; or (3) conventional classroom

'I 
^^^^-^

Metzger (1966) used a teaching maclline and a P.I. text to

teach basic addition facts to E.M.R. pupils. The results Índicated

t.hat both the t,eaching machine and the P.I. text could.be used

successfully with these students.

Ilaskell (L967 ) compared P.I. and conventional instruction

in tcaching four basic arithmetic rulcs to two matched groups of

children rvho had cerebral palsy. After thirteen weeks of

ínstruction, there r^7ere no differences between the two treatment

groups. Haslcell concluded that P.I. r,¡as as good as conventÍonal

methods, and that the more severely handicapped children benefitted

the rnost f rom P. I.

. Hiooinq enrl Rusch (f967 ) effectively used a teaching machíne,
\'¿ v r /

the audio-visual manipulatíve (AWI) desk, to teach arithrnetic

concepts to E.M.R. children. The results from four separate

field studies revealed tirat the A\M method rvas effective, and that

hi oher nôsF f êsr scores werc obta j-ned rvhen Lhe children t'üent

through the program trrrice instead of j ust once.

I(aplan (L969) used non-verbal P.I. to teach mathematics to
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teach simple additive and subÈractfve operations. PosE test

resules, based on sfx chi}dren who completed the programe

indicated that the mean scores rose by 6.3 points. The degree

lmprovement ranged from an Íncrease oÍ. 287, i.o 577.. Kaplan

concluded that:

1. P,I, can be used as aupplennentary materfals, and

can be used by the Least advanced studenÈs;

2" teachers can learn considerable knowJ-edge about

etudentsr l-earning behavfor as they work

through the planned seguences whfch aim tolrard

speclffc behav{oral obJectlves in P.I.; and

3" P.I" enables teachers to "zero-in" on partlcular

behavforal- obJ ectfves "

DezelLe (L97L) compared P,I" and conventional classroom

technlquee in teaching arLtÌxnecic to Junior high ochool students

who were mentally retarded. No signiflcant differences were

obtained between the experfmental- group and the conventional

group beLr¿een pretest and post test acores on the callfornia

AchfevsrenE Test,. slmf,lar results were obtained by Thilbodean

(Lg7 4) r,rho used P.I. to Leach math to E.M,R. students.

In a two year sËudy fn Tacoma, I^Iashfngeon (1971), investi-

gators used t.he technÍgues of precisfon teachÍng to fmprove the

acadernic perforrnance of dísadvantaged children who had been

labelled rnentally retarded. rncluded in thfs program rrrere: the

to
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systematfc arrangernent of instructional cues; prograflmed learnÍng;

refnforcønent contingencfes; and, continuous measurenent of

performance" The results shov¡ed that mean grade gains ín readf.ng

and rnath r.7ere approxfmately three tlmes higher for the experlmental

crasses than for the control groups. The result,e suggested thaL

a hfgh percenËage of chlldren from an economically depressed area

are labelled menÈally retarded for socio-envlromental reasons.

Furthermore, the results indicated thaÈ such chij.dren are capabl-e

of acquirlng basie skflls Ín a learning envfroïflrent v¡hieh maxfmizes

pupil performance.

colllns and calevro (rg7/+) used p.ï, and a peer tutoring

eysÈem to improve the urath skfLl-e. of nine grade efghe students Ín

a mafnstrearnlng program. The sLudents, whose nath skitl deficits
ranged fron 3"8 to 6"6 yearsr met dafly with peer tutors for one

half hour of lnstructlon from the sulrivan Assoclates programmed

Math series. AfÈer three months of lnstructfon, the etudenter

achievenent lmproved dramattcally"

P"I" .l-{Íth Deaf Studenr.e

P.r" is a form of fndependenE study that offere valuable

learnlng opporCunirles for deaf studenta. Stepp eg7I, p, 444)

suggests that the strength of p.r. ls found ln the 10g1c'of lts
prfnciples. SÈolurow (1960, pp. 78-83) and pfau (1970, p. 14)

both eontend that P"r" hae applf.cation and advantages in speclal

educatfon. snyder (1971, p" 448) ínclicates that there are certaín

unfque advantages of P.r. from the students! perspective.
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Falconer (1962, pp. 390-91) claims that there are dfstÍnct

advantages of P"I. for use v¡ith deaf students. Stuckless and

BÍrch (1964, p. 296) state that since P"L fs a visual medium, it

can be used as a formal method of language fnstructlon r,¡1th deaf

students.

One of the firsÈ lnvestígatl,ons of the use of p.I. r,'ith

deaf students r^ras conducted by Thompson in the 1920's (Thompson,

L964" pp. 349-53). Ten young deaf chfldren were glven specíal

reaclÍng instructíon for efght months. The chlldren worked

independently at theír oÌ.¡n rate vrith "quasl p.I." materials--

vocabulary flash cards, direcËÍon sheets, book material, and

practice sheeÈs. A matched group of controls continued r¡iÈh their

regular insËruction. Results indicated that the experímental

group made significant galns in reading scores over the control

group" These results su¡¡gested that language and reading skills

of deaf chlldren could be acceleratecl by the proper use of

scÍentíficalIy organlzed lnstructional materÍa1s.

since 1959, there have been more th¿n forty investlgations

in which P.I. has been used rvith deaf chil<lren (pfau, 1969,

p. 24). In addlÈion, approxfmately sixty different reachÍng

machínes have been used to ceach different ski.lls to cleaf children

(Pfau, 1970, p. 15) " In general, the results lnclicate Èhat p.I.

has had a high motivational value for deaf students. This

research of the use of P.r. reflects the search for more effective

materials and beËËer methods of presentat.ion that ¡.¡i11 best. meet
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Ëhe needs of deaf sËudents.

One of the ffrse maJor investÍgaËions of the use of p.I"

r¿fth deaf studenÈs was conducted by Falconer (1961¡ pp. 251,-57)"

He used a Ëeachl-ng machine to teach sight vocabulary to eight

young deaf children. The results of both the post test and

retentfon test suggested Ëhat P"r. r¡as an effective adJuncE to

cl-assroom instrucËion. Falconerts research 1ed to numerous later
lnvestigations.

Fehr (Lg62¡ pp. L4-2r) used p.r. Èo reacl'r rhe indefLnf re

artlcres "a" and "antt to a srnall group of eight-to-ten year old

deaf boys. Results indicated that the sÈudents vrere able Eo

transfer the newJ-y learned principres to cLassroom language

ac tivfties .

rn Eheir respective studLes, nelther Falconer nor Fehr used

a contro]. group, consequently, their conclusfons r\rere conffned

to statemenEs that learning had taken prace (stuckless ancl Bireh,

L962, p. 415). However, each study demonstrated that p.ï. could

be used successfull-y rvith deaf students.

Becl¡neyer (1963, pp" 415-17) used comercially prepared

programmed materfals Eo teach reading to t.en deaf chlldren. The

results fndfcated that it l¡as feasible to use prograuuned material

thaË hacl been deslgned for hearlng chÍl-dren, r,¡lth deaf chlldren,

ff the deaf children have the prerequisiÈe readfng gracle skills
required by the program.

Blrch and SEuckless (1963¡ pp. 317-36) compared p.I. and
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regular classroom l-nstructLon on the devel'pment of wriÈten

language of nfnety-'nine deaf studenta. Their resurts indicated

that expressfve grarrrmar coul-d be taught by p.r. in r.ess than

half the tlme that conventfonal instruction requrred. They

also found Èhat the grammar of adolescent deaf students courd be

improved sfgnificantry by ustng p.r. that was constructed to
remedÍate speclflc areas of language dffficurty. The authors

concluded that prograrnmfng wrítten language for <teaf students

r¡ras very feasl_ble

rn a second study, Birch ancr stuckless (1963) compared p.r.
with conventional instruction to correct granunatf-cal errors in
deaf adolescents. The sÈudents were assLgned to one of three
groups: experimental group one vhích received a sfngle presentatlon
of the language program; experÍmental group Two whfch had repeated

presentations of the language programs; or the control group

r¿hich received traditr-onal insEructfon. The results reveared

that repeaÈed presentations of the same program6, when coupred

with conventional rnstruct,r.on, resultecr fn the greatest improvement.

Stuckless (L964; as reported in Rosenstein, Lg66, p. 191)

subsequently dfvfded the p.r. groups and found that p.r. had

falled to reduce the number of errors in ranguage in chi1dren

who had hacl a goocl knowledge of granmar at the beginning of
the stucly.

Roy, schefn, and Frisina (1964) rrsed an erectrfc typerv-riter

and P.r. to teach readrng to deaf children three ro seven years of
age" The results indrcated that p,r. produced sfgnlficanË language
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lmprovement as comparecr to the gaíns made by a matcheci control
group using traditional rnethocls. The authors suggested that
coordi-nated programmed language exercises on the typeqrrlter could.

zupplement the regular language program

Rush (1964, pp. 356-58) developed a linear program to reacl-ì

fifty seven deaf childre' the language of directicns as used fn

tests and workboorcs. ResulEs reveared highly significant galns

in comprehension. p.r. was found to be an effective and tíme

savíng procedure. Â revÍsed version of thls study has since

been commercially disseminated (Rush, Ig72).

In another experf_menr, Rush (1966, pp. 219_26) ínvestigared

the use of programrned materiars in teaching wrltten ranguage to
thirty eight chílclren ages eleven to seventeen years" Results

indlcated that a sígnificant amount of ímprovecl learnl_ng occurred,

which suggested trrat p-r. may have r.,ide apprication to teach

language skiIls to deaf and other language-handicapped peopJe.

A comprehensrve study ¡,¡as undertaken by KarJ-sen (1966) to teach

begÍnning reading to fÍve year ordn hearfng impaired children,
usfng an automated instructional system of visual reading

instructfon. The teaching machine used r¿as the Hone¡ve1r

universiÈy of r"tinnesota rnstructionar Devíce (HUMTD). Af ter
trüo years of stuciy" Karl.sen concluded that the teaching machÍne

(1) could be used to teach young deaf chirdren to read, (2) was

uníguely well equlpped to present the printecl rvorci effectivery,
and (3) had a place rn every classroom for deaf crrfldren" eÍther
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as the basic system of teaching readlng or as a systern of

supplernental reading instructlon. The most significant conclusfon

drawn, horcever, lras Èhat it would require an inordlnate amount of

programmfng to develop a systdn of reading materlals thaÈ v¡ould

bring deaf children up from beginnfng readlng to a fourth grade

reading level.

scherer (L967 ¡ pp" 1997-201r) used p.r. and an automared

teaching device to etudy the readin€! processes of deaf chirdren

through the simulteneous pre€entation of stimul-i. Three matched

groups of young deaf children, ages six to ten years, were

assignecl to one of three experfrnental- groups: (1) speechreading,

pictures, and the printed r.rord; (Z) printed word and picÈures and

(3) speechreadfng and the printed r¿ord. Tire results indicated that

the stud.ents ç'ho received the slrnultaneous presentation of the

three stlmuli obtained statlsticaJ-ry slgnifLcan'r lllgher acores

on Èhe paragraph comprehension ancl aentence comprehension test.s.

rt was concluded that the presence of the three stf-muli, when

presented in a programmed lêarnlng format, led to more effective

learning of readfng skills

Lennan (1969, pp" 906-11) used teacher prepared progrannned

rnaÈerfalg to teach basfc vocabul-ary anct language patterns to

sixteen emotf.onally df sturbed boys. Teachers' evaluations of the

sÈudenÈse performance revealed that p.r. also improved teacherst

effectiveness fn the plannfng and teachfng of thefr programs.

Bror¿n and Arkebauer (1970, pp. 81-85) found thar the

Language Master was an effective tool to teach vocabularv to
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young hearfng impaired children. rn addition it was al-so noted

that ít enabled the chitdren to assume a greater role of

responsÍbflity in their educational development; and the Language

I'laster provided added flexibility ln classroom managernent.

Grígonls (1970) usecl P.I" to teach verb vocabulary and senËence

structure to seventy efghc deaf children five to ten years af age.

signiffcant galns were obtafned in verb vocabulary and sentence

structure' The author concluded chat P.I. constÍtuted. an effective

and eff icient teaching technique; and that it had r,¡ide spread

appltcabillty for young cleaf chlldren.

one of the largest and most comprehensrve p"r. endeavour for
the handfcapped Ëo be carrl-ed ouË on a rongitudlnal hasis is
Project LrFE--Language rnsÈruct.ion to Facl-litate Eclucatlon of

hearing impaired children. rE consists of proEîranunecl lfnear

fílmstrlp lessons on perceptual traíning, cognl-tlve thinking and

language/reading. Also, there are supplementary rnaEerfals--story

books, workbooks, and picture dÍctionaries" The program is intended

to teach receptive language 
"ùitt" and sfgnificantly increase the

language learning rat.e of hearr.ng lmparrecl crrildren" By using

the program it is hoped that che child wil-r, dfscover ,'that he can

learn indepenclently and that learning can be fun,, (pfau , rg72"

p. 18). AlÈhough the program has been fielcl tesred and validated

in many centers since 1963, and has been comnerciarry available
sfnce r973, this writer knows of very little ernpirícal research

that has studfed the efficacy of the program.

ÌfcKinney (as reported in Spidal and pfau, Lg72, pp. 33_41)
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used ProJect LIFB to teach language and ccnnmunlcaÈion skilrs to

nine illiterate deaf adults. Following a subJective evaluation

of thefr post.-prograu language and conununicative behavior, she

concluded that all subjects made substantial gaf.ns ln their
lÍngufstic competencies and communication skiLls.

Vockell er al. (1973r pp" 431-39) studied the effectiveness

of the PercepEual Tralning and Thinkfng Activitl,es programs of

ProJect LIFE with thro groups of rnildry retarded deaf chírdren,

ages eight to trt¡elve, Results revealed that both groups shov¡ed

fmprovement in perceptual and thinking efff.ciency. The lack of

a control group andfotr randomlzation of the sample prevant

generalfzation of the findings; hor+evero the results suggest

further research be undertaken.

The research cliscussed to this pofnt suggests that p.r.,

as compared to regular teachíng rnethods, has been qrrlte successful

in teaching language skills to deaf students. Hov¡ever, there fs
60me research that suggests that p.r. is lneffect.ive. Devine

(I97I; as reported in Cline, L974, p. 93) compared p.I. wirh

regular classroom fnstruction and found that although the scores

for children uslng P.r. r,'ere higher, tbey v¡ere not signj_f icantly
higher" Pfau (1969) fo,und thar p.r. was not effecrive fn teaching

expressive language to deaf students. Stepp (1971, p. 444)

reported that the fnitfal use of p.r. l.¡-ith deaf students was not

too auccessful because the reading vocabulary fn the cormnercial

programmed materfal rnas too difffcult.

clÍne (1974, p- 93) suggests rhat p.r. niay be more eff ecti-ve
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in teaching certafn language skills, such as simple readl_ng skflls

and slmple sentence construcËlon, and Èhat iÈ may be less

effective than traditionaL ínstruction 1n teaching speech sk1lls

and vocabulary. The llmits of P.I. may suggesE that appropriate

programs to teach these speech and vocabulary skflls have not yet

been developed. For P.T" to be effecËive with deaf student.so the

vocabulary, grannar and syntax muet be carefully chosen and written,

and ll-lustrated wfth a great varfety of colorful-pictures (Kar1sen,

1965, p. 539)

The lack of lingufsÈic compeÈence in standard Engllsh fs the

outstanding handf.cap of deaf persons. Consequently, the area of

language has received more attention, dfscusslon, and research

Ëhan any other aspect of deafness. Suppes (Lg74¡ pp. 165-66)

reports that there are few deÈafl-ed stuclies, apart from data on

achievernent tests, that deal with the mathematical abilitfes of

deaf studenEs beyond the skflls of arittu'netfc. A recent survey by

Johnson (L977 r pp" f9-25) of mathematics programs, materfals,

and methods fn schools for the deaf indicated rhat among the 58

schools surveyed (1) approxÍmately 20"/, are using progranuned

mathønatÍcs, (2) L6"/" are usfng C.A" I" in mathematics, and (3) less

than 5Z of ínstructíonal tfme 1s utilized for lndívíduallzed

instructÍon 1n mathernatic s "

A study by BornsÈeln (1964) found that P.I. v¡as no more

effectfve than the lecture method in teachfng high school maths

to deaf sÈudents. Furt.hermore, P.I. requlred as much and often
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more tfne than the lecture method. Bornsteln noted, however, that

P.ï" has a potenÈial advantage for those students who complete

the prograrnmed materials prior to an alloted standard of tfme" Tire

problern Bornstein feels, is Èo identÍfy these students before they

begfn to use progranmed materials.

The foll.owÍ.ng studies of P.r. <le¡nonstrates the potentfal for

díverse use of P"r. Ín deaf education. Fessanr (i-963¡ pp. 24L-q4)

has used P.r. successfully to teach vocabulary, measures and

princÍples in Índustrlal arts. IfcGrady (1964r pp. 531-36) used

P-r. to study conceptual learnlng of two mat.ched groups of young

deaf and hearfng children. The sfgnl-ficant galns rnade by rhe deaf

chLldren betl¡een pre and post Èests indicaÈed that p.r. could be

used in a program to help <levelop theÍr conceptuat thinking.

P.r. has been used successfulry to teach lipreading skíIls to

hard-of-hearing and deaf students (l1cDearmon, Lg67). Neyhus

(1967) found that P"r. in the for¡nat of motfon pfcture f ílns, rdas

more efficient than traditional methods, fn teaching llpreadfng

skfll s.

Doehring (1968) used P.r. in pfêture-souncl assoclation to

assess the nonverbal, auditory percepEual abilfties of deaf

chíIdren. The resurts suggested that systematic p.r. mÍght he

a very efficient means of teaching specífic au,ffrory*visual

associatfons; and that such a system could help profounclly deaf

child.ren to learn Èo identffy rneaningful nonverbal_ sounds.

Stepp (1971) used a self-instructÍona1 p.I. sysren to

develop speechreadfng skfl1s in ten young hearing írnpaíred
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chfldren. The prograrnned systen consisted of an B mm film
projector, cartrfdge f 1J-ms, and a set of head.phones. Resurts of

the program Lndicated that the children could assume respon-

sfbíltty for sone of their learnlngo ancl that speechreaclÍng

could be prograrnmed for individual learnlnc.

lif f ectiveness of P. I.

Ilany research studles that have compared p.r. to traditional

classroqm instruction lrave concluded that p"r. was more effectlve.

Schram¡n (1964) and ilartley (1966), hor*rever, have revj.ev¡ed a large

number of experlmental studies in a variety of subJect areas and

grades, and founcl Ëhat p,r" ¡¿as only sllghtly superior to conven-

Eíonal instructlon. sÍmf1ar results r¡rere obtafne<l by Lange (rg7z.) .

Fry (1968) has also compare-d the effectiveness. of p,r. r+ÍEh

tradltj.onal classroom teachÍng. Fry concrudecl that the researclr

ll-terature had not establtshed the superiority'of p.r., espectal-ly

in the field of reading. Fry suggested that the value of p.r.

was Èhat lt enabled the Ëeacher to índividualize instruction and

thereby meet the needs of nore st.udents. A reviev¡ of past research

led Bachor (1973) to conclude that there was little empirical

evfde¡rce to support the use of P.r. Ín elementary language

instruc tíon.

zoLr (1969) revíer*'ed thirty f ive research studies that usecl

P - r. Í-n mathernatics and f ound that tirere v/eïe no slgnif icant

differences betr,¡een P.I. ancl traditlonal instruction. The research

dfd suggest, however, that sÈudents may reqr:ire less time to
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complete programmed materlals.

Krurnbol-tz (1963; a6 reported in Lumsden, I974, p. 14S)

asserted that conparl-sons betrqeen P.I. and conventfonal classroom

fnstructfon were questionable in that:

1. classroom teachers vary 60 wldely 1n conventÍonal

instruction that there 1s no sËab-le basls for

comparison;

2. prograflmed materials vary widely in thelr scope

anrl quallty of wrfting; and

3" Ëhe criÈerion test may have been <lesigned to meaaure

only a lfinf ted obJectlve.

Jamison et al. (1974, p" 41) noted that the current research

emphasis fn P"I. has changed from comparaÈÍve studíes,of effec-

tfveness Èo studies of hor'7 to fmprove the programs and how to

lncrease student lnÈerest. Jamison also suggested that future

studÍes research how student. variables re1ate Eo achievsnent

in P .I.

C.A.L. With Spec4l_!-ducation Students

The advantages of C.A.L. for students in specfal eclucation

have been extolled sfnce the early 1960's. The most lntenslvely

researched area has been that of the effectiveness of drill and

practice programs J-n elementary,mathernatícs and readlng. The

research findlngs have shor.m posiÈfve results for exceptÍona1

chilclren usfng C.A.L.
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C.A.L. MatLenatics Programs

Prince (1969) conducted â two year study usíng C.A.L. with

disadvantaged children. C"A.L. dri11 and practice programs in

mathematÍcs r.rere used in seventeen schools. At the end of the

first year of the study, a significant difference rnras found in

favor of the groups usíng C.A.L" as compared to the groups v¡ho

had regular inst¡uctfon. A more detal-led analysis in the second

year indicatecl that there kTas no signlflcant difference betr¡reen

C.A.L. and regular fnstruction. Ilowever, signiflcant dlfferences

were found in favor of Negro and lorv lncome groups using C"A.L.

as compared to oEher teachlng ¡nethods.

Stovall (1969; as reported in Gipson, 1971) and Clpson. (1971)

each studied the effectiveness of C.A.L" in teachfng rnathematics to

culturally dlsadvantaged chfldren. Stovall reported that a drill

and practice C"A.L. program was used effectively to teach mathernatícs

to 700 elementary school children. The resulÈs revealed that the

experírnental groups scored signifÍcantJ.y higher in cornputatlonal

skills than clid the control groups. GÍpson used C.A.i,. to supplement

Ëhe maths program for grade seven students. SigníficanÈ gains rvere

shor¡n on a test directly related to Êhe programmed materials.

Iiowever, signif leant gains \.rere not demonstratecl when a standardized

achfevement tegt. rvas usecl .

Beech e! a1. (1970) evaluated

disadvanta¡çed students in Nev¡ York

grades tr./o to síx" were telephoned

sessfons a week 1n oral arl-thmetic

a Dial.-Â-Drí11 program for

City Schools. The students, in

at home ancl gíven Lhree practice

problerns" Each pract:i"ce sessl-on
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r.ras f ive minutes ln duration. The exercLses were generated frorn

digitlzed word recordings stored on a cmrputer df_sk, and the

students responded on a touchtone diaL tel"ephone. Resul_Èe

indfcated that there was no sfgnificant dffference between the

experirnental and control groups at all grade levele. rt r.¡as

suggested that the lack of suffieient computer contact tlme was

responsf-bJ-e for the lack of measurabl-e differences between the

groups.

