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Ab stract 

Th is study compared the utility of c omputer as si ted instruc­

tion with more conv entional interper sonal tuition for teaching word 

recognition skills  to mentally retarded adults . A second aspect of the 

research was to eval uate acquis ition , retent ion , and transfer of 

learn ing us ing two c ommon methods of instruction ;  the se were error less 

discrimination ( word-focus only) and paired as soc iate learning (picture­

word focus) . Recognition of words was se lec t ed as the exp erimental task 

on the basis that th is was a practical academic area that trad itionally 

involves large amounts of teaching time , primarily with in th e realm of 

drill and practice procedures . 

The samp le c ompr ised 5 2  subj ects who were drawn f rom three speci�l 

education fac il ities in Palmerston North , New Zealand ( a  Special School, 

and two Vocat iona l Training Centres) . Subj e cts were screened initial ly 

on tests of visual p erc eption and letter discrimination to ensure that 
they posses sed requi site ski lls to benefit f rom partic ipation in train­

ing . Pre-testing was carried out to determ ine whether subj ects were ab le 

to r eca l l  or recogn i z e  any of the words to be taught . All subj ect s enter­

ing the exper iment knew two or less of 16 words selected for inclus ion 

in the training programmes . 

Subj ects wer e  randomly ass igned to c omputer as sisted instruction 

or individual tuiti on groups with 26  per son s  plac ed in each group . Within 

each group , sub j ec t s  were again randomly al located to receive error less 

d iscrimination or p aired assoc iate modes of instruction . This 2 X 2 

clas sification resu lted in 13 subj ects bein g  placed in each subgroup . 

Two modules each containing eigh t words wer e used for train ing . Both the 

ind ividual instruct ion and computer groups were given a total of 10 

tra ining sess ions , or five sessions for each of the two module s .  

A mod ified m icr ocomputer was interfaced with a sound-on-s l id e  

proj ector t o  provide both audio and visual instruction . Parallel teach ing 

programmes were developed for administration by computer or ind ividual 

tui t ion .  The f i r s t  programme (errorless discr imination) required subj ects 

to select target words from a s eries o f  inc reasingly comp lex word d iscri­

minations with no p icture cues provid ed .  A s econd teach ing method ( paired 

associate learning) involved the pair ing of p ictures and words . Sub j ects 

were ins truct ed to select target words f rom a list of printed items that 

mat ched referent photographs . Thirteen senior special educat ion students 

(Teacher s  Col lege Graduates )  carr ied out the individual training wh ile 
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the exper imenter supervised the computer b ased programmes .  

Progress in training was assessed by compar ing pre- and post-test 

performance on Wor d  Recognition (verbal lab elling) , Word Identif ication 

( pointing on cue) , and P icture-Word Matching . Tr ansfer of learning was 

evaluated us ing situational tests requiring that subj ects match pr inted 

words with real l i f e  ob j ects . Tests of retention were conducted four 

weeks after comp letion of training . A repeated measure s design was used 

with counterb alanc ing to control for po ssible con founding effects of list 

order (Modules) . 

The f indings revealed that b oth computer as sisted instruction and 

interpersona l  tuit ion resulted in very similar learning outcomes with 

regard to acqui sition , retent ion , and tran s fer of learning . No rel iable 

dif ferences were f ound b etween the two groups or modes o f  instruction 

in terms of training method . It was advanced that some common features 
- .t:  _ _  ..,.,...._ .... _'"" ....... A .: - ..... �-,,�+-;",., fo n U.L. !"'.l.VO.Lc.a..u.u..u."'-� ..L..&.&.��.L_.._._....__ ... ,-•o• active participatio�i sPlf-p��ing, over-

learning , and immed iate feedback) may have accounted for these equal 

gains in pe r formanc e .  

In respect to the question o f  the potential ut ility of micro­

pro cessor technolo gy in special education , th is res earch po int s to th e 

e f f icacy of computer ass isted instruction for drill and tutorial practic e .  

Specif ically , the computer prov ides a h igh ly structured learning exper­

ience that h as th e potential to ass ist retarded learners in organising 

input material s . Evidence from th is study sugge sts that computer related 

learning environments give the adult learner cons iderab ly more control 

of the teach ing s ituation , and provide con s istent reinforcement that is 

not so readily administer ed through conventional forms of instruction . 

Final ly , it was proposed that the relatively impersonal ,  though highly 

interactive , nature o f  the computer may avoid the triggering o f  percep­

tions of failure that can impede per formance of handicapped learners . 
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CHAPTER I 

INTRODUCTION AND OVERVIEW 

1 

Over the past two decades a great d eal of  attention in spec ial 

educa t ion h as b een directed at  programmed ins truc ti on and methods of 

individualised teach ing wi th h andicapped persons . I t  has long b een 

recognised that due to the wide range of intrapersonal and inter­

personal variat ions found amongs t mentally retarded people , training 

should be tai lored to meet individual needs . In s ome coun tries , 

no tab ly the Uni ted S tates of America , legislat ion has been enacted to 

help ensure that ind ividual p rogramme p l anning is us ed to ident i fy 

relevant educational obj ectives and level s  of ins truc t ion for each 

child ( PL94 / 1 42) . 

I t  h as general ly b een accep ted tha t  many mental ly retarded 

pers ons Are t:<!p�b!e ()f �:liu.tairting i.hems elves indep endently in th e 

community fol lowing adequate s o cial and vocational prepara tion 

( Golds tein , 1 9 64 ; Brown , 1 9 7 5 ) . But th is will dep end to a large ex­

t ent on the range of educational opportunit ies availab le to th is 

popula t ion , particular ly with regard to academi c ins truc tion in 

prac tical areas such as handling money , telling time , community 

awareness , s e l f  expression , re cognit ion and unders tand ing of impor tant 

writ ten symbols . Training of  thes e ski l ls requires a thoroughly 

s truc tured and planned programme over an ext ended per iod . Desp i t e  

evidence that sugges ts mentally retarded people can experience 

s igni f i cant growths in b ehaviour and l earning during late adoles cence 

and ear ly adul thood ( Brown , 19 7 5 ;  Clarke and Clarke , 1 9 7 3) , there i s  

a s erious ab s ence o f  continuing educat ion f o r  this population . 

I n  New Zealand , mentally retarded persons cons idered unab le 

to b ene f i t  f rom ins truc tion in a regular or special class , are 

p l aced in s pecial s choo ls locat ed in all  maj or centres . The New 

Zealand Education Act ( 19 64)  includes a general provis ion to ensure 

that a l l  such children receive an " approp ri ate" form of ins truction 

with in special education facili t ies unt il the age of 16 years . 

Foll owing this , many of thes e children enter workshops or training 

centres operated for the mos t p art by voluntary agenci es such as the 

New Zealand Society for the Intellectually Handicapped . But i t  is 

mos t  o ften the case that these adult training facilities take the 

f orm o f  occupational centres that primari ly focus upon development o f  
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voca tional skills with l i t tle or no emphas is on social educat ion 

involving academic preparat ion for skills of l iving . More recently , 

at tent i on has b een directed to some ways in which ass es sment and 

training can be extended to cover a full range of life  skills re­

quired to gain greater independence in society ( Ryb a and McDonald , 

1 9 7 9 a ,  1 9 79b ) . The training s i tuation itself  may b e  s elf defeat ing 

wh en individuals are not progress ively prepared to ass ume respons­

ib i l i t i es and roles which mus t inevi tab ly b e  met on discharge to 

the communi ty . 

The concep t o f  normalisation (Nirj e ,  1 9 6 9 ; Wol fensberger , 1 9 7 2) 

has encouraged the view that mentally retarded pers ons should b e  

p rovide d  with a full measure o f  human and l egal righ ts . The focus 

h as b een on making availab l e  th e kinds o f  opportuni t i es , experiences , 

and cond it ions wh i ch occur in everyday l i f e  and are cons is tent w i th 

b eh avioural norms for the mains tream of  society . In this s ens e , 

normalisation ref ers to a humani tarian rather than a psychological 

pr inciple . Res ervation has b een expressed by some wri ters ab out the 

manner in which the principle h as b een impl emented . Gunzburg ( 1 9 7 2) 

has arg ued that normalis ing concep ts tend to overlook ac tual de f i ci ts 

in the mentally handicapped where these exis t .  He exp resses concern 

that important prob lems o f  social and personal adj us tment can pers i s t  

even though the ind ividual h a s  b een integrated into new , more inde­

p enden t , but also more demanding l iving condi tions . Educat ion o f  

mentally re tarded persons needs to b e  cons idered i n  terms d i f f erent 

f rom a traditional acad emic s y ll abus d es igned for the younger normal 

chi l d . The purpos e o f  educat ion should b e  to provide an all- round 

knowledge which will help in adult life . Many aspects of the normal 

s chool curriculum represent non- useful acquis i t ions for this group 

and their learning requires f ar too much t ime ( e . g .  grammar , ari th­

met i c  rules) when the immediat e  t ask is to pave the way to d eveloping 

prac t i cal skil ls o f  communi ty l iving . 

Another concept which has  exerted a powerful inf luence upon 

h abili tation programmes for the mentally retarded is the principl e  o f  

adap t ive b ehaviour . This s tresses potential f o r  changes i n  learning 

and b ehaviour , thus r emoving the use o f  s tatic d es crip tors of intell­

igence such as the IQ and MA. The principl e  o f  adapt ive b eh aviour 

was first adopted by the Ameri can Association on Mental Def iciency 

( AAMD) who defined mental r e t ardat ion as: 



"referring to subaverage general intellectual f unctioning 
which originates during the d evelopmental period and is 
associated with impairment in one or more of the follow ing 
areas : (1)  maturation , ( 2) learning and (3) social adj us t­
ment . "  
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(Heber , 1 9 6 1 ) . 

''Sub average ' is h ere unders tood to refer to a p erformance that 

extends more than one s tandard deviation below the population mean , 

and ' general intellectual function ' as i t  is measured by one or more 

s tandardised intelligence tes ts . The developmental period is 

primarily regarded as the p e riod from the time of  b ir th to about 1 6  

y ears o f  age (Sattler , 1 9 74 ) . 

Widespread use o f  the adaptive b ehaviour criterion is exemp l if i ed 

through habili tat ion assessment ins truments like the Adaptive 

Functioning Index (Marlett , 1 9 7 3) , the Adap tive Behaviour S cale 

( Nihara , Fos ter , Shellhaas , and Leland , 1 9 69 ) and the Progress 

Assessment Charts (Gunzburg , 1 9 74) . All of these s tress the measure­

ment of  progress in training within the maj or areas o f  social , 

vocat ional , residential , and practical academic ski l l s . 

The s c ience o f  h ab i l i t ation me thods with moderately and s everely 

retarded persons is  of  relatively recent origin and c an be dated to 

the early work of O ' Connor and Tizard (1 9 5 1 )  and C larke and Clarke 

( 1 9 5 4 )  who demons trated the s o cial and vocational cap ab ilities o f  

mentally retarded ' p ersons who were given specialised training i n  

ins t i tutions and hospitals . I t  has generally b een accepted s ince 

that time that mentally retarded p ersons tend to underfunction when 

d enie d  opportunit ies to develop their p ersonal cap ab i lities . Consid­

erab l e  recognition is now given to the importance of community-b as ed 

training facilities that provide continuing educat ion in all areas 

o f  l i f e  skills development . 

Programmed l earning whi ch with its focus on the individual 

learner has received extens ive attention over the p as t  years , offered 

much promise in the f ield of education with moderately and severely 

retarded persons . Training features o f  programmed ins truction (e . g .  

small steps , active participation , immediate f eedback, s elfpacing and 

testing) have been well documented in the literature (Gagne, 1970; 
Brown, 1975; Clarke and Clarke, 1974). These learning principles 

have encouraged p ractitioners to examine both their goals and methods 

of instruction and have l ed to detailed evaluation o f  the progress 
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o f  ind ividuals in learning various types o f  material (Beas ely , 19 7 4 ) . 

On the surface at  leas t i t  would seem tha t  th is appli cat ion of 

princ iples of learning th eory in the form of p rogrammed ins truction 

should have given a s i gnifi c ant boos t to the education of mentally 

retarded persons . S everal detailed reviews on programmed ins t ruction 

in spec ial educat ion have been provided by S tolurow , ( 1 9 63) ; Greene , 

( 1 9 6 6 ) ; Malpass , ( 1 9 68) ; and Haskell , ( 1 9 6 6) . The general conclus ion 

aris ing from all o f  thes e r eviews seems to underline the fact that 

wh ile programmed ins truc t ion is an effective means o f  teaching the 

mentally re tarded , there is little evidence to suppor t  th e contention 

that this app roach is more beneficial th an o th er convent ional me thods 

( Blackman and Capobianco , 1 9 65) . Several reas ons may b e  advanced for. 

th is finding - lack of t rained pers onnel , incons istent application 

o f  methods and materials , large variat ion in type and content of 

teach ing programmes . Limi tations of thi s  sort  may h ave prevented the 

p r inciples of learning f rom being given a t rue test ( B eas ely , 19 7 4 ) . 

I t  i s  particularly no table that many o f  the s tudies t o  date have been 

c ar r i ed out wi th educable ment ally re tarded p ersons while there i s  a 

p au c i ty of res ear ch concerning the appli cation of programmed learning 

w i th the more s everely handi capped . Educational programmes that teach 

word recogni t ion (Hol z , 1 9 7 6 ) , numb er skills ( S train , 19 74)  and 

budg e t ing and banking ( S andals , 19 73) have b een succ es s fully taugh t 

t o  mentally re tarded p er sons by means of p rogrammed learning and 

computer ass i s ted ins truction . 

The appli c a t ion o f  p r inciples o f  p rogrammed ins truction with 

mor e  severely r e tarded p ers ons has o f ten made us e o f  automated 

machines rather than conventional materials ( e . g .  H ively , 1 9 6 4 ; Haskell , 

1 9 7 1 ) . This tendency is a t tributable to the fact that special p urpose 

mach ines can be cons truc ted in such a manner as to elicit a res t r i c ted 

s t imulus-respon s e r elationship for p ersons o f  low cognitive abil i ty .  

But difficulties in designing machines that are reliable and cap able 

of b e ing used by handi capped persons and not p rohib i tive in cost h as 

res t ri cted the d evelopment o f  thes e automated teaching aids . A later 

s e c t ion of this thes is will cons ider the problems associated wi th the 

d evelopment of thi s  educat ional technology . 

A cons ider able amount o f  work has b een carried out on the 

application of au tomated procedures for t eaching word recogni tion and 

unde rs tanding o f  writ ten s ymbols ( e . g .  Holz , 1 9 7 6; B easely , 1 9 74 ; 
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Vergason , 1 968) . Wi th advances in technology this res earch h as prog­

r es s ively made use of mechanical teaching mach ines , large , t ime- shared 

computer sys tems , and more r ecently , mi croproces sor based computers. 

The rationale for all of these approach es has be en based upon th e 

p r inciples of programmed ins truction . Yet this fascinat ion wi th au to­

i ns truct ional techniques has at bes t  p rovided fragmen ts of evidence 

to s upport the content ion that programmed learning is more e f f e c t ive 

than tradi t ional teacher b as ed ins t ruc t ion . Technology-ori ented re­

s ear chers have tended to put mos t efforts  into validat ion o f  the h ard­

ware ( e . g .  Hallworth and Brebner , 1 9 7 6 ; Eaton , 1 9 7 5 ) while overlooking 

s ome of the b as i c  theoretical propos i t ions that have guided th e d evelop­

men t of learning programmes . 

Res earchers such as Dorry and Zeaman , ( 1 9 7 5 ) , Walsh and Lamb erts , 

( 1 9 79 ) , and Vergason ( 1 9 64 ,  19 68) , to name j us t  a few , have shed a 

great deal of l igh t on some of th e b as i c  p remises and theore ti cal 

i s s ues that underlay the t eaching o f  word recognition and compreh ens ion 

with handi capped persons . Yet desp i t e  this cons iderable body o f  

knowledge , much of the res earch on auto- i ns t ruction has fai led t o  

cons ider the wide range of res earch f i nd ings al ready availab l e  i n  

th i s  are a .  Moreover , many studies have attemp ted to validate the i r  

f indings o n  groups receiving supp lementary auto-ins t ruc tion ( e . g .  Holz , 

1 9 7 6 ;  Atkinson , 19 74) without comp aring th ese innovative approaches 

to more convent ional teachi ng me thods . Even though it can reasonab ly 

b e  argued that each s ub j ec t provides h i s  own b asel ine in a pre- versus 

pos t-programme design , the absence o f  comparison groups makes i t  

d i f f i cult  to gauge the ecological val id i ty of thes e automated p roced­

ures . Addit ionally there is  an abs ence of informat ion on retention 

and trans fer o f  learning that may resul t  from thes e experimental 

approaches . 

Widespread public interes t is  now b e ing shown in ways in whi ch 

microcomputers might trans form world society at all levels , p a r t icularly 

w i th regard to education . Whereas the age of teaching machines r an a 

reasonably s ilent course ,  being largely conf ined to h ighly specialised 

areas of research , the general availab ili ty of home comput ers has 

ushered in a new era o f  a lmos t univers al awareness that microcomp ut ers 

w ill play a s ignif icant role in human learning and modificatio n  o f  

b ehaviour . 



Purpose of the S tudy 

With th es e recent te chnological advances in mind , the purpose 

o f  this s tudy was two-fold, f irs tly ,  to evaluate the utility o f  two 

con t ras t ing approach es for t eaching word recognit ion to modera t ely 
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and s everely re tarded adults . The second purpose was to explore the 

e f f e c tiveness of computer ass is ted ins truct ion as a teaching aid in 

comp arison to mor e  trad i t ional forms of teach er b ased ins truc t ion . 

Two well known methods for t each ing word recogni t ion to mentally 

retarded persons were s ele cted for evaluation; these were errorles s 

dis c r imination ( e . g .  Edmark , 1 9 7 2) and paired ass ociate learning ( e . g .  

Vergason , 1 9 64) . 

Word recogni tion was chosen as th e experimental task on the 

b as i s  th at thi s  was a practi cal academi c area that traditionally re­

quires large amounts o f  teach ing t ime , p rimarily involving drill and 

prac t ice procedures . The task readily lends i tself to programmed in­

s truc tion us ing e i ther automated or pres crip t ive teaching me thods . I t  

was f elt that word recogni tion represents a f unct ional skill tha t is 

central to independence and d ecis ion making in community li fe . S ince 

few r eliable tes ts have been developed for  us e in as sess ing word re­

cogni tion of mentally retarded persons , a set  of ins truments was 

dev i s ed by th e experimenter to measure any changes in learning tha t 

migh t have occur red f ollowing participat ion in training . Ano ther 

as pect of the present s tudy was to examine the extent to  which s ub j e c ts 

could trans fer their learning to other real life s i tuat ions and re tain 

information for a period of  t ime af ter comple t ion of the training 

s es s ions . 

Becaus e of  the very rapid technological changes occurring in 

the f ield of elec tronics eng ineering , particularly with regard to 

microprocess ing , it  was f elt neces s ary to deal with some of the 

prac t ical p roblems and issues that are likely to arise as this educ­

at ional technology gains prominence in special education . Thi s  con­

cern s both the advantages and limi tations of microcomputer sys t ems as 

well as some of the social and psychological iss ues to be faced in 

the near future . 

At tention i s  also g iven in this s tudy to res earch f indings on 

cogn i tive d evelopment of mentally retarded persons , for i t  is r ecog­

nis e d  that the manner in whi ch information is process ed by a person 

( i . e. underlying cognitive processes)  will ult imately account for the 
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amount and type of learning that occurs . There are many problems and 

short comings to this and other relat ed research that mus t b e  consid ered 

when interpret ing the results of the inves t igat ion . An attemp t has 

b e en made to alert th e r eader to some of these issues in the following 

chapter . 
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CHAPTER II 

REVIEW OF RES EARCH ON INFORMATION PROCESS I NG: ACQUIS ITION , RETENTION. 

TRANS FER OF LEARNING 

In troduc tion 

The purpose o f  this chap ter will b e  to pres ent some res earch 

f ind ings on cogni tive character ist ics o f  the mentally retarded learner . 

Th ere is a cons iderable body of theore t ical knowledge that can be drawn 

upon to explain th e out come of training , y e t  i t  is of ten the cas e th at 

th is theory has no t been t ranslated into prac t i ce . An attemp t will b e  

mad e  in th is s ection to h i ghligh t  some of the p ro cedural variations 

that migh t account for th e extent to whi ch re tarded learners acquire , 

re t ain and trans f e r  their learning . 

Procedural Variat ions 

Early work by Harlow ( 1 949 , 1 950 ) has repeatedly demons trated 

that organisms can b e  taught a progres s ive s equence of dis cr imination 

problems . The main feature of th is work has b een to des crib e learning 

s e ts wh ich refer to trans f er of training amongs t  several problems in 

a s ingle clas s rather than the more common trans f er b etween p roblems 

o f  disparate clas s es or trans fer as soci ated wi th rela tively few prob­

lems in th e s ame class (Ka ufman and Prehm , 1966) . When a broad samp­

ling of learning is  ob tained wi thin mult iple p roblems of the s ame 

class (e . g .  word recogn i t i on ,  picture-word as s o c iation) , i t  is more 

f e as ible to  evaluate error factors and changes in problem d i f f i culty 

tha t  might affect  the learning process . I t  s eems reasonable to ex­

p e c t  that analys is of erro r fac tors will h ave direct applica t ion to 

unders tanding how mentally retarded learners proc ess informat ion 

presented in the experimental teaching s i tuat ion . 

Learning s e t  resear ch with retarded p ers ons is charac terised by 

wide procedural vari at ions . It is essential , therefore , to cons ider 

the range of variat ions and arrive at s ome useful frame of reference 

f o r  comparing the procedures and out comes of individual s tudies . 

F i r s tly , there are dif f erences associated w i th problem length , both 

w i th regard to the number of problems and the numb er o f  trials w i thin 

each problem .  I t  migh t  be the case for example that a researcher 

presents a large number of problems to subj ec ts such that each prob­

lem comprises a pairing of elements for a relatively small f ixed 
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numb er of trials . Th is approach is exemp l i fied in a s tudy by Parmen ter , 

Hauri t z ,  Ri ches , Ward , Ya tes and James (1 9 7 9 )  who pres ent ed two l i s t s 

o f  1 1  paired associate problems ( tool names ) to mildly retarded ado l e­

s c ents each day f or a per iod of ten d ays or a maximum of 2 20 probl ems . 

Another s tudy b y  Har ter ( 1 9 6 5) us ed 1 0  four- trial prob lems per day 

unt i l  s tuden ts were ab le t o  reach a mas tery level of 9 3  percent on 

four success ive problems . Convers ely , a small number of prob l ems may 

be pres ented for many tri als over a long or shor t time period . For 

ins tance , in a s tudy comparing Down's Syndrome and normal ch ildren , 

Girardeau (1 9 5 9 )  presented a single problem each day with a maximum 

of 50 trials per prob l em and mas tery criterion of 1 1  s uccessive correct 

res pons es . In general , l earning s e t  s tud ies have tended to make us e 

of between 5 and 10  prob l ems ( e . g .  Walsh and Lamb erts , 1 9 79 ; Dorry and 

Zearnan , 1 9 73)  for  teaching word recogn i t ion or comprehension . Other 

pro cedural variati ons invo lve comb inat ions o f  the two extremes prev­

iously mentioned . Ellis , Girardeau and Pryer , (1 9 62) for ins tance made 

use of a large numb er of t rials for each problem during a pre- training 

phas e and then swi t ched to a large numb er o f  p roblems wi th few trials 

dur ing the training phas e .  I t  is evident that variation in the leng th 

of problems will p l ay a part in learning out comes and should b e  taken 

int o  account when evaluating individual s tudies . 

Relatively li t tle at tention has b een paid to the effects o f  p re­

training experience in resear ch on learning s e t . Yet i t  seems likely 

tha t  the amount and type o f  prior training will exert an import ant i n­

f luence on learning outcomes . Often th e amount o f  training is  decided 

on the b asis o f  d egree o f  intellectual deficit in the samp le b eing 

s tudied . Adapt ion to the training environment and experimental task 

is s ubj ect to many o ther s i tuational f ac tors including presence or 

ab s ence o f  experimenter , type of verbal or nonverb al response , inter­

personal or machine-based ins truction ,  etc . 