The authore also surveyed the attitudes of. both the studenEs

and parents to the Dfal-A'Drill program. Both groups responded

favorabl-y to Ehe experlment, whach surprÍsed the authors slnce

they f elt that Èhls population, whl-ch r,¡as drawn from the poverty

areas of New Yorko generally had a negative attitude tor.¡ards

education.

crar¿ford (1970) used c.A.L. aE a remedfal- technf-que Eo teach

arlttrnetfc to underachieving students. The experlmental group

recefved c.A"L. fn additíon to regular classroom instructlon,

v¡hile the control group received only classroom Lnstructfon.

Although the experirnental group made signlfÍcant gains, stacfstical

sfgnfflcance Ì,¡as not obtal-ned betr,reen ttte t!üo groups. rt s¡as

felt that frequent equipuent failures, insufficLent staff traJ.nfng,

a hfgh rate of absenteefsrn, and an insufficient experl¡rental

period of only eight weeks may have contributed to the lack of

sfgnif1cance betv¡een the experfmental 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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Ilentally ilandicapped (T.ìf "H" ) students. The computer apparatus

consisted of a teletype t.ermlnal interfaced with slide presentat.lons

and audio instructions. The terminal keyboard vras desfgned r¿ith

ten oversized keys, which perrnitted actual coíns to be place<i on

the keys. There ruere significant differences between pretest and

post test scores. The authors concluded that C.A.L. was an

effective method 1n teachlng social ski1ls to T.M.l{. stuclents.

Gipson (1971, p. 11) indicates that there are four advantages

of usíng C.A.L. programs. The C.A.L. system can (1) provicle

lrighly indfviduaLlzed. mathematical instructlon to a large number of

pupils daily, (2) perform an i¡nmecllate analysis of the pupfl's

mathematícal responses, rnaking posslble lndíviduallzed instruction,

(3) keep each puptl and his/her teacher informed of the pupil-'s

progress, and (4) provide reports to the teachers on class

performance and item reliability for use in daíly plannlng.

street (r972) lnvestigated the use of c.A.L. to irnprove the

basfc arlttrnetic skí11s of dlsadvantage<i elementary school students.

standardfzed test scores revealed that t.here \,/as no significant

difference between experÍrnental c.A.L. groups and control groups.

The laclc of significant gain ruas attributed to (1) frequenr

computer shutdov¿ns, (2) students vrorhlng on inappropriate programse

and (3) laclc of supervislon of students ancl the proÊrams thev t¡sed.

sandals (1973) studiecl the effecÈiveness of c.A.L. ln teaching

banking concepts to T.Ìf"I1. young adults. concepts such as bucigets,

deposits, and rvÍthdrawls \¡/ere taught on teletype terminars that r,¡ere

lnterfaced wíth a s1Íde presentation. Si¡rnificant differences were
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shown between preËest and post. teste and beÈro¡een pretest and

retentfon test scores" The results also reveaLed that the subjects

*rere able Eo transfer these skills to nerrr situations. IE r¡as

concluded that C.A"L. sras an effective means of teachfng money

managsïent slctl-ls to T.M.H. persons"

Hill (l-976) srudfed rhe effecÈíveness of C.A.L. drill and

pract,ice progr¿xns in aritlmetic trith physieall-y handicapped

children" The experimenÈal group recelved C.A.L. fn ad<lition to

regular claseroom instructlon, and the control group had only

classroom lnstructfon. The results lndfcated that there Ìaras no

signif fcant dl.f f erence between the tvo groups. llowêver, the C.^.1,.

group made signifLcant educational- gains fn thaÈ they showed an

fncrease in grade levei- of seven months as compared to a three

month gafn for Ehe control group, during the four month

experùnental period.

C.A.L. and Language.Arts Instructio.n

Several researchers strongly advocate the use of C.A,L. in

l-anguage fnstructfon, especially at the elsnentary school level.

Schiavone, Rowen and Farrell (X971) suggesË thar C.A.L. as a

suppleurent to readfng lnstructíon has severar dlstinet advantages

over tradltionar methods. studfes by Fletcher and Atklnson (]g7z),

FleÈclrer and suppes (1972), and Arkinson et al. (1-973) have shovm

that students, r¡rhen usfng c.A.L", have made significant and consis-

Ëent gains over r,¡hat v¡ould be expected from classroom l-nstruction

alone.
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Martin (L964) compared the effectlveness of the Edlson

Responslve Envirorment rnstruutent (E"R,E.) with a conventlonal

rnethod in teaching reading to t!¡o matched groups of kindergarten

children. The E.R.E. fs a rnui.tfmedf-a computerized typewriËer

desígned speclfieal-ly for readfng instruction. The experùnental

group consÍsted of twenty truo chl-ldren, some of whom were mentally

retarded. The experimental- group used the E.R.E. for thfrty
minutes each eessfon over a flve rnonth period. The contror group

was taught by enriched convent,ional readfng methods. The resuLts

indfcated that the experimental group learned to read signfficantl-y

betEer than the control- group. The scores of the retarded chlldren

fmproved as much as those of the other chil-dren. rE r,¡as fel-r that

the differences betr¡een the experfmenEal and cont.rol groups v¡ould

have been greacer if the o<periment had contfnued"

Green (1968) used a multimedia system--sl_ides, a teletype

terminal, and tape recorder--to teach disadvantaged, four year ol_d

children to recognfze words and. l-etters" c.A.L. r,ras Èested v¡fth

rnfddle cl-ass and dfsadvantaged chil-dren. rt r.¡as found that the

programs Þrere more euitable for the mtddle class chlldren. Green

f elt, hov¡ever, that a c.A.L" approach r,¡as also rvell suited for

dfsadvantaged children.

MaJer (I972r pp. 78-81; and 1973, pp. 23-26) reviewed a variery

of c.A.L. reading prograns--renedial, regular currfculum, and special

educatlon--that had been successful on a range of varlabl-es" These

studles revealed that ûrlËh c.A,L., sûudents: (l) can l-earn to read;
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(2) are motivated; (3) haye fmprove<l attitudes to learning;

(4) have betÈer school attendance; and (5) have fmproved their

behavior" In addition" v¡Lth C.A.L" teachers vrere able to make

better diagnosfs of reading probl-ens earlier in the sbhool year"

Majer (L972, p" 94) concluded thaÈ there $ras a need to go beyond

our "tradítional l-nstructl-onal srrategies in readirg", and that

computer technology has "the potentf.al for the lèvel of indivLd-

ualization necessary for personalized reading instructfon"

(Majer, L973" p" 23).

Nelon (L972) researched the eff ectivsress of C.A.L. ç¡1th

twenty four elørentary school children" Ti"¡elve of the subJects were

E"M.R. and tr^¡elve nere chfldren r¡ith normal lntel-l-igence. The

subJects were judged to be relatively equivalent fn mental age and

derrelopmental levels" The e:<perimental group, r+hich consisted of

E.M.R. and, normal childreno recelved eouputer assisted vocabulary

insÈruction" A maËched control €lroup received only the post test.

The results indlcated Èhat there r+ere signlfícant rlifferences on

the post test scores 1n favor of the experimental group. Further

analysfs revealed that, for subjects of comparable mental age,

there vrere no significant differencea betr,¡een Ehe E"M"R. and

normal studenÈs in }earning, erroï rate, and the tfrne requlred to

complete the program.

Elfner (1973) conducted a three year reading program for

forty E.M.R, chil-dren. The project used C.A.L. ln a progrannned

forurat in the firsf year. In the second year, C.¿,.L. was converted
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to csmputer managed lnstruction. During the fLnal year, supplmen-

tary ínstruction $ras presented rvithout t.he use of the computer.

The results revealed that: (1) signlficant, gaíns v¡ere made by the

forty students; (2) the students required more drlll and practfce

than origfnally thoughÈ; and (3) students qaho took nore time Èo

respond to questions on the computer showed more gains on the

post Eest

Smetana et al, (1975) used a hfghly structured ccrmpuÈer

assisted language arts system, the Oralographfc Readl-ng Program,

Èo teach reading slcfLls to learning disabl-ed students" The

students, ages seven to twelve yeara, were neurologfoally or

perceptual-ly fmpaired" At the beginnlng of the proJect, the

students rrrere non-readers" The program was deoigned to develop.

skill.s in phonetlc decoding, reading, wrlting and probJ-em solvfng.

The students ydrorked approxJmately one hour per day wJ-th three

learning instruments--the Talking Page, the Talking Typewrlter,

and the VoÍce Mfrror. After elght months, the students were bble

Èo decode vrords, and were able 8o read at the second grade level.

C.A.L" In Both Mathematfcs a_nd L.anguage -Arts

A two year C"A.I" proJect was fmplenented to teach aríthmetfc

and reading to dlsadvantaged youths and adults (Hankln et al.,

1967) " This proJect ?ras to aerve as a prerequisite for enterl-ng

vocaiional tralning" The projecL was concluded afEer only one year

because fundfng ç¡as terminated. However" the resulÈs af t.er the
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first year lndfcated that fÈ r¿as feasl_ble to use C.A.I. to Ëeach

arfÈhretr-c and readÍng Ëo disadvantaged youths and irlrterate
adults.

Leonard (1970) deveroped a c.A.L. project for ereven studen's
who had learnfng problerns. C.A.L. progrrms !/ere developed specif l_
ca11y for these students fn elsnentary read.fng, rnaths, and

spelling" rn addftion, cormercfal-ry prepared programs in
aríthonetic lrere used. The termfnal was interfaced v¡ith slides and

an audlo component. After five months of insÈructlon, Ëhe reeurts
of a sËandardÍzed achieveurenE test revealed that the students
obtained ùnproved acores on the reading, arithnnetlc and spelling
subtesEs. It was concluded. thaË C.A.L. sras a beneficlal teaching
device.

Lftrnan (1g73) successfully Ínplunented a c.A.L. program for
underachLevlng, eJ-ementary studenta. Thé drfl1 and pracÉrce
programs, in readingu language arts, an¿ mathsnatfcs, had been

developed comuerclarly. Af ter one year, the resurts shol,¡ed that
the student' obtairied achievsnent scores at the ,,normâI,, raÊe of
one ruonth grade Level gain for every rnonth of c.A.L. fnstruction.
These ç.¡ere betÈer gains than traditfonar gains of 5.6 months for
every I months of instructfon Ín other special educatr-onal
prograrn'. rn addftÍon, grearer gafns v¡ere made 1n ranguage arEs
and maths than in readfng. Students rtrho completed more than
100 c.A"L. sessrons scored very high gains. rt r¡as concruded thar
the proJecr wa6 hfghry successful fn provfding fndfvldua L,zed.
fns Èruc tlon.
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differenÈ methods of teaching mathernaEfcs and spelLlng to el-even

nÍnlma1-1y braln damaged chil-dren. The three rnethods compared

r'¡ere (1) c.A.L., (2) the reacher, anci (3) c.A.L. ln cornbinarLon

rufth the teacher. Slgniflcant gains ln achíevement were obtained

by the teacher, and the c.A"L.-teacher combinatl-on. Tt. v¡as

suggested that the poor performance of the c.A.L. method could

be aÈtributed to (1) lnadequate numbers and levels of c.A.L.

programsi and (2) Èhe computer prograrn rÂyas not being fully
utllfzed to meet the needs of the stuclents

St. Aubin (1976) developed a C.A,L. projecr for t9B

handfcapped chllclren ln chicago. stucrents v¡ho had hearÍng,

visrralu mental, orthopeclic, or other learning disabilities ruere

enrolled in c"z1'"L" math, reading, or language arts prograns that

l'¡ad been developed conmercial1l,. The results of a f l_ve month

evaluatlon perlod Lndicated that the studentsr academíc progress

was <lirectly correlated Eo the.amount of computer contact ti¡ne

they had had. A survey:of the teachers revealecl that they r+ere

positlve about the beneflts of c.A"L. for thelT students.

Fiorentlno (L977) investigated the use of c.A.L. rsith junlor

high schoo]- students rr¡ho had learning disabilities. Dr11l and

practÍce c.A.L. programs vrere used to teach basic cornpuEatfon and

spelllng skflls. Three random groups of subJects rrere randomly

assigned to c.A-L. arÍt.hemet.fc, c.A.L. spel1íng, and to a control
group. ,¿\f ter a t.lrree month experlmental period, the results of a
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standardized achlevenenË test showed that there r,rere no sfgnfficant

dLfferences amòng the three groups. Further analysf-s of the

results revealed that there v¡ere signifieant differences over

time for both aritlrnetic and spelling wliich were attrlbuted to

C.A..L. The significanË differences over time in artthmetic were

due to the gains made by the C.A.L. arittrnetlc group. SÍmllar1y,

spelling gafns obtained over tl.ure v¡ere due to the gains rnade by

the C.A.L. spelling groupo These i"ttnr gaf-ns, however, vrere not

statlstlcally signif l-cant. It vras concluded that C.A.L. was an

effectfve aid in drfll and practice routl-nes ln both aritlnnetic

and spelling for students vrhg had learnÍng problms.

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

C"A"L. has been used by deaf students sfnee 1968-69. In

1970, the Instttute for MâthenaËlcal Studies ín the Socíal

scl-ences (rMsss) at stanford universlty lnstitured a three year

C.A.L. proJect for hearing irnpafred and deaf students. The

computer network fnvolved over 4,000 students ín 15 schools for

the deaf in 4 states and the Distrfct of Columbia. C.A.L"

curricula v¡ere developed in: (1) erementary maths; (2) arltl-mettc

word problem solvlng; (3) language art6; (4) bastc Engllsh;

(5) algebra; (6) computer progrannnfng 1n AID; (7) compurer

programmfng ln BASIC; and (B) loglc and algebra. Specifically"

the language arÈs and elementary mathemaÈl_cs currl_cula r¿ere

evaluated cluring the three year project. In theír final report
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on the project, Fl-eÈcher and suppes (1973) concluded rhat c.A.L. :

(1) can signiflcantly benefit deaf srudents; (z) is economtcall-y

practlcal; and (3) can support. serlous research r.¡ith deaf students.

Followíng is a stnnmary of the resurts of the tr+o maÍn studies

fn the elernentary maÈhs and language arts currlcula wlth ele¡ìenËaïy

and secondary school students (Suppes and Fletcher, Lg7L"

pp. 129-31):

r. I'f,aËhematics strands experfmenE--suppes, Fletcher, Zanottl,

LorËon, and searle (1973) studied the effect of varying nurnb-ers

of mathematic strand sessions on the acqufsltion of computational

skiIls. The resul-Ls lndicated that: (1) c.A"r." marhs srrands

curriculum enabled deaf sËudents to achieve Grade pl_acernent (c.e.¡

gaÍns 1n maÈhenatical computation expected of normal hearlng

students; (2> these galns v¡ere two co three tl-mes greater than

classroom l-nstructfon; (3) the more often the stuclents used the

computer, the greater the G.p, gatn; and that (4) C.p" gal-ns

could be achfeved l-n short and lntensive dal,ry sesslons fn a

supplernentary drill and practl-ce program, in cooperation rvíth

regular classroom fnstructfon.

rr. Language arts experiment--Thfs experirnent conducted by

Fletcher and Beard (L973) was analagous to the maths strancls

experÍment. That is, each stuclent r.¡as allowecl to take only a

specif ied number of language arta sessíons. The results ¡.Ldícated

that varying the number of sessions dld not have a slgnfffcant

effect. Fletcher and suppes (1973) concluded that the program
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úras of sfgnl-fÍcant value for those student.s who compJ.eted many of

Èhe sessions that they attempted, but of much less value for those

students who completed fer¿ of the sessions they attempted. The

results of this experfment raise the question whether or not

simflar resulÈs would have been obtainecl wlth only regular

classroom instruction.

suppes and Fletcher (L914, p" r31) concluded by asserrfng

the value of the three year proJect. They note that 13 of the 15

schools thaÈ partlcipated in the project have contf.nued to use

c.A.L., flnanced by thelr or+n fundlng; while two ne!¡ schools

will be added to form one network "that directly resurted from

Èhis proJect".

Further anal-ysis of the stanford pro.Ject by Fletcher and

Suppes (L976) has yielded adcift-fonal, interesring ffndíngs"

Ffrst, lf deaf students received one ten mfnute c.A"L. mathematics

sessÍon per ciay for at least tl¡o-Ëhirds of a school year. a G.p.

improvernent of l-.0 to 1"5 years can be expectecl" This ls an

improvenent over the usual G.p. inòrease of 0.3 to 0.4 years

obtained with classroom instruction. second, suppes, Fletcher

an<l ZanotÈi (1976) have dsronstraEed that precise G.p. gains can

be predfc,tèd as a function of C.A.L. sessions. Thus, it is
possible to fndlvldualize lnstruct.ion both in the amount of

instruction required and ln the G.p. goal establlshed for each

student. Third, the performance data indÍcate<ì that the cognf.Ëive

performance of deaf students \.¡as as good as. thac of normal hearl_ng
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students on casks tlut dtci not df-rectly involve verhal slclt1s.

Flnally, Fletcher and Suppes noted that the average cost of

C.A.L. for each school rn'as $300 per month or $.60 per student

session. These figures were based.on tç¡enty-flve student sessions

per day for twenty clays each month per termínal. The authors

further suggested that many of the schools had more than twenty-

five studenÈ ses6fon6 per day, whl-ch substantiallv rodrreed

their coat6 per sessfon.

In sunuuarlzing the effects of C.^.L. drlll and practíce

maÈhs programs used at the Kendall School for the Deaf, Behrens,

CJ-ack, and Alpríd (1969) noted that the studentsf motl,vatlon had

been conslstently hfgh; and that the students demonstrated lncreaeed

maturity towards learnÍng, especially towards tests and errors.

Perhaps most sfgnif lcant, hor+ever, was the f indfng t.hat the stud.ents

¡¿ere able to handle, in r,¡ord problerns, the language they were

unable to handle ln the classroom.

'Barnes and Finkelstein (1977, p. 468) have aptly stared that

C.A.L. provides educaEors of the deaf, wfth an opportunity heretofore

unobtainable--that of tailorfng instruction to the needs of the

indfvidual learnár, so as Eo provide an efficie.nt and effective

learning process. It is 1n thfs manner that. a computer based

system fs befng used to assist deaf students at the Natlonal

Technical Institute for the Deaf 1n Rocheste::, Ner,r York to

prepare for advanced maths

Slnce 1973, San Antonlo College fn Texas has used C.Ä.L. to

Ëeach English to fresl'rman students (Rudfsill and Jabs, Ig76).
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The program v¡as a1so. adapted for use with hearing impairect students

at the col1ege" c"A"t. was interface<t wfth fllustrated slides and

video tape- The lessons on the vfdeo tape r¡¡ere presented fn total
corununÍcatlon which enabled the hearing irnpaired sÈudenÈs to work

successfully on the Èerminals. Results of a stud.y revealed thar
Êhe composiËion grade scores of the frestunan students had fmproved

dramatically. The aut,hors concr.uded that c.A"I., rvas praying a

signiffcant role in Èhe learning process of hearing fmpafred

s tud ents

I^leyer (1973) conducted a c.A.L. project which used compurer

graphics to teach fingerspellf-ng and to measur.e the conf fguration
similarftfes in f f.ngerspelríng. The pro-Ject was evaruated in tv¡o

separate experlments. The first experímenË measurerl the subiectst
ability to read fÍngerspelred sentencea at different rates of
speed. The second experrment measured simír.arrtJ.es between

ffngerspelled letters by assessing Èhe confusion caused by the

rapfd presentatlon of fingerspelring. overarl results of the tr,ro

experiments fndicated that the computer-generated alphabet Ì.,¡as

a useful tool for teachlng ffngerspelling, ancr for obtaining
measures of fingerspelling sfrnilarfties.

A c.A.L. project r,ras undertaken in mathernatlcs and readÍng
for 400 visually or hearÍng impaire<' students in the Cincínnati
publlc schools (Morgan, Lg75). students r.¡ere given pretests to
determlne their needsr. ancl the teachers rvere trafned to devel.op

appropriate c.Â.L. prograrns and to monítor t.he students progress.
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At the end of the first year of the prolect, the results demon-

strated that C.A"L. v¡as benef icial wfth deaf students: and that

Èhe deaf students obtained better scores ín mathematics than in

readlng. Responses to a questfonnafre revealed that the deaf

students, thelr parents, and their teachers reacted favorably

toward the use of C.A.L. The results of the first. year also

fndfcated that. furÈher hardr¿are and software develor¡ment vües

necessary before C"Ä.L. could be fully implønenËed and tested

wíth vlsually lmpaíred students.

In September" I975, C.A.L. r/¡as instituted at the Scranton

State School for Èhe Deaf {n Scranton, Pennsylvania (Frl-cke,

Lgl6). A ml-nicomputer arrd twenEy teleËype Ëerminals t.rere installed,

and commercially prepared dri1l and pracÈice programs in

elsnentary mathematlcs, reading, and language art.s were used wl-th

the students. In the flrst year of. the proJect, middle school-

students averaged a 1.3 grade level gain in mathematlcs and a

0.4 gain fn readfng. High school students showed a 1.1 grade

level galn ín mathemat.ics and a 1.3 galn ln readfng. Teachers

reacted favorably toward C.A"L., but complafned about the l-evel

and lfmitatÍons of the curricula, The total cost of the svstem

projectecl for five )¡ears was estlmated at $180,000. Based on the

first yearts averagÌe of 1.7 hours of use per stuclent per weekn the

average cost per student hour was $3.80.

Madachy and }filler (1976) reported chat C.A.L" hacl been used

to help college students, who rvere deaf, to master basic Engllsh
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structures' The c.Á..L. programs were based on an English as a

second language format, since it r¿as felt that the deaf students,
first lang'age was srgn language. The lessons began wíth a

pretest and trren branched to appropriate drilrs. some of trre

vocabulary lessons r¡Jere coordrnated r,¡ith vfcieo tape presentations

in Amerícan sr-gn Language and sígned Engr'sh. Future plans

included further development of vfdeo tape computer lfnkups,
whereby language concepÈs are presented in sfgn ranguage, and then
drill and practÍce is provided by means of c.A.L. rn addition, it
was anticipated that c.A.L. lessons r¿ould be rntroduced ínto the
regular currlculum wlth anphasis on language skllls, read.f.ng, and

rerned ia tl-on.

Newcomb (1976) predlcts that computer aided language instruction
in deaf educatlon wirl go beyond current c.A.L, drirr and practice
rouEfnes to that of providfng autornatic grammatÍcal analysís. He

foresees that grammatr-car processing programs riilI be deveroped

whích wfll permft computers to undersrand English sentences. hrfth
a model 0f Engtish granunar, the computer then could jucige the

granunatf-cal correctness of any sentence producecr by the deaf

student. The computer could ldenËffy the type and l.catlon of
any errors, and could provfde imnedfate corr.ectÍve feedback.

Newcomb suggestecl that if the students !üere able to respond wfth
unrestrÍcted sentence prodtrction on the comprrter, and 1f the

computer provlded large quantities of rernedial language practice,
then the use of granmlatícal processin¡¡ prograrns courd result in a



7L.

signifÍcant lmprovement ln Englfsh ranguage achievement for deaf

sl-udents.

Nomeland and Harris (1976) deveroped a c.Á,.L. laboratory wiÈh

drill and practfce exercÍses in mathematfcs for deaf students åt

Kendall school 1n washingËon, D.c. The currfculum offered tvo

basic maËh optfons, f lxed and mlxed strancl . During the f frst
year 111 students, ages eighc to fffteen years, parÈicfpated fn

the project. At the end of the first year, resulÈ.g- of the

Stanford Achievement Test revealed that (l) 20 ouË of 2g 1or¡er

elementary students achleved at least a one grade level lncrease

fn maÈh, and B students increased tr¡o years; (z) 15 out of 33

upper elementary students denonstratecl a one grade increase;

and (3) B out of 23 middle school students increased one grade

leve1 or more, The lor¿er achievernent gaíns for Ëhe middle school

students r.rere attrfbuted to the fact. that most of them remained

1n the mixed strand programs for most of the year, and thaÈ thelr
achievsrent test scores may have been invalid.

c.A-L. has been used suecessful-Iy Ín a variety oi d{sctplfnes--
English, rnathematncs, ehemistry, and foreign languages--vrith

hearing impalred students at Gallaudet college ln hrashington, D.c.

(Torr, r976). Both dri1l and practlce, and si¡rulatíon modes have

l¡een used to reach these subJecÈs" Torr concluded that the

experfmentaL use. and cost of c.A.L. îÀ7as juseif led given the

magnftude of the educational dfffículties facecl by hearing írnpairecl

students.
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Kearsley er al. (7977) developed a C.A.L" program rhar

taugirt deaf children hor"¡ to use a ruler. The program required

the students to draw a dimensioned form according to specificatlons,

involvíng the blendlng of a set of cognftive skfl-ls wíth

psychomotor skflls. The program was highly vfsual, and almost all
responses requfred in Ehe program v¡ere done by pointlng on the

cathode ray tube wl-th a lfghtpen. of the fifteen studenÈs who

started the program, tr¡elve compleÈed it in Èhree sessions. The

lessons were presented one week apart. Analysis of the performance

data revealed that c.A.L. provf.cied efftcient instruction. Truo

spÍn-off benefits of the program r¡ere arso observed: (l) the

students learned the necessfty of readfng and following l-nstructions:

and (2) they learned the need to be precise in their pointing

responses. The authors concluded that more exposure to c.A.L.

nlght not only improve the specific target skllls, but 1r mlght

also contribuÈe to a greater general learning abÍrity.
Srnfth and vonFeldt (1977) used tr.ro separate studies to

compare the effecÈlveness of c.A.L. and rnstructional TelevLsíon

in teachl-ng webster's dLacriticat rnarkíngs to deaf students ln a

technicar vocaEfonal college. The I,Iebster diacritfcal systern

provfdes a dÍscrete symbol for each sound and designates the

appropriate syllabl-e to be stressed in any polysylJabic worcr.

The symbol system, therefore, presents cues for correcc

pronunciation, auditory discriminatj-on, and visual recognition

of new r¡ords. BoEh the crA.L. and rnstructional Televisi.on
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formats used audfo-visual cues Ëo teach t.he syrnbols for volrels,

díphthongs, and the consonants--cr Dg, x, and qu. The results

revealed that C"A"L. was superior to Instructional Televisfon;

and that C.A.L. taught the skills r,¡Lthout the use of the teache::.

However, it was also noted rhat C.A.L. provided for drill and

practice, review, and almost lnqnediate recall of the course

cont.ent. on the post tesf; whereas Instructfonal- Televfsion did

noc. fÈ r¿as concluded that these variables, as v¡e1I as the

meÈhod of instrucÈlon, may have been responsible for the posE tesË

dÍfferences. Future plans envfslon corabining both lnodes lnto a

computer based interactive televÍsion sysËem which, fC is hoped,

will provf-de greater gains in a shorter perlod of tfine.

Effectiveness of C.A.L.

C.A.L. ls the ne\,¡esto and most expenslve" forrn of

instrucÈfonal rnedfa currenÈly in use fn educatfon. Prfor to 1970,

almosË all of the C.A.L. projects were conducËed ín unlversity

research settings. In the last ferø years, many schools have

begun to use and research the effectíveness of C.A.L. both in

general and special education. A review of the research llterature

fndicates that there are fer¿ recorded enplrÍcal studles on the

effectiveness of C.^..L" (Jamison et aI., 1974; and Taylor et al.,

r974).

Fletcher et al" (L972) suggested that students will atEaln

sLrong and conslstent achievsnent gains if they have C.A."L" over
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a reasonable portion of the school year. To support their claÍm,

they cited sixteen studíes that reporL c.A.L. has been used

successfully in a varfety of subject areas aÈ different Ieve1s

of instruction. The authors also notecl that their revier¡r revealed

that there $/ere practÍcally no negative f indings in c.Â.L.

Ltttrell (1973) concruded that the computer has the potential

to be a valuable fnstructional tool. He obserr¡ed that past

research lndfcaÈed that c.A"L. : (1) can be as effectlve or

betÈer Èhan conventionår fnstrucEion; (z) has the capabilíty to

reduce signlffcantly lnstructlonal tfrne; and that (3) c.A.L. ls
more beneficía1 with 1or,¡ achfevlng sÈudents" LÍttrell also

commented that ürhl-le c.A.L. had not proven to be cost effectlve.

sfgnfficanË reductions in its cost, seemed possible.

Jaml-son et- al. (L9lt+¡ pp. 55-56) suggested that a revrew of

the research llterature indLcated that no uniform conclusion coulcl

be drar¿n about the effectÍveness of c.A"L" They obser-ved, however,

that: (1) at the elernentary level, c.A.L. was an effective

supplenent to regular Lnstruction; (2) at the secondary leveJ_,

c.A.L. !¡as as effective as tradltional instruction, when used as

a replacement; (3) c.A"L. may result in substantíal savfngs of

fnstrucEional time; and (4) c.A.L, may be most beneficlal when Ít
ls used by disadvantagecl and slorver students.

Taylor et al" (L974) díd an extensive revíer,¡ of c.A.L. clrf ll
and. pract.lce programs in elementary arittunetic and language ârts.

Based on thefr revfew of the research, they conclucled:

1" c.A.L. hacl proven to be an effectlve fnstructÍonar tool"
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2" When students proceeded at their own rate' they

generally learned more rapidly with C"A"L' than

ruíth tradltíonatr l-nstrucÈfon.

3. Retentlon of learned material did not aÞpear to

be as hlgh wtth C.A.L. a6 compared to tradiÊional

instruc tíon "

4. C.A.L. v¡as effective as a form of indlvidualized

suPPlønental lnstruc tion

5, C.A.L. was more eff ectfve with low ability stuclents

than rvith mtddle or hlgh abittty students'

6. Both students and teachers were highly enthusiastl-c

about C.A.L"

Siinllar f fncllngs ç¡ere obtained by Edv¡ards et al. (1975) in thefr

evaluation of the effectiveness of C.A.L.

Flercher and suppes (1976) concludecl ehat C.A.L. could be

used successfully by deaf students. They f elt, hol¡ever, that the

najor drawback of c,A.L, v¡as its cosE. The authors suggested

that: (1) C.A.L. t¡ould continue to op.rra ín use in schools for

the deaf | (2) the quaj-ity of C"A"L" r"¡oùId continue to increase;

and (3) the costs of C"A.L" r,¡ould continue to decrease in Ehe

l-mnediaÈe future"

Summary

In summary; the research suggests that students do learn

from programmed materials. Generally, P.I" and c"A.L. are as

effective as tradl-tíonal classroom ln6Eruction, and may require
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P.r. a'd c"A.L. should be consiclered as adjuncts to the teaching

system ancl not as replacements. p"r. used in c.mbinatíon r¿ith

C'A'L. shoui-d enable <1eaf stuclents to become i-nde¡renclent learners

and t.o learn inore ef fect.ively,

A review of the research riËerature leads to the follo'¡inc

conclusions:

I. C"A.L. ís an ef f ectíve eclucational tool;

2. C.A.L. is most ef f ectlve rvith specíal education

s tud ents;

3. C.A.L. reduces learning time;

4. both students ancl teachers have positive

attitudes tor¡ards C.A.L" .

5" the costs of C.A,.L. t',ll_l contínue to decrease

r,¡hich r..¡ill enable it to become verv

cost-effective: ancl

6" C.A.L. soon may play an integral part In the

education of al.l deaf cl.rildren.

A prí-mary goal in the education of crrir.<Ìren rvho are cleaf rs to

provide an Í'divídual.ized Drogram of instruction for every student.

computers are potentially powerfur enough to indlvi ð.ua1.ze at many

levels simultaneousry. Ä.ccumulatecr research suggests that c.A.L. is
an effectfve form of fndiviclualizecl instruction Ín both regular and

special education' rt would appear, then, that rvith c.A.L. one tvDe
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of student rvho would benefft most rvould be deaf ehildren r+ho need

the addltional lnstrucEion and remedíation, in mathernatics

and language arts,



CHAPTER IV

}fETIIOD

The Problern

Regardless of v¡hfch phirosophy of educattron has been adhered

to, traditlonal methods of insÈruction have not met Ëhe basic

academlc needs of the rnajority of deaf chfrdren. The poor

educational achieve$ent of deaf children throughout their school

careers demands that educators of the d.eaf search for new and

fnnovative urethods of instructfon. Research conducted in the

unÍted states suggests that deaf chlldren can make slgnlficant
grade poÍnt gains fn basfc arithmetfc through the use of c.A.L.

This research has also demonstrat.ed that c.A.L. has resulËed in
increased grade polnt gains in the language art.s areas" These

latter results are encouraging, arthough the gaíns are not

statfstically sfgnlfÍcant. Therefore, further research is
warranted to determine ff c.A,.L. could help severely and

profoundly deaf children to enhance their educatlonal achievenenË.

A rnaln objective of this study is to evaluate the effectiveness

of c.A.L. as a means of individuarizfng instruction for deaf

chfl-dren. As previously mentÍoned in chapter r, this study

addresses itself speclffcarly to the following guestfons:

1. can drfll and practice programs in mathematr-cs and
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language arts effectively reinforce skl11s whfch

have been previously taught in the classroom: and

2. can C.A.L. help deaf students to retaln these

skills over a periocl of ti¡ne?

Research _Hypotheses

Three groups of profoundly deaf students received regular

classroo¡n ínstrucËion in arfttrnetfc and language arts. rn

addition, one of the groups received c.A.L. in mathematics only, a

second group received c.A.L. in languåge arts onry" ancl the thfrd
group received c"A.L. 1n both mathematfcs ancr language arts.
rt is hypothesfzed that signf.ficance will be dependent on the number

of lessons each group recelves i.n a particular subject.

SpecifÍcarry, the followfng nulr hypotheses $rere tested
for both aritlrmetic and language arts achíevement scores:

nulrliyporhesls (I)

There wfll be no signiffcant differences among the treatment

effects (mean scores) of the levels of factor 
^ 

(the 3 experimental

group means).

Nul1 llypothesis (2)

There wilr be no signÍficant. drfferences among the treatment

effects (neans) and trre revels of factor B (over tÍme).

Nul1 Hvpothe.sis (3)

There will be no signÍficant differences anong the 3

'experfmenÈal groups and thefr performance with respect to
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(a) aritTunetlc ancl (b) language arts achievement scores over time

The Manitoba school for the Deaf , in tr,Iínnipeg, fs a combined

day and resldentíal school that serves the educational needs of

hearing Ímpaired chÍldren who ¡,2í11 benef it most from a total

communicatíon approach for the deveropment of their written and

spoken [ng1ish. The Manitoba school for the Deaf provldes speclal

services that are not provided by the regular public schools. The

school also provides the students ruith mecllcal, dental, optometric,

audiological, psychologfcal, psychiatric, and soclal work services.

The school poputation consisted of 119 students, ranging from

six to tvrenty years of age. Forty-flve students lived ln the

schoor I s residence from Mon<lay to Fri.day under the supervision of

the Dean of Resldence and ten resícrence counsel-rors. During the

r¿eekend, these students returnecl to tlleir homes, rrrhich usually were

in the rural areas. All other students conrnuted daily to and from

Ëhe school elther by specfal school bus or by Metro Transit.

There vrere tv/enty-six msnbers on the educatl-onal staff :

classroom teachers, a guidance counserlor, a home economícs

Eeacher, an lnd.ustrial arts teacher, a physical education teacher,

a speech teacher, and truo teachlng assfstants. Alr educarional

personnel T{ere under the supervision of the assistant princlpal

and príncipal.

Descrl-ptíon of the Research setting - The I'fanttoba school for the
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The school is ungradecl; hor'¡ever, it is divided into three

levels:

1. The Lor¿er. School consisted of. 62 students, ages 6

to 14 years old, in 10 classes. In each of the

Lover School classes, the classroorû Èeacher taught

all of Èhe acadesric subjects, and specialisËs were

responsible for classes in Speech, Rhythym, and

Physic.al Education

2. The Int.ernedlate SchooJ- contained 14 students, ages

10 to 15 years old, in 2 classes. Both classes

rotated among three different teachers for thefr

academlc subJects, while classes fn Speech, Rhythym,

. Physical Education, Guidance, IndustrÍal Arts and

Home Economies were taught by specialists.

3. The Senfgl: _School_ ü¡as comprÍsed of 43 students,

ages 13 to 20 years oJ_d, in 7 cl-asses. Theue

classes rotated to dlfferent. teachers for their

acade¡nic and non-academÍc subjects. Includecl fn

the Upper School Currícu1um t¡ere the foll-owfng

programs: a regular acadernic program Ì¡ith Èhe

addition of Speech, IndustrLal Arts and Home

Economícs, Physlcal Educatfon, and Guidance and

Counsellf_ng. Vocatfonally orfented student.s

attended classes at a.regular publfc vocatlonal

school under the guidance of a full-time vocatfonal

co-ordinator. A srnalr number of selected stuclents
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r,rere lntegrated elÈher lnto a public elementary

school or high school on a part-Eirne basls. These

students Þ¡ere accornpanÍed by a teacher of the deaf,

v¡ho served as an inLerpreter for Èhe students and

also provfded any necessary renedial tutoring.

The Sanp_l_e

From the school populatfon of 119 students, 99 students l'¡e¡e

selected to serve as åq in the experfment. Thirteen students v¡ere

under eight years of agg and were excluded fron the study as ft is

not recommended to tesE deaf students r^tho are less than eight years

of age (Trybus, 1975). In addition, seven students v¡ere excluded

because they had a very llmited comrnand of receptive and expressive

language, and therefore, could not be expecÈed to handle the C.A"L"

language arts progr¿rms.

All 99 Ss completed preÈests I and 2 in November, 1975, and

the experfinenÈal C"A.L. portfon of the study. Hov¡ever' not all the

Ss completed the posË test and/or ret,entlon test phases of Èhe

study lnMay and June, L976" During June, L976,26 students were

permitted to leave school prior to the offfcial closing of school

on June 30, 1976 to seek either summer or permanent ernployment.

These Ss dtd not wrlt,e the post test and/or retention test.

Consequently, compl-ete statístical- analyses coulcl be performed on

only 73 9s. The following descrfption of the sample is based on

only those Ss who compleÈed all phases of the experlmental. study

and r+ere fncluded l-n the statistical analyses.



There wer:e 43 l-.oys and 30 girls in the expe.rímental strrdy.

The Ss ranged from B to 18.5 years" with a mean âge of 11"9 years.

Seventy-one Ss v/ere severely or profoundly deaf; that is, they had

a hearÍng loss of 70 dB or more fn the better ear across the

speech range. T"o 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 l¡ere multiply handicapped. In addition to

their deafness, they had additional handicapping conditíons, such

as cerebral palsy or mental retardation, or vlsual disorders.

These conditfons slgnificantly add to the complexity of e<lucating

a hearing irnpaired child (Gentile and McCarth¡2, 1973, p. 2).

Data obtalnecl frorn the school's recorcls were used to compute

the ss's ¿verage reading levels. The ss readl-ng levels ranged from

a Grade Score of 1"25 to 7.50, with a mean score of 2.38. There

were 9 Ss for rvhom readlng levels !¡ere not available in the school

records. A more complete descrfptíve profile on each student can

be found in Appendix C.

The 73 Ss rvere assigned by thefr class groupings into one of

three treatment groups: the language arts group; the mathematlcs

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

Lower School, the classroom teachers rvere allov¡ed to choose the

treatïent group for their class. The Intermediate and Senlor

classes were randomly assigned to one of the three treatment groups.

The finar treaEnent groupings consisted of the following numbers of

school classes and numbers of sÈudents I

1. Titg=L@ contaíned 6 classes, consisting
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of 25 Ss fron 2 Lower School classes, L lnterme<ìfate

c1ass, and 3 Senfor School classes;

Lor¡er school crasseso I rnterrnediate school class,

and l- Senior School class; and

3. T.he }fathenatics Group contafned 6 classes, consísting

of 19 ss from 3 Lower school, and 3 senfor crasses"

Descriptive data for each treaûnent group is sunrnarfzed in Tabl_e 3.

A t-test was calculated to ensure that the means of the three

groups r^rere not signlficantly dlfferent. The results of Ëhls test
wtl-l be dl-scussed f-n greater detail in the Limitations of the Sampl_e

sec tfon "

The trearment for the language arts group consfsted of c.¡1,.L.

only 1n language art.s programs. Language arts programs based on

transformational gramnar that r¿ere written particularly for deaf

students were predominantly used by this group. The Èreatrnent for
the nathenatics group consisted of c.A.L. only in basLc computatfonal

skil1s of additfono subtractr-on, mulÈiplication, and dlvislon. The

treatment for t.he combined language arEs and nathematlcs group

consisted of c.A.L. in both language arts programs and basfc

computational skills. Throughout the experimental perfod, al1-

three treatment groups continued to receive regular classroom

instructlon in both language arts and rnaÈhsnatfcs

T_he Combined Langgegejrcs and I'lathe¡natics Grou

contained 5 classes, consisting of 29 Ss from 3
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TABLE 3

DESCRIPTI\TE DATÀ FOR EACH TREATI,fENT GROIJP

Group
Ages Readrng Level *";":5rl;otilått

M F Range Meen Rang" - lrãr" ss
1" Language ArÈs 15 10 g-L7 13 1.5_7.5 2.7

2. Coabtned L7 12 B_19 11 1.3_3.5 Z.l

3. Marherûãrfcs 11 B B_1g IZ I.7_3.6 2.3
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t,gi!g!&"e_of the Samplg

Since the purpose of this study is to determine the effectl-veness

of c.A.L. drfll and practice programs in mathemat,ics and language

arts for severely and profoundly deaf stuclents, it r,¡as necessary to

include as many Ss as possíble to ensure the validity of comparísons

between groups. However, the relativery large sample size, N=73,

and the s¡nall number of computer terminals avaflable, n=20 llmfted

the amount of computer contact t,Íme per pupíl . Each s worked at

the computer termínal approxÍmately 15 mínutes 2 or 3 tfmes per

6 day cycfe.

Five Lower school classroom Ëeachers indicated that they

r¿anted their students to receive c"A.L. either fn 1anguage arts or

mathernatics. Thus, these f ive groups \¡¡ere assigned to treatment

groups based on Èeacher requests, rather than through random

serection. since there lrere only three remaining Lower schoor

crasses, they were assigned to the combined language arts and

mathematics treatnent group

since all the Lorver school classes rùere not randomly assigned

to trearment groups. one of the inherent dangers \^¡as that bfasecl

groups r¡ourd be selected. The results of a t-test performecl on

the means of the pretest scores of the three elementary age

treatmenË Sroups revealed that there rüere significant differences

betveen the three treatment groups. rn pretest 2, the Language

Arts Group obtained sÍgniflcantly higher mean scores than the two

other treatment groups on the lrrord }{eaning, paragraph Meaning, and
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Arlttmretic subtests (p(.05). There v¡ere no signfficant differences,

however, beÈween the Combined and Mathenatics groups.

sÍgnlficant differences between the three treatment, groups

were arso obtafned on Pretest 1. The Language Arts group sc,ored

signffÍcantly higher mean scores than the conbÍnèd group on'a1l

three subtests (n a .05). The Language Arts group also scored

slgnfffcantly higher mean scores than the llathematfcs group on

the Paragraph Meanfng subtest. rn addiËion, the Mathematics

group obtafned higher mean scores t.han the. combined group on the

Arithnetic subtest.

The rntermediate and senior cl-asses were randomly assigned to

one of the three treatîenÈ groups. The results of the E-test

performed on the senlor ss pretest mean scores índl-cated that the

three treatnenË groups vrere not slgnlficantly different on the

word Meaning, Paragraph MeanÍng, and Arithmetfc subtests. on t¡of:h

PreÈest 1 and Pretest 2, the Language Arts group scored significantly

higher mean scores than the llathernatics group on the Language

subtest (p < "05). simil-arly, rhe cornblned- group obtained higher

mean scores than the MathemaEics group on the Language subtest on

both pretests. Reassigrunent at thfs tíme !¡as not possÍb1e.

These results revealed thât bíased treaEnent groups were

selected. Therefore, Ínterpretatlon and generalizatfon of the

results of this study must be resÈrÍcted given this limitatLon.

Mea sur ing 
_ Ins trum en_t

The stanford Achievenent Test (s.A.T. , 1964) r¿as chosen to
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assess the Ssr achl-eve¡nent 1n the language arts and mathematícs,

Speclflcally, the Vocabulary }feaníng, Paragraph Meaning, Language,

and Arithmetíc computat.ion subtests were used to evaluate the sst

performance. This test v¡as chosen slnce it v¡as very similar to the

skills that ¡vere ptactÍced on the computer prograrns. ¡111 f tve

baÈtery l.evels--PrÍmary r, Prirnary rr, rntermedlate r, rntermedlate rr,
and Advanced--and alternate forms I^¡, x, ancl y were used durlng the

pretests, post tests, and retention tests during the course of the

study.