Occas ionally s ubj ects  are given a pretraining sequence o f  problems 

tha t  are no t ass essed in the main experiment ( e . g .  Holz , 1 9 7 6 ) . Thi s  

s erves a s  a n  introduction to the task w i th sample problems tha t  are 

rela tively s imple f or the learner to mas ter . But it is mos t o f ten 

the cas e that pretraining is incorporated into the actual teaching 

s es s ions on the as sumption tha t  a learner has the requisite skills to 

participate in an experiment ( e . g .  Parmenter , et . al . , 1 9 7 9 ;  Dorry and 

Zeaman , 1 9 7 3 ;  Vandever , Maggart and Nas s er , 1 9 7 6 ) . This is a que s t ion­

able procedure as variations in the amount of pretraining migh t s ub-



1 0  

s tantially a ccount f o r  p rogramme d i f f erences . Indeed , there is  some 

indirect evi d ence to show that men tally re tarded learners do not 

init ially know where to focus their a t tention when confron ted wi th a 

novel learning task . But  once the retarded child dis covers the rel­

evant d imens i ons , he learns at a r a t e  similar to that of nonretarded 

ch ildren ( Zeaman and Hous e ,  1 9 6 7 ) . Th e  practical implication i s  that 

learning out c omes could r e flect accommodat ion to the requirements of 

a task , wh i ch will vary for each child , or acquis ition of knowledge 

following mas tery of the appropriate operational dimens ions r equired 

of the tas k .  At the ext reme , a subj e c t  migh t sp end all o f  h i s  

training t ime learning to s o r t  out r elevant d imens ions o f  th e task , 

and then demons trate rap i d  gains in learning toward the end of training . 

Thus , exper imental designs may not adequately tap "proces s "  variables 

w i th the e f f e c t  that spur ious est ima tes of content knowledge are made 

through as s e ssment of the sub j ect  matter alone . 

There h ave b een very f ew at temp ts made to sys temat i cally evaluate 

the e f f ects o f  various p r etraining p rocedures . One impor tan t  s tudy 

was carried out by Bowes and Wischner ( 19 59 )  who evaluated obj ect 

quality p roblems with 60 ins t i tutionalised mentally re tarded persons . 

Four groups were given d i f ferent numbers of training p roblems; group 

one was given 60 pretra ining p roblems , groups two and three received 

1 2  and 3 pre t raining problems , respec tively , while the f ou r th group 

r eceived no pretraining a t  all . I t  was found that there was a prog­

r e s s ive incr ease in error s  f rom group one through four for the f irs t 

6 0  problems . But alterna tion o f  the 1 2  and 3 problem pretrai ning for 

g roups two and three failed to d emons trate any differences in error 

rate  for thes e condition s . This sugges ted that the maximum 1 2  problem 

p re t raining condition was no more e f fective in es tablishing a learning 

s e t  than the minimum pretraining condi tion . More res earch along these 

l in es is required to gain some knowledge of pretraining variat ions on 

t ask performance . 

Low mot ivation is a maj or c ause of under functioning for hand i­

c apped p ersons . It is commonly accep ted that incentives and rewards 

may enhance learning and performan c e . Yet ther e  is o f t en an abs ence 

of informat ion on the role incentives migh t have played in individual 

s tudi es of l earning s et s . Many resear chers s imply do not dis cuss 

whether incentives , tangible o r  int angible ( formal/informal) migh t  

have contributed t o  the e xperiment al f indings . For example , i n  none 



1 1  

of the s tud ies revi ewed by Kaufman and Prehm ( 1 9 66 )  was it  pos s ible  

to determine if  variab le inc ent ives (usually candy and food ) were 

swi tched from trial to trial , problem to problem or d ay to day . 

Evidence relating to rewards is  found in s tudies cited by Clarke and 

Clarke ( 1 9 73) . Rewards seem mos t  likely to b e  effec t ive when given 

freq uen t ly and over small intervals . But the incent ives and rewards 

mus t  be meaningful t o  the person concerned and may t ake several forms 

includi ng concrete , verb al , competitive and social rewards. The ex­

tent to which these are used and the manner in which incentives are 

employed varies cons iderably amongs t research s tudies cited in the 

li terature . Heber ( 1 959 ) found that alternating from h i gh to low pre­

fer ence incen tives w i th each s ubj ect resul ted in decreas ed performance 

on motor tasks . The practical impli cation is  that res earch s tudies 

mus t  take account of pos s ible  incentive fac t ors that migh t  influence 

learning and performance on cognitive tasks . 

E tiological c l as s ification has not been control led for in mos t  

cogni tive s tudies w i th th e result that cul tural-fami l ial retarded 

persons are s tudied along with subj ects demons trating s ome genetic or 

organic dysfunc t ion. The s igni ficance of et iology i n  learning s e t  

formation i s  clearly demons trated in s tudies b y  Bowes and Wis chner 

( 1 959 ) and Wis chner , Braun and Pat ton ( 19 62 ) . In the former res earch , 

i t  was noted that when two d iagnos tic categories were used (mongolo ids/ 

cul tura l  familials) ·, d ifferent pretraining s chedules s ignificantly in­

fluenced mongoloid p erformance but had no effect  on familials. MA 

differences were no t a factor in these e t io logical effects . Wis chner , 

Braun and Patton ( 1 9 6 2) analys ed characteris tics of s ubj ects who 

failed to reach criterion at the end of training and no ted tha t  organic  

involvement was a f a ctor . S even out of twelve children who d i d  no t 

attain the criterion were known to have some form o f  c ereb ral dysfunc­

t ion (e . g .  microcep haly , Trisomy 23 , epi lepsy) whereas only three o f  

twenty subj ects who reached the cri terion d emons trated s imilar organic 

involvement . S tudi es s uch as these sugges t there i s  a need to i d entify 

etiological variation and att empt to control for organi c versus non­

organi c classification where poss ib le . 

Error Factors 

A maj or advantage of learning set  res ear ch is that it o ften 

affords a systema t i c  record o f  learning ef f iciency and measurement o f  

error factors operating at any stage i n  training . S everal error 
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factors includ ing pers everat ion , respons e shif t ,  pos i t ion prefer ence 

and differential cues h ave b een s tudied in mentally re tarded pers ons . 

All of thes e fac tors h ave been obs e rved in i nd ividual tui tion,  machine 

based teaching and comp u ter as s is ted ins truct ion . S timulus p ers ever­

at ion denotes a t endency to repeat incorrect  choices on sub s equent 

trials of an identical problem . Res earch by Kaufman and Pe terson ( 1 958)  

found that mildly retarded chi ldren were more l ikely to demons trate 

s t imulus perseveration errors than normal chi ldren of the s ame CA . 

Holz ( 1 9 7 6 )  found that some mentally ret arded children woul d  pers ever­

ate wh en asked to iden t i fy a target word from a fixed s equence of i t ems 

on a CRT s cr een during computer as s i s ted ins t ruc tion . This respons e 

set  was mod i f ied by randomly changing pos ition of the words prior to 

each trial . Pos i tion p reference ref ers to cons is tent responding to 

the same location on mul tiple choice p rob l ems (e . g .  lef t , r i gh t ,  up , 

down) . I t  w as noted b y  Ellis , Girard eau and P ryer ( 19 6 2) that mentally 

retarded persons showed a marked pref erence for posi tion in compar ison 

with normal pres chool s ubj ects; 83 p ercent o f  the severely mentally 

retarded group showed pos i tion preferences in contras t to only 31 per­

cent of the pres chool ch ildren . 

Respons e sh i f t  d e f ines a predilection f o r  explor ing or trying 

out both obj ects in a dis criminat ion learning t ask . This fac tor has 

been the sub j ec t  of res earch by Harlow ( 1 959 ) and Hous e and Zeaman 

( 1958) who a t tribute these errors to curios i ty on the par t of a s ubj ect  

who is  s imply " t ry i ng out"  both obj e c ts o f  a p r esented pai r . Related 

to this , House and Zeaman ( 1 9 6 3) s tress that mentally retarded persons 

need practice in l earning to attend to relevant dimens ions of a t ask . 

These res earchers hold to the view that a familiar s timulus should 

firs t be present ed in o rder to gain the l earner ' s  at tention and then 

gradual ly f ad ed s o  tha t  attention is  direct ed toward an unfamil iar 

but associated s t imulus . When teaching word r ecogni tion , for example , 

pictures are used to mediate a s trong a t t ention respons e ,  and then 

progressively removed to assure tha t  trans fer of  att ention is  shi f ted 

to the print ed wo rds (Dor ry and Zeaman , 1 9 7 5 ) . However as Walsh and 

Lamb er t s ( 1 9 7 9 )  h ave noted , children may experience difficulties in 

shif ting at t ention f rom a familiar s timulus (pi c ture) to an unfami liar 

s timulus (pr inted word) . From the princ ip le of leas t effort  i t  can 

be argued that when given a s t imulus tha t  is  readily identif i ab le and 

another wh i ch is no t ,  the child will at tend to the more f amili ar ob­

j ect (Samuels , 1 9 70) . I t  is evident that care mus t be taken in de-
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s ig ning an exper iment task to help ensure th at th e s · 1bj ect  has r eason­

ab l e  oppor tunity to dis cover the rel evant dimens ions of th e op erati on. 

Mul t iple choice discriminat ions involve s imultaneous ly rewarding 

a respons e to a s t imulus obj ect as we ll as pos i t ion o f  th e obj ect . 

Di f f erent ial cue errors refer to the frequency of errors th at oc cur on 

t r i als in whi ch the obj ect r emains in the same pos i tion versus errors 

mad e  when the correct s timulus obj ect  is  located in a new pos i tion f rom 

the previous trial . While there is evidence to suggest that r etarded 

sub j ects do no t differ f rom normal persons wi th regard to d i f f erential 

cue errors (House and Zeaman , 1958; Kaufman , 1955) , i t  is impor t ant 

dur ing pre tra ining to provide practice in deal ing wi th variat ions of 

s t imulus p lacement on the experimental task . 

Retention o f  Learning 

In order to be really b enefic ial , learning mus t  b e  recal l ed at  

a later t ime . Obvious ly the mos t impor tant factor is amount of recall 

o f  original learning . Vergason ( 1 968) c learly demons trated the d i f f i­

cul t ies chi ldren have in re taining new informat ion wh en he asked teachers 

of re tarded chi ldren to retes t words f rom previous spell ing t es ts . 

Th e  error rate was about 75 percent for the chi ldren even though they 

all had perfect pap ers at the time of f irs t tes ting . This is a r a ther 

salient exampl e  of the extent to whi ch previous ly learned ma terial can 

be forgotten in the abs ence of oppor tuni ties for overlearning . 

I t  has generally b een accep ted that the learning of re tarded 

persons can be accelerated when they are given practice in i denti fy ing 

relevant cues of a task . Zeaman and Hous e ( 1 963) have demons trated 

tha t  the higher the mental age o f  s ubj ects , the greater th e numb er of 

imp o r t ant cues whi ch they are likely t o  observe and respond to correc tly . 

Convers ely , s everely retarded persons are less able to identify pertin­

ent d imens ions of a given t as k .  Zeaman and House con tend that dis traction 

is linked to inab ility to ignore irrelevant dimens i ons and sugge s t  tha t  

thos e  s t imuli whi ch have l i t tle usefulness in guiding the sub j e c t ' s  

performance on a t ask should b e  d is carded . 

Vergason ( 19 68)  p rovides a compr ehens ive review o f  research in 

learning and attention tha t  is aimed a t  identifying some p ractices that 

t ea chers might employ to improve a ttention and ability of r et arded 

ch ildren to retain information . Following the Zeaman and Hous e ( 1 9 63) 

theoretical lines , Vergason advocates the use o f  teaching aids tha t  

enhance at t en t ion to the l earning tas k ; audio visual equipment ,  s ome 
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teaching machines , and televis i on are examples . The dis tinctiveness 

of s t imulus cues is also l ikely to inf luence the rate and amoun t o f  

learning . At tent ion t o  a relevant dimens ion should b e  very s trongly 

affect ed wh en the dis tinc t iveness of relevant d imens ions is enhanced; 

not only in original learning but trans fer as well . A detailed s tudy 

by Swi t zky ( 1 9 73 )  confirms tha t when the physical diff erences b e tween 

the cues were large , prob lems were learned quickly . Convers ely when 

the phy sical differences between the cues was small , prob lems were 

learned at a much s lower rat e .  There i s  also evidence from the work 

of Gol d  ( 19 7 2 ) to s upport the impor tance of teaching relevant task 

d imens ions to mul t iple handicapped pers ons . Working with a group o f  

64 mod erately and s everely retarded individuals , i t  w a s  found that 

s ubj e c ts who were g iven colour and pos i t ion cues on a complex as s emb ly 

task ( 15-piece b icy cle b rake) l earned the procedure at a s igni f i cantly 

fas ter rate than groups who worked on the par ts as they came from the 

factory .  The resul t s  sugges t that d if f icult  tasks wh ich utilize  more 

than a single relevant d imens i on are within the capab i l i ties o f  re­

tarded persons . For example, c omplex tasks such as elec troni c circuit 

board as sembl ies could be taugh t us ing colour coded parts and by put­

t ing the par ts in a part icular place on the board . Gold found high ly 

s igni f i cant retention ef fects one year af ter training and a t tr ibutes 

this to the us e of r igid criteria dur ing original learning . 

There are a numb er of s tudies which indicate tha t cer tain medi­

ation processes facilitate learning amongs t  retarded p eople . Early 

work by Hermel in and O ' Connor ( 1 958) found that trainab le mentally 

retarded pers ons were more ab l e  to learn a set  of paired ass ociate 

drawings when g iven a verbal l abel , compared to a control group given 

the s ame amount of training us ing rote memory only . More r ecent work 

by Brown and Hughson ( 1 9 7 2 )  also sugges ts that the manner in whi ch 

verbal ins truc tions are g iven is highly relevant to the learning o f  

tasks . Decibel level of information , the speed at  which ins truction 

is g iven , togeth er with the amount of relevant elements of language 

are fac tors that can influen c e  learning . Experimentation r evealed 

that a speed o f  about 95 words per minute is the maximum s everely r e­

tarded persons can retain in l earning new tasks . Doub l ing o f  the 

speed of verbal informat ion was shown to r esult in a t en- fold decreas e 

in p erformance . Moreover , the amount of relevant information is a 

s igni f icant factor ; that is , when plain and s imp le ins truc t ions are 
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presented , more effect ive learning occurs . Th is i s  cont rary to the 

tendency of many teachers who increase decibel level , speed up lang­

uage , and elaborate on verb al information wi th subjects no t able to 

unders tand ins truc t ions (Brown , 1 9 75) . These f ind ings are also con­

s i s tent w i th the work of McLeod ( 1 9 72)  who recorded social workers ' 

in terviews with trainees . The res ults demons trated that retarded 

adults exper ience cons iderable difficul ty in retaining interview in­

format ion as measured by recall thirty minutes later . I t  was found 

tha t subj ects remember more of their own s tatements than those of 

the counsel lor . An analysis of interview content confirmed that 

shor ter ( i . e .  les s than twelve minutes) , s imp ler interviews ( less 

verb al elabora tion) resul ted in g reater levels of retention . Pract ical 

recommenda t ions arising from the s tudy were that repetition of infor­

mat ion along wi th trainees verbal i s ing the content appear to increase 

the effect iveness of interviews . 

Language appears to be a key feature of med iat ion with retarded 

persons . Clarke and Cooks on ( 1 9 6 2 )  sugges t that over t verb al commen t­

aries by trainees on the work they are do ing may aid performance . 

S uppor t for th is as s umpt ion is also ob tained from s tudies by Luria 

( 1 9 6 1 )  who found tha t  l anguage can facilitate appropriate motor act iv­

i ty in younger ch ildren . S imilar ly ,  Wolff ( 1 9 6 7 )  found that concep t 

attainment was fac i l i tated through overt verb a l isation . His content ion 

is that overt verbalisation increases the sal ience and discriminab i l i ty 

of verbal cues necess ary for concept attainment .  

The prac t ical sugges tion of the above research is  that teachers 

can ass i s t mediation of learning by helping retarded individuals to 

see s imilarities and d ifferences of new material in relat ion to what 

they already know . Ins t ruction should be t ied to familiar elements 

that serve as a basis for learning relevant d imens ions of new tasks . 

Yet desp i te these research finding� relatively little attention is  

g iven in pract ice to procedures that are likely to mediate task a c­

quis i t ion and retent ion amongs t  mentally ret arded persons . Mos t  

cognitive s tudies have failed to at tend to factors that might influence 

mediation of learning and p rovide lit tle or no detailed account o f  the 

manner i n  which information was p resented to the learner . As mentioned 

earlier , there are large d ifferences in the amount and type of p re­

training used in experimental work . It seems reasonable to sugges t 

that a major emphas is during the pretraining phase should be to ass is t  
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the learner w i th developing med iat ion s trategies that will help ensure 

attent ion to r elevant operat ions required in the p erformance of a new 

task . 

I t  is commonly believed that mentally retarded persons learn at 

a slower rate and re tain less informat ion than intellectually normal 

people ( e . g .  Underwood , 1954) . More recent res earch , however , s uggests 

th at re tarded and normal subj ects may learn certain materials at the 

same rate ( Vergason , 1 9 68 ; Zeaman , 1 9 7 3 ) . This is especially the case 

with meaningf ul material though d if f erences in performance are apparent 

as the level of abs tractness and complexity increases (Heber , Prehm , 

Nand i and S ampson , 1 9 6 2 ) . There is  a growing body of evidence to be­

lieve that as s umed def icits in shor t  and long term memory are less 

evident where overlearning is p rac t i c ed . Thus repetit ion of the task 

af ter attainment of a minimum criterion is likely to lead to b e tter 

re tent ion over t ime ( Brown , 1 9 75 ;  Parmenter , Haur i t z , Riches , Ward , 

Yates and James , 1 9 7 9 ) . Th is is  ess ential b ecaus e when a handicapped 

person is t rans f erred to a new environment , overlearning helps to 

minimi ze ef fe cts  of s tress and fatigue that migh t otherwise result in 

dec rements of performanc e .  At a more intu i t ive level , one is left to 

ponder why r e tarded individuals are able to recall a name or certain 

types of inf o rmation over a period of years . Prac t i t ioners are aware ,  

for example , that persons need little formal ins t ruction to learn 

certain slang express ions and th eir correct conno tat ions . From a 

sligh tly d i f f e r ent perspect ive , there is evidence to ind icate that 

once a retarded person has learned something , thi s  b i t  of knowledge 

b ecomes very permanent indeed . Res earch on perseverat ion , position 

hab its and r e s is tance to ext inct ion uphold the fact  that it is ex­

tremely d i f f i cult to modify b ehaviour and learning of mentally re­

tarded people ( Brown , 1 9 75 ;  Lipman and Spi t z , 1 96 1 ;  S t evenson and 

Knigh t , 1 96 1 ) . In Skinner ian ( 1 9 6 1 )  terms , the b asic  t enet of 

programming i s  t o  minimise errors in learning . But errors can occur 

even wi th s imple motor skills like handling tools , us ing a t elephone , 

or holding a p encil . Th is means tha t  thes e b ehaviours need t o  be 

unlearned and becaus e  mod i f ication is very slow with handicapped 

persons , i t  i s  important that thes e e rrors do not occur in the firs t 

place . 

Vergason ( 1964)  provides s ome very convincing evidence r egarding 

the role o f  overlearning in acquis i t ion and r etention . Us ing an auto­

matic advance slide proj ector he individually t rained 64 normal and 64 

mentally retarded male adoles cents on a paired associate ( pi c ture/word) 
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learning task composed o f  thirt een i t ems . In o rder to determine th e 

extent to wh i ch retention was a f un c t ion o f  the amoun t of orig inal 

l earning , half of the s ubj ects were trained to a minimum cri ter ion 

while the remainder rec e ived addi t ional overlearning trials. Analyses 

of the original t rials r evealed that intellec tually normal s ubj ects 

were s uperior to the re t arded group on performance of a minimum t as k  

at  one and twenty days a f ter training . However ,  no differences on 

r etention of an overlearned task were found a f t e r  th irty days . Th e 

implication i s  cl early that retarded persons can benefit from p ro­

grammes that emphasise overlearning in acquis i t ion . Also us ing an 

auto- ins tructional procedure , Parmenter e t  al . ,  ( 1979) s tudi ed the 

effects of incidental learning in comparison to a more s t ruc tured 

paired assoc iate t ask . Mildly ment al ly retarded adoles cents , were 

f irs t given training on a conven t ional paired associate task ( tool 

names ) p resented by means of an automa tic slide  proj ector . Und er 

this cond i tion each s ub j ect worked individually and was ins t ru c t ed 

to at temp t to read the work pres ented prior to the exposure o f  each 

pic ture . Following thi s , subj ects comple ted a s econd training s e­

quence on an equivalent word lis t as above , but  in pairs . One o f  

the pair operated the p roj ector and attemp ted t o  name each tool prior 

to receiv ing recorded c orrect or incorrec t responses by pl acing a 

t i ck or cross oppos ite  words that were numbered in the s ame order 

as the s l ides appeared . The res u l t s  revealed that af ter ten 

training s es sions , pos t- tes t scores had s ignif i cantly improved f rom 

the respect ive pre- t es t  s cores for  each t reatment . But there w as 

no s ignificant d i f f erence between t r eatments i n  terms o f  acqui s i t ion 

or retention of words . Retention tes ts at intervals of one , f ou r , 

twelve and twenty-four weeks after t raining indicated a high l evel 

o f  retent ion over the s ix month f o l low-up period . In general , i t  

would s eem tha t  both incidental and f ormal ins t ruct ion were us ed 

success fully f o r  teaching word re cogni tion . The fact that b o th 

cond it ions r esul ted in s ignif icant r e t ent ion o f  informat ion over 

time is encouraging . But as th e authors no te , the incidental con­

d i tion may in fact b e  another form o f  paired asso ciate learning as 

the peer checking responses was f irs t exposed to a pho tographic s lide 

followed by a peer at tempt ing to s ay the name of each tool . 

In summary , the r e  is a conv in cing amount of evidence that mentally 
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retarded peop le can retain information over a period o f  t ime . However ,  

some cau tion should be exercis ed in app ly ing th is general des crip tion 

to more sever ely hand icapp ed persons as mos t of the s uppor t ive research 

has been d erived from s amp les of mildly retarded subj e c ts . Overl earning 

app ears to be a key f eatu r e  in re ten tion and is acknowl edged as one 

of the more impor tant learning p rincip les in the hab i l i tation f ield . 

For practical reasons such as time and resource l imitations , ther e is 

a p aucity of inf ormation o n  retention o f  word recognition amongs t more 

severely retarded groups . 

Trans fer of Learning 

Whatever the nature o f  a learning tas k ,  generalisation o f  training 

to o ther s imilar , though n o t  identical , s i tuations is an ess ential 

cri terion for d e termining the eff icacy of particular teaching methods . 

Yet  despite the obvious importance of trans fer of training for gauging 

the success of educat ional and rehab i l i tat ive ef forts , there have b een 

only limited a t temp ts to i nves ti gate the ex tent to whi ch mentally re­

tard ed peop le c an generali s e  new learning ( Kaufman and Prehm , 1 9 66) . 

Mor eover , relatively few s tudies have a t t emp ted to isolate cond itions 

und er which trans fer of training is likely to oc cur . Cons iderable 

procedural var iations in training , population sampling , use of in­

cent ives , and e tiologi cal class ification make i t  diff i cu l t  to def ine 

any general trends from th e body of ava ilable  evidence . Thus , an 

a t t emp t wil l  b e  made in th i s  section to b ring toge ther s ome of the 

mor e  pertinent f indings th a t  have aris en f rom previous research wh i ch 

migh t have prac t ical impor t ance for future work on the trans fer phen­

omenom . 

There is  no uni tary b ody of knowledge concerning t rans fer of 

l earning wi th mentally retarded persons and so an at temp t mus t b e  made 

to identify relevant information f rom a variety o f  sources including 

social psychological research , educational p sychology , and r ehab i l i t­

ation s tudies . Information on p rob lems wi th the t rans fer o f  social 

learning is availab le f rom Rosen,  Floor and Zis f ein ( 1 9 74 ) . Thes e 

researchers have extensively inves t igated the tendency o f  mentally 

retarded persons to b e  over ly compl iant and vulnerable to exp lo i tation 

by o ther people . The underly ing assump tion is  that acquies cence is a 

conditioned and p ervas ive personali ty d imens ion associated wi th shelt­

ered life s tyles either within a p rotective home or ins t i tu tional en­

vironment .  The results o f  th is s ocial psychologi cal res earch showed 
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that handi capped res i dent ial s tudents had a greater tendency toward 

acquies cence and beh avioural comp liance than a group of normal sub­

j ects ma t ched f or men tal age .  Group d i f f erences on poten t ially aver­

s ive or h armful items that involved requests for a subj ect to take a 

pill ( candy placebo) or submi t to an electri cal shocking devi ce ( i nnoc­

uous elec trical b uz z er) were used to h igh l igh t the vulnerab i l i ty of 

retard ed people . 

Zis fein and Ros en ( 19 74 )  carried out a fol lowup s tudy to eval­

uate th e effec tiveness of a pers onal adj us tment training programme 

des igned to decond i t ion acquies cent b ehaviour . This inves tigation 

revealed that mental ly re tarded persons had extreme d i f f i cult ies 

trans ferr ing their l earning from formal group sess ions to less 

s tructured prob l em s ituat ions posed in day- to-day life . For example , 

even tho ugh s ubj ects appeared to unders tand the dangers of indiscr im­

inately s igning a l e gal form in the group training sessions , they un­

hesit atingly s i gned a petition without exp l anat ion when asked to do 

so by a confed erate . In a s tudy th at explored si tua tional det erminants 

of acquies cence , Ros en , Floor , and Zis fein ( 19 75) found tha t alter­

ation of the phy s i c a l  set ting , s ex and app arent ident ity of th e person 

making the req ues t ,  amount o f  so cial coer cion and perc eived f ear , 

were impor tan t var i ab l es that inf luenced acquies cen t behaviour . 

Parallel ing thi s  res ear ch ,  Ryb a ( 19 7 6 )  demons trated that mentally 

re tarded pers ons were unab le to trans f er coping s trategies learned 

through b ehavioural r eh ears al and role play ing , to h andle s imilar 

problems in more common real life  events . Th e prac tical impor tance 

o f  these f indings is that training should b e  suf fic iently varied to 

ensure that subj e c t s  can respond appropriately to very s imil ar though 

not iden t ical s t imulus d imens ions . Training needs to s tress both 

attention to and reas onab le variation of relevant task characteris t i cs . 

Res earch on t eaching s everely mentally retarded persons to p er­

form complex vocational tasks such as ass emb ling b i cycle b rakes and 

electronic circuit b oards h as b een under taken by Gold ( 19 7 2 , 19 7 3 , 

1 9 7 4 ) . Resul t s  of this work showed that sub j ects have l i t tle d i f f i­

culty in trans f erring their learning from one psychomotor task to 

another . even when addi tional s timulus d imensions ( e . g .  colour coding) 

that were provided during original training are removed from the 

trans fer task . 

On the basis o f  these results , Gold contended that the use o f  
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colour , as a cue redund ancy with form ,  does not inhib i t  t rans fer to 

a form-only t ask so lon g  as overl earning is provided on the original 

training s equence . Thu s , an add i t i onal cue s uch as colour could b e  

employ ed f o r  t raining p urposes and then made r edundant once a criterion 

has b een reached . However , this is somewhat contrary to the theor e t ical 

propos i tion of  Zeaman and House (19 7 3) who pred ict that whe re the d i­

mens ion wh i ch was re levant in original learning is made irrelevant , 

and the previ ous ly irrel evant d imens ion is made relevant ( ex tradimen­

s ional shi f t - ED) , a negative trans fer effect  will occur . Whereas , 

intrad imens ional shifts ( ID) will arrange for pos itive trans fer of the 

attention response s ince the s ame s timulus d imens ion is relevant in 

both origina l learning and transfer . 

Further confirmat ion on the Zeaman and House (1 9 63) and Zeaman 

(1 9 7 3) theo ry is availab le from a s tudy by Swi t zky (1 9 7 3) who inves t­

igated cue d i s t inctiveness in learning and t rans fer of a visual dis­

crimination t ask . This resear ch suppor ted the view that ID shi f t s  

are learned a t  a s igni f i cantly fas ter r a t e  than ED shi f ts when subj e c t s  

were trained on relevant d imensions o f  l ow dis t inctivenes s in original 

learning . But wh en trained on high ly dis tinc t ive cues ( colour , shape ) , 

it was found tha t subj e c ts learned ID and ED shifts at the s ame rate . 

The resul ts also s ugges ted that when s ubj ects are trained in original 

learning on p rob l ems wh ere the rel evant d imens ion is of low dis tin c t­

iveness ,  they appear to learn a d imens ional mediator whi ch ass i s t s  

with t rans f e r  to a new task. Conversely , the u s e  o f  high d i s t inc t ive 

cues to h igh li gh t  relevant dimens ions during o r iginal l earning s eems 

to impede t r ans f er . One exp lanation for this af fect was that given 

highly d is t inctive s timuli , s ub j ects l earned t o  solve p rob l ems by 

responding to the obvious cues but f ailed to l earn any d imens ional 

mediators . On the b as i s  of thes e resul ts , i t  appears impor tant to 

d iminish progress ively the dis t inc t ivenes s  o f  cues dur ing t raining to 

help ensure that the learner is  ab l e  to l earn s ome d imens ional 

mediators whi ch trans f er to sh i f t  condi tions . 

Dis cuss i ons on trans fer f r equently make us e of the term 

"concep t a t t a inment" f or an explanat ion o f  how responses to new 

s ituations are learned as a result o f  prior experiences ( e . g .  Caro l l , 

19 67 ; Bruner , Goodnow and Aus t in ,  1 9 56 ) . However , there is  s ome d i s­

agreement regarding the definition o f  concep t s  as an explanatory con­

s truc t for t r ans f er of learning (Flavell , 1 9 70) . In line w i th the work 
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o f  Spradlin , Co tter and Baxley ( 1 9 73 ) , the term "stimulus class" will 

b e  used in this study because it contains less surplus meaning and 

does not imply shared physical charac teristics amongst memb ers of the 

s ame class . For instanc e ,  the printed wor d ,  " go " , a pic ture of a 

g reen light , and the aud io signal for crossing a roadway are all mem­

b ers of the s ame class s ince they all cont rol an iden tical movement 

r esponse . Related to this , Jenkins and Palermo ( 1964) and S idman 

( 1 9 7 1) sugges t that response equivalence para digms can b e  used to ex­

plain transf er . This is illus trated in the f ollowing diagrammati cal 

s equence: 

to 

STIMULUS 

* 1 .  Aud i tory word 

T 1 .  Aud i tory word 

2 .  Picture 

3 .  Printed word 

(might 

(might 

RESPONSE 

( controls) 

( cont rols) 

***THEN*** 

2 .  Po int ing to a pic ture 

3 .  Pointing to a pr inted word 

tend to control) 3 .  Pointing to a p rinted 
word 

tend to control) 2 .  Pointing to a Eicture 

In the above example , the subj ect has already learned to point 

pictures in response to spoken words ( *) . Training was then g iven 

in point ing to printed words in resp onse to spoken words (T) , followed 

by prac t ice in mat ching printed words to pic tures wi thou t d i r ect 

t raining . S idman also f ound that when the same subj ect was trained 

to point to p i c tures and referent words , he could also name the printed 

word . This s tudy sugges ts that equivalen t choice stimuli control one 

another ; and when one s t imulus is conditioned to control a new response 

then the other st imulus will also cont rol tha t response . I n  this 

sense , each s t imulus shares memb ership in a common class . 

Following up Sidman's work on s t imulus s e t s ,  Spradlin , Cot t er 

and Baxley ( 1 9 73) carried out a series of experiments to d e te rmine if 

es tablishing a common choice respons e was suf ficient to ob tain transfer 

when one of the condi tioned choices was used to control a new response ; 

with and wi thout d irect training . An auto-inst ructional d evice con­

taining a s t imulus panel and two respons e panels was employed to teach 

paired associates of geometric forms . S t imuli were d is played by means 

of a rear image slide p roj ector and s ubj ects responded b y  pressing one 

of the lower panels whi ch would a c t ivate a microswitch that a dvanced 

the slide proj ector . F eedback cons isted of a door chime for correct  

respons es and a buzzer for  incorre c t  answers .  

Result s  of this investigation showed that when a common respons e 

(Rl) is  condi t ioned to two s t imuli (Sl) and (S 2 ) , and a s econd response 
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(R2 ) i s  then cond i tioned t o  the f ir s t  s t imulus (Sl) , th e remaining 

s t imulus (S 2 )  will also control the second untrained respons e (R2 ) . 

On the bas is of this evidence it would s eem tha t  s t imuli which have 

not received d irect training but are in the s ame s t imulus class can 

cont rol a new respons e .  The prac tical implicat ion of th is work is that 

ment ally retarded persons can be taugh t to make a common respons e to 

a var iety of obj ec ts when given a relevant s t imulus f rom a known clas s .  

This again suppor ts the poin t that trans fer i s  likely to b e  enhanced 

when pract ice is given in learning to ident i fy d imens ional med iators 

with in a common class of s timuli . 

The preced ing research is by no means an exhaustive review of 

trans fer s tud ies but does s e rve to h ighlight some of the is sues and 

methodological p roblems that deserve fur ther s tudy . There is l i t tle 

known , for example , about the extent to which personal pref erence 

for cer tain s timulus d imens ions af fects trans fer . It seems likely 

tha t d imens ional preferences have been confound ed wi th med iational 

trans fer in many of the s tud i es to date . An impor tant ques tion that 

remains to be answered is whe ther or not subj ects learn dis criminat ions 

involving nonpref erred d imens ions as read ily as thos e containing pre­

ferred dimens ions . Another theoret ical aspect that seems wor thy of 

inves t igation is the extent to wh ich trans fer in ED or ID sh i f ts d e­

pends upon whe ther sh i f t  d imens ion is a preferred or a nonpref erred 

d imens ion . I t  seems poss ible that p ersons trans f erring toward pre­

f erred dimens ions will learn shif ts at a more rapid rate than when 

transf erring toward nonprefer red d imens ions (S h epp and Turris i ,  1 9 66) . 

Summary 

In summary , there are a number of p r inc iples emerging f rom s tudies 

on t ransf er that appear to have prac t ical importance for future exp er­

imentation . These  c an b e  s t a ted as general process factors : 

a .  Subj ects do learn to respond to a d is crimination cue which is 

common to a s t imulus class and appear to trans fer thes e d imens ional 

responses to s ubs equen t d iscriminat ion problems . 

b .  T ransfer o f  learning on tasks involving ID shifts appears to b e  

enhanced when opportuniti es for overlearning are p rovided . Thus , 

with a minimal criterion or just a f ew overlearning trials , i t  

seems likely that the relevant mediating r es ponse will b e  weak . 

Conversely , the s trength of relevant mediators increas es in p rop­

ortion to the numb er o f  overlearning trials . This is cons is t ent 
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c .  Cue d i s t inc tivenes s dur ing orig inal learning appears to affect 

trans f e r . There is evidence to s ugges t that when high ly dis tinct­

ive cue s  are provided , subj ects may learn to solve prob lems by 

respond ing to obvious cues while failing to learn any dimens ional 

med iators . 

The l i terature reviewed in this chap ter is  cons idered to b e  

representat ive o f  the d ivers e res earch that has been conduc ted i n  the 

cogni t ive d omain wi th mentally retarded persons . I t  is apparent that 

much work r emains to be done in an attemp t to identify process variables 

tha t accoun t for the ext ent to whi ch learning is  acquired , retained 

and trans f e rred to new s i tuat ions . Yet there is  a common set  of 

principles emerging from thes e s tud ies that b ear directly upon th is 

current res earch . The impor tance of overlearning , d is tinc tiveness 

of s t imulus cues , and development o f  a learning "set " are j us t  a few 

examples o f  th e research f ind ings c i ted here that of fer direction for 

future inves tigations . 

Th e p urpos e of thi s  study is to compare certain specific  ap­

proaches for teaching word recogni t ion to mentally retarded persons . 

On the surf ace at leas t i t  might appear that the behavioural nature 

of th is work does not lend itself to an examinat ion of underly ing 

cogni t ive p rocess es . Wh ile the maj or aim of this work is to conduct 

f ield trial s  on actual t eaching programmes ,  an attemp t will b e  made 

to align the experimental f ind ings w i th some preceding res earch on 

informat ion processing . This may s erve to explain the resul ts in 

more sub s tantial theore t ical t erms by providing a concep tual frame­

work for translating theory into practice . Unfor tunately , there has 

b een a tend ency amongs t  r esearch workers to overlook the theoretical 

foundations of learning when condu c ting applied res earch on education 

and trainin g  of mentally retarded p ersons ( eg .  Holz , 1 9 7 6 ;  Vandever , 

Maggar t and Nassar , 1 9 7 6 ) . The result of this has b een the emergence 

of isolated bits of information tha t  uphold certain t eaching procedures 

as being mor e  effective than others with no clear indication as to 

whi ch factors contained in the progr ammes appear to facilitate the 

learning p r o ces s .  This approach has for the mos t part failed to 

p rovide a s e t  of learning principles which have direct practical 

application in developing habilitation p rogrammes for use with 

hand icapped individuals . 
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CHAPTER Ill  

REVIEW OF RESEARCH ON TEACHING WORD RECOGNITION 

Int roduc t i on 

Att e ntion in this chap ter will  be given to s ome of the contras t­

ing app roaches that have b een emp l oyed for teaching mentally retard ed 

pers ons t o  recognize s o c ial s ight words. An a t t emp t will be made to 

d is cus s p ractical appl i cations of the d ifferent theories which are 

mos t  commonly used to explain the condi tions under whi ch learning is 

mos t l ikely to occur . S ome impor tant issues concerning the mode of 

pres enta t i on and us e of extra s t imuli for guid ing subj ec ts' respons es 

will also be discussed . 

Defini tion of a Soc ial S igh t  Vocab ulary 

In contras t with the trad i t ional view that moderately re tarded 

adu l t s  require a pro tec ted environment , it is now generally accep ted 

tha t  a far larger numb er of persons wi th intellectual l imitat ions can 

funct ion independently in the open communi ty than has b een assumed in 

the pas t .  But preparat ion for mo re ind ependent living requires tha t  

a hos t o f  life skills b e  taugh t through cont inuing educat ion . 

Prac tical educat ion programmes should primar i ly b e  directed toward 

the person achieving a measure of self suffic i ency and oc cupat ional 

competenc e .  Cons ideration of the role of educat ion in social hab i l­

itation o f  mentally r e tarded pers ons indi cates tha t  obj ectives need 

to be f or mulated no t as subj ects , e . g .  reading , writing and ari thme t i c , 

but rather as areas of competence s uch as g e t t ing on w i th o ther peop l e ,  

b as ic ari thme tic for money handl ing , awarenes s of t ime , and the 

ab i l i ty t o  recognize functionally impor tant words (Gun zburg , 1 9 7 4 ) . 

All of these skills c an b e  cons id ered as fal l ing within the scope o f  

s ocial educat ion s ince mas tery o f  the above content areas largely 

d e termines the extent to which a handicapp ed p erson can b e  integr a t ed 

into society as a working and contribut ing memb er ( Crawley and 

Pappaniko u ,  1967) . 

For the purposes of this res earch the terms "social s ight reading" 

and "word recognit ion" shall b e  used interchan�abJ y to mean training 

in the r ecognition and unders t anding of certain written symbols . This 

can b e  d e f ined in terms of mess ag es that are commonly us ed by the 

communi t y  to give information and warnings in as short  and cogent 
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a form a s  pos s ible ( Gunzburg , 19 73) . Such words or  word combina tions 

as 'Bus S top' , 'Rai lway' , 'Push' , or 'Pull ' are of prac tical s ignif­

i cance and if a pers on can l earn to recognise and react app ropr iat ely 

to thes e symbols , then a maj or purpose of literacy has been achiev ed. 

Common g rocery and tool i t ems should also be included in the social 

s igh t vo cabulary as knowledge o f  thes e f amil iar i tems is reinforced 

through experiences in r eal l i f e . This may in turn provide the 

person w i th a greater s ens e of awareness and control over the community 

environment in wh i ch he l ives and works . 

Re cognit ion of  words is mos t  of ten taugh t to groups or ind ivid­

uals by us ing a b lackb oar d ,  f lash cards , or s pecial read ing books . 

For example , Gunzburg ( 1 9 73 )  has developed s e t s  of  f l ash cards and 

correspond ing books ( 'CLUMSY CHARLIE ' and 'OUT WITH TOM') for the 

purpose o f  teaching a s oc ial s igh t vocabulary to ado l es c ents and 

adul ts . I t  is no tab l e  also that Gunzburg des cribed s ome practical 

approaches for teach ing word recogni tion by means of  commerc ially 

ava ilab l e  teaching mach ines . He s t resses , however ,  that thes e 

machines should prob ab ly b e  used in conj unc t ion with other teaching 

aids and as a means to reinforce traditional methods . 

Th e rat ional e  f or t each ing a social s igh t vocab ulary is bas ed 

upon the ob servat ion that an ind ividual has mas tered necess ary pre­

reading skills ( e . g .  at tent ion , mat ching to s amp le) to b enef i t  f rom 

s uch ins t ruct ion but is unlikely to manage r ead ing in the tradit ional 

grammatical sens e .  This is a funct ional definit ion that highlights  

the role of s ight read ing as  a s o c ial ' s urvival' ski l l  for persons 

who have , over long periods of t ime , cont inued to underfunc tion in 

the l earning of formal acad emic concepts . 

Ef fects o f  Extra S timulus Dimens ions for Teaching Word Recogni tion 

Teachers commonly make us e of extra s t imulus mater ial such as 

pictures , real obj ects  and s ound ef fects to introduce the meaning of 

new wor d s  or simply as  a means o f  get ting s tudents to pay attention 

to a learning task . Th i s  add i t ional s t imulus is of ten referred to as 

a "promp t" on the basis that it cons is ts of f amiliar mat erial tha t  

the learner can employ t o  help h im solve prob lems tha t  might o ther­

wise be too complex . Prompt ing can generally be def ined as a pairing 

of a " cue" , a s t imulus that w ill control a r es ponse on the complet ion 

o f  training , with a p romp t ,  a s timulus that currently controls a d e­

s ired respons e .  The us e of prompting in self ins tructional programmes 
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i s  usually bas ed on the assump tion that a shi f t  o f  control will 

occur f rom the promp t to  a new cue wi th wh ich the promp t is compared . 

Zeaman and Hou s e  ( 1 9 63 ) deal with the condit ions under wh i ch attention 

is likely to be shif ted from one s t imulus to ano ther and point out 

the problems mentally re tarded persons s eem to experi ence in sor t ing 

out relevant from irrelevant d imens ions . Although there is a large 

amount of res earch evidence to suppor t the use o f  promp ted training 

sequences , much r emains to be learned about cond i tions under wh i ch 

extra s t imulus d imens ions can be us ed to advantage (Anderson , 1 9 6 7 ) . 

There is much confl i cting evidence concerning the use o f  extra 

s t imulus d imens ions for teaching mentally re tarded peop l e  to recognize 

words . Several s tud ies d iscus sed later in this chap ter ( e . g .  Vergason , 

1 9 68; Parmenter e t  al . , 1 9 7 9 )  uphold the util ity of p i cture-word 

assoc iates wh ereas other r esearch (Walsh and Lamber ts , 1 9 7 9 )  has 

ques tioned the v i ew that at tent ion to an extra d imens ion ( e . g .  p i c tures ) 

will s treng th en responses ( e . g .  s ay ing th e word) to a cue wi th in that 

dimens ion . L i t t le is known about the manner in which printed words 

serve as a wi th in d imens ion cue . I t  may be , for examp le that the 

word's relation to a referent pic ture , if indeed it is no t i ced , is  

perceived by th e subj ect as  coincidental to  the learning of prin ted 

symbols . In f a c t  the pic ture could be the only aspec t  o f  th e paired 

s t imul i  that s tud ents are abl e  to proces s . 

Samuels ( 1 9 70) has argued th at f rom the principle o f  leas t effort , 

s ubj ects may a t t end to a f amil iar s timulus wh ile fail ing to at tend to 

ano ther dimens ion which is less readily i dentif iable . He ques tions 

the view that a s h i f t  in s t imulus control will occur across d imens ions 

f rom p i c ture to word . Evidence for this p ropos i tion is obtained f rom 

earl ier research ( S amuels , 1 96 7 )  whi ch compared word-p i c ture p res ent­

ations with word- only approaches f or teach ing kindergar ten children 

to read words . The resul t s  indicated tha t  s igni f icant ly more correct 

responses on the l earning trials were made by s ubj ects g iven word­

picture associations than by chi ldren rece iving word-only p r es entations . 

However , on the t e s t  trials i t  was f ound that when p i c tures were not 

used as promp t s , the no-pi cture group gave s ignif icantly more correct 

responses . 

Further evi d ence on the role of promp ting p rocedures is  availab le 

from the work o f  Duell ( 19 68) who compared promp t ing s equences tha t  

forced a s tud ent t o  notice wor d  cues versus promp ted sequences that 

did no t .  All sub j ects were f i r s t  presented with a card containing a 

. . 
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picture and referent word . Chi ldren in the for ced promp t ing cond i t ion 

were then given a s e c ond card disp lay ing th e target i t em and a dis­

trac ter word with no pic tures . Convers ely , subj ects in the unen for ced 

cond i t ion were shown a card containing two words and corresponding 

pictures . Children were free to point to e i ther the pic ture or the 

printed word , the as s ump tion being that the location o f  the ch ild ' s  

point would correspond to the focus o f  his a t tent ion . The resul ts  

confirmed that ch ild ren learned s igni f icantly more words when given 

a promp ted training s equence that forces them to no t ice a cue than 

when a s equence does not require use of the cue as a cond i t ion for  

giving a correct response . The p rac t ical implication o f  th is is th a t  

the des ired sh i f t  i n  stimulus control i s  mo re l ikely t o  occur wh en 

children are forced to  no tice the cue wh i le respond ing . 

Other s tud ies h ave repor ted p roblems associated w i th the u s e  o f  

pictures t o  t each wo rd read ing . McNei l  and Keislar (1962)  found tha t  

a ch ild ' s  pref erence for one pic ture over o ther alterna t ives could 

lead to  s elec tion of th e preferred i tem even if it were the wrong 

respons e .  As Hall ( 1 96 1 )  has po inted out , a maj or l imi tation of 

pictures as promp ts is that only a l imited number of concre te nouns , 

adj e c t ives , and verb s can be presented as p i c tur es . Ano ther short­

coming o f  pic tur es as  cues is that they may not reliab ly elicit  the 

same response; for e xamp le when shown a p i c t ure of a railway , one 

subj e c t  may say " r.ailway" , anoth er " t rain" , and a third person " r a i l­

road" . 

On th e b as is o f  availab l e  evidence th ere remains some doub t 

about th e value of u s ing extra s t imul i  for guiding respons es in the 

acquisit ion o f  a soc ial sigh t vocabulary . But there are no clear 

cut guide lines on the use of these materi a l s  and very favourab l e  

outcomes have b een a chieved with and wi thou t the us e of add i t ional 

cues . In the next s ection , a numb er of s tudies are p res ented to 

illus trate the many d iverse approaches that have been used for  

teach ing word recogni tion to  mentally re tarded subj ects . 

Research Findings 

A cons iderable amount o f  research has been carried out to examine 

learning and memory character is tics o f  mentally retarded persons . 

Many s tu dies have involved experiments with paired associate learning . 

Thes e s tudies call into ques t ion the s t ereotyped view that this g roup 
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is slower to learn and has poorer memory than nonretarded p e rs ons . 

There was , for example , a large numb er of success ive s tud ies conducted 

dur ing the late 1 950 ' s  and early 1 960 ' s  which showed little or no 

d if ference in the rate o f  learning paired-associates by retarded and 

nonret arded ind ividuals when matched for either chronolog i cal or 

mental age .  

Th e work o f  Vergaso n  ( 1964) ind i cated tha t retarded and nonre­

t arded subj ects learned a paired-ass ociated task at the s ame rate . 

To examine whe ther retent ion was a f unction of the degree o f  orig inal 

learning , Vergason trained one group of subj ec t s  to a minimum acquis­

i tion criter ion while ano ther group was g iven additional overlearning 

trials . A comparison of the groups revealed tha t  nonretarded pers ons 

were super ior to the r e tarded on retent ion of the minimum task af ter 

one and th irty days . B u t  when re tarded s ubj ects were given the addi­

t ional overlearning t r i als , i t  was f ound that their per formance equalled 

that of the nonretard ed group . The practi cal implicat ion ar is ing from 

this work is that retarded persons are likely to benefit  f rom programmes 

in which emphas is is pla ced on overlearning following acqui s i t ion of 

a task . 