The S.A.T. Ís highly reconrnendecl by Bryan (Buros, 1965,

pp" 109-24), Stake and Hasrings (Buros, 1965, pp. 1.24-28), anci

Tr.lmble (Buros, L972, pp, 92r-22) for measuring elernentary-school

achievernent. The S.^.T., however, was developect for and standardfzed

on a normal hearíng population. Thus, the valldity of the test

must be questloned, when used wíth severellr ancl profoundly deaf

students. slnce there !¡as no other more appropriate tesÈ, and

since it ruas so rvúdely used both 1n regurar publfc schools and

schools for the deaf, the s.A.T. (Lg64) r¡as felt to be appropriate

for use 1n thls study.

Each s vrrote the test battery that r,¡as most appropriate to

his/her age and grade leveI. All- ss ¡r-rote four subtests, except

for those ss who r.rrote the Primary I or Advance<ì ßattery. ss vrho

\Írote the Primary r battery did not wïíte the Language subtest

slnce Language rdas not one of the skj-lls assessed by thls battery.

slmflarly, ss who r,ffote the Advanced bat.tery c1 id not r.¡ríte the



s9

vocabulary ìfeaning subtest, since ít r¿as not included in this

battery.

Not all Ss wrote all four subEests from the same battery.

Often young deaf students math abilltíes exceed their

reading/language ability. Thus B Ss from the Lower School and

8 Ss from Èhe IntermediaÈe School \,ür'ote the Vocabulary l,feaning

and Paragraph I'feaning subtests usÍng the Primary I battery, but

$rrote the Aríttunetic Computation subtesË usíng the Primary II

battery.

Table 4 illusÈrates the numbers of ss and the test batteries

they wrote for each of the four subtesÈs

Apparatus

The coÌnputer hardware conslsted of a cDC6500 computer which

was ov¡ned by the Manftoba Government and r¡as l_ocated at the

Cybershare Data Center in l^Iinnipeg. Trn'o lfodel 33 hardcopy

Èeletypewriters that used a phone data set, served as the fnstructional

termínals in the school " Trvo-copy Telex paper was used and

provÍded duplicate prfntouts of each program. One copy of the

program was kept and filed by the experimenter, whíIe the S

retained the other copy for himself/herself

The tr.¡o termlnals were placed in a classroom-fn the Upper

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

room, and the teacher decided whích stuclents r¿ould worlc at the

tei-minals. The other sEudents were glven seat r¿ork or indivtdual

tuÈoring while aq,altÍng their furn at the terminals. The Interrnedíate
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TABLE 4

NL¡ÍBER OF Ss l.iRITINc TIIE S.A.T. SUBTESTS

Prfmary r Prlnary rr rnternedfate r rntermedlate rr .Advanced

Vocabulary 44 11
Meaning

Paragraph 42 l_L
Meanfng

Language 3

Arltfrnetlc 25 .26
Computation.

)
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and seni.or School students usually were sent in pairs by the class_
room teacher to work at the terminals. The experfmenterrs
'crassroom v¡as close Èo the computer rooin, and he courd provide
irunediaEe assistance if technical difflcurties arose ruhile trre
Ss were rvorkf-ng on the terminals

Instructional pr._'ograms

, The computer sofÈware usecr in thfs study r{'ere drill and

practice programs fn language arËs and mathematrcs. DescripEions
and examples of these programs can be found fn Appen<lfx D. These
programs v¡ere creveroped by teachers and l{ere programmed 

'n 
the

computer ra'guage "BASrc". The readabillty of the programs,
especially in the language arts, lvas at a very 10r¿ 1evel to
ensure that all ss r.¡ould understancr what ï,¡as expected of them.

Durlng the study, qhe Lo'¡er school teacrrers chose the prograrns
and the parameters for each student r.n her class. The experímenter.
in consultatfon r¿fËh Èhe teachers, chose the programs and the
parameters for eacrr rntermediate and senior schoor stu<lent.

Eight prograns in the basics of mathematics r¿ere used in
this study. Examples of each program can be found in Appendix D.

A brief resume of each of these elghÈ programs fol_lows:

1. Countxt

Countxt is a countíng/recognitíon dril1. Each

question consists of a sequence of a randomly_

chosen number of boxes and dollar signs, whjch

the student must count. The objectíves of
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Countxt were:

a. to give the sÈudent practice in counting;

b" to help the student t,o dfstingufsh objects;

that is, to counE boxes or dollar signs, as

he musÈ be able to differentiate between them

ín a sequence; and

c. to aid the student fn hfs memory work; that

Ls, he/she must reme¡nber how many boxes he

has counted already whil-e he sk_ips over the

dollar signs.

Count20

Count20 is a counttng driII. It is a drill and

practfce program for young Primary level students

who are just learning to count. The object.ives

of this program lrere:

a. to lntroduce the student to the concept of

counting objects;

b. to give the students practlce in countÍng

c"

I to 20 objects;

to help the student, be ar¡rare that numl>ers

actually correspond to real obJects; and

to leL the student practice the natural

sequence of numbers.

3 " Addsubl

d.

Addsubl fs a drfll and pracrice

addftion or subtractÍon or for a

program for elther

combination of
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both addltf_on and subtractfon. The largest sum

and/or remainder can be no largler than 19. The

obJectlves of this program lrere:

a. to give the student pracEf.ce in addltlon

and/or subtraction; and

b. íf Èhe range of the specified parameÈers fs

large enough, the drill will give the student

practice f.n carrying fn addition, and borrowfng

in subtraction.

4. Missl

Ml-ssl provides practice in solvlng equations, where

one of the values of the equaÈion fs ornitLed. The

obJectJ-ves of Mfssl were:

a. to focus attentíon on the s;rmbols used to

ex.press the concepts of addltion, subtractlon,

and rnultj.pllcatlon;

b. to give practfce in solving equations;

c, to glve practice ín the lnver:se.concepÈ of

addftion to f fnd di.ff erences;

d. to give practfce in the inverse concept of

subtraction to find sums:

e" to emphasfze the imporLance of reasoning from

the known t0 the ùnknornrn; and

f . to glve practJ-ce with the commutat.lve princfple.

5. Addsan

-¿\ddsan ls a program ÈhaÈ provides drill fn addition.
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There is a choice of how many numbers (fron I to 5)

and. how many digf-ts (frorn I to 5) in each nurnber.

The objectives of Addsan were:

a. to give the student practice l-n adding;

b. to glve the student practi€e ín carrylng; ancl

c. to gfve the student practfce fn addfng numbers

by columns.

Subtsan

subtsan ís a program that provides dri11 in subÈraction.

The program randomly generaEes problems rslth as many

as 5 dtgf.ts in the top number. The columns of

numbers are arranged so ËhaË fmproper carryíng ís

diagnosed i:nmediately. The objectives of subtsan r^rere:

to provlde practice in subtraction; and

b. to provfde drfll 1n borrovring,

l.fultsan

Thfs program is a <lrlll in nultfplication. There

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

in the number to be multiplied. Also, the program

provides rhe choice of either multfplyíng by a fíxed

constant or a randomly-chosen number. There fs also

the option of havlng an extra try for each problem,

or only one try, The obJectives of thfs program r/¡ere:

a" to provide drill fn multÍplícatf_on; and

b. to provide practice in carrylng.

7.
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B. Divfde

Divfde is a program that provldes drilt in division.

The number of digits in Èhe dfvf.sor and dividend fs

optlonal. Also, there l_s an opt.lon to include

decimals. The obJectlves of Dlvide were:

a. {:o drill the divfsion of fntegers; and

b. to pract.ice the dlvisl.on of decfmal nurnbers,

Five Programs based on transformatl-onal grammar a6 developed

in the Rhode rsLand Language curriculum were used frequently in

the srudy" These programs !¡ere specificalLy developed for the

students at the Manltoba school- for the Deaf, Exampres of each.

of these programs can be founcl ln Appendix D. Â brief description

of these f ive programs J.s as follows:

1. trIhotrrlhat

Thts is a drfll and practl_ce program t.hat contaLns

6 drills. The drflls involve determinlng whether

a noun Ís or ls not a person, and whether the

subJect of simpl-e senËence (Sentence Pattern 1) fs

a ttwhott or a tthrhattt. The obJectives of Wholrrhat Ì{ere:

a. to help the student to dlstinguish an obJect

from a person;

b. to fntroduce Ehe use of Sentence Pattern l;

c" to introduce the concepts of tlv¡ho" and "\"rhatt'

word s;

d. to gÍve the student practfce wfth verbs; and
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e. to provide the student with practice in

answerlng simple ttÌorhott or ttwhatt, questions.

2 " F.hodel

Rirodel eraphasizes analyzing senrence patterns and

correcÈ verb usage. An option provides the students

wlfh the opportunity to r¿riÈe good sentences

through copylng the sentences. The obJectúves of

thls program vere:

å" to provide pracÈice fn analyzf-ng Sen.tence

Parterns 1 and 2;

b. to refnforce Èhe concepts of ,,v¡ho,, and ,,what,,

words;

c" Èo provide pract.ice in correct verb usage when

aslcfng questfons;

d" Ëo provfde practfce in the use of adverbial

phrases - tthov¡tt, ttwhentt, arrd tttüherett; and

' €o to provfde practice in eopying senËences

3. Rhodela

Rhodela fs a program that supplements Rhodel. It fg

íntended prlmarily for those studentsrv¡ho are having

problens understanding the concepts "ís a person,,,

"is not a persontt, and ttwhott and ,twhaËtr. The

objectf-ves of th$.s program were:

a. to provide practice fn dfsfingufshlng between

persons and things;

b" to provfde practfce ín using the rvords nwho,, and
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"hrhat" as belng fnterchangeable r¿fth "fs a

person" or "is not a person"; and

c. to provl-de practlce in the concepÈ of the

negation of the "be" Verb; for example, choosfng

ttistt or ttis not â Þersont?.

4. Rhode2

Rhode2 also emphasizes the analysis of aentence

paÈÈerns and correct verb usage. The objectfves of

Rhode2 r.Iere:

a" to provide practice in analyzing Sentence

Patterns 3, 4, and 5;

b. to provide pracÈice fn identffying pastr. present,

and future tenses of verbs;

c. to provide practice tn sfrnple expansions; and

d. to provfde practfce in copyÍng senËences.

5. Beverbs

Beverbs 1s a dri1l and practice program that contalns

6 dr1lls. The drflls Ínvolve "be" words, auxíliary

verbs, and questions. The student ls required to type

sentences, and/or questfons using proper spacfng and

punctuatlon marks. The objecËives of Beverbs were:

a" to he1p the student to distfnguish betr¿een "be"

verbs and other verbs;

b. to lncrease the students use of sentence patÈerns;

c. to give the studenÈ pracÈice wlth auxllfary verbs;
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d. to gf-ve the student practice with sentence

formation, spelllng, spacing, copying and

punctuation; and

e. to provide the student with practice in vnftlng

questíons.

In additfon a J-arge ntunber and varieÈy of programs in the

language arËs were aLso used in the study. Drill and practfce in

language and readfng lras provlded by programs in spelring (spelBl,

Spe[41), regular and ÍrreguJ-ar verbs (Verbl, Mreadl, Mreacl2 and

Mread3), negative verbs fn Ehe contractÍon form (Pairl), conunonly

mlsused pairs of v¡ords (Palr2), posaessfve words (possess),

pronouns (Pron3), and readfng comprehenslon (storyt) . Examples of

each of these programs can lre found ln Appendix D.

A,dnfnistra.tl-on .and Procedure

The study began on Novernber 3, 1975 and continued until
June 25, 1976. originally the sÈudy was scheduled to ffnfsh on

May 28, L976; however, frequent interruptfons throughout the

experimentar perfod necessitat.ed a longer c.Ä.L. schedule to-

provide each s with as much cornputer conÈacË as possible. The

acLual C.A.L. experfinental periocl consfsted of. 24 weeks. A

comprete frowchart of the timetable,procedure can be founcl in

Flgure l"
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FIGIIRE 1.

FLO}¡C}IART OF PROCEDURE FOR EPERIMENTAL STIIDY

Nov. 17 - 2l (1) Feb. 23 - 27 (L3)

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

Dec. 1- 5 (3) Èlar.8-12(15)
Dec. 8-12 (4) Mar. 15 - 19 (16)

Dec. 15 - 19 (5) t{ar. 22 - 26 (Lj)
Chrfstmas Break
Dee. 22- Jan. 2

Easter Break
Mar. 29- Apr.

Jan. 5- 9 (6) Apr. 5- 9(I8)
Jan. 12 - 16 (7) Apr. 12 - 16 (19)

ian. 19 - 23 (8)

Jan. 26 - 30 (9) Apr; 26 - 30 (21)

Peb. 2- 6(10) May 3- 7(22)

Feb.9-13(11) May 10 - 14 (23)

Feb" 16 - 20 (I2) May 77 - 27 (24)

Retention Test
June 21 - 25

Änr \LU)
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ï. Pretest I and Pretest 2

The Ss were given two pret,ests approxímately ten days apart

from Novernber 3 to November 14, L975. Tr¡o pretesËs were used to

ensure Èhat the results ú/ere not contaminated. The tesËs r,/ere

admfnfstered by the classroom teachers for the Lor¿er schoor ss,

and by the language, maths, and reading teachers for the

rnÈermediaÈe and senior school ss. All testinll \^ras under the

guidance of the experÍmenter, For pretest 1, Forn W of the S.A.T.

was usecl , whÍle for pret,est 2, Form x, an alternate form v¡as used.

Each Eeacher, who adrninistered a test, scored the test and

converted Lhe Sst ra\,r scores into grade score equivalents. The

experÍmenter checked the rard scores and conversíons for arr the

subtests for all Ss.

II" Computer Schedulfng

C.A.L. conmenced on Novørber 17, L975 af.ter all Ss had

compreted the second subtest" Durf.ng the experimental períod,

each s received c.A.L. in l-anguage, or mathernatics or ranguage and

mathemaÈÍcs at least. tv¡ice each six day cycle. Each c.A.L. program

required approximatety fffteen minutes to compleEe. Throughout the

experimental perlod, the Ss received regular classroom l-nstruction

fn language, maths, and readfng fn accordance wlth his/her

timetabl-e.

Af ter the Ss had r¡r1Èten the pr.etests, they were placed on

a C.A.L" program assocfated v¡ith their teat results and individual

needs" The classroom teacher and/or experfmenter chose .the
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approprLate level of dtfflculty based

abllfties.

on the Sst slcills and

The experfmenter establlahed a criterion score of. 9A"Á as the

profÍciency level for advancenent to the next 1evel of drill

difficulty. It was assumed that if the S scored 90%, he dsronstrated

a mastery of the consepts and skills at that drill level of the

program. Johnson and Kress (1975" pp. 5-7) view rhe 90"/.

proffcLency leveJ- as an independent level of achfevernent. It Ls,

therefore, reasonable to assume that in thLs study 90"Á Ls not too

rigorous as a cffÈerion lever of proficiency. Rather it reflects

an fndependent undersÈandlng of the maÈerfal- at hand.

DurJ-ng the experi¡rental period, volunt.eers asslsted the gs,

if necessary, Eo ttlog-on" and ttlog-off" the computer terminåls.

They also served to remedfate any dlfficulties that occurred

while the ss ¡"¡orked at. thefr programs. Ä11 volunteers qrere given

expllcit fnstructfons neither to assist nor prompt the ss while

they worlced at their drf1l programs. General-ly, the volunteers

v¡ere.high school students, college sËudenÈs and paren8s of the

stud enÈs.

The,Ss were very faniliar with C.A.L", since ft had been

introdrr¡ced into the school in ìfay, Lg74" In acìdition, the Ss

were gfven t\,¡o rnonths of C.A.L, just pr,ior to the experimental

study. It. could be safely assr¡mecl thaË the Ss v¡ere no longer

responding to the novelty of c.A.L. As a result, the stucly was

able to control for the Hawthorne Effect
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III. Post Test and RetentÍon Tesc

The post Lest \,Jas administered drrrinø t-ho 'n¡eek of llay 24-28,

and the retentÍon test \.ùas gÍven three weeks later durine the

week of June 2l-25. The tests were administered by the same

teachers who had administered the pretests. Again, all testing

was under the guidance of the exoerimr'nfor- Fnr: the post test,

Form Y of the S,A.T. \.{as used, while for the retentÍon test.

Form W was used.

The tests \,vere scored and converted to grade.score equivalents

by the teachers who irad administered the post test ancl retention

test. All the raLT scores and conversions for a1l the subtests,

for all ss were checked by the experimenter. Then Ehe- statistical-

analyses \,Jere computed.

STATISTICAL PROCEDURE

Analysis of Variance for Repeated Measures Over Time

The tests for significant differences over time using the

repeated measures of pretest (1), pretest (Z) , post test and

retention test ravr scores for arithmetíc and lansuâpe ârf s r.7êrp

perforrned using the Analyses of varíance for Mixed Designs program.

The statistícal analyses consisted of seven separate 3 x 4

analysis of variance desÍgns for repeated measures over time

Analyses of variance rùere performed separately on elementary age

ss and senior age sg for both arithmetÍc and language arrs scores.

^ 
,1-'-^--- ^€ +L^¿\ cragram or rne data treatment design can be found ín AppendÍx E.
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The following are the statfstical hypotheses for ariti¡netfc

and language arts usfng the Analysis of varlance for Repeated

Measures (3 x 4 desígn). A more comprehensÍve díscussion of

derivations and formulae can be found ín l{íner (1971) Chapter 4.

1. Ngll HYPothgsis

Ho= e(1 = 42 = o(:=O

Therewtllbenosignifícantdifferencesamongthe

treagment effects (mean scores) of factor A (treatment

group means)

Alternative HYPo t-hesis

Ht = not Ho

There w1It be signiflcant differences among the

treatment effects of factor A.

Z. Null Hypotllesis

ìr -/1 -n =ß =ß =otto = /-y = /.2 /t3 l. q

There vrill be no significant dlfferences in mean

achievement scores among the treatment groups"

Alternative IIYPoÈhesis

H, = not Ho

There r'¡i1l be signiffcant differences in mean

achievement scores among the treatmenf groups'

3. Null llypothesis

H -c{.,ß- =-.< 3^ ={-fr^ =,/-Ê, =a^/" ...ol-^f', = 0"1 Ir 12 13 l-4 '¿L J4
There v¡ill be no signiflcant differences among Èhe
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3 treatment groups and their performance rn¡ith respect

to (a) arÍtlrnetlc and (b) tanguage arts scores over

a period of tfine"

Aller@
H, = not IIo

There wÍll be sígnÍficant differences among the 3

treafment groups and thefr performance wíth respect

to (a) arithmetic and (b) language arts scores

over a period of tíme

Post I'loc'Tests

After the results of the Analyses of Variance \./ere examined"

trvo a posËeriori rnultiple comparison test.s were used to determine

where Èhe signfficant differences occurred.

. ¿r /r. Scnerre

The Scheffd ¡nethod was used to determine rvhether the

signl-ficant differences occurred between: (I) group 1, the language

arÈs group an<l group 2, the combined language arts and mathematics

group, or (2) group 1, the language arts group and group 3, the

mathematics group or (3) group 2 anci group 3. Since the Scheffd

procedure is more rigorous Èhan other procedures, Ferguson

(1971, p. 27L) recommends that significanE clifferences be compared

at the .10 level
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II . I.Iewnan-K_eu1s

The NernTnan-Keuls probing technique ¡,¡as used to determine
whether signifícant differences exlsted between prerests, post
test, and/or retention tests. trIiner, (Ig7]tu pp. lj_BS) states
that wíth unegual sample sÍzes it Ís best to use treahnent means
rather than treatment totals. Thus, using thfs method" the
follorving treatment means $rere comDared:

Ho

(pre1=pre2)

.(pre 1 = post)

(pre I = ret.)
(pre 2 = post)

(pre 2 = rer.)
(post = ret.)

Significant

(1 and 2), post

differences v¡ere compared betr¿een pretests
test, and retention tests at the .05 and .01 levels.

Y=Y"l "aLL

-''l " 2LJ

X=Y
"1L4

Y =Y.., ..1
LJ

Y=Y..2 ',t'Êt

X^=X.
J4

or

or

or

or

or

t-I"1

Y Jv"1 / "'2

xr*x,
Y lv'^1 / "4

'\^ f J(^
/<

Y Jv") , "t,L+

x +î..? ,

Test for *Simple }faÍn Effects

Further analyse.s of the results were carried out by means of
the test for símple main effects. ïf the AB Ínteraction of
factors A (treatments) and B (ti¡re) is signif f,cant, 1t r_s standarcl
procecrure to test for simple main effects. sÍnce this lnvestfgatfon
revealed signiflcant fnteraction for one of the language arts
scores for elementary age ss and one language arËs score for



106.

senior ss, all at the "05 level, tests for símp1e maÍn effects

were performed

Analysis of Covariance for Repeated lfeasures

The results of the Analyses of variance revealed that the

overall results between groups ¡.¡ere inconslstent. conse_ouently,

Èhe Analysis of covarlance was also used to test for slgnlficant
dffferences over time for the post test scores. pretest I and

pretest 2 vrere used as covaríates. Tvro Analyses ef covarlance wiEh

repeaÈed meãsures ruere perforrned separately for erementary ss and

senior ss on four ciependent variables. The repeated measures !ùere

the four dependent variables: v¡ord meanfng, paragraph meanLng,

arl-thmetfc and language scores. The two pretests scores r¿ere used

to covary with the post test scores.

INTERCORRNLATIONS

Intercorrelations betrveen (l) pretests 1 anà Z, and post tesr,

and (2) pretests 1 and 2 and retention tesÈ r¡ere calculated for

aritl-metic and language arts scores for descrlptlve_ purposes.

These resulÈs wilf indicate $¡hether the f.ncreased,scores, if any,

may be attríbuted to overall- Èreatment effects.
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RESIILTS

The results of the study are presenËed in trrfs chapter. A

discussion of the resurts in relation to the hypotheses will be

founcl in the discussion section of the thesis.

The raw data tab1e6 are found fn Appendix F. The scores

are represented in the form of grade point scores (years/months)

The means, variances, and stand.ard deviatÍons are found also in
Appendix F. rn addftion, the celr means in summary table form

appear fn AppendÍ-x G.

As sÈaÈed ln Chapter Four,

for the Analyses of Varl_ance for

language, and arithmetic r,¡ere:

the three main Null Hypotheses

word meanÍng, paragraph meanÍng"

)

3.

1. there rv11l be no sÍgniffcant dffferences amone

the treatment means:

there will be no significant differences in mean

achievement scores among the treatnent groups; and

there will be no signifÍcant differences among the

3 experimental groups and thelr performance v¡ith

respect to (a) arittunetic anci (b) language arts

achlevement scores over time.
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Analy_sÍs of Vari_ance for l.Jord }leaning

I. Elementary Ss

The sununary table for the Änalysis of Variance for word meaning

for elementary ss can be found in Table 5. For Hypothesis 1" the

critical value needed for signfficance at the .01 level was 5.18

(df = 2,36). The F ratlo r+as signíf icant at the .01 level. The

computed F raÉio reveals that there riras a slgniffcant dl-fference

anong the means of the levels of factor A, but it d.oes not tell us

rg procedure is

needed to determine ¡.¡here the dlfference lies. The Null llyporhesis

was reJected, theref ore, and the Altern.ate Hypothesf s was accepted.

The crÍtical value for Hypothesis z at t]ne.0l level was 3.95

(df = 3,108). The F ratj-o r.,ras signif icant at the .01 lever. The

computed F raÈl"o reveals Èhat there was a sÍgnifícant difference

among Èhe means of the levels of factor B. Another a posteriori

probing procedure is required to determlne where the diffeïence

1ies. Nult HypoÈhesis 2 r"¡as rejected and the Alternate llypothesls

was accepËed.

For ËIypothesis 3, the critical value needed for signifícance

at the .01 level was 2.96 (df = 6,108). The computed F ratio was

signiflcant aË the .01 level, r,rhích índicated a signlficant

interacrion effect. Null HypothesÍs 3 was reJected, therefore,

and the Alternate Hypothesis ï7as accepted
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TABLE 5

ANAI,YSIS OF VARTANCES SUI,Oft1,RY TABLE

FOR REPEATED MEASTIRES DESIGN

(Elementary Ss-ltord Meanlng)

Source of
Varfatlon

Suns of Degrees of Mean FSquares Freedom Square Ratfo

A (Treatnenr) a 71

Subj . \,/ groups f 3.41

B (trrlord Scores) 2.68

AB O.B3

BX subj. k' groups 5.05

.t

JO

I

6

108

4 .35 lf . Sg :t:r

0.37

0.Bg 19.14 **

0.r4 2.97 **

0.05

TOTALS 31.69 lss

* p ( .05

**p(.01
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II. Senior Ss

The surnmary table for the Anarysf.s of Varfance for word

meaning for senior ss can be found in Table 6. For Irypothesls 1,
the critícal value needed for significance at the .05 level was

3.35 (df = 2'27). There r.ras no sfgnfficant difference among the 3

experirnental groups means. Thus, NulI HypoÈhesís r r.¡as accepted.
The crltical value for ¡lypothesfs 2 at the.01 level r"zas 3.95

(df = 3"81). The F rarfo was sfgnlffcant at rhe.01 
'evel. 

The

computed F ratio reveals that there was a slgnrficant dlfference
among the means of the levels of factor B. An a posterl0ri probing
Èechnigue is requfred to determine where the dffference ries. NurI
Hypothesls 2 vras reJected and the Arternate llypothesr_s was accepted.

For uypotheéfs 3, trre crttÍcar varue needed for signffr.çance at
the .05 leve1 was 2.L7 (df = 6,gl). The calculated F ratLo revealed
that there T¡ras no srgnif icant ínÈeraction. Therefore; Null
Hypothesis 3 was accepÈed.

I Elementary Ss

The summary table for the Analysis of variance for paragraph
meaning for elementary s5 can be found fn Table 7. For Hypothesis 1,
the criticar value needed for signifrcance at the .01 level r¡as 5,39
(df = 2134). The F ratro was signiffcant at the .0r level, whrch
lndicated that there vras a sfgnifrcant dffference among the means of
the levels of factor A. Null Hypothesrs 1 was re-iected, therefore,
and the Alternate HypoËhesfs was accepted
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TABLE 6

ANALYSIS OF VARIANCES SUI,MA'RY TABLE

FOR REPEATED MEAST'RES DESIGN

(Senf-or Ss-htord l'leanlng)

Source of
Variatlon

Sums of Degrees of Mean F
Squares Freedom Square RaElo

A (TreatnenÈ) 13 .10 Z 6 .55 L,ZB

SubJ . I{ groups 138.17 27 S.J:z

B (Þtrord Scores) 3.10 3 1.03 8.26 **

A-B 0.74 6 o.Lz 0.99

BX subj. vr groups 10"12 81 O.Lz

TOTAI,S L64.33 l_19

* p(.os
*tt p 4 .01
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TA}LE 7

ANALYSIS OF VARIANCBS SUI\{I.IARY TABLE

FOR REPEATED MEASURES DESIGN

(Elementary Ss-Paragraph Meaning)

Source of
Variation

Sr¡ms of Degrees of Mean F
Sguares Freedom Square Ratfo

A (Treatment)

Subj. w groups

6.97

8 .63

2

34

.]
J

6

L02

3.49 L3.74 *-k

0.25

0.06 3 "02 -k

0.04 1.89

0.02

B (Paragraph Mean.) O"fg

AB o.2z

BX subj. w groups 2.00

TOTALS 18"s6 I1+ I

* p(. '05**p<.ol
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The crltlcar value for HypotheÉis 2 at the .05 lever was 2.6g

(df = 3,102). The computed F ratio was sÍgniffcant at the .05

J-evel-, r.rhich fndfcated that Èhere Ìiras a signfficant difference among

the means of the levels of factor B. NuLl Hypothesfs 2 r,¡as rejected
and the Alternate Hypothesis h,as accepted.

For: Hypothesls 3, the critfcal value needed for sfgnf-flcance at
the .05 level was 2.L7 (df = 6 102). The computed F ratio revealed

thât there r,¡as no sfgnificant ínt.eracÈion. Therefore, NulJ- Hypothesis

3 was accept.ed"

II Senlor Ss

The sunrnary tabre for the Anarysís of variance for paragraph

meanlng for senror ss can be found. fn Table B. For Hypothesi.s r,
the critical value needed for signiflcance at trre .05 level was 3.33
(df = 2,29). lhere rì'as no sf.gnfficant dlfference among the 3

experimental group aeans. Therefore, Null Hypothesis I was accepted.

The crLtfcar value for llypothesr-s 2 at the.05 1evel vas 2.76
(df = 3,87). There r¡j"as no signfficant difference among the means of
the levels of factor B over time. Therefore, Nurl Hypothesis 2 was

accepted.

For Hypothesfs 3, the critical value needed for signlficance at
the "05 1eve1 was 2"25 (,rf = 6,87). The computed F ratio revealed

that there Þras no signíffcant interaction. Therefore, Nur_l

Ilypothesis 3 rvas accepted.
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TABLE 8

.A.NAI,YSIS OF VARTÄNCES SU}ßTARY TABLE

rOR REPEÄ.TED },ÍEASURES DESIGN

(Senlor Ss-Paragraph Meaning)

Source of
Varfation

Sums of Degrees of Mean FSquares .Freedom Square Ratfo

A (Treatment) 17.60 2 B .80 I .33

Subj. w groups L9I.67 Zg 6.6I

B (Paragraph Mean.) 0.43 3 0.14 O.g7

AB r"75 6 o.2g I.96
BX subj. rÁr groups 12.96 g7 0.15

TOTAI,S 226.24 L27

* p ( .05**p<.ol
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I ElernentalJ¡ Ss

The surnrnary table for Ëhe Anarysis of varfance for arÍtruretic
for elementary ss can be found fn Table 9. For HypoÈhesrs 1, the
crltical value needed for sfgnfficance at the .01 1evel rras 5.39
(df = 2'34). The F ratio was signfficant at the,01 revel, which
Índlcated that there r.¡as a significant difference among the means

of the levels of factor A- Nulr Hypothesfs r was reJected, therefore,
ancl the A1 ternate }lypothesia !ra.s accepted.

The crÍtÍcal value for Hypothesis 2 at the .01 1evel ¡.¡as 3.95.
the q6mputed F ratfo r^ras signfffcant at the "0r- revel, which
l"ndÍcated that there $ras a sígniffcant dffference among the neans
of the revels of factor B. Null Hypothesi.s 2 v¡as reJected and the
Alternate Ilypothesis was aecepted.

For Hypothesis 3, Ëhe critLcal value

the .05 trevel was 2.I7 (df = 6,j,02). The

that there v¡as no signfffcant interaction.
Ilypothesis 3 was acceÞted.

II Senfor Ss

The sumnary table for Anarysis of \rariance for arittunetlc for
senfor ss can be found fn Table r0" For Hypothesis r, the critrcal
value needed for signiffcance at the .05 lever was 3.32 (df = z,3o).
There \'¡as no srgniffcant difference ¿rmong the 3 experimental group
means. Therefore, Null Hypothesfs 1 v¡as accepted.

needed for signfffcance at

computed F ratf.o revealed

Thereforeo Null
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TABLE 9

ANAIYSIS OF VARIANCES SU}O{ÂRY TABLE

FOR REPEATED }IEASURNS DESIGN

(Elmrentary Ss-Aritlrnetic)

Source of Sums of Degrees of Mean FVarlation Squares Freedom Square Ratfo

A (Treatrnent)

Subj , r.7 EÌroups

B (Math Scores)

.ÉItl

19.20

39 .31

J. OI

0.41

.>
L

J.t

6

L02

9.60 g.JQ'r<:'r

1.)ñ 11 L1 *?tLt .+L

0.07 0. 98

^ ^tu.(r/BX subJ " rù groups 7 .06

TOTATS 77.47 L4 I

* p ( .os

**p4.01
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TABLE 10

ANALYSIS OF VARTANCES SI]I,Í}IARY TABLE'

FOR REPEATED I'EASURNS DESIGN

(Senfor S g-ArÍrlrneric)

Source of
Variatlon

Surns of Degrees of Mean F
Squares Freedom Square Ratio

A (Treaünent) 30.18

Subj. Ìr groups S4B.ZI

B (Mattr Scores) 12.27

AB 1.34

BX subJ" w groups 39"39

2

30

J

6

90

1s.09 0"83

I8.27

4.09 9.34 **

0 ,22 0.51

0.44

TOTALS 632.12 131

* p ( .05

**pç.01
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The crltlcal value for Hypothesis 2 at the "01 level was 3.95

(df = 3190). The compured F ratio was significant at the.01 lever,

r¡hich fndicated Ëhat there r{as a signlficant difference among the

means of Èhe levels of factor B. Null Iìypothesis 2 was rejected,

therefore, and the Alternate Hypothesis was accepted.

For HypothesÍs 3, Èhe critical value needed for sfgnificance

at the.05 level was 2"17 (df = 6190). The computed F ratio reveared

thât there r¡¡as no sfgnificant fnteraction. Therefore, Null llypothesls

3 was accepted.

Senior Ss

The surrnary table for Analysis of Variance for language for senior

ss can be found in Table 11. For Hypothesls 1, the critlcal value

needed for sígniffcance at Ëhe .05 levet was 3.63 (df = 2,16). There

!¡as no sígnificant difference among the 3 experrrnentar group means.

Thus, Null Hypothesis I v¡as accepted.

The critical varue for Hypothesis 2 at the .01 1eve1 v¡as 4.31

(df = 3148)" The computed F ratio was significant at the .01 level,
r¡hfch indicated that there vras a sÍgnificant dlfference among Èhe

means of the levels of factor B. Nu1I HypothesÍs 2 waq rejected,

therefore, and the Alternate Hypothesis was accepted.

For Hypothesl-s 3, the critfcal value needed for signlficance

at the.01 level was 3.29 (df = 6"48). The computed F ratio v¡as

signíficant at the .01 level" which fndicated a sl-gnificant interactlon
effect. Therefore, Nurl Hypothesis 3 was rejected, and the Alternate

Hypothesis v,'as accepted,
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TABLE 11

ANALYSIS OF VARIANCES SUI,II,{ARY TABLE

FOR REPEATED I'íEASTIRES DESTGN

(Senlor Ss-Language)

Source of
VariatÍon

Suns of Degrees of Mean FSquares Freedom Squares nalio

A (Treatnent)

Subj. w groups

77 .52

202.7 s

2

L6

6

4B

38.76 3.06

72.67

1"18 B.4Z **

0"46 3.30 t(:t

o.r4

B (Language Scores) S"Sq

AB 2.77

BX sub j " r{' groups 6 .7 3

TOTATS 314.92 75

* p < .05

**p(.ol
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For more descr:fptf-ve ínfor¡n,ation,

can be found in AppendÍx G.

the cell means for ANO\IA

þeg_qqs__Tssle

I. Scheffá

significant differences r¿e-re found among the 3 experirnental

group means of factor A for elementary ss ín word meanrng, paragraph

meaníng, and arithmetic. The scheffá probing technique was used to
determlne r,¡here the differences occurred. The data for this test can

be found in Tables 12, 13, and 14 for word meanin¡¡, paragraph

meaning and arittunetic respectívely.

rn thfs method, the means of the 1eve1s of A are arranged. in
rank order from l.w to high. Dlfferences between the pairs of
means are computed. F ratios (r = t2¡ and F'values are calculated
from the formulae:

and F'= (k_r) r,

For any dffference to be significant at the requirecr l_evel, F musË

be greater than or equal to F/ (Ferguson, IgTLr pp. Z7O_7I).

since the scheffJ proceciure is more rígorous than other procecrures,

Ferguson (1971" p- 27L) recommends that significant differences be

comparecl at the '10 leve1 . The pairs of means r^'hich can be considered
different are fndlcated by asterisks.

î"z
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TABI,E 12

MULTIPLE COMPARTSONS OF

USING THE SCHEFFí

(Elernentary Ss-Ìford

TREATMENT MEANS

PROCEDURE

Meaning)

^2
(Combfned)

^3
(Maths)

"1
(Language)

Ordered
ìleans

1.69 t.7 4 2.24

t1^3^2

'2

"3

"I

F = 0,13
çrl = 4.70)

F = 15"44
(F'= 4.70)

F = 12.74
(F'= 4.70)

^2
Combined

^3
Maths

"1
Language

Gù Combined

(rS) Marhs

t(*

**

* p < ,10** P<.05
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TA}LE 13

MULTIPLE COMPARISONS OF ÎREATMENT MEANS

/
USING THE SCHEFFE PROCEDURE

(Elementary Ss-Paragraph I'feanl_ng)

"z
(Combined)

"3
(Maths)

"l
(Language)

Ordered
Means

1.60 r.61 2.OB

"1"3^2

àz

"3

"l

F = 0.01
7r/ = h .70)

F = 28,41
(F'= 4.70)

F = 18.23
(F'= 4 .70)

Gz)
Combined

(ar)

Maths

(rr)
Language

Gì Combíned

(":) Machs

**

Å¿

* P(.10** p <' .05
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TABI,E 14.

}íÌILTIPL]] CO¡IPARISO}IS OF TREATMENT MEANS

usrNc T,HE sclrnFrf pnocrnunn

(Elementary Ss-Arithrnetic)

^2 "3 ^L(Combfned) (Þfaths) (Language)

Ordered
Means

1..45 r. 78 2.33

"r
a^

^2

u2

a^
J

tl

F=4"24 F-19.36
ç7'= 4 .70) (F'= - 

L-.; O)

F = 6.25
(F'= 4 "70)

^2 t3 tr
Conbine<l Maths Language

G) Comblned

(":) Marh

* p < .10** p<.05
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Elementârv qs

1. T^lord Meanfng

ïn Table 12 sfgnlfÍcant differences at the .05 leve1 were

found betv¡een (1) the language arts (ar), and the combrned ranguage

arts - maths (ar) groups, and (2) betrqeen the language arts (a.,)

and maths (ar) groups.

2.@
The data of Table 13 revears sfgnificance at the .05 1evel

between (1) the 1anguage arts and combined groupe, and (2) the

language arts and maËhs groups.

3. Aritlrretic

(1)

and

Sfgnlffcant dífferences aÈ the .05 level

the language arts and combfned groups and

maths groups in Table 14.

were founcl between

(2) the language arts

II. Nevr.nas-Keu_lg

signiftcant dffferences vrere found among the levels of factor
(over tíme) for elernentary ss fn word meaning, paragraph neaning,
and arittmetfc'scores. rn addftion, significant differences for
senior ss were obtained fn word meaning, arrttrnetfc and language

scores" The Ne¡'nnan-Keuls probing technf-que r,/as useci to determfne

where ttre differences occurred.

The data for the Nev¡man-r(euls test for erementary ss can be

found in Tables 15 to 17 fot r^¡ord meaning, paragraph meaning and

arÍtlrnetfc resPectively. The data for seníor Ss_ can be found in
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TABLE 15

TEST ON MEANS USING NF,W}ÍAN-KEULS PROCEDURE

(Elementary Ss-I^Iord Meaning)

"z n-1 bg uh

Ordered
Means

1.75 7 't', 7 
^fl

2.04

t"2 h"7 n
.+

.02(1) bz

bt

t)^
J

.29

.27

.04

.23

(1r) q.95

nOO

(r,108)

(r, 108)

1Añ

3. 70

3. 36

4.20

3.68

Lqn'

(rri¡ e

nq.95

S

Bq .99

(r, t0B)

(r, 108)

.11

.15

.13

"17

tq

.18

Pre (2) Pre (1) Post Test Retentfon

(tv) Pro (r\\-/

Pre (1)

Post Test

Jh tr

**

&&

*&

+ p<.05

P < .01
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TABT,E I6

TEST ON MEANS USING NIIÍ\rMAN-KEUï,S PROCEDURE

(Elementary Ss-Paragraph I'feanlng)

¿
h

I

h"3

Ordered
l,feans

1.7i r.7 6 l. 78 l. B0

bz -l h
J

h
$

(r) n-2

"1I

J

.05

"02

.09

,04

ã7

l.l r \ q. 95

q,.99

(r, 102)

(r,102)

2.80

3. 70

J. JO

4.20

3. 6B

4. 50

(fii) S_
Bq. 95

S_
8q.99

(r,102)

(r, i02)

"06

"07

.07

na

.07

.09

Pre (2) Pre ( 1) Post Test ReÈention

(rv) Pre (2)

Pre (1)

Post Test

.05

.01

* p(

** p<
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TEST ON ]ifEANS I]SING NTfl,IMAN-KNULS PROCEDT]P.E

(flemenÈary Ss-Arithmettc)

..,, k"1 n
.)

h"t+

Orderecl
Means

1. 66 I 7ç r.95 2.06

h

I

'h

J
ñ

4

(1) n'n

h"1

h

.09 Jg

.20

.40

.31

" l1

(1f) n O(

q.99

(r, I02)

(r,102)

2. 80

3.70

3.36

4 .30

3. 6B

4.50

( rlf) S

ãq. 9s

S

Bq. 99

(r,102)

(r,102)

. tt

.15

l1

l't

t<

.lB

Pre (2) Pre (1) Post Test Retentlon

(iv) Pre (2)

Pre (1)

Post Test

¿¿

.u)

.01

* p(

** p<
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Tables 18 to 20 for v¡ord meaning, arithnetic and language

respee tfvely.

rn this technfque, the means of che levels of B are arranged

in rank order from lovr to high. Then differences between palrs of

the means are computed. rn part (rii) the crftfcar varues for the

ordered. differences between pairs are computed., and they are

compared to Èhe dffferences Ín ordered rneans (l). If (i) is
greater than, or equal to (irr¡ then there is a elgnlftcant
difference.

1. Elementary Ss

rn Table 15 for ruord meaning, levels of signiffcance at the

.01 Level were found betv¡een prete't (2) and post test and

retention test; and betrreen pretesÈ (1) and post test and.retentÍon
test.

rn Table 16 for paragraph meanrng, revels of srgnificance at
the .01 level were found between pretest (2) and retentfon test.
At the .05 level, signfficance was obtained bet'een pretes t (z)

and posÈ test.

rn Table 17 for arittuneÈic, levels of sígnLfl-cance at the .01

level were found betv¡een pretest (2) and post test and reÈenÈlon

test; and between pretest (1) and post test and retentlon test.

2. Senior Ss

rn Table 18 for vrord meaning, revels of srgniffcance at the .0r_

level ¡,¡ere found between preEest (2) and retentfon test and post test;
and betr,¡een pretest (1) and post Eest.
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TABÏ,8 18

TEST ON }.fEANS USING NI¡IüI.IAN-KEULS PROCEDTIRE

(Senfor Ss-l^Iord Meaníng)

h'-t h b:

OrcTered
Means

2.92 2"99 3.22 3. 31

h-2 h-t I -4 h"3

.39

"32

.09

(i) b
¿̂

b"I

h
4

"07 ?n

"23

(li) q. 95

q. 99

(r, Bl)

(r, B1)

2.83

3.7 6

3.40

4.28

a 1L

4 .59

(rrr¡ S

aq. 95

S_
Bq. 99

( r, 81)

(r, B l)

.17

t1

.20

.26

.22

'A

Pre (2) Pre (1) RetentLon Post Test

(iv) Pre (2)

Pre (1)

Re tentlon

**

¿

**

r'r*

"05

"01

* p1
t(* p<
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TABI,E 19

TEST ON MEANS USING NEI{MAN-KXÏTLS PROCEDURES

(Senlor Ss-ArithmeÈfc)

bz bt b¡ b¿

Ordered 4,07 /+.37 4.77 4.82
Means

bz bt o3 ba

(1) bz

bt

b¡

.30 .70 .7s

.40 .45

"05

(rr) q.95 (r,90)

q.99 (r,90)

2,80. 3.36 3.68

3.70 4.2.0 4.50

(iIL) s_
8q.95 (r,90)

S

Bq,99 (r,90)

"34 .40 .44

.44 .50 "54

Pre (2) Pre (1) posr Test Rerenrion

(iv) Pre (2) ,r* **
pre (l) . ,c *

Post Test

* p < .05

?ttr p (.01
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TABLI: 20

TEST ON MEANS USING NEWMAN-KEIILS PROCEDIIRES

(Senior Ss-Language)

h"2 bg h-7 h-4

Ordered
Means

3"80 4"17 4.21 4 "40

bz h"3 h"l t
4

(1) bz

h-3

bt

17 ,41

"04

.60

ta

.19

(rr) c" 95

c"99

(r,48)

(r,48)

.26

.34

.31

"39

.34

.42

(ir1) s
8q.95

S_
8q.99

(r,48)

(r,4 8)

"26

"34

.31

.39

.34

"42

Pre (2) Post Test Pre (1) Retentlon

(1v) Pre (2)

Post Test

Pre (1)

.05

"01

* p(

** p<
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At the .05 level, significance was obtainecl between pretest (1) ancl

retentíon test.

rn Table 19 for aritbunetfc, levels of slgnificance at the .0r
level v¡ere found betrveen pretest (2) ana post test and retention
test. At the .05 level, signif ícance r\ras obtainecl between pretest I
ancl post test and retentíon test.

rn Table 20, levels of signifÍcance at Ehe .01 lever r¿ere

found betv¡een pretest 2 and post test, and preÈest 1 and

retention test.

III. ISqglgL j:gple Mai.n Ef.fecrs

Tests for sÍmpre mar.n effects rnere perforrned fn order Eo

determfne if there are cllfferences betv¡een:

1. 
^L, oZ, and a3 at b, or

^I, ^2, ancl a, at b, or

uI, uZ, and a3 at b, or

al' 
,^Z' ^nd 

a, aË bO.