In a follow-up s t udy , Vergason ( 1 966) inves tigated r e t ent ion o f  

a social s igh t vocabulary i n  re tarded ind ividuals us ing b o th tradi t i onal 

and auto-ins t ru c tional m e thods . Sixteen ch ildren attending special 

classes were equally d ivided into two groups and taught by e i ther 

t raditional or paired-as sociated me thods us ing an automatic slide 

proj ector with pairings of words and pictures . Training for  both 

t reatments was counterb alanced to control for o rder e f f e c ts . The 

results showed that r e t a rded children retained a high percen tage o f  

s ight words wh i ch had b e en overlearned through t raining by an automated 

p rocedur e .  The same group o f  subj e c ts were less able t o  r e t ain words 

learned through trad i t ional methods in a group ins truct ion s i tuation . 

I t  was f ound tha t  at  conclus ion o f  the training phas e there were no 

differences between the two methods of teach ing . But from one month 

through to f ourteen months , words learned by means of the au to- in­

s tructional d evice were r etained s igni fic antly b etter than those 

learned through a trad i tional p rogramme .  Vergason sugges ted tha t  one 

factor in f avour o f  aut omated ins t ru ction is  the consis tent manner in 

whi ch the paired-ass o c i ates are pres ented . Overlearning of a task 

was cons idered to be crucial for improving retention effects . O th e r  
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suppor t f or the teach ing of social s igh t words by automated ins truct ion 

is f ound in the work of Holz ( 1 9 7 6 )  and Malpass ( 1 968) . 

Mor e  recent wo rk by Parmenter et al . ( 1 978)  lends support to the 

use of a s ound on s l ide proj ector for teach ing paired- associate words 

to mildly mentally r e tarded adul ts . Trainees who had d i f f icul ty re­

cognis ing too l names were shown s l ides of the vari ous tools and asked 

to at temp t naming them .  Af ter a brief in terval , pre-recorded confirm­

ation was given by an audio cas s e tte , and a peer who accompanied the 

trainee recorded wh e ther the person und ergo ing ins truc tion was correct 

or not . The names o f  the tools were printed on a checkl ist  and numb ered 

cons ecut ively from one to twenty . Af ter each trainee comple ted his 

trials he revers ed roles with his peer. At no t ime were trainees en­

couraged to read the nanes of tools and it was assumed tha t  owing to d i f f i­

culty o f  the words , the trainee completing the checklis t would s imp ly 

fol low the numerical order of the s l ides . The rather unexpec ted finding 

was that trainees h ad inc identally learned to read the tool names 

dur ing the process of ch ecking peer respons es . This was , in effect , 

a paired- as sociated learning task in wh i ch names appe aring on th e l is t  

were ma t ch ed with the visual s l ides and aud io mes sages. 

In a s ubsequent s tudy , Parmenter et al . ( 1979) compared the 

inc idental learning method des cr ib ed above to a more s truc tured aud io­

visual read ing programme . Eigh t mildly retarded adults  were f irs t 

shown a s e t  of eleven paired-as s ociate i t ems . Each i t em cons is ted of 

two element s ; a tool name was d isplayed on a pho tographi c  s l ide followed 

af ter a b r i e f  interval by a pic ture of the tool . S ubj ects were in­

s tructed to a t t emp t reading each tool name . In a s e cond word lis t ,  

sub j ects worked in pairs and r eversed roles to check e ach o thers'p er­

formance .  Picture s  of each tool were disp layed along w i th audio con­

firmat ion o f  th e t ool name . I t  was not expec ted that s ubj ects would 

read the names under th is lat t er condition . A comparison o f  the two 

methods ind icated that both approaches were equally e f fective for 

teaching the s igh t words . Fur thermore , all o f  the trainees e f f ec tively 

retained the skil l  up to twenty- four weeks af ter training . 

Th ese s tudi es by Parmenter e t  al . ( 19 79 )  rais e importan t  ques tions 

concerning conditions under wh ich the mentally retarded are able to 

learn a paired-ass ociate tas k .  One pos s ib ility is tha t  the exper imental, 
procedures were e f fective for increas ing the organisat ional skills o f  

retarded persons . S upport f o r  this contention i s  f ound in the work 
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o f  Bilsky and Evans ( 1 9 7 0 )  who repor t a numb er of s tudies to illus trate 

that a charac teristic  feature o f  mentally re tarded persons is  their 

d eficit in ab ili ty to o rganise input mate rials . The practical impli c­

a tion is that trainees may be able to d evelop their own learning s trat­

e gies through more ef f i cient input organisation by means of au tomated 

audio-visual ins truc t ion . Moreover , b ecaus e the maj or obj e ct ive is for 

the individual to trans f e r  his learning to real life situations , it 

s tands to reason that the person mus t ult imat ely gain respon s ib ility 

f or his own learning . I t  also remains to b e  d e termined whe ther au to­

mated ins truc t i onal techniques are superior to individual prescriptive 

t eaching with r egard to acquis i t ion and reten tion of bas i c  reading 

s kills . 

In con t ras t to the paired-associate methods , other res earchers 

h ave b as ed their  approaches on the a t tention theory of Zeaman and Hous e 

( 1 963) . In this approach pic tures are used to ensure gaining the 

learner ' s  at t en tion , whi ch is cons i dered to be a mos t cruci al s tep for 

r e tarded pers ons . Th is theoretical posi tion s t resses that a charact er­

i s t i c  def i c i t  of the mentally re tarded is an inab ility to sort  out 

r elevant f rom irrelevant s timulus d imens ions in a learning task . 

Training is c onduc ted b y  gradually f ad ing the p i c tor ial s t imulus in 

e ach s ubs equent t rial while the word r emains f ully visible throughout 

the learning s eq uence . The word is thought to be more readily learned 

b ecause of a s trong a t t ent ion response mediated by the pic ture s timulus . 

Dorry and Zeaman ( 1 9 7 3) have offered three plaus ible reasons for the 

effectiveness of fad ing procedures . The f i rs t reason c an b e  s een in 

t erms of s t imulus gener alisation . In a pract ic al s ens e ,  th is principle 

predicts tha t  the clos e r  the s t imulus condi t ions are to those of tes ting , 

the less will b e  the g eneralisation decrement i n  performance .  The 

f ading s eq uence f orms a success ive approximat ion to the t es t ing con­

dition of word alone . In contras t to this , the s tandard method of 

pairing word and picture presentat ions y i elds a much larger s timulus 

shi f t  when the s ub j ect enters the t es t  condi tion of word alone .  A 

s econd explanat ion ass umes that a mixture of noncontingent ( clas s ical) 

and contingent ( ins trumental) condi tioning is superior to e i ther alone . 

The f ad ing trial s tarts out noncont ingently on the f ir s t  t ri al ,  but 

as the p i c ture fades on ensuing t r i als , the par adigm becomes contingent 

or ins trumental in nature . The third r eason of fered in preference of 

fading can b e  s een in t erms of atten t ion theory . There i s  no g uarantee 
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in the standard paired-associate me thod that the subj ect will a t t end 

to the writ ten word; all tha t is required for a correct response in 

training is to obs erve the p icture . Convers ely , the fad ing proc edure 

encourages a grad ual shi f t  o f  attention f rom the fading picture to 

t h e  relat ively salient (non f aded) , printed word . 

Research by Dorry and Zeaman ( 1 9 75) has illustrated the value 

of f ading procedures in comp arison to o th er approaches for teach ing 

s o c i al sight read ing . Th ir ty-s ix nonread ing re tarded ch ildren were 

pretes ted to determine whether they were able to recall or recogni se 

any of the words to b e  trained . Each of the children was then given 

a s tandard recogn i tion pre- t raining to ensure that they were f amiliar 

with the verbal names o f  i t ems to be taugh t .  Ch ildren were ass igned 

to one of four groups us ing mixed , control , faded and s tandard p ro ced­

u r e s . The faded group was trained by presenting words and p i c tures 

together on the f irst  tr ial ; then on each of five sub s equen t t r ials 

the picture was gradually f aded out . The s tandard group fol lowed 

the same training sequence but wi th no p i c ture fading . The mixed 

group received alternat ing t rials of word-and-picture (unfaded) and 

word alone . The control group were exposed to al ternat ing trials 

of word- alone followed by p i cture-alone . As was originally hypothesised 

the fade condi t ion yielded the best results and the control cond i t ion 

the poores t .  Subj ects in the mixed cond i t ion did better than thos e  

exposed t o  the s tandard paired-associate method but no t so well a s  

thos e  i n  the fade cond it ion . The s t andard cond ition was shown to b e  

slightly superior to control subj ects but less effective than e i ther 

the mixed or fade methods . Ins tr uc t i on for all groups was car r i ed 

ou t  on an ind ividual b as is by training s taff and no automa t i c  t eaching 

p rocedures were employed . 

In direct contras t to the work o f  Zeaman and Dorry ( 1 9 7 3 ,  1 9 75) 

it was found by Walsh and Lamber ts ( 1 9 7 9 )  that adoles cent ment ally 

re t arded persons learned a greater numb er of so cial s ight words us ing 

an error less d i s c r imina tion method than they did wi th a cue f ad ing 

technique . Und er the errorless d is crimination procedure s tudents 

wer e f irst taught a target word that appeared alone and then h ad to 

match-to-sampl e  f or a l is t  o f  d is cr iminat ion i t ems that increased in 

complexity over sub s equent trials . The ine f fectiveness of cue f ad ing 

procedures was tentatively interpreted as a f ai lure of sh i f ting of 

con trol from p i c ture to pr inted word . Whereas Dorry and Zeaman ( 1 9 75 )  
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argued tha t  a chain of two responses is necess ary for s i gh t  word 

learning by retarded s tudents ( a t t end ing and transference of at tention 

to the word ) , it  is conj ec tured that the second s tep may no t au to­

mat ically follow from the f irs t .  Th is view i s  suppor ted by Samuels 

( 1 970) who proposes tha t when children are confronted w i th a stimulus 

th at they can read ily identify and another whi ch they c anno t ,  they 

are l ikely to at tend to the forme r . Walsh and Lamberts also sugges t 

that the f ading procedure alone migh t  have high s t imulus value for 

the chil d .  That is , the ch ild a t t ends to a novel illus trat ion of an 

obj ect disappearing and fails to focus on the printed word . 

Support for the e rrorless d iscriminat ion procedure is  also 

f ound in the work of Vandever , Maggart and Nas s ar ( 19 7 6 )  who evaluated 

three approaches to beginning reading ins truc t ion with mentally re­

tarded ch ildren . Thes e  researchers conclude that errorless discrim­

ination programmes such as Edmark ( 1972) are s uperior w i th children 

f or whom the prognosis for f uture success in read ing is mos t  guarded . 

However there are some proble ms w i th this method as i t  tend s to fos ter 

r ap id ini tial learning at  the expens e of trans fer . S amuels and 

Jeffrey ( 1 966) found th at ch ildren make use o f  cues s uch as beginning 

and end ing let ters wh i ch work when words are h ighly d i s cr iminab le but 

do no t work when s t imulus i t ems are very s imilar . I t  was found that 

when chi ld ren were tes t ed on words having the same firs t o r  last 

let ter as the taugh t words , they mis took them f or words f rom the 

original l is t .  Des p i t e  th is shor t coming , i t  appears that the error­

less discriminat ion approach is  l ikely to be e f f ective wi th th is 

population . 

s�ary 

I t  i s  clear f rom pre ced ing r esearch tha t  there is  a great deal 

of confli c t ing evidence concerning the manner in whi ch b as i c  s igh t 

r eading skills can mos t e f f e c t ively be taugh t t o  mentally retarded 

persons . Differences in experimental methodology , chronological age 

of subj ects  and individual versus group ins truction make i t  exceedingly 

d i f f icult to extract any common f ac tors that might account for vari a­

t ions in l earning . Importantly , no attempt h as b een made to compare 

both s tand ard paired associate and errorless d isc�iminat ion procedures 

in terms of automat ed i ns truct ion and trad i t ional teach er-dominated 

training . There is  a need to fur ther explore and ident i fy condi t ions 
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that are l ikely t o  facili tate the d eve lopment o f  read ing ski lls w i th 

mentally retarded adults . The lack o f  a f i rm theore ti cal base has 

g iven rise to adhoc teach ing methods without cons ideration for l earn­

ing principles tha t could exert an impor tan t  inf luence upon the 

acquisit ion of a func tional reading vocabulary . 

With th i s  conf l i c t ing evidence in mind , this present res earch 

seeks to compare two frequently us ed methods for teaching word 

recognition . The f i r s t  of these procedures involves the pair ing o f  

p i c tures and words in whi ch the subj ect mus t select each target  word 

from a list  of p r in ted it ems (paired assoc iates ) . A second method 

is a s traight word approach that requires s ubj ects to select targ e t  

words from a s eries o f  increas ingly compl ex d iscriminations w i th no 

p i c tur e cues p rovided ( er rorless discr im ina t ion) . While th is s tudy 

makes use of automat ed procedures under compu ter control , i t  was 

deemed es s ential to compare also the two methodologi es using mor e  

convent ional individual tui tion presented o n  a one- to-one bas is . It  

was felt that this would provide a meaning ful f ramework in wh i ch to  

compare the teaching methods wh ile concurrently exploring practi cal 

app licat ions of computer technology us ing parallel procedures in 

providing ind ividualised ins truct ion . This avo ids some of th e short­

comings of previous research that have aris en f rom a fas cinat ion 

w i th techno lo g i cal innovat ions and resul t ing disregard for the s ub­

s t antial theo r e t i cal and practical b as e  that has been developed on 

t eaching word recogni t ion to mentally re tarded adults . 



34 

CHAPTER IV 

REVIEW OF RES EARCH ON PROG RAMMED INSTRU CTION AND AUTOMATED TEACHING 

IN SPECIAL EDUCAT ION 

Introduction 

Th is ch apter provides a detailed discuss ion on programmed 

ins truct ion ( P I) and automated teach i ng devices r ecognis ing f rom the 

view that thes e methodolog i es were d eveloped to t each one person at 

a time using a predetermined sequence of learning materials . Nei ther 

programmed ins truc t ion nor au tomated teaching methods are s een as a 

s ubset  of the othe r s ince both of thes e  s tress the sys tema tic applic­

at ion o f  learning pr inc iples in a med ium which is  intended to allow 

the learner t o  progress at  his own rate of s tudy . It  was deemed 

es s ential to p rovide a his torical perspec tive that highligh ts the 

evalua t ion of automa ted i ns truc t ional devices from electromechanical 

teaching mach ines through to the p res ent day microcomputer . Very 

recent advances in microprocess ing t echnology are likely to have a 

s igni f i cant e f fect on the application of automated ins truct ion in 

special educa t ion . Fo r th is reason , i t  is important to unders tand 

advances in educat ional t echnology as these per tain to the teaching 

of hand icapp e d  persons . While i t  is b eyond the s cope of this s tudy 

to provide a comprehens ive his torical and techni cal account , an 

a t temp t has b een made to review s tud i es that illus trate the d evelop­

mental s equence of machine- and compu t er-based instru c tion . At tent ion 

is als o  given to the problems and i s s ues as sociated w i th th is educat­

ional technology . 

A Process Def inition of Programmed Ins truc tion 

Programmed Instruct ion (P I) is  primarily associated w i th the 

work of Skinner and his colleagues in the mid 1 9 50 ' s  ( Skinner , 1 9 5 3 ; 

1 9 68) . Development of these P I  proce dures was f rom earlier work on 

operant condi t ioning and the ext en t  t o  wh ich b ehavioural princ iples 

could b e  employ ed in educational envi ronments . The S kinnerian approach 

made us e o f  linear programming in whi ch material was arranged in a 

unitary ordered sequence such tha t  the s tudent mus t proceed from the 

f irst f rame of information through to the las t programme uni t . Skinner 

s tressed tha t  the technical problem of provid ing the necess ary in­

s trument aid could eas ily be managed through the us e of inexpens ive 
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t each ing devices which arrange necessary contingenc ies of learning. 

He noted th at the advantages of thes e devices include immed iate re­

inforcement for correct responses , active participat ion in learning 

through manipulat ion of the machine , and self  pac ing ins truct ion in 

which e ach child progresses at his own ra t e .  Ma terial can be care­

fully d es igned so that one p rob l em is presented at a t ime with add i­

t ional s t eps inserted where s tudents tend to encoun ter d i f f iculty . 

Dur ing the early 1 9 60 ' s ,  definitions of programmed ins truc t ion 

were p r imarily t ied to recogni s able aspects of format ( small frame , 

respons e requirements , branch ing capab i l i ty , et c . ) .  Bu t as Susan 

Markle ( 1 9 6 7 )  pointed ou t ,  such definitions unnecessar i ly res trict 

the range of materials tha t  can be called " p rogrammes " .  She p ropos ed 

that ins tead of focus ing upon the charac teris tics of th e product ion , 

d e f ini t i ons of PI  should be centred on the charac teris t i cs of th e 

process of development . Markle suggested that an ins tructional p rog­

r amme b e  defined in emp irical t e rms as a "reproducib le s equence o f  

ins truc t ional events des igned to produce a measurable and cons is tent 

e f f ec t  on the behaviour o f  each and every accep t able s tudent" . In 

this d e f inition ,  emphas is is obviously p lac ed upon validated ins truc­

t ion and the extent to whi ch PI  is a rel iab le procedure for bringing 

ab out changes in learning and b ehaviour . 

Bunderson and Faus t ( 1 9 7 6 )  have no ted that validated ins truction 

is a necessary but · not suf f i c i ent definit ion of PI . I t  may be the 

cas e ,  f or example , that a programme teaches irrelevant obj ect ives 

extremely well , wh ich meets Markle ' s  defini t ion of ext ernal validation 

while fail ing to  accomplish educat ionally worthwh ile goals . On the 

b as is o f  this argument , it can b e  seen that PI  needs to be def ined 

with r e gard to meaningfulness of obj ectives , techni cal accuracy of 

ins truc t ional conten t , and emp i rical validation of the extent to 

which s tated obj ec t ives of the programme can be met . 

A wide range of ins t ruct ional packages are now available  i n  

s everal media includ ing sound / s l ide product ions , televis ion programmes , 

and programmed textbooks . Thi s  scope of p roduc ts has led to some 

confus ion over a def inition of programmed instruction and a general 

loosen ing of wha t  is meant by the term PI . For the purpose of th is 

study , the view is taken that programmed i ns truction should include 

some attempt at emp ir ical vali dation such that s tudent ' s  performance 

is compared with the s tated aims of the p rogramme . Add itionally , PI 



3 6  

methods should d emons trate s ome form of problem analysis that f ocuses 

on r eal li fe performance us ing effective and e f f ic ient ins t ructional 

techniques . 

Programmed Ins truct ion Res earch 

The ini t i al thrust  of the programmed ins t ruc t ion movement b egan 

in the early 1 960's and the movement continues i ts rapid momentum to 

this day .  PI  w i th its emphas is upon the ind ividual learner showed 

much promise for improving educat ional p rogrammes for more severely 

hand i capped persons . The principles of programmed ins truc t ion ( small 

s teps , act ive par t i c ipation , immediate confirma t ion , self pac ing in­

s truction) caus ed educators to examine their obj ec t ives and methods 

in great de tail . This in turn , encouraged widespread evaluat ion of 

th e progress of individuals in learning and the manner in which 

teaching materials were pres ented . PI  was upheld as a cos t effective 

method that could increase performance capab il i t ies of hand i capp ed 

pers ons in a mor e effic ient manner than convent i onal forms of ins t ruc­

tio n . The PI era has b een characterised by the d evelopment of lit er­

ally thousands o f  programmes for normal children wi th small s t eps 

being the order of the day . Such ma terial is s o  f amiliar now that 

it  seems unnecess ary to take space here to des c r ib e  the various 

formats . 

By examining current educat ional practice in s chools for the 

men tally retarded , one can eas ily see that PI d i d  not have the des ired 

ef f e c t , especially w i th regard to more s everely hand icapped persons . 

The shelves began t o  f ill with unused programmes wh ich b ear mut e  

tes t imony to t h e  f allacy o f  small s teps and over t responding f o r  en­

sur ing ef fective ins t ruc t ion . In gener al , the claims of programmers 

far outreached their skill level with the delus i on that the PI formats 

could be eas ily p roduced . In the race t o  produce novel materials , 

lit tle at tent ion was g iven to evaluat ion s tudi es during the 1 960 ' s .  

It became clear during the late 1 960 ' s  and early 1970 ' s  that 

e f f ective progr ammed ins truction required sys t ema t ic and emp irical 

validation during the development proces s . The p roduct ion of p rogram­

med materials , especially PI textbooks , slowed down markedly w i th the 

realisat ion that thes e app roaches required a great d eal more p r epar­

ati on on the part o f  authors and pract itioners than was originally 

envisaged (Bunde rs on and Faus t ,  1976) . No doub t Skinner also under-
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e s t ima ted t h e  requirements f o r  oper a t ionalis ing P I  methods . He sel dom 

d ealt with the logis tics of accept ance and evalua tion of PI or the 

apparent as s ump tion tha t the e f f i c i ency of programmed approaches for 

enhancing performance o f  the learner wou ld d emons trate the e f f i cacy 

of these me thods . 

S everal comprehens ive reviews on the application of programmed 

ins truct ion in the spec ial educat ion f ield are available in the 

l i terature (e . g .  S tolurow ,  1963; Haskell , 1966; Hegar ty , 1975; Greene , 

1 966; Malpas s , 1968) . The conclus i on ar i s ing from these reviews i s  

that PI appears t o  be an effective me thod f o r  teaching mental ly re­

tarded pers ons . But as Blackman and Capab ianco ( 1965) have pointed 

out , there i s  an ab s ence of evidence to prove that PI  is more e f f e c t ive 

than trad i t ional teach ing methods . In fact Eigen ( 1965) , Lumsdaine 

and May ( 19 64) , and S t olurow ( 1963) have all argued agains t the use 

of res earch des igns wh i ch attemp t to  compare programmed ins truct ion 

with conven tional teaching methods . The maj or reservat ion these workers 

have i s  tha t  the two cond it ions thems elves are too ill-defined to 

permit compari son . In the s ame way that there is no " convent ional 

teach ing me thod " there is also no c ommon definit ion for "programmed 

ins t ruc tion methods " .  Large d i f ferences in procedure , content and 

organis a t i on of ma terial , and amount of training have made i t  d i f f i­

cult to compare the various P I  approaches . For example , in some 

s tud i es ma terial has b een pres ented comple tely by automated devices 

(B eas ley , 1974) , a typewriter keyb oard and a mul t iple choice apparatus 

(Malpas s ,  Gilmore , Hardy and Will iams , 1 963) , a manually operat ed 

teach ing machine (Hewe t t ,  1968) , and no machine at all (Davy , 1962) . 

Nevertheles s , a large number of s tudies can b e  cited as evidence 

that programmed ins tru c tion in its various forms , both automated and 

manual , is an ef fectiv e  means of ins tru c t ing mentally retarded p ersons . 

Early work by S tolurow , Peters and S teinberg ( 1960) demons trated 

tha t programmed ins truc tion for mentally retarded p ersons was an 

effective approach for  teaching word recognition . Inves tigating the 

e f fects o f  two procedures involving vocal conf irmation o f  printed 

words and promp ting with pictures of words , the results showed that 

the p romp t ing s equence was superior . Us ing a criterion o f  1 2  

consecutive correct responses , i t  was f ound that subj ects receiving 

confirmation only r equired approximately s even times as many trials 

to r each criterion . On recall t e s ts of reten tion given 1 ,  7 ,  and 3 0  
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days lat e r , perf ormance by the promp ting group was s t i l l  sup erior to 

that of s ubj ects receiving oral conf irma tion ( SO% and 20% correct 

recal l ,  respec tively ) .  A s econd invest igat ion by S tolurow and Lipper t 

( 1 9 62)  c onfirmed that a prompt ing sequence in programmed learning o f  

soc ial s igh t words resul ted in s i gnificantly g reater retention com­

pared w i th an oral confirmat ion method . The f indings of th is s tudy 

s upport the view tha t  overlearning or repeti tion of mater ials is a 

necessary condi t ion for recall o f  informat ion . 