2. bl, b2, br, and br, ", "1 o,

bl' b2, h3, and bO at aZ ot

bl' b2, b3, and bO at a3

A clarÍfication of letterr r.. " ^2, br, et cetera for the data

Ëreatnent design can be found in Appendíx E.

L. I1gl""trr¿_!_q

The results for elernentary ss- for word meaning are shor,¡n in
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Table 21. Ân analysfs of the data indícat,es a signiflcant dlfference

among treatment effects for pretest 2, post test and retenÈfon test

at the .01 level. Both the l-anguage arts and combined language

arts-maths groups showed signiffcanÈ differences over time at the

.01 level, and a sfgniflcant fnteraction at the .05 level. Therefore,

Èhe Null Hypothesis that there is no signÍffcant difference ín Èhe

effects of factor A can be reJected aE levels br, b' and bo (pretest 2,

post test, and retentlon test, respeetively). Also, the Null

Hypothesis that there ls no sfgnificant dffference Ln the effects

of factor B (tfune) when observations are made at levels a., (language

arts group) and a" (cornbfned group) fs re-Jected.

2. Senior Ss

The results for seníor se for language are shor,m ln Table 22.

Data anarysls indicaÈes a sJ-gniflcant difference among treatment

effects of pretest 1, pretest 2, poat Èest and retention test at the

.05 levei-. Both the language arts and combined groups showed

signffLcant dlfferences over time at the .05 and .01 levels,

respectivel-y, and signifícant interaction at the .01 level. Therefore,

the NuI1 Hypothesis chat there is no signíffcant difference ln the

effects of factor A can be rejected at levels bl, b2, br, ancl bo. .Also,

the Null l{ypothesis that there is no sígnificanr difference in the

effects of factor B (tftne) when observations are made at Ievels a, 
t

I
and a, ls rejected.
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TABLE 21

ANALYSIS OF VARIì{.NCE FOR STMPLE MAIN EFFECTS

(Elementarl Eg-Word Meanfng)

SS df MS

1" Betl¡een subjects

2. Berrveen A ar bt 0.74 2 0.37 Cål * Z.Bs

3. BeÈween A ar b, 2.64 Z t.3Z Cål = 10.23 **
4. Betrnreen A ar b, 3.95 2 t.9B (2) = 15.23 **
5. Betr¡een A ¿rtbO 3.08 2 r.s4 Cål-lt.Bs**
6. WithLn Cetl 18.46 t44 0, t3

7 " I,IÍthfn subJecrs

B. Berween B ar a, Z.4S 3 0.82 Cfål = 16.40 **
(language arts group)

9. BeÈween B aÈ a, 0.95 3 0.32 (d) * 6.40 t*
(eombfned group)

10. Bet!,reen B a , "3 0.28 3 o.oe ri8, = r.Bo

11" AB o.B3 6 o.t4 Ci,ål= 2.Bo*
12 . BX SubJ . I.f . groups 5 

" 
05 l0g 0. 05

* p <.05; F crirical_ = 3.07 (df = Z,I4t+)3 2.69 (df = 3,108);
2.7I (df = 6,108)

:k* p4 "01; F crlrical_ = 4,79 (df = 2,144).; 3.95 (df = 3,I0g);
2"96 (af = 6,108)

Source
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TABLE 22

AN¿,LYSIS OF VARIANCE FOR SIMPLE ÞÍAIN EFFECTS

(SenLor Ss-Lanugage)

Source SSdfMSF

I . BeÊr4reen subJ ects

2. Betr¿een A at b, 28.72 2 L4.36 <!l - 4,3g *

3. Between A ar b, 25"19 2 12.60 <fl * 3.85 *

4. Between .4, at b, 28.00 2 14.00 (2) = 4.28 *
i5" Betsreen A at bO 20"69 2 10"35 (É) - 3" 17 *

6. tlirhln cell 209.48 64 3.27

7 " Wlthin subjects 
R

8" Between B at a, X,"zt+ 3 0"4I (=X) = 2"93 *

(language arts group)

9. Berween B at a, 2.86 3 0.95 (fål = 6.79 **
(cornblned group)

1rì10. Between B aÈ a, 1"14 3 0.38 (1) = Z.lt
IT11" AB 2"77 6 0"46 (i? = 3"2e **

L2" BX SubJ. !1. groups 6"73 48 0" 14

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

** p4,01i F crit,icaL = 4.98 (df * 4,98) t 4"31 (3,48); 3"29 (df = 6,48)
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&Clf"fs .f C.""rí""". for'Repeate.dMeasur

1. Ef ementgry Ss

The summary table for the Analysis of covariance for Repeated

Measures for elementary ss can be found in Table 23. pretest I and

pretest 2 r,¡ere used as covarl-ates. The computed F value for factor G

indlcated that there \,rere significant differences among the means of

the dependent variables at the 0.001 IeveI. The remalning computed F

values were not signlficant at either the .05 or'.01 1evels. The

sÍgniffcant dl"fference among the means of the three Subtests r¿ere

consist.ent r'rith expectaÈions because of the dlfferences in the
t

scaled scores on the subtest.s.

2. Senfor 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 signlflcant at either the .05 br .01 levels.

Further tests using the results of the Analysis of covariance

erere not carried. out, since the overall results revealed a laclc of

signfficance for both the elernentary Ss and senior Ss.

IV. Intercorrelations

For descriptfve purposes, the intercorrelatíons were calculated

for elernentary ss, senior ss and toEal" ss for the worcl meaning,

paragraph meanín¿¡ ancl arf ttrnetic subtes.ts. ln additfon, the

intercorrelations for senior Ss for the language subtest r.{ere calculated.
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TABLE 23

ANALYSTS OF CONVARIANCE SI]MMARY TABLE

FOR REPEATED MEASURES DESTGN

(Elementary Ss)

Source of
Variatfon SS DF MS F LEVEL

Mean 55 " 15 1 55. 15 5 .62 0. 02

G (dependent varlables) 159.06 2 79.53 B.ll 0"001 *,r

H (groups) g.23 2 L.6r 0.47 0.63

GH 21"s4 4 5.4g 0.56 0.69

lst covar. (prerest l) ZSI.41 I 25I.4I 25.63

2nd covar. (prerest 2) 205.65 I 205.65 20.97

All Covarfates Lï6Z.ZZ 2 9Bl. Il 100.03

Error I000.3g LOz 9. BI

* p < .os

*:t p ( .ol
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TABLE 24

ANALYSIS OF VARIANCES SINS{ARY TABLE

FOR FßPEATED MEASURES DESIGN

(Senior Ss)

Source of
varlarlon ss DF MS F LEVEL

Mean 160"02 1 160"02 2.Bg 0.09

G (dependent variabl-es) 360.85 3 r2o.z8 2.r7 0" l0

H (groups) ZOL.79 2 100,89 1.82 0, t7

GH 171"74 6 28"62 .0.52 0.7g

lst covar. (preresr I) gg3.gg I 993.99 L7.g4

2nd covar. (pretest 2) 435"76 L r+35.76 7.g7

All Covarfares 251OO.ZI 2 IZgsO"tt Z3L.g4

Error S4Zg.Sz 98 55.40

* p ( "05

**p(.01
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TheresultsofthecorrelaÈionciatain<licatedthatpreteststo

retenÈÍon tests were highly correlated and significant at the '05

and .01 levels for all four subtests. LThen Ehe elementary and

senlor groups are.comparedr'the correlation data reveale<l that

there].¡aSgreaterstabilityofscoresfrompreteststoretention

EesÈsonallttrreesubtestsfortheseniorSsgroup.Theresults

of the correlation rnatrices are found 1n Table 25 fot I'Ior<1 l{eaning'

Table 26 for Paragraph },leaning, Table 27 fox Arlthmetíc, ancì

Table 28 for Language

In each subtest, the group nlean scores for all three treatment

groups, Eot boÈh elenìentary Ss and senior Ss' are represented

graphicallY in Figures 2 to 8
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TASLE 25

CORRELATION MATRTCES FOR I{ORD MEANTNG

Elementary Ss

i (pre 1) 2 (pre 2) 3 (posr) 4 (ret)
I (pre 1) 1.00

2 (pre 2) 0" 69r.* 1.00

3 (post) 0"71*'t 0.g6*'1 1.00

4 (rer) 0.75** 0.73** 0.g4** .1.00

* p ( .05 r crirical = .32 df (37)
** p < .01 r crirical = .4I df (37)

Senior Ss

1 (pre 1) 2. (pre 2) 3 (posr) 4 (rer)

I (pre 1) 1.00

2 (pre 2) 0.90** 1.00

3 (post) 0"91** 0.90** 1.00

4 .('1.)- , 0t 91.1,1 o" g¿** o. g+*n i. oo 
__* p < .05 r crfrfcal- = .36 df (2g)

' ** p < .01 r crltícal- = "46 d,f (2S)

Total Ss

I (pre 1) 2 (pre 2) 3 (post) 4 (ret)
I (pre 1) 1.00

2 (pre 2) 0.93** 1.00

3 (post) 0.93*t 0.93** l"00

4 (ret) 0 "92** 0.93'r* ' 0. 95,k* l. 00

* p (. "05 r crlrical = .24 df (65)
** p < .01 r critlcal = .3I df (65)
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TABLE 26

CORRELATTON }IATRTCES FOR PARAGRAPH },IEANINC

El-ementary Ss

I (pre i) 2 (pre 2) 3 (posr) 4 (ret)

1 (pre 1) i.00

2 (pre 2) O.B7** 1.00

3 (posc) 0,B6*t 0"76** 1.00

4 (ret) 0.85** O"B5** 0,91** 1.00

* p ( "05 r crirical- = .32 <lf (35)
t'* p < .01 r critical = .41 ctf (35)

Senlor Ss

I (pre l) . 2 (pre 2) 3 (posr) 4 (rer)

I (pre 1) 1.00

2 (pre 2) 0.94*'t l.0O

3 (post) 0.93** 0.91** 1.00

4 (ret) 0.93** 0.93t'* 0.B9** I.00

* p ( "05 r crftfcal = "34 df (30)
** p < .01 r critfcal = .44 df (30)'

Total Ss

1 (pre 1) 2 (pre 2) 3 (posr) 4 (rer)

1 (pre 1) 1.00

2 (pre 2) 0.95** 1.00

3 (post) 0.95** 0.93** 1.00

4 (ret) 0.95t* 0"94*.r< 0.93** 1.00

* p ( "05 r crl.tical_ = "24 df (65)
** p < "01 r crl-tical = .31 df (65)
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TABLE 27

CORRELATION MÁ.TRTCES FOR ARIT}üTETIC

Element.ary Ss.

(pre 1) 2 (pre 2) 3 (posr) L (rer)

I (pre 1) 1"00

2 (pre 2) 0.90** 1.00

3 (post) 0"93** 0.85** 1"00

4 (ret) 0.87*,t 0.88** 0.92fr* I.00

* p < .05 r crltlcal- = .32 df (35)
** p < .01 r crltical * .41 df (35)

Senfor Ss

1 (pre 1) 2 (pre 2) 3 (post) 4 (rer)

I (pre I) 1.00

2 (pre 2) 0.97** 1.00

3 (post) 0.97** 0.95*,t 1.00

' 4 (ret) 0. B7** 0" 86/.* 0.92,t:k 1.00

p ( ,05 r crltlcal = .34 df (31)
** p < .01 r crl-tical = .44 df (:t1

Total Ss.

I (pre 1) 2 (pre 2) 3 (posr) 4 (rer)

1 (pre t) 1"00

2 (pre 2) 0.98** 1.00

3 (post) 0" 9B** 0.96*tt 1.00

4 (ret) 0.92kr:. 0.92t'* 0.95r* 1"00

* p < .05 r crltical- = .23 df (66)
** p < .01 r criricaL = ,30 df (66)
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TABLE 28

coRRELÄ.TroN MATRrcns rðn LANcuAGE

Senlor Ss

1 (pre I) 2 (pre 2) 3 (post) 4 (rer)

I (pre 1) 1.00

2 (pre 2) 0. 95*/r i . 00

3 (post) 0.97** 0.96*x 1.00

4 (ret) 0.98** O.g4** 0.95** 1"00

* p < .05 r critf.cal = "45 df (17)

** p ( .01 r crlrical = .57 df (17)
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CHAPTER VI

DISCUSSION AND CONCLUSIONS

The findings of thfs study have demonstrated that: (1) severely
and profoundly deaf students hTere able Ëo worlc lndependently at the
computer termfnar, and (2) c.A.L. is a practicar means of reinforcfng
the acadenic skills of deaf students.

I. Elementary Ss

since there s¡¿s a significant difference among the experlmentar
groups clue to treaEment eff ects, Null Hypothesfs (1) v¡as rejected,
and the AlEernaËe Hypothesis for er-ementary ss for word rneaning was

accepted. The scheffl probrng procedure rsas used to determine where
the significant dffferences occurred. Results of this te6t indfcated
signlfÍcant dffferences at the .05 level between (1) the language arrs
group and the combined group, and (2) the language arts group and the
maths group' There was no signf,fJ-cant dífference betr¿een the maths
group and the combfned group. These results indicated that signf.ficant
gaÍns in word neanfng were made by the language arËs group, whfch
recelved the greatest amount of supplementary c.A.L. language arts
instructÍon. These resurts \{ere consistent with expectations.

The Analysis of variance revealed a sígniffcant dr_fference over
EÍme; therefore, l'Iull Hypothesis (2) was rejectecl and the Alternare



Hypothesis hras accepted. Results of the Neq¡man-Keuls probing

technique revealed significant drfferences between: (1) pretest 2

and the po6t test and retentfon tests; and (2) between pretest 1 and

the post tesË ancl retentíon tests. Both differencea r,rere signfficant
at the "01 lever- These results suggest that vocabulary learning, as

measured by the l¡ord meaning subtest, occurred during the experÍmental
period.

The resulrs obtained wÍth respect to NuIl Hypothesfs (3) showed

a signiffcant ínteraction effect. Thus, Nurl Hypothesrs (3) was

rejected; and the AlternaËe HypothesÍs, that Ëhere were signfficant
differences among the treatmenÈ effects over rrme, was accepted.
Accordingry, tests for sirnþle main effects were performed"

Results of the tests for simple main effects indicated significant
differences over tiure for treaÈment. effects betv¡een pretest 2, post
test and retention test. Although sf-gnfffcance \ras found at the post
test and retention test revels, these resurts were confounded by the
significance shor¿n at pretest 2. The reason for the confounding

signiffcance at Èhe pretest 2 lever was fert to be due to bÍased

experimenÈal groups. Thfs r,¡irl be díscussed in more depth later in
Ëhis chapter.

The results of the tests for sJ-mp1e main effects arso reveå.Ìecr

thaÈ both the language arts group and the combined group showed

significant Ínteractron at the .05 level. The rnaths group did nor
show any sfgnifÍcance at the .05 revel. Thus, both groups which

receÍved supplementary c.A.L. in language obtained sígniflcantly
larger gains in word meaning that the maths group, r.¡hich did noÈ



receíve supplementary c.A.L- J,n language. These results vere
consfstent \^rith expectations.

II. Senior Ss_

Sfnce no sÍgnificant differences r,rere

group means, Null Hypothesis (l) for senior

accepted

r.53.

found among the experjmental

Ss for word meaning was

The Analysis of Variance revealed a sjgnificant difference over
Èime; therefore, NulI Hypothesis (2) rvas rejectecl and the Alternare
Hypothesfs rras accepted. Resurts of Èhe New¡.nan-Keurs probrng
procedure revealed signfficance at the .01 level between: (1) pretesÈ 2

and the retention test and post tests, and (2) betr.¡een pretest I and

the post test. At Èhe .05 level, signfficance was obtained between
pretest 1 and the retention täst. These results sugges. tha'
vocabulary learnÍng, as measured by the word meanlng subtest, occurred
during Èhe experÍmental- period.

The resurts obtained for Nurl Hypothesis (3) reveared no

signifJ-cant interaction effect at either the .05 or .0r levers. Thus,
Nul1 l{ypothesls (3) for r'¡orcl meanÍng. for senior s: was accepted. The
lack of sfgnificance may be due to the large varlabiri ty of scores.
The students' s.A.T. rsord meaning scores ranged frorn grade point
leve1 1.7 to 8.5. significance r^ras difficult to achfeve r.¡ith such
a large variabílity of scores and with a relatively snarl sample.
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I. El_ernentary Ss

since there lras a signiffcant dÍfference among the experÍmentar
groups due to treatîent effects, Null Hypothesis (1) was rejected
and the Alternate Hypothesrs for elernentary ss for paragraph meaníng

was accepted. Results of the scheffl problng procedure revealed
sfgnificant differences at Ëhe .05 level between: (1) the language

arts and conbined group, and (2) between the language arÈs and maths

group. There t¡as no sfgnificant ðifference betr"¡een the maths group

and the combined group. These result.s replicate the f1'dings for,
word meanfng for erementary sF. These ftndings lndlcated that
sfgníficant gains in paragraph readfng rûere made by the language arËs
group' whfch receÍved the greatest amount of suppl-ementary c.A.L.
language arËs instruction. These results r/ere consistent with
expectaËions.

The Analysls of Varfance revealed a sfgnifÍcant difference over
time; therefore, Null- Hypothesfs (2) was rejected and the AlLernate
IlypoËhesis.was accepted. Results of the Newnan-Keuls probing

technique shor+ed significance betv¡een: (1) pretest 2 and the retention
test at the '01 level , and (2) bet¡^¡een pretest 2 and the post test at
the .05 level. However, Èhese resurts v¡ere confounded since no

significant differences were obÈained between pretest 1 and the post

test and re'ention tests. These latter results suggest that no

significanÈ gains in paragraph reading occurred duríng the experfmenËal
period

The results obtained with respect ro NulI Hypothesis (3)
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revealed no signÍffcant interaccion effect at either the .05 0r .01
levels. Thus, I'IulL Hypothesis (3) for paragraph meaning for
elementary Ss was accepted

II. Senlor Sg

since no sígnifr,cant dífferences were found. among the experimental
group means, Null Hypothesis (1) for senfor Ss for paragraph

meanÍng was accepted.

The Analysis of variance revealed no signíficant dffference over
Èirne; Ëherefore, Nu11 Hypothesis (2) r,ras accepted.

The results obtaÍned for Null Hypothesfs (3) revealed no

signiffcant fnteraction effect at either the .05 or "01 levers. Thus,
Null Hypothesis (3) for paragraph meaning was accepted

There are several explanatr.ons for the lack of sÍgníftcance for
paragraph meaning for senior S". FÍrst, there r.ras an insufffcienE
number of c.A.L. language art' programs approprfate for the dfverse
needs of senl0r age rg. second, past research has revealed that
reading comprehensíon is the academic subject most severely affected
by deafness (DfFrancesca and Carey, Lg7Z, p. vi). Related ro this
Ís the severity of the students' hearing ross. students wrro have
severe or profound hearing l0sses usually obtarn their poorest
achfevement scores on reading comprerrension tesÈs (DÍFrancesca, Lg72,
p' 9)' The majority of students in this study had eÍther severe or
profound hearfng losses' Final1y, this sftuation is further cornplicated
sfnce deaf students generally score their smallest achievement gafns,
usually in tbnths of one year, durÍng their adolescent years (Moores.
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there rlras a lack of significance for paragraph

in Èhe present studv.
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fs not surprising that

meaning for senior Ss

I. Elementary-Ss

sfnce there rùas a signiffcant differeûce among the experímental
groups due to treatnent effects, Null Hypothesfs (r) was rejected
and the Alternate llypothesis for elementary ss for arittrnetfc was

accepted" Results of the scheffá probing procedure revealed
significant differences at the .05 level betrseen: (1) the language
arts group and the combÍnecr group, ancr (z) between the language arts
group and the maths group. There was no significant difference
betrueen Èhe maths group and the combÍned group. The signÍfr.cant
difference betr^reen the language arts group ancr the maths group, in
favor of the language arts group, lras inconsfstent r¡ith expectations.
These results suggest that the language arts group l¡as superior to
the trso other experimental groups. This was due to the selectÍon of
biased ocperimentar groups. The lack of sÍ-gnÍficance betryeen the
maths group and the combined gròup may have been due to the laclc of
sufficLent computer contact tirne durlng the experÍrnental period.
Each s worked at the computer terminal approxr.matery 15 minutes, z

or 3 times per 6 day cycle. current research indicates that c.A.L.
is most beneffcÍar r¡hen the students work at the computer terminars
for a brief tíme each day. towever, in the present study it was not
possible to provide every s lsfth the opportuníty to work at the
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terminals daily since there were only two termr.nar-s avaflable

The Analysis of Variance revealed a significant ¿ifference over

tÍme; therefore, Null HypoÈhesis (2) was reJected and the Arternate
Hypothesis v¡as accepted. Resur-ts of the Ner,rnan-Keurs probing

technÍque shor¡ed sJ_gnificance at the .01 l-evel. between: (f) pretest 2

and the post test and retentfon tests; and (2) between pretest 1 and

the post test and reËention tests. These results suggest that learning
in ariÈhnetic occurre.d durlng the experrnentar perlod.

The results obtained with respect to Nul1 Hypothesis (3) reveared

no sÍgnificant interaction effect aE either the .05 or.01 level_s.

Thus, Null llypoÈhesis (3) for aritl¡netic for elementarv ss was

accepted

ïI. Senior Ss

sÍnce no sfgnfficant dffferences r,rere found among the experi:nental
group means, r'Iulr llypothesis (1) for senfor s for arÍthrnetic was

accepted.

The Analysis of VarÍance revealed a significant dífference over
time; therefore, Null llypothesís (2) vras rejected and the Alternace
Hypothesis t¡as accepted. Results of the I'leç¡man-Keuls probi4g technLque

revealed sfgnifícant differences at Ehe .01 level betr,¡een pretest 2

and the post test and retention tests. At the .05 revel, srgnrficance
was found betrrreen Pretest 1 and the post test and retention tests.
These resul'ts suggest that learning in arlthnetic occurred durine the
experirnental period.

The results obtained for Nu1l Hypothesr-s (3) reveared no
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signfficant interaction effect at either the .05 or .0r levels. The

lack of sÍgniffcance may be due to the large variabflÍty of
arittnnetíc scorese q¡hich ranged from grad.e poinË level 1.5 to L2.6.
significance rùas dtfficult to achieve rvith such a rarge varfabilÍtv
or scores r¡i_Èh a small sample.

Se-nfor Ss

Slnce no signiflcant differences r^rere

group means, NuIl }IypoÈhesfs (l) for senior
accepted.

found among the experimental

Ss for language was

The Anarysis of varfance revealed a sígnificant dÍfference over
tine; therefore, Null Hypothesis (2) was rejected and the AlternaËe
Hypothesis r'ras accepted. Results of the Newman-Keuls probfng
procedure revealed slgnrffcant dffferences, a.t the .01 1evel betr.¡een
preÈest 2 and the post test, pretest r, and the retentfon tests.
sfnce the post tesË scores were srnaller than the pretest. 1 scores,
it was impossible to derive any neanfngful generalization regardd.ne
the signÍficance of the data.

The results obtafned with respect to Nul1 llypothesis (3)
shor+ed a sfgntfÍcant interaction effect. Thus Nu1l Hypothesis (3)
was rejected; and the À1ternate Hypothesfs, thaÈ there v¡ere significant
differences among the treatmenÈ effects over time, was accepted.
Accordingly" tests for simple mafn effects l/ere performe<i.

The resurts of the tests for simple maln effects revealed that
both the language arts group and the combined group showed signÍfÍcant
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fnteractlon at the .01 level. The maths group dict not shor+ any

significance at either the "05 ór .01 revels" Thus, both groups

whtch received supplementary C.A.L. in language obtalned signiffcantly
greater gaLns Ín language than the maths group, which did not receive

supplementary c.A,L. in language. Hor,¡ever, Ít rvas not possible to

derive any generalizations fnom the data, since the cornbined group

shor¿ed significance at the .01 level-, r.¡hl-le the language arts group

showed sfgniffcance only at the .05 level. This rùas not consfstent

wfth oipectatlons.

Analvsfs of Covariance for RepeaÈed Measures_

The general results of the Anarysis of covariance for RepeaÈed

Measures revealed a lack of significance for both the elementary ss

and senior ss. only one computed F value revealed sËatistical

slgniflcance. Thís statístical significance, whÍch was consistent

wfth expectatÍons, was obtained among the means of the three subtesËs

for elernentary ss. The scores of the three subtests--word meaning,

paragraph meanfng, and arittrnetic--are scaled scores, and therefore,

differences among the means of the three subtests vrere expected.

Since the resulÈs of the Analysis of CovarÍance for Repeated Measures

revealed a laclc of overall sÍgnifícance, further Èests \^rere not

carrÍed out.

Interc-orrela tíons

The resulËs of the correratlon data indicated Èhat gains fn
achieve¡nenE !üere quite consistent during the experlmental períod.
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Iiowever, when the elernentary ancl senÍor groups vrere compared, the

eorrelaËÍons revealed that the scores of the send.or Ss showed greater

stabflÍty frorn pretests to retention tests on all three subEest.s.

Thfs was not surprising sfnce deaf studentst achievement scores tend

Ëo plateau during thelr adolescent years, and so there was less

varfabflfty 1n their scores. The converse is true, hor,¡ever for young

deaf student.s. Thus, the correlatlons for elementary ss refLect the

varfabÍ11-ty of Ëhefr scores. rn general, there rìras a tendency for
the scores on the subtests to decline slightly frgm pretest 1 to
pretest 2. Thl-s result rnay have bcen due to the use of alternate
forms of the SEanford Achievement, Test (S.A.T.) on pretèst 1 and

preEest 2.

In general, the resulÈs of this study dicl not shov¡ statlstfcal
signlficance" Since blased treatment groups v¡ere used, ânï statistical
sf-gnificance that r¡as obtained r,¡as confounded by this factor
Therefore, lt is not possible to derÍve any meaningful generalizations,

or to preclÍct any trends from the experimental data.

General Connnent

Previous research has demonsÈrated that c"A.L. can be an

effectlve supplement to conventional crassroom instruction.
Although statfstical signifícance vras not obtained in this stud.y,

several important observations 'hrere noted throughout the experf.mental

perlod which have rerevant ecrucational implications.'

shortry after trre experimentar period commenced, it became

evident that the maJority of the sËudents were carrable of
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"loggfng-on" and "logging-off', the computer terrninals by theurselves.
Many of the teacheïs r¡¡ere quiËe surprfsed thac even the youngest
students could be independenË, and dfd noÈ requfre much assístance"
Thís suggesÈs thaË teachers often underestimate the abllitles of
thelr students, and perhaps do noË encourage them to work independentry.

.ne beneflt of c'A-L. has been the heightened au,areness of
many of the teachers of the lrnportance of indfvidualizing instructfon
for cheir students. r\s the experirnentar period progressed, Ít became
clear that many of the teachers rùere.uslng c.A.L. to strengthen skill
areas as well as reinforce concepÈs that had been previously taught
1n the crassroom. llovever; Ít is this experimenÈeros opf_nfon that
the potentiar. of c.Â.L. to indlvidualize lnstruction v¡as noÈ arruays
beÍng utilfzecr to its maximum capabillty. thf.s may have been due to
the teachers I fnexperlence and/or ínadequate trainfng fn hor,¡ to
dlagnose ancl prescrfbe indívidual programs of study. rnservice
trafning in diagnosfs and prescription and greater exposure to
c'A'L' would enable teachers to use c.A.L. more effectively.

ïhe use of c"A.L. also resulted in tÍme efficÍency. Generally,
the students r,¡orked much faster and, often w1 th greater accuracy on
the computer than in the classroom. Thfs Í,/as especially true in
mathematics' The same maths program requlred fifteen minutes to
complete on the computer termfnal, but required thirty minutes or
more to complete in the cl-assroom.

The time effrciency factor of c.A.L. also improved the studentsl
aËtention span and concomitantly, their abiltty to aÈtend to the
learnÍng sLtuatlon' z\ general complaint among teachers of the deaf
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1s the students' inabflity and/or unwillingness to attend to the

learníng sÍtuation. The typfcar classroom seÈtfng provides many

distractors for the students, which often results in an rnefficrenË
teaching-learning process. Hor.¡ever, the c.A.L. drilr and practÍce
programs were híghly motivating and focused the students' atEentÍon.
This resulted in an lmproved learnÍng envirorunent

rn addÍtion' many teachers observed that the students displayed
a positive attftude tor,¡ards c.A.L. The students; particularly the
young students, worked enthusiastically at the termÍnars. several
studentso who of ten showed a negatfve atti-tude tov¡ards learning in
the classroom, found C.A.L. to be stimulatÍng and enJoyable.

Another benefit of c.A.L. is that it can provide deaf sEudenes

r¿ith a "qualfty-quantitytt approach in their ranguage learnfng. That

is, the cornputer can provide the students o,ith thousands of examples

of grammatically correct sentences. rt is probable that the rnaJority
of deaf studenËs ín North Amerfca currently are.receÍving elther a

"qualÍ.ty" or "quantity" approach in theÍr J-anguage learning, but very
few are receivÍng both. The need for a cornbined approach is obvious.

c.A.L. has also resulted in severar other benefÍts. Many of
the students r-n the study learned how to use the telephone and to
type" Both of these skíI-rs are essentiar in the use of the

teletyper'rrfter terephones (T.T.y.) r¡hich deaf people use Èo

conununicate wLth each other.

Imp]l.cations and Future Consideratlons

The general results of thÍs study suggest that C.A.L. is a
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practical means of reinforcfng the academÍc skÍI1s of deaf students.

Drill- and practice, when presented in Èhe classroorn, is boring and

unlnspirlng. , But when it is presented in a c.A.L. format, the

students found íË stlmulation and chalLenging. The information

gained during this sÈudy suggested that improvemenÈs ü¡ere needed in
several areas. These changes would provicle future studÍes wlth a

strengthened experimental model from which more specific conclusÍons

could be dral¡,-r.

Forenost, additíonal c"A.L. language arËs pregrams need to be

rvritten. Toplcs for these neer programs should include: negatlon,

conJunction, question formation, pronomfnalizatfon, complementation,

relativization, and passive voice. Research by Russell, QuÍgley,

and Power (Ig76) ÍndLcates that these are the linguistic constructions

that hearing ímpalred students have the most difficulty Ln masterÍng.

These ne$r pïograms, in addition t.o the current prograns, need to be

developed in a hierarchy of skill develo¡rment. Although a srart has

been made to develop a hrerarchy of skirls and programs, many gaps

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

arts fn undertaken.

Additional mathematical programs that involve word. problems need

to be developed, at both the lov¡er and upper el-enentary levels. such

proEirams v¡ou1d further reinforce and develop the readfng, thínklng
and computatfonal skills of deaf students.

rn this study, each subject r¿orked at the computer usualry

every second or third day sfnce only trvo termfnals were available.
This li¡nlted the amount of computer contact time for each subiecr
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throughout Ëi-re experfmental period. ïn future studies with c,A.L.,
better results rnfghÈ be obtained if the subJects work at the computer

for fifteen minutes dal1y for slx to eighe months. This could enabre

sfgniflíanË gafns to occur ín both language arts and maÈhematlcs.

other c.A.L. studfes fn the future could go beyond thb usual

comparison with conventl0nal classroom instructíon. For example,

contror groups could receive drfrl and practice ín matlanatfcal

computation using hand dlgital calculators. Language arts lessons

taught in the classroom courd be reinforced through the use of c.A.L.
ínterfaced with slfdes, video tapes and television. such

mul-tl-medla experfinentatf on r¿ou1d greatl-y enhance our understanding

of the effectiveness of educaÈional technology and its feasibllfËv
with deaf students

Future c.A.L. studies that invorve deaf students courd arso

consider program development ln non-academic and social skills such

as: money managementr nutrltion, personal hyglene, consumer

educatfon, and vocationar-career development. computer assisted

dfagnostic testfng ar-so could become an lntegrar part of a c.A.L.
program- Thls vrould provÍde information on the studentsr entry
behavlors and program performance, r,¡htch v¡ould read to further
diagnosis, prescriptÍon and rernedial strategies.

Lfm+tarion_s of rhe Srud],

The selectlon of r¡iased treaÈment groups precruded any

meaningful conclusions and generalÍzations from the experimental

data. The experlmenter r¡as able to gain the cooperatfon; , support
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and participation of some of the teachers in this study bv alloving

them to select the c.A.L. treaEnent condition for their students"

rat.her than by random assfgrunenÈ of treatment. conditions" This

procedure signlficantly weakened Ëhe experimental model of this

sËudy. Future c.A.L. studies with deaf students should adhere to

the scl-entific model by randomly serecting the subjecÈs and randomly

assigning thern to the treatment conditlons. Such a proceclure

would ensure Ëhat relevant conclusions and generalizations could be

drawn from Èhe data.

The use of different parall.el forrns, I,tr, x, and y of the stanford

Achfevernent Tesr (s.A.T.) was also a llmitatíon of thls study.

Brill'(L974, pp. ]-73-L77) states that the use of dífferenr parallel_

forms of the same test, at the beginnfng and end of a learning

perlodr'will not. províde a Erue measure of ¡¿hat deaf students have

learned" Brill advises that the same test form must be administere<l

both at the beginning and aÈ the end of a learning period Ín order

to measure the deaf studentrs progress. rt follows, therefore, that

the use of three parallel test forms ín this study did not províde a

real measure of the learning th^at occurred during the experlmental

C.A"L. period

The validtry of Èhe use of the s.A.T. (1964) used with the

deaf students in this study must also be quest.íoned. Thls test r,¡as

designed for and standardized on a normal hearlng population, and

thus has limited use rvith deaf students. Test levels of the s.A.T.

are ordinarily asslgned to t,he students on the basis of their school

grade placernent. However, this is fnapproprfate v¡ith deaf chtldren,
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slnce grade level desfgnatÍons cio not refLect thelr academíc ability;
rather they usually indicate Èhe number of years the chfldren have

atÈended school. A special Editlon for llearlng rnpafred students of
the s.A.T. (1973) has been recenrly published. This speeral Edirfon
r'Ias noÈ used ln this sÈudy as it was noE available when this study

commenced. Thts test was developed and standardized on a large
sample of hearfng impaired students in the united states. Thrs

special Edition of Èhe s.A.T. r¿ould appear to be more suitable for
deaf chfldren sfnce the content ancr the dffficurty revel were

seLected independently for each sr¡btest area. Thfs is especialry
fmportant in the reading and mathemaEfcs areas, since deaf students

abilities on these tr¿o subtests are very disparate. rn addftfon,
national norms for heartng Ímparred students, according to age have

been developed wtth the special Edftion. rt ls recommended that
future studles usLng c.A.L. v¡fth deaf students use the speclal
Editlon of the s-A.T" since it v¡ould appear to be more approprfate.

rn this study, c"A.L- night have been rnore effective if there
had been closer supervisfon of the types of c.Â.L. programs selec.ed
for the students. often, many of the sÈudents in a class r¿ould work

at one prog,ram, all usrng the same parameters. rmproved lÍason
betr,¡een the experÍmenter and.teachers would have ensured better
coordlnation between crassroom instructfon and related c.A.L. topics
for each stucìent. rn acldÍtion, rnservr.ce trainíng in the preparatlon
of indfvidualized programs of sÈudy should have been provÍded for
the teachers prior to the commencernent of this study. Better
program selectfon and closer evaluation of the students' progress
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throughout the experimental period mfght have enhanced the
effectiveness of C.A.L.

volunteers nere an ínvaluable ard ín the proctorfng and

monitorÍng of the system ancl the students as they ruorked at the
terminaLs. Irowever, the effectivene.ss of c.A.L. also might have
beenimprovediftherehadbeenonlyoneproctor,whowou1d'have

performed these duties on a full tfrne basís. such a person vrourd
have been able to provicle more conslstent supervisfon, anrj better
coordinatio¡r between the experimenter ancr the teachers. rt must be
emphasfzed, ho\uever, that the volunÉeers in thÍs study enabled the
project to run quite efficientlv.

Summarv and Conclusions

The selection of biased treatmenË groups and the use of different
alternaÈe forms of the s.A.T. confounded the experimental data of
thfs study' These lfmitatfons negated any statÍst1cal significance
that was obtafned frorn the data. consequently, 

't 
is not possible

to derive any meaníngfu1 generarizations or to predict any srgnifícant
trends from the experfinental data per se.

The results of trris study, however, are educationar'y relevant
to teachers and researchers. This study has demonstratecr Ehat c.A.L.
is feasible wlth profouncìly deaf stu-dents. The ma-jorf ty of the
students demonstrated that trrey are capatile of using the system wfth
very 1ittle assistance. Teachers observed that c-A.L. is stfmulating
and challenglng to the students, and a practical means to strengthen
skfl1 area6 and reinforce concepts that have been prevlously taught
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fn the classroom" both in the mathematics and language arÈs. As

teachers become more skÍllful in lndividuallzíng their instructÍon
and coordLnat,Lng c.A.L. wlËh thel-r teaching, the ef fectiveness of
C.A.L. will fncrease accordingly.

rn conclusl,on, the use of the computer as an instructional Èoo1

ls increasingly becoming a vfable method of instructlon. rts
future in the edueation of deaf chfldren seems especially bright.
As more programs are developed in acadernic, non-academlc and socfal

skill areas, researchers r¿f1l have greater scope to ínvestigate iÈs

efficacy and di-versity in the educaÈfon of chfldren r¿ho are

profoundly deaf.
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.APPE¡IDIX A
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MEÂN GRADE LEVEL OF

Acadenic AchÍevement

APPENDIX B

STUDENTS I{ITH 60 dB

TesÈ Performance of

(ISO) oR GREATER HEARING LoSS

Hearfng Impaired Students

r969

College, htabhington, D.C.

U. S: Spring

Office of Demographíc Studies, Gal_Iaudet

Reading

L91B171615L4t3L21110Age

Test Battery
Prírnary I
Prfinary II
InÈermed Ía te
Interrnediate

r.87 1.91 1.97
I aôL" )Õ

TI

II

2.4L 2"sL

3"4L 3.46
?07

3.33 3.35

4.24 4,L7 4"02

) 
^l

2.50 2.44

3 .33

4 .31

Language

Primary II
Intermed ia te
Int.er¡oediate

Advanceci

2"98 3.L7.2.99 3.04
I
II

3.42 3.54

4"13

3.41 3,40 3.48
4"66 4.50 4.s7 4.40

5.46 5 "82 6.02 6.15 6.00

Arlthnetic Computatfon

Primary II
Intermediate

Intermed fa te
Advanced

2"93 3"59 3.44

4.43I
II

3.72 3.83

4.78 4.76 5.30 5.25
4.85 5.74 5.g4 6.20 6.05

6.50 7.27 7.63 j .g4 7.8/_l

Source: Adapted from Spidal and Pfau (1912)
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SUM'ÍÀRY PROFILES OF SUBJECTS
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APPENDIX D

SAMPLE COMPUTER PROGRAMS



/ CALL, M SD( p= COUNT2O )

DATEz 77/tz/14. TIMET Do"s7,o|c

IAIHAT. IS YOUR STUDENT NUMBER ? MSD999

UHAÎ IS YOUR FIRST NA¡{E ? LOU

i

.WHAT 
I S YOUB LAST NA]"18 ? REEVES

TEACHER OR STUDENT TO PUT IN, THE PEÍiA¡.IETSNSBETI{EEN 1 AND 20.
DO YOU I¡/ANT FULL DATA ( I) OR SHORTENED DATA (2) ? I
HOid MANY PROBLEMS DO YOU I,JANT. (FROM I TO 20) ? IO
LEAST 

IVUMBER OF ITEMS TO BÐ COUNTED ? I
LABGEST NUMBEB OF ITEMS TO BE COUNTED 

-, 
,,

DO YOU WANT TTIE-COLINTING INTRODUCTION? YSS OR I\JO. ? NO

TIER.E ARE SOME B.XES t ] AND DOLLAFS $ TO BE COUNTED, LOU.

tl tl rl . tl
ã 7/¿ 

".

tl tl tl
= 7A

< LOU

$ , $ . 5 s- $gc
= ?7

< LOU

208.



s$sss$$s
._l

E ? lo
< LOU

tl .rl tl
G ?3

< LOU

ss$nrs$
,

E ?6
< LOU

tl tl

,2?2

: Ë ? l^
< LOU

THATIS AI-L FOR NOI/ LOU DO YOU HAVE TIME FOR MORE?TYPE IN YES OF NO ? NO

THAT'S ALL" LOU" you HAD l0 
''RRECT 

ANSI¡ERS ANDO \^,RONG ANSWERS"
THAT GIVES YOU IOO PERCENT"

/ GOODBYE LOU ¡ìEEVES COME "AGAiN SOON"

$' s s s s $ $. s s s



DATE2 77 /L2/14" TIMEs 21" 16.4-t _

ÞTHAT IS YOUR STUDENT NUMBER ? MSD999
I

- UHAT I S YOUR .FIRST NAME ? LOU

T'HAT I S YOUB LAST NAME ? REEVES

THIS IS A SUBTRACTION PIìOGRAMME DESIGNED TO GIVE THE
STUDENT PRACTICE 1'¡ITH PROBLEMS SPECIFIED BY THE TEACHER.

HOþ' MANY PBOBLBV¡S (FROM 1 TO 20) I/OULD YOU LIKE, ? 10

HO\'J MANY DIGITS (FIìOM I T0 5) D0 You (¡JANT IN THE LABGEF
. NUMBER. ? 4

HO!ü MANY DIGTTS (FROM 1 TO 4 ) DO YOU T{ANT IN THE
SMALLER NUMtsEF. ? 3

HI¡ MY NA¡48 IS NOS¡ THE FRIENÐLY COMPUTER"

.--;-j¡--€;ó6 -:--

0oK.¡ LOU" TRY SUBTRACTING THESE PROBLEMS"

I'IHEN THE MACHINE ST0PS¡ TYPE IN THE A|,JSI,/ER FOE THAT COLLIMT'jONLY. PRESS T}IE RETURN BUTTON AND WAIT FOR THE NEXT '?'N

/
.4 0 6 6

325

?t
?4

?7
\??

< GOOD I,IORK¡ LOU" 1'HE ANSWEF i S 374L O

?8
?5

?9
?q

X THAT'S NOT RIGHT, LOU" TBY AGAIN.
74

< GOOD I./ORK¡ LOU" THE ANSIJER I S 4958 O

2-t ñ

s3Bs
-427



Hl-toüL;I ' ' : '

DATEs 7T /LD/LA. TIMEs zL"Az"4\ ,

, ÞiHAl I S YOUR STUDENT NLIMBER ? MSD999

I'HAT IS YOUR FIRST NAME ì ,OU

HHAT I S YOUR LAST NAI,IE ? BEEVES

lIlL! IN LANGUAGE ARTS - SE¡JTENCE PATTERNS BASED ONTHE RHODE ISLAND LANGL¡AGE CUERICULTIì,I FOR THE DEAF.

DO YOU 
'¡/ANT TO SEE THE LiST OF'DFILLS. YES OR.NO? NO

WHIü{ DRILL DO yOU \¡/ANT (!plt3¡4 0R 5) ? I
HOW MANY OUEST'ONS (FROM 1 TO T5) DO YOU .,/ANT ?, 10

t

DO YOU 
'/ANT 

TO COPY EACH SENTENCE? ,YES, OR UNOU ? NO

+**DRILL NLIMBER I _ t/HO¡ HHAT.E,F*

HERE ARE THE DI RECTI ONS... " .

TYPE IN o'l¡IHo' t'iHEN THE sE*rENcE IS ABOUT A pERSoN.

TYPE IN ,I{HAT, I{FIEN THE SEÒüTENCE IS ryOT ABOUT A PERSON"

I . LARRY FELL.
===== I ? I,¡FIO

CORRECT LOU.

2 " ICATRAN"
=c== i ? III{AT

RIGHT ON LOU.
I

3 . THE WORM CRAiTTLED"
E======= ! ? lr¡HAT

COFRECT LOU.

n4 " THE TEACHER WALKED"

. E==E===! ? WHO

YOU ARE DOING FINE.

¿lL.



2r2.

so ABALLoo*lY3jl;u 
?HHA'

RIGHT OI$ LOU"

6" ABALL0ONBURST"
===E== t ? $HAT

YOU AFE DOING FINE"

7 n THE BUS DRIVER TTJAITED.

====E== ! ? !¡HO

COBRECT LOU.

N fI BALLOON BURSTO

=s=c== I ? I{FIAT

RIGHT ON LOU"

g THE RAIN FELL"
=B=E= e ? TJHAT

YOU ARE DOING FINE"

tO . LARßY FELL"
===== ! ? LIHO

CORRECT LOU.

THE DRTLL IS OVER LOU REEVES. OUT OF 10 OUESTIONSYOU HAD 10 RIGHT AND O V/RONG ø

YOUR SCOBE I S lOO PERCENTC



P0ssESs

' DATEc 77 /12/lS" TtrMEs !6"2L "44,

K]HAT I S YOUR STUDENT NUì"IBEB ? MSD999
:

WHAT IS YOUR FIRST NAME ? LOU

I¡IHAT I S YOUR LAST NAME ? REEVES

THIS iS A DRILL IN POSSESSIVE FORMS OF SINGULAR ANDPLURAL NOUNS¡ AD.JECTIVEST AND PRONOUNS.