Two experiments  wh i ch eva lua ted the us e of p icture programmes 

and sent ence programmes for teach ing a social s igh t vocabulary to 

re tarded subj ects are repo r t ed by Ellson , Engle , Barber and Kempwor th 

( 1 9 6 2 ) . Both s tud i es made use o f  a "progrannning tutor" procedure 

in which a teacher s erved as a tutor to reinforce and correct s tudents' 

oral responses ( though the tu to r 's role was fully de termined by the 

p rocedure) . Programmes were branched in the sense that errors made 

by subj ects served as an occas i on for the tutor to in terac t and take 

certain s teps . In the p i c ture progrannne ,  19 s ubj ects were given f ive 

tr ials on the 82 words be ing taugh t . The mean number o f  words read 

correc t ly on trial one was 20 . 9  and trial f ive was 32 . 7 ,  showing an 

average gain of 1 1 . 8  words . A tes t of retention one month later re­

vealed that an ave rage o f  2 7 . 7  words were correctly recalled . Twelve 

subj ects  includ ing four normal f irs t grad e  chi ld ren , four f irst grade 

s low r eaders , and f our ins t i tu tional ised r etarded chi l dr en were 

g iven e ight sess ions on the 1 65 words of a sentence programme . Gains 

in l earning af ter complet ion o f  t raining were reported to be 30 . 5 ,  20 . 0  

and 1 9 . 5  words respec t ively . 

Comparison s tudies have also been conducted to evaluate P I  versus 

conven tional teach ing methods . B lackman and Capabianco ( 1 9 65) for  

exampl e , carr ied ou t an  extended PI  proj ect  us ing both reading and math 

materi als . The obj e ct ives of their work included development of an 

auto-i ns tructional d evic e , cons truct ion of t each ing p rogrammes , and 

comparison of automated versus " trad i tional" classroom methods . Th e  

proj e c t  covered three y ears during which 1 8  months were d evoted to 

development of the apparatus and cours eware , s ix months to cons truc tion 

and p iloting o f  the teachi ng p rogrammes , and one year f or evaluation 

o f  th e procedures . 

The read ing p rogramme c ons i s ted of 20 uni ts covering more than 

500 words . The p rogramme was des igned to progress f rom the match ing 
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of  s ingle words to a point where the s tudent could answer ques t ions 

b ased upon s tories that cont a ined the programmed words. However , 

becau s e  subj ects progressed at  a much s lower rate than was original ly 

antic ipated , les s than half o f  the teachi ng modules were comp leted by 

the end of the s tudy . 

Subj ects in the Blackman and Capab i anco s tudy were a group of  

36 ins titutional i s ed mentally re tarded persons . Half of the par t i c i­

pants were ass i gned to the teaching machine cond i t ion while the re­

maining 18 were p laced in a control group . B o th groups rece ived the 

same amount of ins tru c t ion on identical ma terials and progres sed at 

approximately the s ame pace . Performance for b o th the exper imen tal 

and c ontrol groups improved to a signi f icant extent over the cour s e  

of  the s tudy a s  measured by two s tandard achievement tes ts and a 

special tes t cons t ructed to assess performance on the programmed 

materials . Howev er , no reli able  diff erences w ere found between the 

two groups with regard to acquis ition or retent ion of programme words . 

Resul ts of a follow-up s tudy showed essent ially no retent ion loss for 

either group and no d i f f erences between groups 3� months after com­

pletion of train ing . 

One f inal s tudy to b e  ment ioned in this s ec tion was the wo rk o f  

S c o t t  ( 1963) who d eveloped a n  auto- ins t ru c tional device f or teaching 

word recogni tion to 1 4  adoles cent mentally ret arded p ersons attend ing 

a New Zealand inte rmediate s chool ( repor t ed in Survey of Educational 

Med i a  Research in the Far Eas t) . Each sub j e c t  was s hown a s eries o f  

word pairs on t h e  teaching machine . Each t ime a pair was shown , one 

of the words was played over earphones f r om a tape r ecorder . Respons es 

were entered by pushing a bu t ton over top of  the word that had b een 

name d . If  a cho i ce was incor rect then the word pair was removed . 

S even of  the subj ects were t aught by the machine while the o ther 

s even received a " convent ional method" f or learning to discriminate 

between the s ame words . At the t ime o f  publi cat ion o f  the survey , 

only preliminary results were availab l e .  These  ind i cated that the 

machine group had gained an average of  20 s ight words in comparison 

wi th a gain of only four or f ive words for persons in the control 

group . 

From the above s ele c t ion of s tudi es it is evi dent that a g reat 

deal of effort went into the development of p rogrammed ins t ru c tion 

approaches . I t  s eems reasonable als o to sugges t  that much of  the 
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t ime was spent on actual cons t ruct ion o f  special purpose equ ipment or 

trials of the experimental p rocedures . The large amount of t ime and 

resources expend ed on the development of PI dur ing the 1 9 60's provides 

an ind i cat ion of the hop e th at was placed upon these learning methods 

and new educa tional technology . 

In applying the princi ples of programmed ins truct ion to the 

educa t ion of mor e  severely h andi capped p ersons , it was inevitable 

that use would be made of machines r a ther than programmed texts or 

o ther conventional mater i als . B eginning early in the 1 9 60 ' s  a wide 

variety of auto- ins truct ional devices were developed for the mos t  par t  

b y  a select group o f  research ers interes ted i n  solving theoretical 

and experimental issues under  controlled cond it ions . It  was no t until 

much later on ( 1 9 6 8  or so)  that an a t t empt was made to manu fac ture 

special purpose teaching mach ines for more general educational applic­

at ions . In the following s e c tion , an overview of electromechanical 

teach ing devices is pres ented to highlight some o f  the more impor tant 

advances that h ave ultimat ely paved the way for mor e  "intelligent" 

forms of educat ional te chnology . 

Ele ctromechani c al Teach ing Mach ines 

The use of mechani cal teach ing aids in schools and colleges was 

f i r s t  advocated by B . F .  Skinner ( 1 953) over two decades ago . Skinner 

argued that tradit ional educat ional me thods could b e  mad e  more effective 

through the applicat ion of operant condit ioning pr inciples with machine­

b as ed ins truct ion . He prop os ed that the introduct ion of teach ing machines 

and sui table p rogrammes would result in eff icient and economi cal in­

s truction across all levels of education .  Skinner s tressed the need 

for technological innovat ions to provide an act ive learning environ-

ment for the s tudent . Th i s  was b as ed upon the premise that the s tudent 

was b ecoming a passive recip ient of ins truc tion wi thin the regular 

class room .  

Earlier work b y  S i dney L .  Press ey (1926 )  showed that i t  was 

f e asible to des ign machine sys t ems for  automatic t e s t ing of intelligence 

and informat ion p rocess ing . Reliable machines were designed for ad­

minis tration of examinat ions in mult iple choice f ormat . In us ing this 

mechanical device , a s tudent p ressed the but ton corresponding to his 

f ir s t  choice o f  answer . A correct r e sponse resul t ed in the d evice 

continuing to the next i t em ;  conversely each error was tallied and 

the s tuden t  mus t cont inue to make cho ices until h e  is correc t . Press ey 
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pointed ou t that in add it ion to providing immediate self report , the 

maj or advan tage of machine ins truct ion could be seen in terms of self 

pac ing ins truct i on .  Pres sey envis aged a kind of ' ' indus trial revol ut ion 

in educa tion" and forecas ted ext ens ive use of programmed teach ing mach­

ines . By 1 9 3 2  Pressey was f orced to acknowledge tha t such a revolut ion 

had f ailed to c ome ab out . 

"The probl ems of invent ion are relatively s imple . With a l i t t le 
money and engineering resource , a great d eal could eas ily b e  
done . The wri t er has found from b i tter experienc e tha t one 
person alone can accompl ish relatively lit tle and he is re­
gretfully dropp ing fur ther work on these problems . But he hopes 
that enough may have been done to s t imulate o ther wo rkers ,  
that thi s  fasc inat ing field may b e  developed . "  

Pressey ( 1 9 3 2 )  

I t  was not until the mid 1 950 ' s  that Skinner again popularised 

the not ion o f  mach ine based teach ing systems . The reason for this 

technological lag seems unders tandab le enough in view of the background 

of psycho log i c a l  theory of the day whi ch had not yet come to grips with 

the learning p rocess . 

The arguments put forth by Skinner s t imulated the developmen t of 

teaching mach ines in many areas of education and the las t two decades 

has wi tnes s ed an increase in machines , programmes and res earch in th is 

f ield . Mos t  s tud i es appear to have fo cused upon the ins truc tion of 

read ing , ar i t hmetic and writ ing with the aid of s imple and manually 

op erated Skinner ian machines . The r esults from these invest igations 

are wide and v ar ied , providing l i t t l e  clear cut evidence concerning 

relativ e  impor tance o f  programme and machine vari ables . However , ther e 

is  a general ind ication from the reviews that mildly mentally retarded 

ch ild ren are c apable o f  respond ing t o  and learning from machine sys tems . 

I t  is  p erhaps understandable that teach ing machines failed to gain 

widespread acceptance in e ducat ion when one cons iders that mos t  devices 

were programmed to f ollow a s imple linear progres s ion w i th l i t tle or no 

branch ing capab ili ty . The mechanical nature of early machines res tricted 

their use almost ent irely t o  repe t i t ive drill work within a s ingle 

modality o f  audio or visual ins truct ion . B ecaus e of technical limi tat ions 

very l i t tle p rovis ion was made for ' built-in ' remedial loops which could 

guide the l e arner through a graded s equence of d i f ficulty levels matched 

with ind ividual ab ili ty . This rigid approach to ins tru c tion was d is­

appointing and encouraged the view that mech anic al t eaching aids were o f  

relatively l i t tle value . 

Early s tudies with mentally re tarded persons were frequently b as ed 
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upon p aramet ers o f  operant responding . Researchers s uch as House , 

Zeaman and Fisch er ( 1957 )  and Bijou and Orlando ( 196 1 )  s tud ied the 

s ens i t ivity of sub j e c ts to changes in reinfor cement schedules . Later 

studies sough t to  examine pra c t ical applicat ions for eliminat ion of 

stereo typed b ehavi our ( Gardne r , 1 97 1) and long term preferences for 

various types o f  r e inforcement (Watson , Orser and Sanders , 1968) . 

Later work by Friedland er , McCar thy and Soforenko ( 1 96 7 )  sough t 

to develop free-operant apparatus into a more exp l i c i t  teaching 

machine . This involved th e use of a f lexible apparatus ( "Play-test")  

wh i ch was designed to  presen t  a wide var iety of visual and aud i tory 

stumuli to th e s everely mentally retarded . An imp�nt feature of the 

machine was that i t  could be operated by the subj ect  in a vari e ty o f  

ways , accord ing t o  specific  needs o r  hand icapp ing condit ions . The 

appara tus in one s tudy (�. c i t . )  consi s ted of two t ransparent p l as t i c  

knobs , each of wh i ch contained a small red ligh t tha t  blinked cont inu­

ously . The two knobs were elec tri cally connec ted to two kinds of 

audi tory feedb ack; a chime and an ascend ing s cale of organ no tes . 

Pressure agains t one of the knobs resul t ed in a single stroke of the 

ch ime wh ereas pressure aga inst the other ini t iated a ser ies of organ 

notes . The subj e c t  could thus choose h is own f orm of auditory re in­

forcement . 

The signif i c ance of the "play test" device d escribed above was 

that i t  formed a concep tual b ridge lead ing f r om the use of free-operant 

appr oaches whi ch explored s ub j ec t  response characteristics to the 

teach ing machines where interes t  was centred around visual d iscr imina t ion 

and performance . This gave rise to a var iety o f  approaches whi ch 

a t t empted to t each children to dis criminate by shap e ,  colour , s i z e  and 

numerical quan t i ty . Much o f  the development of these teaching programmes 

was carried out with y oung , normal child ren , b u t  an effort was made by 

S idman and S todd ard , ( 1967 ) to evaluat e  the e f f e c t iveness of a cue 

fading technique with severely retarded child ren . Two groups o f  

children were employed to c ompare use o f  a gradually faded s equence w i th 

an unsequenced s eries o f  ins truct ion . The r es ults favoured t eaching 

a s hape discriminat ion exercise by means of a progressive fad ing me thod . 

Sidman and S toddard ' s  teaching machine required children to re­

spond to odd s timuli presen ted in an array . Th i s  errorless dis crimination 

or s timulus-shap ing procedure starts by reinforcing a s timulus r espons e 

relat ion the learner can acquire eas ily and gradually changing the 

s timulus until the s ubj ect  arrives at a more complex level of visual 
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analysis . A far more popular teaching machine format for the mentally 

retarded has involved mat ch- to-sample procedures in wh ich the s ubj e c t  

is required t o  iden t i fy a s e t  o f  obj ects wi th some common element . 

I t  seems that the f irst  teaching machine which pres ented programmes 

in a mat ch-to-sampl e  f ormat was that used by Hively ( 1960) . Working 

mainly w i th young normal children , Hively noted how keen children were 

to use th e machine and how eas ily  they worked through mat ching to  s ample 

probl ems . Although H ively d id no t study respons es of  mental ly r etarded 

subj ects  to his machin e ,  he believed that such a device held promise  

for t eaching the very young , handicapped , and mentally deficient . It  

is no tab le that Skinner made us e o f  this machine to  illus trate how 

young children could be taugh t  to make discr iminations . Moreover , 

Hively ' s  invention provided the impetus for development of commercial ly 

produced machines s uch as the B r i t ish "Touch Tutor" which was popularised 

during the 1960 ' s .  

The first pub l ished descript ions of a commercially avail ab l e  

mul tiple choice t eaching machine appeared i n  the work o f  Cleary and 

Pack ham ( 1968) who p res ented a general account of the device and s ome 

descrip t ions of  preliminary res earch . The ' Touch Tutor ' as it was known 

required the subj ect  to  decide wh ich one of three lower , or respons e 

panels , is displaying material wh ich correc tly relates to the s t imulus 

sample in the upper pane l . The chi ld has s imply to touch one of th e 

lower p anels for his . r esponse t o  be  electronically detected . I f  the 

chi ld p resses a correct alternative , his respons e  is rewarded by  an 

aud io recording of the s t imulus sample . Selection of an incorre c t  

alternat ive result s  i n  the machine remaining s il ent . In either case 

a new presentation appears within a few s econds and remains disp layed 

until  a new response is detected . 

Work with the ' Touch Tutor ' involved three b road areas . F i r s t ly ,  

s tudies focused on the response o f  mentally retarded persons who were 

b eing taught s impl e  visual d i s criminat ion d r ills (Beas ley and H egarty , 

1 9 70 ; Levinson , 1 9 7 0 ;  Beasl ey , 1 9 7 4 ) . A s econd area of  s tudy conc erned 

the d evelopment of t each ing p rogrammes for the ' Touch Tutor ' whi ch 

would b e  of immediate relevance to s chools for example , bas i c  academic 

skills  such as s ight r eading , number  concepts and social comp e t ence 

(Mo s e ley ,  1 9 70 ) . Thirdly , s ome a t t empts were made to employ the ' To uch 

Tutor ' as an aid for diagnosis  and remediation of  percep tual d e f i c i t s  

i n  s everely mentally retarded children ( Cunningham, 1 9 70) . 
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Product ion o f  the ' Touch Tutor ' s t imulated interes t in machine 

based ins truc t ion and gave rise  to modif ied vers ions of the d evice . 

B easl ey ( 1 9 7 4 )  who noted prob l ems children were having in a t t emp ting 

to learn mat ch- to-sample procedures , developed his own machine for use 

wi th mentally retarded children .  This  cons is ted of  a 9 inch square  

t rans lucent panel on which the  s t imulus is proj ected by  means o f  a 35 

mm s l id e  proj ector housed ins ide the mach ine . The ch ild has to press 

the panel in order to receive a commentary on the s t imulus b e ing d is­

played , and this is followed by a change o f  the s t imulus . Aud i tory 

comment is presented by means o f  a casse t t e  tape-recorder synchronised 

with the s l ide proj ector . S everal s tudies were carried out to  evaluat e  

the utili ty o f  the machine f o r  t eaching social sight words . The results 

were encouraging and showed that s ubj ects  made gains in b o th acquis i t ion 

and r e t ention of the words taught on the machine . Beas ley exp l i cated 

his rat ionale for machine-based ins truct ion as a s i tuation where dis­

tract ion could b e  minimis ed and mo tivat ion height ened through active 

respons es to the material b eing presented . He felt that attend ing be­

haviour could b e  s trengthened by requiring the ch ild to touch the 

s t imulus mater ial in order to ob tain a verbal commentary and s t imulus 

shif t . 

Unfor tuna t e ly , few pos i t ive results emerged from s tudies and work 

with the ' Touch Tutor ' ceas ed . Kapota ( 1 9 70)  on behalf of B ehavioural 

Res earch and Development Ltd . (manufac turers of ' Touch Tutor ' )  noted 

heavy produ c t ion losses : "Af ter  f our o r  f ive years the company has 

produced s ixteen machines at a heavy loss  • • • it is estimated that the 

s al e  o f  200 machines over the nex t  two y ears is necessary if we are 

to rec over our losses . "  The maj o r  l imiting factor in use  of the 

machine was a lack of educational programmes . Teachers , hard pressed 

with exi s ting prob lems and without f inancial and technical resources 

were not in a pos i tion to create educationally relevant mat er ial for 

mul t ip l e  choice or free operant d evices such as the ' To uch Tutor ' .  

In his maj o r  review of t eaching machines for the s evere ly retarded , 

Hegar ty ( 1 9 7 5) points to the l imited value of expensive and s ophis t icated 

machines . He argued that the re may b e  a place for devices o f  a s impler 

kind which requ i r e  fewer financial and t eaching resour ces but have some 

charac teris tics o f  machines s uch as the ' Touch Tutor ' .  Hegarty ends 

on a rather discouraging not e  by s tating that two d ecades of res earch 

is surely long enough to d emons trate tha t  complicated t eaching devices 
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are of res tr i ct ed value with the mentally retarded . 

It is important to  recognise that nearly all research with teaching 

machines has involved the use of mechanical devices with very li ttle  

flexibility f or altering the presentat ion of  s t imuli  or mod e  of input 

r equired from the l earner . Machines such as the ' Touch Tutor ' were 

purpose built for match- to-sampl e  learning and could not be  eas ily 

altered to accommodate o ther teaching approaches . The r igid i ty impos ed 

through machine des ign meant that educational programmers o r  teachers 

had to be resourceful in creat ing relevant programmes that woulc fit  

the capability of the machine . Moreover , even when sui tab le programmes 

were developed , the s e  were confined to a s trict  linear pres entat ion of 

stimuli  with no op tions for branching into remed ial routines that might 

be required to prepare the learner for the next s tage of ins truc tion . 

This lack o f  flexib i l i ty severely res tricted the practical application 

of machine based sys t ems . 

Computer Applicat ions of Programmed Ins truct ion 

The use of compu ter as s is ted ins truc tion (CAI) with the intellect­

ually handi capped has arisen from earlier res earch ef forts wh ich em­

ployed mechanical teaching machines to provide programmed l earning . 

Although l imited in number , s evera l  experiment al proj ects  in the 

habilitation f ield have demons trated the technical practicab il i ty and 

effect iveness of such ins truction . With the advent of t echnological 

advances in the computer science f ield , relat ively low cos t micro­

computer sys t ems have come avai lab le for specialised app l i cations in 

bus iness and educat io n . There is growing interes t in ways this tech­

nology can be employed for teach ing a wide range of l earn ing skills 

through remedial b ranch programmes . 

The maj o r  premise  underlying CAI with the intellectually handi­

capped is that s uch p ersons are capable  of mas tering cons iderab ly higher 

levels of performanc e  than has generally b een assumed when g iven 

s tructured programmes tailored to meet individual needs . Specifically , 

the need f or social education in s uch areas as b asic  ari thmetic  skills , 

coin computation , t ime telling , and communi ty awarenes s  are o f  paramount 

importance for transition to independent living . I t  has been well 

documented that previously institutionalised persons frequently fai l  

t o  meet community s t andards a s  a resu l t  of inadequate social educational 

knowledge even though they may h ave received the benefi t  of a long term 
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vocational programme . Computer ass i s t ed ins t ru c t ion is a comparatively 

new means of dealing with these practical educational def i c i t s . 

Programmed ins truc t ion and CAI both employ t echniques which s eem 

to  show cer tain advantages over o ther f orms o f  ins truction for the 

h andicapped . Many of these learning princ iples  have been s ummarised 

by Haskell  ( 1 966)  and Brown ( 19 7 5 ) . I t  is  imp ortant to recognise that 

these techniques apply t o  every area of training including social , 

educat ional , leisure- t ime , and vocational skill development .  

1 .  Small logical units  - Tasks can be broken down into very small 
units and gradually built into l arger ones . This provides an 
oppor tunity for the l earner to ass imilate the sequences of a 
complex t ask .  Arrangement of concept s  into a calculated hierarchy 
will help ensure a g radual progress ion o f  und erstanding . 

2 .  Self-Pacing - The learner works a t  his  own speed and difficulty 
level on ind ividual ly tailored programmes . 

3 .  Act ive Participation and Immediate  Feedback - Positive rein­
forcement of caus e and effect relationships along wi th active 
and purpos eful par t ic ipation enhance l earning eff icacy . 

4 .  At tent ion Span - Many intellect ually handi capped persons have 
atten tion d i f f i cul ti es .  Zeaman and House ( 1 963)  have proposed 
that such persons may experience difficulty  in sort ing out 
relevant from irrelevant cues . Discriminat ion is enhanced by 
having the learner attend to meaningful asp ects  of the task . 

5 .  Reduc t ion of Emo t ional Dependence - The l earner has an opportuni ty 
to par ticipate in a self-dire c t ed task whi ch decreases tendencies 
toward passivity and dependency . Ryba ( 1 9 7 6) has h ighl ighted the 
importance of training for social autonomy by s trengthening personal 
adj us tment of the intellectually handicap p ed . 

6 .  Overlearning - Repe ti t ion of the task af t er adequate p erformance 
has b een attained l eads to b e t t er retention over time . CAI 
provides a cont inuous learning experience .  

7 .  Tutorial Rol e  o f  T eacher - The teacher is forced to spend more 
time w i th l earners who are having difficulty and less t ime in 
the preparati on of routine t eaching materials . 

8 .  Mot ivation - Low m ot ivation i s  a maj or cau s e  of underfunctioning 
in the s low learne r . Evidence relating t o  rewards suggests  that 
when these are given frequently and over small intervals , they 
are lik ely to promo te effective b ehaviour . 

Moreover , c omput e r  ass is t ed instruction appears to possess cer tain 

additional advantages in that programmes can , to some extent , be "person­

alised" for each s tudent . The s tudent ' s  firs t name can b e  used in 

association with rein f orcing mess ages , and diff iculty l evel of the 

programmes can automat ically be adj us ted to mat ch the ability of the 

learner . CAI equipment can be modified in variou� ways to  mee t  the 
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needs of the handicapped . Al t ernate  input forms allow severely phys­

ically d i s abled persons to interac t with the computer . Output channels 

can be  provided by means of audio messages for  nonreaders and pho to­

graphic s l ides for those who need to associate between p i c tures and 

wri t ten material . 

With the recogn i t ion that intellec tually handicapped persons can 

b enef it f r om programmed ins truct ion , it appeared logical to as sume that 

computer-assis ted ins truct ion would also prove to be  an effective teach­

ing method . A large amount of  experimental work has been carried out  

to explore ways in  which this technology can be  applied with in the frame­

work of what is  already known about the psychology and education o f  s low 

l earners . 

Types of Computer As s is ted Ins truct ion 

The focus of this s ection is upon describ ing ways in wh ich comput ers 

have b een used to provide cour s e  content ins truct ion in the form o f  

games , s imulat ions , tutorials , and d r i l l  and practice . In the United  

S tates the s e  prac tices have come to  b e  known as  computer ass i s ted in­

s truction ( CAI) whereas elsewher e ,  no tab ly in the United Kingdom , the 

term computer assis t ed learning ( CAL) has b een us ed . Throughout this 

s tudy the t erm CAI is  cons idered to  be synonomous wi th CAL . 

Li t erature on CAI has tended to neglect  the various dis tinctions 

between kinds of  ins tructional uses for wh i ch computers have b een u s ed . 

The f irs t cons ideration is whether CAI is employed to s upplement the 

learning s i tuation , or to provide  a s ub s t i tu t e  for other modes o f  in­

s truction . Mos t  s t udies in the special  educat ion area ( e . g .  Hallwor th 

and Brebner 1 9 7 6 ;  S andals ,  1 9 7 9 )  have made  use of the comput er as an 

adj unct to regular instruc tion . Typ ically , the learner spends a period 

o f  t ime each d ay interacting wi th the computer while cont inuing to  

participate in conv entional classroom ac tiv i t ies . In contras t ,  CAI 

materials that p rovide ins truction o f  a sub st i tute or stand- alone nature 

tend to be of longer duration and are less common than the supplementary 

approaches . In the Uni ted S tates , CAI has b een used to provide entire 

credit courses at universities and colleges . This approach is  exemp l i f ied 

by the c omputer ass is ted renewal educat ion ( CARE) course  developed at 

Pennsylvania S tate University for inservic e  training of  teachers ( Cart­

wrigh t  and Mitze l , 1 9 7 1 ) . In the United Kingdom the open universi ty is 

experimenting with substitute appl ications of  CAI for teaching at a 

d is tance . Teaching over broad distances has typically made use o f  many 
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types o f  educat ional technology , includ ing r adio , televis ion , elect­

ronic conferenc ing , and satell i t e  transmissions . More recently ex­

periments  have been conduc ted on the use of computers for  dis tance 

t eaching . Sandals ( 1 9 79) , for example , has p laced a self  contained 

microcomputer at a s chool in an isolated centre of northern Canada .  

Teaching p rogrammes f or language arts  and ari thmetic  are regularly 

updated and made  available on a mail order basis to the s chool . 

A s econd dis tin ction refers to the type and sophis t i cat ion o f  

equipment that  i s  b eing used . CAI usage has until recently relied 

almost exclus ively on centrally based mainframe or minicomputers whi ch 

are acce s s ible  via remote terminals l inked to the computer by telephone 

connection . This means that a wide r ange of  facilities can b e  s e rviced 

f rom a central locat ion . Moreover ,  s everal individual teaching prog� 

rammes can be carried out simult aneous ly on a time shared sys tem .  One 

of the ear liest app l i cations of a cen trally based time shared sys t em 

for providing CAI was by Atkinson ( 19 68)  and colleagues at S t anford 

Univer s i ty . This p roj ect repres ented the first  attemp t to increas e 

children ' s  skill levels in bas ic Eng li sh and Mathematics through 

computerised drill  and prac tice . Telephone lines l inked the minicom­

puter ( PDP- 1 0) to s tudent terminals located in schools near the univer­

s ity and as f ar away as Florida ,  Oklahoma , Texas , and Wash ington ,  D . C .  

The computer was primarily used to  supplemen t  classroom teach ing . 

With the pro l i feration o f  microcomput er based sys tems over the 

past three years or so , much effort  has been placed into "downloading" 

ins truc t ional programmes from larger t ime shared sys tems to  s tand alone 

microcomputer s . Sandals , McMil l an and Workman ( 19 80) des cribe the 

rationale for developing a microcompu ter based sys tem with downloading 

capab i l i t ies . These researchers s tress tha t  i t  has now become poss ible 

to provide a h igh q uality of  computer assis t ed forms of learning on self­

contained microcomputers . The current avai l ability of these l ow cos t 

computers with their mult isensory cap ab i l i t ies seems to be the tech­

nological breakthrough whi ch is l ikely to r esult in sub s tantially 

greater CAI usage a t  all educat ional l evels . 

The third dis t inction i s  w i th the s implicity-complexi ty level o f  

CAI languages . The s implis t i c  approach employs easy-to-learn p rogramming 

languages wi th minimum hardware t o  s upport the use of the programmes . 

Such b as i c  CAI does produce l imit ed resul t s  however with less graphics  

capab i l i t ies and computational p ro cedures . On the other hand , compl ex 
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CAI whi ch makes extens ive use of graphics , has large c omputat ional 

capab il ities , and mul t imed ia input/output devices requires more elab­

orate program routines , and in some cases at leas t ,  more complex author 

languages ( Ch ambers and S precher , 1 9 80) . But this dis tinct ion is 

arb i trary and has become less obvious with the emergence of very 

f lexib l e  microprocessing d evices . 

A f inal distinction concerns the level o f  interact ion which is  

to be  provided by CAI . Training features of programmed ins truction 

s uch as active participat ion , immediate  feedback , etc . can readily be  

incorporated into the CAI sys t em .  Additionally , there are s everal 

further features availab l e  on the computer whi ch can b e  util is ed to 

increase the realism o f  the learned interac tion wi th the computer . 

Salisbury ( 19 7 1 )  has provided a clear descrip tion of the b as i c  in­

s t ructional modes used w i th computer assis ted ins truc t ion : 

Drill and Practice : This  mode essent ially involves repetition , 

practice and remed iation in specific areas of s tudy . S imulat ion o f  

normal s tudent- teacher interact ion i s  achieved through generation of  

prob l ems by the  computer , input of respons es by  the learner , and 

immediate f eedback as to wh ether an answer was correct or no t .  

Var ious formats of ins truc tion can b e  provided s uch that the s tudent 

responds to a pre-programmed s e t  of problems o r , alternatively , the 

computer may offer the s tudent a choice  of parameters whi ch s e t  the 

l imits of  d i f f iculty and / o r  number o f  prob lems to be presen t ed . 

Common appl ications of  this mode  are in areas o f  arithme tic  and lang­

uage arts . 

Tutorial : In this mod e  the s tudent is g iven a complete  s equence o f  

ins truction under control of  the computer . I t  is characterised by 

pres entation of the learning material in small units , t es t i t ems for  

analysis by the s tuden t ,  and evaluation of  s tudent respons es to d eter­

mine f eedback and branch ing routine s . Highly individualised ins truction 

may be achieved in this mode though the computer programs are comp l ex 

to  write  and more proces s ing capab i l i ty is required than with s imple  

drill  and practice procedures . 

S imulatio n : The s imul ation mode is particularly useful for repli­

cat ing prob l em s i tuat ions and providing experiences that might o ther­

wise not be available to the l earner . Common examples of s imulation 

programmes are in areas o f  fligh t  training , genetic experimentation , 

and military operations . S imulation programmes that make us e of  
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audio-visual output have b een d evised to t each budgeting and shopp ing 

skills to mentally r e tarded people ( Sandals , 1 9 7 3 ) . Mos t of the "games" 

devised for modern d ay mi crocomput ers make use of s imulat ion techniques 

( e . g .  p i loting airpl anes , f ly ing space craf t ,  and making hypothetical 

decisions tha t determine mil i ta ry and pol i t i cal  cons equences ) .  

Dialogue or Inquiry :  This mode provides relatively free  conversa tion 

between the s tudent and computer . Control and direction r emain � th 

the program though an extremely large range of respons es is  pos s ib l e .  

The development o f  vocal synthesis ers and voice pat tern detec tion 

devices permits some logical conversation with the computer . This 

is a complex propos i t ion which migh t ul timately l ead to the use of 

computers in couns e l l ing and solving prob lems in real l i f e .  Computers 

have frequently b een used in med ical settin� to as s is t w i th rapid 

diagnosis and moni tor ing of  l i f e  support systems . Dialogue mode is  

restric ted at present by the need for  reliab l e  equipment and sof tware 

programs that can cope with the complex expressions of  gramm�r and 

language .  However , i t  is impor tant to recognise that intelligent 

conversation with c ompu ters is no longer wi thin the realm of  s cience 

f iction . 

The present proj e c t  has primarily been des igned to  provide CAI 

in a tutorial mode  though s ome aspects of drill  and practice are also  

included . Programmes were  created to guide the subj e c t  through a 

graduat ed series o f  s teps wi th var ious branch routines made availab l e  

according t o  whe ther correct o r  incorrect r esponses were s elect ed . 

Another element of  the tutorial mode  contained in the programmes was 

evaluat ion of response s  and cal culat ion of the s ubj ects ' performance 

at each point in the ins tructi onal sequence .  

Ear ly Developments of  Computer  Ass is ted Ins truct ion 

CAI usage was p r imar i ly init iated in the Uni ted S tates during 

the late 1950 ' s  and early 1 9 60 ' s  though some parallel work was under­

taken in England as  well . The l iterature on CAI with intellectually 

normal subj ects is  voluminous though mos t  early work has b een repor t ed 

in technical repor ts  and information news letters rather than in refer­

enced j ournals and b ooks . This  s i tuation has changed in more  recent 

years with the recogni t ion tha t  computers are generally availab l e  to 

educational s e t t ings and that CAI is  no longer a soph i s ticated area 

of  research involving elaborate hardware and f inancially expens ive 

resources . This changing trend is largely because of the availab i l i ty 
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of low cos t , versa tile microcomputers . For the purposes o f  this review 

only a f ew maj o r  p roj ects that es tablished future trends wi ll b e  dis­

cussed : Dartmou th College , Univers ity of  I l l inois , Stanford Univers ity ,  

and P ennsylvania S tate Universi ty . 

The BAS I C  l anguage and time shar ing sys t em ,  developed at Dar tmouth 

Coll eg e ,  provided an easy means for programming computers and making 

thes e more read ily available  to s tudents  and t eachers . BAS IC wh ich 

s tands for ' Begineers All-Purpos e Symbolic  Ins tructional Code ' has 

emerged in mor e  r ecent years to be the mos t  common interpreter language . 

It  was developed in 1963  by Professor ' s  Kemeny and Kur t z , and b ecause 

it is  so easy to l earn to us e ,  more computers unders tand BAS IC  than 

any o f  the o ther hundreds of computer languages . The vocabulary of  

BASIC is very l imi ted , s everal hundred words at mos t ,  and unl ike Engl ish 

mus t  b e  us ed w i th great precision . Many o f  the CAI software app licat ions 

that are us ed with micro- and minicomputers in s chools today can trace 

their history to this early development .  In fac t , to the author ' s  

knowl edge there are no commercially availab l e  microcomputers wh i ch do 

no t h ave a version of  the BAS IC interpre ter language . 

During th e early 1 9 7 0 ' s  Dartmouth Col lege formed a consort ium 

(CONDUIT) with several other universi ties , notab ly Oregon , Nor th 

Carol ina , Iowa , and Texas , to  acquire , evaluate , and d is tribute high 

quali ty ins truct i onal programmes on a national basis ( ci ted in Chamb ers 

and S precher , 1 9 80) � Suppor ted by the National S cience Foundation and 

the Fund for the Improvement of Pos t  S econdary Education , CONDUIT cur­

ren t ly offers s ome 75 computer programs in a variety of fields to 

support  higher educat ion classes ( cf . Pipel ine , 1 9 79) . 

Work undertaken at  the Univers i ty o f  Illinois by Donald B i t zer 

in 1 9 59 led to  the d evelopment of PLATO , the larges t and mos t  well known 

of a l l  CAI proj ects . Th is system us es a h igh level language termed 

TUTOR and requires a large mainframe computing f acility that is entirely 

devo t ed to ope rat ion of PLATO . PLATO was o riginally imp lemented on a 

vintage 1 9 54 I l liac 1 computer but has s ince b een mod if ied to operate 

on the more power ful CDC6500 Series computer ( Bunderson and Faus t ,  1 9 75 ) . 

The sys tem has b een l inked to more than 1000 terminals ,  mos t o f  which 

are located in I l l inois , but  some are as far away as Bos ton and S an 

Dieg o . Becau s e  PLATO can produce complex CAI programmes with 

graphic capab ili t ies ( including anima t ion) , vocal output , and touch 

sens itive inpu t ,  it is used for a wide var iety o f  primary ins t ruc tion . 

Terminals are located in a wide range o f  educational set tings including 
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univers ities , j unior col leges , elementary s chools , mil itary and f l igh t  

training centres . Pan Amer ican Airways is a maj or commercial subs criber 

to PLATO for ins ervice training of s taf f and operational personnel . 

PLATO has been us ed ext ens ively to teach b asic  academic skills to 

young children and s low learners as well as  language arts ins truct ion 

for new immigran ts (Lyman , 1 9 7 4 ) . Desp i t e  the move toward s elf- con­

tained microcomputer sy s tems , it seems qui t e  possible that the very 

f lexib l e  CAI capab i l i t ies of PLATO will ensure heavy usage of th is 

sys tem . 

Mention has already been made of  the early work on CAI at S tan­

ford Univers i ty (Atkinson , 1 9 7 4 ) . Probably more than any other facili ty , 

this proj ect has b een directly concerned w i th providing remedial educ­

at ion to younger s chool age ch i ldren . Whi le the f irst ef for ts to 

teach r ead ing under computer control were aimed at a to t al curriculum ,  

orient a t ion for th e pas t s everal years has been toward p roviding supp le­

mentary ins truc t ion on those t asks in wh ich ind ividual isa tion is cr it­

ically impor tant . CAI read ing ins truc tion , for example , is g iven to 

each ch ild for a period of between 15 and 30 minutes daily . Ins truc t ion 

commences wh en a s tudent types R for reading , an id ent i f ication numb er 

and th en his f ir s t  name . The sys tem responds by print ing th e s tud ent ' s  

las t name and trans f erring him to the poin t  in the curriculum wh ere 

he f inished on the p revious day . Reading ins t ruction is off ered in 

two broad areas o f  d ecod ing and communi cat ion . Decoding includes 

gramma t ical t as ks s uch as as sociation of  phoneme groups with their 

respec t ive graphics representat ions . In the communica t ion area , 

read ing for mean ing , aes thetic enj oyment ,  and acquisition of  specific  

subj e c t  knowledge are s tress ed . At  a t ime when mos t  o ther CAI app l ic­

at ions were primar i ly intended for use with advanced learners , the 

S tanford proj ect held a special interes t in remedial work with young 

normal and handi capped children . 

A f inal p roj e c t  to b e  discussed in th is s e c t ion is the Computer 

Ass is t ed Renewal Education p roj ect ( CARE) which was carried out at 

Pennsy lvania S ta t e  Univers i ty ( Cartwr ight , Cartwright and Rob ine , 1 9 7 2) . 

The CARE cours e  was des igned t o  teach regular class teachers and 

univers i ty s tuden ts to under s tand the chara ct eris t ics o f  and b e  abl e  

t o  ident ify hand i caps i n  young children . Over the f ive y ears o r  s o  in 

which the proj e c t  operated mor e  than 2 5 , 000 t eachers received primary 

CAI to complete an introductory course on the Educat ion of Excep t ional 
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Ch ildren . 

The CARE proj ect cons is ted of  s everal teach ing modules des igned 

t o  promote cl inical s ens i t ivity on the par t of regular preschool and 

e l emen tary s ch ool t eachers as to the s treng ths and need s of both handi­

capped and nonhandicapped childr en . Specific  obj ectives of  the course 

included : ab i l ity to s e lect and use appropr iate d iagnos t i c procedures , 

c l inical prof i le analysis o f  s tudent l earning char acteris tics , evalu­

at ion of the adequacy of informat ion as a basis for ref erral to special­

i s ts , and preparat ion of adequate documentat ion if a decision is made 

to refer the child to specialis t s erv ices . By learning spec i f i c 

b eh aviour clues , teachers were taught charac teris t ics o f  a variety of 

handicaps whi ch would enab l e  them to ident i fy the pres ence of  handi­

c app ing condi tions in ch ildren at th e earl ies t poss ible age . 

Th e CARE course was p rogrammed to op erate on the IBM1 500 computer 

us ing th e now defunct Cour s ewr i ter I I  CAI languag e . A special purpose 

van was equipped to contain the compu ter  sys tem and 1 6  works tat ions . 

Each of  th e work s tations cont ained a proj ecti on s creen and cathode 

ray tube ( CRT) disp lay . S tudents could input information to the sys tem 

us ing either a convent ional keyb oard or light-sensi tive pen . A maj or 

f eature of th e sys tem was very advanced graph ics capab i li ties for th e 

day which permit ted students to compose his tograms or di agrams on the 

CRT display . 

With th e recognit ion that lack of early identification and sub­

s equent intervention of handicapped children was relatively h igh er in 

rur al s chools than in urban areas , a main aim of the proj ect was to 

l o cate the CAI van at s chools in r emo te areas of Pennsylvania . Th is 

made the cour s e  availab l e  on an inservice b as is to teachers who could 

not otherwis e parti cipate in special educat ion , with a minimum of  

d i s rup t ion to their wo rk s chedules . 

The eff ectiveness o f  CARE has b een evaluated at s everal l evels 

includ ing ass essment of s tudents '  per formance , evaluat ion of  CAI by 

s tudents , and profess ional consul tat ion . In one of thes e s tudies , 

the CAI vers ion of CARE was compared to conventional in- class lecture­

d i s cuss ions ( Cartwrigh t ,  Cartwrigh t  and Rob ine , 1 9 72) . Results o f  this 

s tudy r eveale d  that s tud ents receiving CAI compl eted the cour s e  in 1 2  

hours l ess t ime ( 33 per cent) than the time s cheduled for conventional 

ins truc t ion . Moreover , the data ind i cated tha t  the CAI s tudents ob­

t a ined a mean score 24 p e rcent h ighe r  on a crit erion test  than s tudents 
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par t icipat ing in th e conven t ional ins truct ion group . A s tud ent opinion 

survey sugges t ed tha t  nearly all par tic ipants had a favourab l e  at t i tude 

toward CAI . 

Unfortunat ely th e us e of such sophis ticated and expens ive equip­

men t led to the d emi se of  the CARE proj ect . In th e words o f  Professor 

Car twrigh t " the complexities  of this proj ect both in terms o f  t echnical 

and financ ial requiremen ts prob ab ly did more than anyth ing else to dis­

courage the development of  CAI " (Personal Communication Nov . 1 9 7 9 ) . 

Computer Ass i s t ed Ins truct i on with Hand ic apped P e r s o n s  

In this s e c t ion of  the li terature review , a t t ention will b e  given 

to current CAI proj ects wh i ch are act ively engag ed in the teach ing of 

handicapped persons . Th is will primarily invo lve discus s ion o f  larger 

time shared computer sys tems as very l i t t le research has b een reported 

to date on the use o f  micro computers in special education . Th e maj ority 

of  work on CAI w i th handi capped learners appears to  have b een concent­

rated in Canada and the Uni t ed S tates though it  is prob ab l e  th at many 

other countries have ini t i a t ed research in more recent t imes . Un­

f or tunately , th e maj ority o f  s tudies are found in techni cal reports 

or unpub l ished papers rather than referenced j ournals and per iodicals . 

Th is makes i t  d i f f icul t to bring together al l relevant works though the 

s tud ies presented here would seem to be representative of  the maj or 

advances in cont emporary CAI research . 

Several r ecent s tud ies have ind ica ted that the learning of  handi­

capped s tud ent s  can be enh anced through interact ion with computer 

as s is ted ins t ruc t ion sys tems (Holz ,  1 9 7 6 ; Fiorentino ,  1 9 7 7 ) . Moreover , 

d emons tration p roj ects such as research by S andals and colleagues ( 1 9 80 )  

a t  the Univers i ty of Manitoba point o u t  that such ins truc t ion is cos t 

e f f ective and technically p racticable . 

One o f  the earli es t s tudies with handi capped adoles cents and 

adults was carried out at the Univers ity of Texas by Knu tson and Prachnow 

( 1 9 70) . Thes e r es earchers des igned a CAI sys tem t o  teach s tudent coin 

equivalence , summation , and making change for purchases o f  less than 

$ 1 . 00 .  An IBM1 500 computer was l inked w i th two special purpos e  tele­

typ e  terminals . A metal overlay keyboard contain ing 1 0  large keys 

wi th removab l e  caps for ins er tion of real coins was cons truc t ed as an 

input device f o r  use by s tudents . Ins t ruc t ional material in ei ther 

English or Spanish language s  was presented by aud io outpu t , a s lide 

proj ector , and cathode ray tub e  ( CRT) for visual d isplay of writ ten 
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ques tions . Th ir ty-one subj ects  ranging i n  age from twelve to th irty 

years and in IQ f r om 45-80 par t icipated in the training programme . 

Al l o f  the s tud ent s  who comp l e ted train ing showed gains from pre- to 

pos t- t e s t  in coin identifi cat ion , s elec tion of appropriate coins for 

a purchas e ,  and ab ility to determine if  the value of a set  was suf f ic­

ient to buy an i t em .  The authors concluded that while CAI app eared 

to be an ef fec t ive means for teaching skills to re tarded subj ects , the 

lack of por tab i l i ty of their equipment was a d i s t inct disadvan tage . 

Because the terminals could only be us ed in a CAI laboratory and no t 

taken to remot e  locat ions , s tudents had to  t ravel long dis tances and 

wait th eir turn for each 1 5  minute s es s ion of ins t ruct ion . 

Beginning in 1 9 67 the National Research Council of  Canada ( NRC) 

carr ied ou t prel iminary work on the app l i cat ion of computers as aids 

to learning . Th i s  was a coop erative p roj ect involving s everal Canad ian 

Universities including the Univers ity of  Calgary and On tario Ins t i tute 

for S tudies in Educat ion . Th e NRC programme is  aimed at the devel opment 

of facilities necess ary to permi t the computer to be used e f f e c t ively 

by teachers , s tudents and res earchers for conversational tutorial int er­

change , dril l and pract ice , and informat ion retr ieval sys t ems . A 

med ium-scale , t ime sharing computer ( PDP- 11)  located at the NRC res ear ch 

facility in Ot tawa was mad e avai lable to remo t ely lo cated res earch 

groups in th e CAL proj ect . 

One of the earl ies t memb ers of th e NRC r esearch team was the 

Compu ter Appl icat ions Unit  at the Univers i ty of Calgary . This uni t  

has been ac t ively engaged in providing CAL t o  intermediate and h igh 

s chool s tudents as wel l  as mentally re tarded adul t s  (Brebner and Sandals , 

1 9 7 3 ) . Dur ing 1 9 7 1  a s ingle teletype terminal was placed a t  

the Vocational Rehab il i tation Research Ins t i tute  (VRRI) , a specialised 

training f acil i ty for hand icapped persons . This was attached by a 

telephone l ine t o  a computer located in the Facul ty o f  Education Com­

puter Appl icat ions Uni t .  Sub s equently , a caravan containing f our CAL 

work s tations , each with a tele type , r earview s creen and computer 

controlled s lide  p roj ector was located a t  the VRRI . This f ac i l i ty 

was permanently ins talled in the Ins t i tute dur ing 1 9 7 6 .  Over the 

cour s e  of the proj ect , a wide range of research has b een carried out 

on various aspec t s  of CAL wi th mentally retarded adults ( S andals , 1 9 7 3 ;  , 

S train , 1 9 74 ; Eaton , 1 9 7 5 ;  and Hol z ,  1 9 7 6 ) . 

Sandals ( 1 9 7 3) conduc t ed a s tudy to evaluat e  the utility o f  CAL 

for t eaching b anking skills to mildly mentally retarded adults . S everal 
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skills were taugh t , inc lud ing how to budget , to open and us e savings 

and chequing accounts , and to b alance personal f inances . This res earch 

made use of  f our t e l etype terminal s interf aced wi th a random access 

s l ide proj ector under computer control . The terminals were housed in 

a mob i l e  caravan parked on the s i t e  of  a training centre for handicapped 

pers ons . A data modum was used to link each of  the remo te terminals 

to  a smal l control computer (PDP- 8) located at the Univers ity of  Calgary . 

The bank ing p rogrammes were designed f o r  higher l evel tr ainees 

who had attained a r eading age of at l eas t s even years and had demon­

s trated a reasonab l e  proficiency on a t es t in making change up to a 

dollar . Training cons is ted of 1 2  hal f-hour l essons wh ich followed the 

activi ties of a hyp o thet ical character named "B i ll " , who had j us t  

s tarted a j ob as a p e trol s tat i on at tendan t . I t  was felt that this 

type of  work migh t well b e  one which a t ra inee could as pire to a f t er 

complet ing b as i c  social and vocational training . A comp arison of pre­

versus pos t- tes t r es ul ts showed s ignificant gains in perf ormance immed­

iat ely after tr aining and th at trainees wer e  ab l e  to recal l th eir 

l earning on a t es t  o f  reten t ion adminis tered some months later . 

Us ing th e same computer f acility , S t rain ( 1 9 7 4) also des igned a 

CAI programme f o r  t each ing s imp le money-hand l ing skills to mental ly 

retarded adults . A teletype terminal and r andom access s lide proj ector 

under computer con t rol was u t i l ised to disp l ay pic tures of  money and 

price t ags . S event een subj ects  were taugh t to identify price tags , 

determine whe ther they had suf f i cient money to purchas e an item ,  and 

f inally to cal culate the amount of change they should receive . Results 

o f  the s tudy showed tha t  th ere were s ignif i can t improvements both in 

terms o f  accuracy and amount of time taken to answer ques tions . 

Eaton ( 1 9 7 5)  made use of  a touch-s ens i tive panel to inves tigate 

th e e f f ectiveness o f  CAI f or p romo ting vis ua l  discrimination o f  l e t t ers 

and words amongs t  normal pre-s chool and mentally retarded adolescents . 