D0 You IIANT T0 sEE A Lrsr oF. THE AVAILABI-E TopIcs ? No

$/HICH TOPIC (FROM I TO 5) DO yOU I,¡ANT ? L

DO YOU VJANT TO SEE THE RULES I¡OR POSSESSIVE FOFMS OF
NOLINS ? NO

HOIü MAA]Y SUESTIONS (FROM I TO 15) DO YOU qJANT ? 8

DO YOU KIANT TO 
:U' 

THE DIRECTIONS ? NO

0oKur LOU. LET'S GO. " "

THE EYES OF PAUL ARE BLUE"( ¡ EYES ARE BLUE"( ? PAUL'S

PERFECT, LOU

THE CHEEKS OF TI.ÍE SSI.JIRREL ARE FILLED WITH NUTS", THE ( ) CHEEKS ABE FILLED \.IITH NUTS.
TFIE ( ? SSUIRRELOS

PERFECT¡ LOU

THE IDEA OF THE EI.F $IAS TO USE MUSHFOOMS AS L]MBBELLAS"
THE ( ¡ iDEA rrrAs To us' MUsHRooMS AS wilRELLAs.THE ( ?.ELF'S 1

THAT'S GREAT¡ LOU

2L3.
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}{EANS AND STANDARD DEVLI.TIONS



?1'7

APPENDTX F

RALI DAT1\ SUIßÍARY TABLES

(Elementary ts_L¡ord Ffeaning)

Language Arts Group (ar)

Ss Pre 1 Pre 2 Post Retention

1

2

3

5

6

7

o

9

10

11

1_2

i '13

Totals

l.Ieans

Þ.u"

(s"n.¡2

¿"u

1.8

10

1A

)a

1C)

,.

2.5

1.A

L.t

1"5
'_--
25.2

1 0/,

0 "32

0" 10

)ñ

t"

)n

?1

¿.4

') ,.

t./

1A

1.6

1.6

)7\

) 1a

n11

o 1?

)1

27

)1

)É.

2a

?)

)o

10

¿.4

1"8

1-7

Îto.

¿.¿t5

u.40

ñt1

2"5

)-t

¿" J

)'?

1r

J.b

1a

¿.4

)^

?1 'l

2.44

0"58

U. J(+
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APPENDIX F (cont'd.)

R.A,W DAÎA Sum.fARY TABLES

(Elernentary Se-Hord Meanlng)

Combfned Group (ar)

Se. Pre 1 Pre 2 Post Retentlon

I
2

J

4

5

.ö

I

9

L0

tl_

L2

13

l4

t5

16

L7

Totals

Means

s.D.
,'

(s.D.)'

1.4

1.7

1lt

L.9

t"4

2"2

1.9

1-.4

L-7

L"2

L.7

1.6

1.5

1"8

¡..4

1.6

1.7

27.6

!"62

0.24

0.06

1"7

1.6

.'ta

1.8

1.5

1.8

2.5

L.4

L.7

I.4

2.4

2.2

1.5

2.7

I"J

L.7

2-3

31 .5

1.85

0.41

0.17

l. 5 1.6

1.6 1.6

1.6 1.6

1.5 1:8

L.7 L.l
1.7 t.9
1.8 t t,

1.1 L.4

L-4 1.6

L-4 L.q

I.4 2.L

r.2 1.3

L.4 1.5

z.Z 2"6

1..5 1.5

r.4 1.7

1.9 2 1

26.3 ;
1.55 1.75

0.26 o. 36

0.07 0.13
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APPENDIX F (conrrd;)

RAIü DATA SUM}II.RY TABLES

(Elementary Ss-ÞJord Meaning)

IfathematÍcs Group (ar)

Ss Pre I Pre 2 Post Retentíon

,a

2

J

.+

5

o

B

9

Totals

Means

S.D.

t(s.D.)"

1.8

r.4

7.7

r"6

10

1.7

7"7

2.0

1"8

15 .6

L.7 3

0.L7

0. 03

1.8

1. /r

L.7

L"7

1.ð

1"8

'tû

L4 "4

1.60

0.30

0. 09

2.L

1.3

L"7

L"7

1.9

L.7

¿"r

)t

16"3

1 Q1

nro

0"08

2"0

'l /,

r.7

1.6

)^

L.7

1.9

2.3 
.

76.4

T "82

v. ¿o

0.07



APPENDIX F (conr'd.)

RAI'J DATA STIJ'{I.ÍARY TABLES

(Senior Ss-Word MeanÍng)

Language Arts Group (rf)

Ss Pro l Pre 2 Post Retentlon

I

2

3

CI

5

6

o

9

10

Totals

Means

S. D.
,)

(s.n. ¡ '

¿-J

2.4

',)
'l /,

4.7

4.4

o./

3.6

1-t
--:--
34.7

J"4/

/ ttx

L.J

10

1A

J.U

'l 1

J.L

? rì

'1,' A

1. 58

?\ñ

', t,

))

¿.b

/,)

.Qç

J.¿

J"O

J.OJ

'l c¡l

.t1

t4L"L

.)L

.10

1, 1

L?

?'l

?q

I -72
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APPENDIX F (conrtd.)

RAI{ DATA SI.N-ßßRY TABLES

(Senior Ss-Word Meaning)

Combfned Group (ar)

Ss Pre 1 Pre 2 Post ReËentÍon

1

¿

I

4

5

6

ou

9

10

11

T2

To Ëa1s

Means

s. D.

)(s.o"¡-

)7

J.O

'to

a1

11

1a

,1

11

?o

4.7

t, ,>

35. 9

,oo

0 "94

0.89

2"6

3.5

L.7

2"8

L"7

2"6

t(

3.9

3.9

3"9

J.J

J(+"1

2"89

0.80

u. o)

J.O

3.6

/ Il

,1

t9

¿"L

11

t-7

3"8

).1

?,

?Áo

3"08

0.92

0. 84

3.6

3"6

r^{1

2.9

2.0

9/,

2,)

¿.o

4.4

3.5

?Á,

37 .B

J. ¿)

0.82

0.70



))2

^PPENDIX 
F (conrrd.)

RAI\I DATA SUM,IARY TABLES

(Senfor Ss-l^Iord Meaning)

i'tathematics Croup

s Pre l_ Pre 2 Post Retentlon

I

z

J

4

5

6

B

To tals

Means

S.D. .

.)

(s.0. )'

4.I

¿"J

1.8

1.8

1ô

t\¡

1"8

'r^ 1

2.5r

u. õð

0 "77

?rì

?cr

?n

)n

1q

?ô

2i

2.5

20 "9

tA1

0.48

^ 
,.1

)7

11J. J-

a-

?1

J.)

)^

L'+ "J

3 "04

0. 81

u. b)

3.5

?n

??

11LcL

. ¿./.

)a

)1

2.84

n q?

^a1



//<

^PPENDIX 
F (conr'd.)

RAI.I DATA SUTßÍARY TABLES

(Elementary Ss-paragraph tfeaning)

Language Arts Group f. I
'*1 '

Ss Pre 1 Pre 2 Post ReÈention

1

2

J

5

^
a

B

I

10

11

.12

13

To tals

Ifeans

S.D "

(s.D. )'

2"4

)7

1/,

¿")

') /,

)/,

)1

1cl

1?

1'7

1A

)''t 2

2.A9

n10

0"15

r"Õ

2.6

)n

11

¿"4

¿.)

lo

1-t

1"7

1Ã,

r"6

)\2

1 0/,

0.40

U. J-O

? '),

)1

¿.)

L"O

)1

1.6

r.7

L"7

21 a

) 1t,

0.46

n11

2.6

¿.u

)o

t/,

l"B

21

1ç,

tot.o

1 '',r

)79

¿. L4

0 "46

n11



') ') t,

^PPENDIX 
F (conr'd.)

RAhT DÂ,TA SINOßRY T¿.BLES

(Elementary Ss-paragraph Meaning)

Comblned Group (ar)

Ss Pre 1 Pre 2 Post Retentfon

3

4

5

6

7

B

9

IO

11

T2

13

L4

15

Totals

Means

S.D.
,,

(s.D. )'

1,6

11

1 .t.

1.6

1"6

'lL
I"U

1Ê,

1C

L.6

11,

)1. L

1 <O

o "I2

0. 01

J, "7

r.7

1"6

1ô

L.4

r"7

r"7

1.6

L"4

1.6

r.7

1.5

1"4

1.6 
_

r.57

o "I4

0.02

1.6

t-.6

L"4

1.6

1.6

1.9

7.7

1"6

10

L.7

1.8

1.5

1.6

LL+.)

1 .63

0.15

ôn,

L.7

r"6

1Â

"t ')

r.4

r.6

1"8

')^

1"6

1"8

1Â

a/

1.6

r"7

1.6

¿+.q

1. 63

n 'r9

0.03

1

2



APPENDIX F (cont¡d.)

RAI.I DATA SUI"ßÍARY TABLES

(Elementary Ss-Paragraph ìfeaning)

Mathematfcs Group (a.)

Ss Pre 1 Pre 2 PosÈ Retention

-L

2

3

+

5

6

7

R

9

Totals

l'leans

S.D.

(s.n")2

1.6

L.2

1.6

tq

1.9

1" 6

J-"O

r"7

L.7

14 "4

1.60

0.19

a.04

r.7

7"7

1"5

r"7

r"4

7.7

_r.7

L4 "6

L. O¿

o.L2

nnl

r"7

1e

J- .4

1-l

L.t

1.6

1?

r.ö

1.6

l_¿+ . -L

1 <7

n ]c)

L.7

1.5

r"7

r.7

r"7

1.6

L.4

1.8

L.7

14 .8

r .64

0.12

0.02



ApPENDIX F (conr'd.)

RAI^T DATA SUI,ßíARY TÂBLES

(Senior Ss-paragraph MeanÍng)

Language Arts Groun (ar)

Ss Pre 1 Pre 2 Post ReËention

1

.,

3

4

5

6

7

8

9

10

11

I2

Totals

Means

s. D"

,,
(s.0. )'

'lo

1.9

)1

6"3

s"4

J.f)

4"6

6"4

2.7

2"7

¿..J

44.0

3.67

1" B3

3. 36

la

1.8

I.B

1()

6.6

qñ

4"8

4"1

8.0

J.ö

¿"t+

44 "7

? 71

2.06

1+. ¿J

¿.4

t.,

'ta

6.6

1.L

q^

6.2

)7

3,4

,.

Lt¿.1

1 '7^

1n

1q

tn

t"ð

5.6

/,a

7.0

L..+

1,1 ô

3.49

.T 4,,

? 11



))7

APPENDIX F (cont,d.)

MI.J DATA SUSÍARY TABLES

(Senfor Ss-paragraph Meaning)

Combíned Group (ar)

ås. Pre I Pre 2 PosE ReÈention

1

2

3

'4

5

6

a

9

10

11

72

Totals

Ifeans

qn

t(s.D.)'

2.6

3.6

2.0

L"o

1.8

¿.4

q.J

3"2

J.ö__.-_

33. B

2.82

1 ô1

1 ô1

tt.

1.5

¿"L

1.6

L"7

')^

)1

3.0

/, ')

3.0

4"0

37.2

,âñ

0. 95

0.90

)<

11

1a,

¿.5

1.8

?o

4"9

4.6

.+ "I

JJ")

2.96

1 't]

1 .)')

¿.)

J.t

I.ö

¿.o

1"8

¿.)

. ¿"J

q.I

x, ,)

J.U

J.ð

3? n

(1 '7',)

n q?



12e

APPENDIX F (conr,d")

RAI^I DATA STI}ftfARY TASLES

(Senlor Ss-paragraph Meaning)

ldathematics Group (r:)

Ss Pre 1 Pre 2 Post Retention

I

2

a
J

5

6

a

()

Totals

Itfeans

s.D.
.)

(s.n.)'

3.4

2.8

¿.5

?'l

10

2A

')'l 1

n 11L"IL

0.54

0.29

4.1

ta

'lo

I"TJ

J"4

)o

'la

21 t

) A<,

n a"

0.69

¿+.1

70

¿.o

10

J"¿+

¿.J

¿J.)

) ot,

\t.o /

u.44

?7

2.6

.¿.J

J"I

J"1+

¿¿+.)

3 .06

U. bJ

0. 39



?2q

APPENDIX F (conr'd.)

RÄW DATA STNO{ARY TÂBLES

(El e¡nentary SS-Arl thne tic )

Language Arts Groun (a,, )

Ss Pre 1 Pre 2 Post Retentfon

5

6

-

I

9

10

11

I2

13

ToEals

Ileans

S "D.
a(s,D.)'

2.9

2.8

'lo

)-7

2.9

ta

J."J

1.6

1.6

1-,

r"6

1.5

28 .5

0.64

0.4L

)o

/x

3.0

,)1
1ø L

2^

¿-o

?n

I. J

1.6

L.6

1"6

1FI.)

¿.)

1'7 1

a 1aL. LJ

0.63

n /,^

11
J.I

3.6

?o

L.J

3"4

)7

J.U

Lb

1A

1ã,

1.6,

1.6

r.4]-¡-

) l,t

O o'r

na1

^-

,<

J")

3.4

J"J

1" 6

L.6

1â,

1.6

1.5

r.-)

JJ. b

? qo

'l 
^t.

1" 0B

t
2

f



2?ã

APPENDIX F (conr'd")

R^l\r i)ATA SIDO4ARY TABLES

(Elementary lg_Ari Ëh¡.netic)

Combined Group (ar)

Ss Pre 1 Pre 2 Post Retention

1

2

I
J

4

5

6

aI

B

9

1n

11

l2

13

L4

Totals

lfeans

Qh

..,(s.D.)'

1t,¡.1

'f<

11

r"J

I.J

¿.)

L.4

11

1 _')

1ô-L.J

r"tl

1.)

r.4
'lO ar

r. Jo

ñ 1/,

0.02

L.4

1/,¿.n

1'l

¿.1

7"4

J-. J

¡{

1.6

l1

1,)

t. ?

1È

'ln

1Â q

¿" J5

rl 1l

nn"

'fc

1.6

_r.)

t\

7.4

I"6

1.6

1a¿"o

'l 'l

1/,

1.6

lç

1','

20 .6

t"L+/

0. 15

nn')

1ç,

1Ê.' ¿ÊW

I.6

¿")

1/.

1.6

1/

1"b

1/,

1.)

'l F,

I.6

r.4

¿.o

)) r.

1 aa

n?^

0.09



23r.

APPENIIIX F (cont'd. )

RAhI DATA SLßT{ARY TÄBLES

(lilenrenÈary S s-Arlthme t ic )

lfaÈhe¡natÍcs Group (a.)

Ss- Pre I Pre 2 Post Retentlon

I

2

5

6

B

9

10

Totals

ìfeans

S.D.
,)

(s. D. )'

1t

1.0

L"4

1.4

¿.+

2.3

1ç

¿.u

?n

1.8

17"0

1" 70

0.47

0.22

12

1.1

r.2

lq

11

1.7

1.5

L.7

t,

'tA

'lq n

1 .50

0. 33

0.11

1q

11

1/,

J_ .4

2.6

1C

?o

,1

?\

19.5

I Oq,

0.62

0. 38

r.2

1ç

1.6

)"1

1/,

1c

?n

¿"4

10 7

7.97

n 1'7

n qo



APPENDIX F (conI'd.)

RAU DATA SMOÍARY TABLES

(Senior Ss-Aritlrnetic )

Language Arts Grouo ("r)

Ss Pre 1 Pre.2 Post ReËention

1

2

J

.+

5

6

B

9

10

11

I2

Totals

Means

S.D"
.,

(s.D.)'

1.6

1.5

1"6

r0"0

Q'

71

?q

5"7

ç1-*-:-
61" B

5"15

a 1^

9.58

1.6

I.6

1"6

10"0

6"6

o.J

t.ö

71

J.)

4")

4.4--..r_
56.5

4.7r

¿"ö/

o"¿I

L.6

1C.

1.6

10"8

7"6

Rt,

9"6

/.9

(+.ö

5.8

trt

66.9

5\a

1 {X

11 . r¡3

1.6

1.6

1a

1a

6.3

1Õ.t.o

L¿. O

R/,

4.4

q1

AA

oJ"/

5 ?'l

2 /,'?

1t n7



,, 11

APPENDIX F (conr,d")

RAI,¿ DATA SMO{ARY TABLES

(Senlor Ss-Arittunetic)

Cornbined Group (ar)

Ss Pre 1 Pre 2 Post RetentÍon

Í
l-

2

4

5

6

B

9

10

11

1)

To Ëa1s

ìÍeans

S. D.
',)
(s.0. ) -

J.t

J.ö

)7

?o

20

?o

q.u

¿{.)

5.6

J"Õ

6"6

49.L

4. Uy

r.07

1.15

3.6

J.J

10

J.U

3"6

J./

¿+"J

5.4

/, 1

¿+" l_

11

+o. /

3.8 9

L.34

r. B0

1R

/, 1

?n

/, ")

.,ç

/,A

5.2

ço

).u

52"9

4"41

L.L4

4"2

/, 1

)a

J"J

/+ "9

qo

ç,L

çn

-f1

)c"/

4 "s6

1.11

1 1aL"LL



)'1 /,

APPENDIX F (conr,d.)

R¡,I'¡ DATA STI}ft,fÁRY TABLES

(Senior Ss-Arithmetíc)

MathematÍcs Group (a, )

Ss Pre I Pre 2 Post Retentfon

I

a,J

5

o

o

Totals

lfeans.

s.D.
o(s.D")'

5"8

to

J.ö

??

3.9

5l

qn

1.5

34 .8

3 "87

I ?^

L"69

4.4

3.3

. ¿./

3.8

?o

¿rA

4.6

a ç,.)

I. U¿{

1" 09

b.5

?7

1Ã

J^Z

çt

qa

1tì o

4.32

1 É,^

¿"Jt)

50

J"/

,1

6)

Ãt

-1 .)

47.3

4.s9

'l oÁ,

1 p?



APPEIIDIX F (cont'd.)

R}.I1I DATA Sitt'ßfARy TABLES

(Senior Ss-Language)

Language Arts Group (a' )

Ss Pre I Pre 2 Post Retentfon

J-

1

.+

6

'7

To tals

Means

qn

2(s.D.)-

8.2

7"8

4.8

6.0

o7

1'7

,) /,

5. 59

, '7A

t "tJ

7.6

7.5

5"8

Q')

17

J.-L

17

¿¡1. )

). I9

Q/,

7q

ñ1

J.¿

4s"B

s 7?

¿.ot

7 1)

7.7

7 .5

L+ .'J

5"4

qÂ

1Õ¿.o

') ,t,

1n

4J. )

5"44

t.¿o



/ 1^

^PPENDIX 
F (conr,d.)

RAW DATÁ, SIJ1û.fARY Ti\BLES

(Senior Sq-Language)

Combined Group (ar)

Ss Pre 1 Pre 2 Post Retentlon

I

2

J

I

Totals

Means

qn

(s.n. ):

¿+,I

3.2

4.8

4.8

"l^ o

.t.¿J

0.7 6

0. 58

4.6

¿./

3.2

2a

L+ "4

J . t)U

0. B3

0 "69

3.6

?1

14 .8

3"70

0 "46

n11

q1

. 4"0

4.8

4.7

18 .6

t lF.t. o)

0 .46

0.22



APPENDIX .F (conr'd . )

R^i,T DATA SU¡OÍARY TABLES

(Seníor Ss-Language)

Mathernatics Group (a.)

Ss Pre 1 Pre 2 Post Retention

1

,

)

4

5

o

7

To tals

Means

S.D.
't

(s.0. ) '

?F,

to

2.7

t1

L+ "¿

2.5

L9 "7

2.8L

0 .66

0 "44

)1

.ta

L.O

1A

J.J

¿øJ

ñ2n

aq

?1

2L.6

?no

0.7 6

0"58

)a

?ô

¿"!

4.5

'1. /,

J"6
LT. I

?'ln

0.75

0.56



?1R

ITPPENDIX G

SII}O{AR.Y TABLE OF MEANS



APPENDIX G

SU}O{ARY TABLE OF
FOR ELEI'ÍENTAIìY

}ÍEANS

Ss

L/ord Meaning

Pre .'1 D-^ I_-_ * rre ¿ toSt Ret.

L.94 2.I2 2.45 2.44r.62 1.55 r.7 5 1. 851.73 1.60 1.Br r.B2
I.75 I.75 2.OO 2.04

Language Arts
Combined
Arithrnetic

;

X

¿. ¿J
1^o
L.7 4

r. 89

Paragraph Meaning

L.tt L./t I.79 1.Bl

Language Arts
Cornbined
Arithmetic

2.09
1 qo

1. 60

1 0/,

L.62

2.14
.I . OJ
I q7

') 't /,

I. OJ
l-. 04

X

2.08
1. 60
L.6I
L.77

Maths

Pre I Pre 2 Pos t Ret.

) 10

1.36
L.7 0

a 11

I. J)
i. so

L.qL

L. 47
r. 95

? \o
1. 61
I A7

X

\.45
I 7a

Language Arts
Combined
Arithnet Íc

;
J\



APPENDIX G (concrd)

SInßÍÄ,RY TABLE OI¡ }IEANS FOR
SENIOR Ss

240.

Word Meaning

P-re I Pre 2 post Ret.

3.47 3.26 3.83 3.67
2.99 2.89 3. 08 3.1s2.5I 2.61 3.32 '2.84

3.02 2.94 3.32 3.24

Language Arts
Combined
Arithmetic

Ã

X

3. s6
3.03
3. 13

J.I.J

Language Ar[s
Combined
Arithme t ic

3. 11 ? n? ? 1R 3. 11

X

3. 61
) 79

2.84

? 1l

Pre 1 Pre 2 Post Ret.

3,67 3.73 3.56 3.49
2.82 2.60 2.96 2.7s
2.7 r 2 .65 2 .94 3. 06

Language Arts
Combined
Arithmetic

4 .42 4. L¿ 4. B1 4.84

X

q lo
4.24
4._L

q.)q

Pre 1 Pre 2 post Ret.

s.1s 4.7r 5. 58 5. 314.09 3.89 4.4L 4.56
87 3.62 4.32 4.59

Language Arts
Conbined
Arithmetic

Pre 1 Pre 2 posE Ret.

s.s9 s.19 .s.73 5.44
4 .23 3.60 3. 70 4 .6s
?,8L 2.61 3. 09 3 . 10

4.28 3. 91 4. 33 4 .41

1

s.48
4.04
? orì