Aud io ins truct ion was provided by means o f  a random access tape recorder 

wh ile v isual informat ion was displayed on s l ides , which were rear 

proj ected on to a t ouch s ens i t ive s creen . S tudents responded by touching 

a l e t t er correspond ing to the audio ins truction they were given . The 

resul ts showed tha t  both groups improved t o  a s ta t is tically s ignif icant 

extent fol lowing i nt eraction with the CAI sys t em .  

Another Calgary S tudy was carried out by Holz ( 1 9 7 6 )  who inves t­

igated the e f f e c tiveness of CAL f or teaching a social s igh t vo cabulary 
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t o  men tally hand icapped adoles cents . The compu ter equipment was 

identi cal to the preceding s tudy , consis t ing of a visual display s c reen , 

random access p roj ec tor , an audio uni t , and touch-sens i t ive s c r een . A 

sample o f  nineteen subj ects were given th e s ame amo unt o f  ins truc t ion ,  

though t en o f  the s tudents received aud io mess ages th roughout th eir 

training ( audio group) wh ile the remaining nine did no t .  The results 

o f  a p r e-versus pos t-tes t compar ison ind i cated that both groups improved 

to a s ignif ican t degree . However , the f ind ings also confirmed that 

such training was more e f f e c t ive with s tudents who were given aud i o  

supp ort  than tho s e  who were not . 

A second maj o r  proj ect is being carr ied out by S andals ( 1 9 80 )  

and his  co lleagues a t  the Univers ity o f  Manitoba i n  Winnipeg , Canada .  

Over th e pas t s ix y ears , research has been undertaken t o  evaluate  the 

u t i l i ty of CAL in s everal d i f f erent educational s e t tings for chi ld ren 

with learning handi caps . A very s igni ficant f eature of th is proj ect 

is that CAL has b een mad e read ily available to classrooms for handicapped 

persons within th e s chool sys t em on a large s cale . CAL has b e en and 

is presently being used with ch ildren who are deaf from grades K- 1 2  

in a res idential s chool for the deaf , an elementary s chool for phys­

ically hand icapp ed children , a high s chool for men tally retarded adole­

scen t s , and int e rmediate s chool for learning disabl ed children , a 

j uven ile correct ions centre , and ins truc t ion for intellec tually normal 

ch i l dren in seven o ther s chools . 

The Winnipeg proj ect makes use o f  r emote terminals located in 

each of the s chools and l inked to a central computer ( CDC Cyb er 1 7 1 ) . 

Addi t ionally a micro computer is being used to provide CAL at a dis t ant 

centr e  in Northe rn Canada . Courseware cons i s t s  o f  over 300 d r i l l  and 

tutorial programmes , primari ly in areas o f  ari thmetic and language 

arts . During the course of the proj ect , several s tudies have b een 

carried out to evaluate CAL . 

The f irst  o f  these was by Hi l l  ( 1 9 7 6 )  who researched the u s e  o f  

CAL in mathematics a s  a drill and prac t i ce programme for phy s ic al ly 

hand icapped chil dren . A comparison o f  s tudents receiving s upp l ementary 

CAL versus tho s e  r eceiving classroom ins truc tion only , showed no s ig­

nif icant difference in achievement b e tween the group s . Working on the 

s ame proj ect , Fiorentino ( 1 9 7 7) compared the performance o f  l e arning 

d i s ab led children given addi tional CAL drill and practice p ro g rammes 

with groups of s tudents receiving convent ional clas s room ins tr uct ion 

only . Again , no d i f ferences were f ound between the CAL and control 
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groups though s ignif i cant improvements o ccurred over time for b o th 

ari thmetic and spelling . A s imilar s tudy by Reeves ( 19 7 8) fai led to 

show any gains in pre-versus pos t-tes t p erformance wi th deaf children 

who were given CAL dri l l  and prac t i c e  programmes in ari thme tic  and 

language ar ts . 

Wh ile the above r esults do n o t  appear to support the e f f i cacy o f  

CAL as a supplementary teaching me thod , it i s  possib l e that the typ e  

o f  ach ievement t es ts employed may no t have been suffici ent ly s ens i tive 

to measure any gains in learning that migh t have otherwise oc curred . 

The fact that S t anford Achievement Tes ts were us ed in all o f  these 

s tud ies raises s ome doub t  as to whe ther such g lob al measures are 

relevant for as sess ing gains in specific  subj ect  areas . Mo reover , there 

is an admiss ion in the Reeves ( 1 9 7 8) s tudy that the us e of d i f f erent 

al ternate forms of the Stanford Ach ievement Tes ts and selec t ion o f  

b ias ed treatmen t group s may have confounded the results . 

A f inal proj ect  to  be reported in this s e c tion is the work o f  

Lally ( 1 9 80a) and colleagues a t  the Department o f  Engineering and 

Phys ics , Aus tral ian Nat ional Un ive r s i ty , Canberra . Several s tud ies 

have b een under taken to evalua te th e us e of CAI for teaching handwri ting , 

number cons erva t ion and sigh t word recogni tion to mental ly retarded 

chil dren . The proj e c t  makes us e o f  a med ium s cale computer ( PDP 1 1 / 20)  

inter faced with soph i s t icated i npu t / output devices includ ing random 

access audio uni t  and digitised l igh t p en . 

CAI programmes were des igned to  s upplement convent ional teach ing 

methods for children a t tending a s pec ial s ch ool . A s tudy on s igh t 

word recogni t ion employed the computer to teach eight chi l dr en ass o c­

iat ions b e tween wri t t en and spoken vers ions o f  the words (Lally , 1 9 80a) . 

Results showed that children t augh t by the CAI method increased their 

s igh t vocabularies b y  an average of 1 28 percent compared to an increase 

of 34 percent by a c omparison group . Reas s es sment some twenty-six 

weeks after the end o f  the four week non- intensive training p rogramme 

indicated that increases in sigh t  vocabulary were retained . 

Other res earch by Lally ( 1 9 80b ) explored the app lication o f  CAI 

for teaching number c onservation . During t raining , sub j ects were re­

quired to make j udgem ents concerning the numeros ity of d i f ferently 

coloured s equences o f  squares whi ch were displayed in various orient­

at ions . S ignificant improvement s  were recorded at the end o f  training 

and on a tes t o f  retention after nine weeks . 
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A thi rd s tudy was conduc ted to  as sess computer appl ications f or 

teaching handwri t i ng skills to mil dly retar ded chi ldren ( Lally , 1 9 80 c ) . 

This made us e of  a d isplay s creen upon whi ch children wrote us i ng a 

ligh t p en .  The t ip o f  the pen was spr ing loaded and operat ed a swi t ch 

whi ch activated the photo cell mechanism . The imp ress ion o f  writ ing 

was given by means o f  a l igh ted track wh i ch appeared d i rectly under 

the t ip of the p en as it was moved over the screen . Training primarily 

involved tracking exercises in wh ich the s tudent was g iven cues to 

comp lete the traci ng o f  lower case letters . The cue s t imul i were pro­

gress ively removed over the course o f  training . Handwr i t ing samples 

collected before and af ter training showed that s tudents par t i c ipating 

in the CAI programmes had improved in the i r  ab i l i ty to copy let ters in 

contras t to a c on t rol group who did no t receive the supplementary 

ins truct ion . 

Des p i te th e s e  pos i tive f indings , Lal ly makes the point that rate 

of learning new w o rds did not improve amongst s tudents af ter comple tion 

of the training p rogramme . He recommends that a longer pro gramme would 

prob ab ly have b een r equired to increase generalisat ion of learn ing . 

Or alt e rna t ively , i t  was advanced that the teach ing of s igh t words 

might be more e f f e c t ive us ing a phonic word attack skill . All of the 

s tudies ci ted above p rovide a clear d emons trat ion that s tudents have 

lit tle diff i cul ty interact ing with a computer when simp l i f i ed input 

devices and aud io visual ins truct ion are available . Even low ab i l i ty 

s tudents could o p erate the equipment and app eared to l earn through 

interac t ion w i th the sys t em .  

Summary and Impli ca t ions for Fur ther Res e arch on CAI 

This chap t e r  has highligh ted the many d ivers e forms o f  programmed 

ins truct ion and automated teach ing that h ave b een provided in special 

educat ion . Because of  the variety of app r oaches used to date , i t  is 

d i f f i cult to o f f er any clearcut recommendat ions on the e f f e c t ivenes s 

of these methods . The main p rob lem is that effect ivenes s has b een 

defined d i f feren t ly by d i f ferent inves t i gators . In s ome s tudies , 

effec t iveness has been def ined in terms o f  the amount o f  l earning 

that t akes p lace ini tially ( e . g .  Hol z , 1 9 7 6 ;  S train , 1 9 7 4 ) . Other 

research has been concerned with the amount of  retention o f  information 

(Lally , 1 9 80b , 1 9 80c) or ab i l i ty to  trans f er learning to new s i tuations . 

Due to  the fact  that CAI is s till l argely undeveloped wi th in the main­

s tream o f  special education , some researchers are simp ly concerned at 
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this point w i th transpor t ab i l ity o f  equipment ,  des ign of special purpose 

input/output devices that can e f f e c t ively be operated by hand i capped 

s tudents , and acceptab i l i ty of the l earning med ium for us e by o thers 

( Hallwor th , B rebner and Brown , 1 9 7 4 ) . There is a general lack of well 

des igned , tightly controlled s tudies on the use o f  CAI . 

A maj o r  shortcoming o f  much o f  the research on automa ted teaching 

has been th e absence of meaningful c ontras t samp les with wh ich to com­

p are performance out comes . Many of the stud ies r eviewed in th is section 

were concern ed with as sess ing the us e of CAI as an adj unc t  teaching 

me thod with handicapped p ersons ( e . g .  Sandals ,  1 9 80 ;  Eaton , 1 9 7 5) . 

Few attemp ts have been made to evaluate the �ns tructional pro cedures 

us ing both automa ted teach ing and mor e  convent ional individual tuit ion 

w i th matched groups of s tudents . The general ind i cat ion seems to b e  

that CAI i s  e f f ect ive when us ed i n  a supplementary role along with 

c lassroom ins truct ion . Y e t  there is lit tle evidence concerning the 

u t i l i ty of p r imary CAI as a sub s t i tu t e  teach ing method in spe cial 

educat ion . Moreover , mos t s tudies have been carried out with mildly 

r e tarded persons ( S andal s , 19 7 3 ;  S tr ain , 1 9 7 4 ) . There is a need to 

examine pos s ible app l icat ions of CAI with more severely hand icapped 

s tudents as w el l . 

Until recently , automated teach ing and in p articular CAI , were 

s ophis t icated areas of res earch that required large amounts of f inancial 

and techni cal b ackup . The g eneral availab i l i ty of inexpens ive micro­

c ompu ters has al tered this course so that power ful  and affordab le CAI 

is now wi th i n  reach of mos t  educational settings . However ,  the advent 

of the microcomputer h as g iven rise to much con t r oversy concerning the 

relative mer i ts of CAI sys tems supported by large-s cale computer f ac il­

i t ies as con tras ted to  CAI p res ented by means of s tand-alone micro­

computers . B ecause micro computers are of recent origin , very l i t tle 

research has b een done t o  evaluate the usefulness and reliab i l i ty of  

these systems for t eaching p ractical academi c skills to the mentally 

retarded . To date , no work has b een done on microcomputer g enerated 

CA! in the context of New Zealand Spec ial Educat ion . 

Final ly , there i s  a need to  ob tain some es t imates o f  the cos t­

e f fectivenes s o f  CAI . S everal s tudies have repor ted on cost  f actors 

resulting f rom the use o f  l arger t ime-shared sys t ems ( e . g .  Hallworth 

and Brebner , 1 9 76) . There is , however , an abs en c e  o f  information on 

cos t accoun ting with regard to  s elf- contained h ome computers . Materials 

r unning on microcomputers  h ave b een reported to h ave the lowe s t  
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operat ing cos ts ( Avner , 1 9 78) . Some further indication o f  the leve l 

of  expend i ture w i th regard to purchas e of  equipment , developmen t of  

cours eware , and sys tems operation would b e  useful in we igh ing the 

relative mer its o f  this new technology . In th ese early s t ages o f  

devel opmen t ,  s ignif icant expens e has b een incurred with prepara tion 

of cours eware . I t  seems likely that th e cos t of provid ing CAI will 

cont inue to  d ecrease as more teaching programmes come availab le .  S ome 

commercial s o f tw are is already being marke ted overseas for us e in 

teach ing language arts and ari thmetic  on microcompu ter sy s t ems . 

O f  central interes t to th is s tudy is the comparison of  parallel 

forms of  ind ividual ins truct ion presented by means of computer b ased 

and t each er dominated programmes . Th is is a particular ly impor tant 

focus of  atten t ion because the compu ter is being utilised as a sub­

s t itute t eacher to  provide drill and tutorial programmes int ended to  

fos ter the acquis i tion of  word recogni tion skills . As detail ed in 

th is review , the computer is used to incorporate well known learning 

pr inc iples derived from previous work on progr ammed ins truc tion . The 

bran ch ing capab ilities o f  the auto- ins truc tional system are intended 

to s imul ate the remedial steps th at a human teacher might fol low in 

a s imilar teaching situat ion . 

I t  r emains to be determined whe ther computer-generated ins truc t ion 

can indeed approxima te human interac t ion in a s tructured teaching se­

quence where s tandard remedial drills a re fol lowed . The very pres ence 

of  t e chni cal equipment in the absence o f  interpersonal contact is a 

deci s ive f ac tor that may inf luence sub j e c ts ' performance in d i f f erent 

ways . Y e t  to  the greatest possib le extent , parallel forms of ins truction 

have been devised which incorporate iden t i cal criterion measures and 

teaching procedures . 

Two ins tructional methods h ave been selected for inves tigat ion 

in the p resent s tudy , on the assump t ion that thes e are representat ive 

of the many p ro cedures common ly us ed to t each word recognit ion to 

ment ally retarded adults . The imp or t  o f  thes e methods is f rom both 

practical and theoretical work alre ady r eviewed . Of particular interes t 

to  this s tudy i s  the ut ility o f  extra s timulus cues t o  guide s ubj e c ts ' 

response s  during the learning of new ma terial . There is controversy 

about the ef f e c ts of  us ing pictorial mat erials as promp ts in learning 

to r ecognise pr inted words ( S amuels , 1 9 70 ; Duell ,  1 9 6 8 ) . Because this 

research s eeks to  explore techniques that make use of  p icture-word 

associat ions as well as a s traigh t word f ocus , it should b e  possib l e  



6 2  

to provide some evidence con cerning the use o f  added stimulus d imens ions . 

With the preced ing points in mind , there appears to  b e  an immed­

iate need to evaluate microcomputer technology within the f ramework o f  

exi sting theory and c urrent prac t i ce for training mentally retarded 

p eople . In effect , the auto-ins truct ional sys t em has b een des igned 

to s imul ate teacher-s tudent interactions that oc cur in in terpersonal 

modes o f  ins truct ion . Wh ile recognis ing that automated sys tems canno t 

yet be made to totally replicate human interact ion , there is no reason 

to believe that learning can only be suc cess ful in the p res enc e  of human 

dominated teaching environments . 

Psychologis ts i n  part icular are we ll aware of the many fallac ious 

results aris ing from human error and respons e latencies o ccurring 

dur ing the admini s tration o f  s t andard ised tes ts . Intell igent automat ed 

systems avoid some o f  these short comings perhaps at the cos t o f  b e ing 

overly rigid in their approach to wide variations in the learning and 

b ehaviour of handi capped people . 

Research Quest ions 

Th e ob servat ional me thodology us ed in this s tudy is des igned to  

answer cer tain speci f i c ques t ions : 

1 .  To what extent , i f  any , do two contras ting methods ( paired as so c i ate 

versus errorless discriminat ion) d i f fer in their u t i l i ty f or 

teach ing word re cogni tion to  mentally retarded adul t s ?  

2 .  How does comput er-assis t ed ins truc t ion c ompare with individual 

tuit ion for teaching subj ects to re cognis e  a set of words on 

each of th e expe r imental methods ? 

3 .  Are there any d i f f erences in the amount o f  information recalled b y  

subj ects  who p ar t i cipated i n  e i ther o f  the two treatments 

( computer-based versus ins tructor-dominated) or cond i t ions ( p aired 

asso ciate versus errorless d i s crimination) four weeks af ter comp l etion 

of  the teach ing p rogrammes ? 

4 .  Are there any d i f f erences in the ab ility to trans fer reading 

skills to new s ituations b e tween s ub j ects  who parti c ip at ed in 

either of the two treatment s  ( computer-b as ed versus ins tructor­

dominated) or cond i tions ( p a ired associate versus errorless d is­

crimina t i on) ? 
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CHAPTER V 

DEVELOPMENT OF INSTRUMENTATI ON AND TEACH ING PROGRAMMES 

Introduct ion 

Th is chap ter c onta ins a br ief acc ount o f  preced ing wor k ,  carried 

out over the past two years , which led to  devel opment of the pre sent 

micr ocomputer ba sed instruc t ional system .  A nonte chnical descript ion o f  

the c omputer hardware and per ipheral equipment used in this invest i­

gat i on is provided . Thi s  consisted of a sel f -contained microcomput er 

interfaced with a sound-slide proj ector f or pre sentat ion of b oth audio 

and v i sual information .  Sub j ects interac t ed with the system by p oint ing 

a l ight-sens itive pen at des ignated pos it ions on a video di splay sc reen 

in response to re corded aud io message s .  The system was spec if ically 

designed for use by hand icapped persons with very limited reading ab ility . 

Details on the courseware deve loped by the exper iment er f or the 

study are present ed in this sec tion . The CAI programs were wr itten in 

BASI C ,  a high level interpr e t ive language , and st ored on magnetic d i sks 

for immed iate retrieval . A descript ion o f  the correspond ing teacher­

based ins truc t iona l procedur es are provided to  demonstrate the manner 

in which parallel programmes were des igned to compare CAI with more 

convent ional interpersonal tuition . 

Background to the S tudy 
Earl ier work had been under taken p r ior to  c ommencement o f  this 

s tudy to imp lement a s se s sment and tra ining programmes aim�d at t eaching 

skil l s  of l iving to mentally retarded adul t s  ( Ryba and McDonald , 19 7 9 a ,  

19 79b) . The se tra ining procedures were d eveloped to  teach prac t ical 

skil l s  in such area s  as  personal grooming , money handl ing , t ime-telling , 

numb er concept s  and word recognit ion . A socia l  educat ion cont inuum was 

organised into a number of units that provided a stru ctured sequence of 

smal l  learning s teps . Each unit had clear b ehavioural obj ec t ives and 

assessment methods for monitor ing progre s s  in tra ining . The focus was 

upon tai loring programme s t o  mee t each person ' s need s within des ignated 

tra ining areas . P il o t  development of  these mat erials and procedures was , 

carr ied out a t  t rain ing facilities operated by the New Zealand Soc iety 

for the Intellectua l ly Handicapped , Manawatu Branch , in Palmers ton North , 

New Zealand . 



64 

As a logical ex t en s ion of this work , the f easibil ity o f  us ing a 

c omputer to provide individual ized ins truct ion in some o f  th e training 

areas was exp l ored . Init ially , it was int ended that a remo te terminal 

be placed at  one of the Training C entres and l in ked to a large main­

frame computer at Massey University by means of a telephone data modum .  

But the high cost  and technicals ob stacle s assoc ia ted with this approach 

precluded d evelopment of a CAI sys t em on th is scale . Fort uitously , 

m icrocomput ers became ava ilab le in New Zealand during 1 9 7 8  and o f f ered 

a practical alt ernat ive to the central sy stem ap proach f or provid ing 

CAI . An immediate a t t emp t was made to deve lop some s imple drill and 

prac tice programs in ari thme tic for trial application with handicapped 

persons ( Ryba , Chris t iansen ,  McDonald , and Drawneek, 1979 ; Ryba and 

Christian sen , 1980 ) . 

Exper imentat ion with computer assis t ed ins truct ion commenced 

during the la tter part of 1978  with the purchase of a low cost TRS -80 

microcomputer system .  The TRS-80 is a minimum system wh ich consists o f  

a keyboard uni t  (a lso housing the microprocessor and memo ry) , a T . V .  

d isplay screen , and a convent ional casse t t e  tape recorder .  Input is 

via the keyb oard , out put appears on the video d i splay screen , wh ile 

programs can be st ored on cas sette tapes . 

The f i r s t  task tha t  was undertaken was simply to det ermine wh ether 

or not trainees could manage the system and presumab ly learn through 

interac tion with a c ompu ter . I t  was f ound that the vast maj ority c ould 

d o  so when given brief instruc tion s and a short training sequence .  I t  

was noted tha t those who were succ essful b ecame highly mo t ivated and 

were ab le to concentrate f or extended periods o f  time . Al so , some persons 

who were prev iously unab l e  to spel l  their name c ould do s o  accurat ely 

u s ing the computer keyb o ar d .  

The ord inary keyb oard suppl ied with the TRS-80 i s  n o t  very rob ust 

however , and s ince the system was required to be in almos t  cont inuous 

operat ion,  i t  was decided to const ruct a heavy duty input device . Th is 

consisted of 20 one- inch square keys housed on a metal keyb oard , inc lud ing 

a l l  numer ical f igure s ,  + and - ,  YES and NO , as wel l  as some letters for 

answering mul t iple-ch o i c e  prob lems . This s imp l i f ied input devic e  was 

interfaced with the main keyboard and can eas i ly be programmed to meet 

the requirements  o f  e ach learning task.  

Ano ther simplif ied input unit was d es igne d  f or use by severely 

physically d i sab led persons such as  those with cerebral palsy and para­

p legic cond i t ions . By s imply sipp ing or b l owing on a mouth p iece , a 
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totally par alyzed per son can select and a c t iva t e  one o f  the charac t e r s  

d i s p layed o n  the video display sc reen . Th i s  form o f  input can be used 

f or answering que s t ions and s t oring inf o rmat ion in the compu ter . O ther 

t yp e s  of input contro l s , f or example , a j oy s t ic k ,  a dua l rod control , 

a l arge hand switch , and a f oot swi t ch can eas ily be adap t ed t o  the 

sys t em .  The result i s  that there are no trainees to whom the compu t e r  

i s  inacce s s ible because of the ir phy s i cal hand icap s . 

Desp i te the successful  development of these s implified input 

dev i ce s ,  the range of teach ing programmes that could be provided was 

res tric ted t o  those wh ich c ould be v i sually present ed on the video 

d i s p lay screen . Moreover , manipulat i on o f  the keyb oard f or an swer ing 

mul t iple-cho ice que s t ions proved to be a complex t ask for many of t h e  

t ra inees . I n  s ome cases , i t  seemed tha t t h e  re spon se requ irement s  o f  a 

tas k ,  f or examp le , ident i f y ing letters  or numb ers and ma tching these 

wit h  response i t ems , was a ra ther more d i f f i cult operat ion ( involving 

comp lex psycho-mo t or coord ination) than the s imple prob lem being 

presented . A more op timis t ic view sugge s t e d that a s  a ma t t er of cour s e  

some useful tra ining occurred o n  pre- skills  required t o  opera t e  the 

sys tem . 

Mos t of these early programme s were concerned wi th the t each ing 

o f  basic numb er concep t s . Programmes in this  area ranged from those 

wh i ch s imp ly a sked the learner to count boxe s ,  to more advanced prac t ice 

in add it ion and subtrac t ion . The count ing drill was a useful introduc­

t ion to  the c omputer and guarant eed a succ e s s ful l earning exp erienc e .  

The numb er c on cepts  programme cons i s ted o f  f our d ifficulty levels that 

aut omat ically adj u s t  t o  the ab ility o f  each person . Alternate  subrou t ines 

were devel oped t o  provide exper ience with pre-numb er concep t s  such as  

' more-less c ompar isons ' and 1 - 1 correspondence .  For example , it  was 

pos s ible to  draw a moving arrow wh i ch f ol lowed the obj ec t s  and a s s i s t ed 

learners to  count in a s equence . 

In order to  overcome some o f  the c omplex requirement s  o f  ent ering 

answers int o  the compu ter by means of the convent ional keyb oard , a 

s implif ied input r out ine was developed . Thi s  r out ine required that the 

l earner s imp ly press a key when a moving arrow ( graph ics symb o l )  appeared 

a l ongside the select ed r esponse i tem . In one of the programme s ,  th i s  

approach was u sed to  teach recognit ion o f  various let t ers , to  locate 

l etters from a l i s t , and at a more advanced level , to sele c t  ident ical 

words . The t ra inee was given a spe c if ic word or letter comb ina t ion and 
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then had to locate an ident ical ma tch by pres sing the "YES" key 

when an arrow appeared o ppos i t e  the item he / she wanted to selec t . 

Diagnos tic  in format ion was aut omat ically accumulated by the comput er 

and disp layed for the t eacher a t  the end o f  each session to show the 

numb er of correct and incorrec t responses . 

T r ial appl icat ion o f  these  p ilot CAI programme s highl igh ted the 

fact that visual d i splay of inf ormat ion al one restricted the range o f  

intera c t ion with the c om put er and types o f  learning drills that c ould 

be prov ided . Th is was par ticular ily evident with mo re severely handi­

capped persons who encount ered d i f f icult ies operat ing the sys tem ,  com­

prehend ing visual ins truct ions , and respond ing to mater ial presen t ed 

on the v ideo display screen . A maj or challenge was to reduce the barriers 

between the trainee and computer . I t  was considered that this could be 

achieved through incr eased ut i l isation of audio and visual ou tput . 

T o  extend the range o f  c ommunication of fe red to trainee s ,  a Bel l 

and Howell ' Ringmaster ' sl ide proj ector was inte r faced with the compu ter 

during 1979 . Photograph i c  t ransparenc ies ( 35mm s l ides )  are di splayed by 

means of a rear image proj ec t i on screen and accompanied by a sequence 

of aud io messages presented on a cassette player . Both aud io and visual 

output are under c omput er cont rol . Th is proved very useful for developing 

word r ecognit ion programme s wh i ch required the learner to assoc ia te a 

s ituat ion displayed on the sl ide with a word chosen for a list d isplayed 

on the video s creen . O th er dr i ll and s imulat ion programmes involv ing 

coin r ecognit ion , coun t ing and match ing , and sele ct ion of leisure- t ime 

in terests were also devel oped for exper imental t r ials on this mul t i­

media system ( Ryba , Chr i s t ian s en ,  and Drawneek ; 1 9 80) . 

A maj or shor t coming wi th all of th i s  p reced ing work was the ab sence 

of an eff ic ient and rel iab le s t orage med ium . In the m in imum system ,  

programmes are stored on ordinary cas sette tapes and loaded into the 

comput er as required . B ecause this involved c onvers ion o f  analog into 

digi t a l  s ignals for use by the computer , i t  was found tha t minor faul t s  

caused b y  the stret ch ing o f  t ape o r  minute p ower interrup t ions would 

impede proper load ing o f  the programmes . Moreover , the p rocess of load ing 

a programme in real t ime was r elat ively slow - several m inutes were 

required to enter any one of the drill rout ines . O ften programmes would  

have t o  be loaded several t ime s b efore complete read ing accuracy was ach ieved . 

These difficul t ies were overcome by the addit ion o f  a magnet ic d isk d r ive 

f or r eliab le and rapid loadin g  and storage of the CAI p rogrammes . A low 
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cost l ine pr inter was also purchased to generate a perman ent record 

of the CAI sess ions and to provide the learner with a hard copy 

summary o f  h i s /her per f ormance . 

A l igh t-sens i t ive pen wa s interfaced with th e sy s t em to furt her 

s imp lify p rocedur es for enter ing a respon s e  into the computer . Th is 

required t hat the learner point to  designa ted posit ions on the di splay 

screen , thus bypass ing the use o f  the keyb oard alt ogether . Th e l ight 

pen made p o s s ible a host of programming rou t ines that could not other­

wise have been developed . For example , th i s  replaced t he use of moving 

arrows f o r  selecting respon ses t o  mult iple-choice prob lems disp layed 

on the v i deo s creen . The learner could s imply touch an i t em with h i s  

pen placed o n  the screen sur face rather than press ing a key in response 

to locat i on of an arrow . 

The ab ove development s were made over a two- year per iod prior to 

commencemen t of the present study . Throughout the exper imental phase , 

the computer system was located at  the Cook S t reet Tra in ing Centre 

op erated by the New Zealand Soc i e ty for the In tel lec tually handicapped 

in Palmerston Nor th . A special c ab inet that p ermanently housed the 

equipment was con s truc ted and located in one of the spe c ialized train in g  

rooms . Th is provided a quiet area where trainees could c oncentrate and 

work ind e pendently on the ir programmes . S ta f f  and volunteers ass is ted 

with management o f  the CAI system . I t  is e s t imated that in excess o f  

2000 ind ividual se s s ions were o f f ered over thi s  2 4  month trial period . 

Ex pansion o f  the CAI sys t em to  incorpora te both audio and v isu?l 
instruct i on was an essent ial mod if ica t ion that made pos s ible the presenta­

t ion of  l earn ing tasks such as word recogn i t ion that could not b e  o f f er ed 

on a minimum system . Also , the a daptat ion o f  a simplified input device 

- a  l igh t - s ens it ive pen - opened channels of communicat ion for less able 

persons . These procedures suggest that any meaningful a t t emp t to  provide 

microcomputer based instruct ion for mentally retarded individua ls will 

require an intera c t ive system with sound and t ouch sen s i t ive capab i l i t ies . 

Equipment and Technical Modificat ions 

A concise account of the computer sys tem and peripheral equipment 

used in this inves t igat ion is p resented in th i s  sect ion . Modificat ions 

wer e  carr ied out ove r  a two year period preceding the s tudy and were 

based on extensive ob serva tions of trainees interact ion with the CAI 

programmes .  It  i s  cons idered that the microcomputer and support ing 
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equipment described here i s  a min imum system for provid ing a pract ical 

form o f  CAI to hand icapped persons . The relat ively low cos t  o f  the 

equ ipment and interfac ing proc edur es was achi eved through purchase 

o f  common mic roprocessor ba sed components that have on ly rec ent ly 

c ome avai lab l e  in New Zea land . 

Microcomputer : The microcomputer u sed in the study was a commercially 

available TRS - 80 Sys tem d eveloped by the Tandy Radio Shack Corporat ion 

in the Un ited S tates . Th i s  conta ins a Z-80 micropro cessor ch ip that is 

widely used in pers onal computer systems . In the microcomputer , the 

proce ssor and memory are mass produced sihcun ch ips - the least bulky 

and ch eape st par ts o f  the system .  Th e se chips contain vas t numb ers of 

c ircui t s ,  the amount o f  which determines memory and processing capab i l� 

i t ies . The memory stores b o th ins truc t ions for the processor ( th e  program)  

and the data to  be proces sed . Howeve r it is d i f f i cult to  wr i t e  programs 
/ 

d i rectly in the proces sor s instruc t ional code . Inst ead these are wr itten 

in a h igh level language , usua lly BAS IC (Beginne rs All- Purpo se Instruc­

t i ona l Code) , and th e proc essor executes a fixed program tha t interprets 

the BAS IC tex t . Because the interpret er is a fixed program , it is stored 

in read-only memory ( ROM ) . The remain der of the memory , refe rred to as 

random access memory ( RAM) can be b o th read and wr it ten . RAM is erasab le 

and remains on ly so long as the power is on . The Z-80  processor con ta ins 

8 K ( approxima tely 8000 charact ers ) of ROM and 1 6  K ( 1 6000 un its)  o f  

RAM .  T h i s  random a c c e s s  memory can eas ily b e  expanded by the addit ion o f  

other s ilicon chips . Avai lab le RAM for the TRS -80 used i n  th is s tudy was 

32 K .  Th is was more than adequate space for s t or i ng the CAI programs . 

The input-output devices make up the bulk o f  the microcomput er and mos t  

o f  the cos t .  The universal input device is th e keyb oard whi c h  re semb l es 

that on a convent ional typewriter . Th e keyb oard uni t  of the TRS-80 also 

h ouses the microprocessor and memory from wh i ch connec t ions c an b e  made 

to other types of per iph eral equipmen t .  

V isual D i sp lay Un i t  (VDU ) : The conf igura t ion o f  the d isplay screen 

a l lows 16 l ines of 64 charact ers each with to tal graph ics re solut ion 

being 128 by 4 8 . An impor tant opt ion o f  the TRS-80 is the facil ity to 

d i splay doub l e  s ize characters ( 32 f igures per l ine ) on a convent ional 

b lack and whi t e  screen . These larger letters were used through out the 

experiment to ensure that sub j ects  c ould easily v iew the visual material . 

An addit ional feature is that s imp le pictures , geometric drawings , and 

an imated f igures can be d isplayed on the screen . 
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Magne t i c  D i s k Dr ive : Pr ogrammes w e r e  s t ored on conven t i onal 5!� inch 

f l oppy d i sket t e s  and loaded int o  the m icrocomputer by means o f  a disk  

drive . Operat ion of the d i sk storage sys t em requ ires ad d i t i onal memory 

(ROM) wh ich is contained in an Int er f a ce Cont rol Un i t . Each d i ske t t e  

holds app roximately 80000 bytes o f  informat ion wh i ch may b e  read o r  

wri t t en in s e c onds . Al l of  the CAI pro grammes used in t h i s  s t udy were 

con t a ined on a s ingle disk with room t o  spare . 

Sound / S l id e  Projec t or : A Bell and Howell ' Ri ngmas ter ' proj ec t or wa s 

interfaced wi t h  the comput er t o  prov i d e  a display of 3 5mm slides and 

accompany ing aud io mes sage s .  Several funct ions could be cont rolled by 

the computer includ ing slide advance , turning the proj ect ion l igh t on 

or o f f , s t a r t ing and s t opp ing the cas s e t t e  player , and ac t ivat ing the 

mic rophone . A maj or f eature of the int erface s y s t em wa s the capab i l i t y  

to advance t h e  casse t t e  tape w i t h  t h e  mic rophone turned off . Thi s  per­

mi t t ed audio messages to be played o r  bypassed according to the r equire­

men t s  of the p rogramme and performance of the subj ect . For example , 

error messages could be played when n e ces sary or omi t t ed when a correct 

re sponse was r egis tered . Compu ter con t rol o f  the sound / s l ide proj ector 

was accompl i sh ed by means o f  a spe c i a l ly des igned int erface un i t  that 

t ran slat ed por t addresses ori gina t in g  from the microp ru cessor into 

ele c t romagne t i c  signals tha t  ac t ivated the proj ec t ion func t ions . S imp le 

command s we re incorporated int o the BASIC language to permi t programming 

of these aud io and visual func t ions . 

L igh t Sens i t ive Pen : Th i s  enab led subj ects  to int erac t w i t h  the comput e r  

by s impl y  t ou c h ing designa ted po s i t ion s on the video screen i n  response 

to audio me ssages . The ligh t  pen was a part icularly impo r t ant add i t ion 

to the system as it replaced more comp lex keyb oard manipula tions w ith a 

s imple po in t in g  response . The type s o f  CAI programmes employed in this 

study would n o t  have been possib le without this r elat ively inexpens ive 

input device . The pen contains a pho t o -sens itive c ell that is ac t ivated 

by an amp l i f i e r  placed on a small c i rcuit b oard . A connec tor  is a t tached 

tha t plugs into the expans ion por t at  the le ft rear of  the TRS-80 key­

boar d .  L ight i s  de t ect ed b y  plac ing the pen on a graphics b lock alongs ide 

i t ems p r int ed on the screen . By ini t ia l iz ing all possible resp onses and 

tes t ing to d e t e rmine where the pen is being po inted , a programme c an b e  

wr i t ten to  provide confirmation of  cor rect and incorrect  responses . The ' 

pen i s  s ensit ive and works as much as 2 cm away from the s creen sur face . 

A t ime de lay i s  included , however , such that the subj ec t mus t hold the 
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pen in a selected po s i t ion f or 2 o r  3 s econds . This helps min imiz e  the 

trig gering of false respon s e s  that might occur wh il e moving the pen on 

the s creen sur face to locate a spe c i f i c  i t em .  The use of the l i gh t  pen 

requ ired less f ine f inger dexterity th an operat ion of a keyb oard . More­

over , it was a logical f orm of input that compared favourab ly with 

poin t ing responses chara c t e r i s t ically r equired in more conven t ional 

int e rpersonal ins t ruc t i on methods . 

L ine Print er : A 40-column width alphanumeric l ine pr inter was used 

to generate a hardcopy print out o f  subj e ct s ' performanc e .  Th i s  made it 

pos s ible to retain a permanent record of each CAI s e s s ion and t o  g ive 

the learner a copy of his own work to show others what he has ac comp l i shed . 

A pho tograph d i sp laying the con f igura t ion o f  the computer equip- . 

ment is displayed in Figure 1 .  

The Compu ter Sof tware 

Th e experimental CA I sys tem cons i s t ed of a s e t  of four compu ter 

prog rammes wr i t t en in BASIC , a h igh level int erpr et ive language commonly 

ava i lab le on microcomputers . The prog rammes contained both operat ing 

ins t ruct ions and dat a concerning the wo rd s to be taugh t for ea ch of t h e  

fo l l owing training modul e s : 

1 .  PAL 1 :  Pai red Asso c i a t e  Learning of Too l Names 
2 .  PAL 2 :  Paired Associate Learning o f  Gro cery / Informat ion Words 
3 .  ED 1 :  Error less D i s c r imina t ion o f  Tool Names 
4 .  ED 2 :  Error less D i s c r imina t ion o f  Gro cery / Informat ion Words 

All of the programmes were contained on a single magne t ic d i sk for 

immediate ac c e s s  at the beg inning of each teaching sess ion . Th e d i sk 

also  incorpora t ed a management rout ine that would automat ically l i s t 

the programmes availab l e  for select io;.� b y  the experimen ter . 

Each CAI drill was s e l f-cont ained in the sen se that all sub rout ines 

required to operate an ins t ruct ional sequence were availab le within a 

single programme . This provided a st raight forward command s truc ture 

that avo ided the need to call  in mult iple programmes dur ing the c ourse 

of instruct ion . The logical design o f  the so f tware helped to  minimize 

the complex ity o f  the CAI sys tem and thus over come some o f  the t echnical 

problems that can arise when using two or more suppor ting programmes . 

The disk space required t o  run any one o f  the p rogrammes on t he system 

was approximat ely 20 K ( 2 0 000 charac ters ) . 

In order to  minimize the length o f  each programme , a set  o f  sub ­

routines was created to c arry cut the drill and di agnostic  procedures . 
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Aud i o  and visua l  informa t i on are pres ented under compu t er contr o l . 

Resp onses can b e  input to the computer using a ligh t  s ensi t ive pen.  
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Some examp les o f  these rout ines are pre sented here t o  illust rat e the 

manne r  in which pro grammes we re des igned : 

MENU : This was a management programme that provided a d irect ory of 

CAI drills conta ined on d isk . By p ressing a number corre spond ing to  the 

requ ired p rogramme , MENU would au tomatically load then execute any of 

the availab le CAI p rocedures . Th i s  simpli f ied access to the teach ing 

programmes by overcoming the need to manually enter sy stem commands at 

th e b eginn ing of each session .  

DISPLAY : Th is included several subrout ine s tha t control led display 

o f  target words and d i s tracter s on the video d isp lay unit (VDU) . I t ems 

were randomly ass igned to one of the four des i gnated scr een positions 

for each p resentat ion . It was felt  that random p lacement of the items 

would help minimize any tend enc ies toward per severat ion and posit ion 

prefe rences  that might otherwise occur with a fixed sequence of words . 

FADE : This subrout ine f irst test ed th e input response and then re­

placed or removed dist racters according to whether a response was correct 

or incorr e c t . A second func t ion of FADE wa s to  govern the presentation 

of audio message s and slide proj e c t ion . Ac cumulat ion o f  error responses 

would act ivate the aud io cass ette  to play an add it ional message . Alter­

nat ively , a corr ect r e sponse wa s used as a s i gnal to bypass these error 

me s sages by playing the cassette  with the microphone swi t ched o f f . 

CONFIRM : The firs t subrout ine o f  CONFIRM was des igned to print a 

f lashing message ( *** I S  RIGHT***)  ·alongside the target word as visual 

con f irmat ion of a correct response . A second subrout ine was then cal led 

to  d isplay a graphics  f i gure of a "HAPPY FACE" on the VDU . Both of these 

rout ines were ac t ivated whenever a correct r esponse was detected by the 

programme s .  

ERROR : Whenever an incorrec t  response was ent ered , the ERROR rout ine 

was called to prin t  the message ***NO , TRY AGAIN* ** at the bot tom of the 

video d i splay screen . A second subrout ine was also a c t ivated to draw a 

"SAD FACE" in graph i c s  blocks whenever an error was detected . 

LIGHT PEN : This cons i s ted of  two subrout ines for init ial izat ion of 

the data point s on the VDU and d etect ion of  the pen locat ion . A graph ics 

block was creat ed alongside each o f  the items d i splayed on the screen . 

These b lo cks served a s  a l ight source for checking t o  determine where 

the pen was being p o inted . Placement of the pen on a graphics b lock 

corresponding to  the target word act ivated the CONFIRM subroutines . 

C onversely , detect ion o f  other l ight sources (d istracters) called the 

ERROR routine descr ibed above . 
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DIAGNOSE : Data on the numb er o f  at temp t s  and t ime spent on each o f  

the f our trials for all  ten items was aut omat ically ac cum� ed by this 

sub rout ine . Total t ime spent working on the p rob lems and elap sed t ime 

for a c ompleted sess ion were also recorded . This in formation was accumu­

la ted and printed at  the end o f  each session on the VDU screen . 

Deve lopment of Computer Assisted Instruct ion Courseware 

Two maj or ins truct ional sets  cons idered to be representat ive o f  

convent ional interpersonal ap proaches f o r  teaching word recogni t ion 

were des igned for pre sentat ion b y  the computer . The first o f  these , 

termed e rrorless d i s c r iminat ion , made use o f  a st raight word fo cus in 

wh ich the subj ect wa s guided through a p rogressive ly complex series o f  

visual d iscriminat ions . The second instructional set involved the t eaching 

of pict ure-word comb inat ions us ing a paired-associate format . Care was 

taken to de sign the CAI dril ls in a logical format to facilitate compar­

ison of treatmen t ef f ec t s  for comp lemen tary programmes using either the 

computer-based or ins truc tor-dominated approaches . From the out set , it 

is stre s sed that the purpose of the inve stiga t ion was to evaluat e the 

teaching of soc ial s ight word recogni ton . This was based upon the as sump ­

tion that subj ects c ould visually identify pi ctures or real life  obj ects  

of the words to be taught but we re unable to read the ref erent word for 

each item . 

Th e CAI courseware was constructed so  that each subj e c t  could work 

at h i s / her own pace . S ubj ects  could take as l ong as they required to work 

on each problem though once a re sponse was regist ered the system provided 

immed iate visual feedback . Overlearning was o f fered accord ing to each 

person ' s  needs by repeated presentation of the stimulus mat erial and 

simp l i f i cation o f  the task requiremen ts when mis takes were made . Th is 

errorles s learning p ro c edure ensured that par t icipants would exper ience 

success at  several p oints in the programme . 

The instructional sequence presented b y  the comput er cont ained 

both l in ear and branch ing routines that were f ol lowed according to the 

progress o f  each learner . At several point s in the programme s , addit ional 

audio and visual support  were ava ilab le when errors occurred but could 

b e bypas sed on dete c t ion of correct response s .  A detailed descript ion 

of the two training procedures and correspon ding CAI programme s t ruc tures 

is p resented in the f o l l owing sec tion .  
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1 .  Errorless Discrimination Learning 

Th i s  approach made use o f  a straight word focus and no p i c t ori al 

mat erial was pre sen ted . With the errorless discriminat ion or word 

shap in g  techn ique ( Terrace , 19 6 3 ;  Wa lsh and Lamber ts , 1 9 79 ) , the teacher 

or c omputer in i t iates learning by reinforc ing a st imulus- response rela­

tionsh ip th at the subj ect  can easily acqu ire , and progress ively alters 

the comp lex ity of discriminat ions unt il a restricted s t imulus - response 

rela t i on ( the terminal teach ing obj ect ive ) is attained . The Edmark 

Read ing Pr ogramme ( 19 7 2 )  is perhaps the most well documented app licat ion 

of t h i s  teach ing method . 

In the d i s c r iminat ion approach o f  the Edmark Programme , the word 

to be taught is f i r st presented and ident i f ied by the teacher who says , 

"Point to th e word . " Over a series o f  four to  six tr ials , the 

point ing re sponse is shaped by displaying dis tracter items alon g with 

th e target word . Each trial i s  int ende d to provide a more d i f f icult 

d i s c riminat ion . Compari son st imul i are init ially very dissimilar but 

even tually become s imilar to the target word with only sub tle d i f f eren ces 

be twe en the word s or word- like let ter con f igurations . Following is the 

sequence for computer present at ion of the errorless d i scr imina tion 

method : 

CAI Training Sequen ce : Errorless Discrimination 

Step 1 - Introduct ion 

( a )  An audio message was presented to introduce the se ssion ; 

"Hello , my name is Micro . "  " I ' m a talking computer . "  "Today 

we are going to read some new words . "  "Please tell me your 

name . "  Coinciding with this audio message , a programme 

t i tle was displayed on the v ideo screen . 

( b )  The subj ect  entered h is name int o  the computer by means o f  

the keyboard . As sis tance f rom the examiner was availab le 

where nece ssary though most subj ects  were ab le to  type their 

own names unaided . 

Step 2 - Presentat ion o f  Targe t Word 

( a )  Presentat ion of i tem to be t augh t in 32 characters per l ine 

mode ( large upper case lett ers)  on the video disp lay un it 

of the TRS-80 microcomputer . 

(b ) Audio inf ormat ion on the wor d  to  b e  taught . " This word says 

. " "Now have a look at  the word 
---

on your screen . "  
---

Target word is d isp layed for f ive seconds . 
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Step 3 - Trial 1 

(a) An exp lana tory aud io message is provided on the word t o  

be  ident i f ied . "Now you point t o  the word " ( U s ing 

the l igh t sens itive pen) 

(b) VDU s c reen disp lay of the item plus three dist rac tor s . For 

Trial 1 ,  the three distrac tors are gros sly dis s imilar from 

th e tar get word t o  be  taught . 

e . g .  BUS STOP 

? ? ?  
? ? ?  
? ? ?  

( c )  Th e sub j e c t  identi fies th e respons e item b y  pointing the 

l i gh t pen at  a graph ics b l ock alongs ide and immediately 

to  the left  o f  th e it em selec ted . 

e . g .  O BUS STOP 

0 ? ? ?  
- ?  ? ?  LJ . . . 

0 ? ? ?  
The l igh t pen mus t be  held in a selected posit ion for 3 

second s . Th is response delay was in tentionally built in 

to the programme to minimize the triggering of f alse 

resp onses that might otherwise occur wh ile accidentally 

mov ing the pen across th e screen sur face to locate a 

spec i f i c  i t em .  

( d )  I f  the sub j e c t  was correct , the message ***IS RIGHT*** 

was f lashed alongside the target word for a durat ion o f  

approx imat ely 3 seconds . Following th is , a "HAPPY FACE" 

drawn in graph ic s blocks was d isplayed on the s creen f or 

2 seconds to prov ide further conf irmation o f  a correct 

response . The progran: ilrhen automati cal ly advanced t o  t rial 

2 ( S tep 5 ) . In th is case , the error fading rout ine o f  S t ep 

4 was bypassed . 

( e )  I f  wron g , the sub j ect is advanced to  the error fading 

routine o f  S t ep 4 .  

Step 4 - Error Fad ing Rout ine 

(a) I f  the s tu dent f ailed to ident i fy the correct word an error 

me ssage appeared at the lower left-hand corner of the VDU 

( ***NO , TRY AGAIN***) . Th is was followed by a graph ics 
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disp lay of a " SAD FACE" for 2 se conds only . Total elapsed 

t ime for error feedback is  5 se conds . 

( b )  VDU sc reen d i s p lay o f  item plus 2 d i s trac ters for Tria l . 

The d is t rac t e r  se lec ted b y  mis take is  removed ( f aded out ) 

f or this present at ion . 

( c )  I f  the subj ec t  is correc t on ( b )  above , th e mes sa ge * * * I S  

RIGHT* * *  was f lash ed alongs ide the targe t  word . Th is  was 

followe d by pre sentat ion o f  the "HAPPY FACE . "  Then the 

comp lete list  compris ing th e target word and 3 d i s tracters 

was aga in presented . An add it ional aud io me ssage was played 

at th is point . "Find " 
---

( d )  I f  wrong on (b ) above , the error me ssage and " SAD FACE" 

rout ines are c alled for d i sp lay . Cont inued errors caused 

the rema ining d ist rac ters to  be removed one at a t ime unt i l  

only the target i t em was d i splayed . Then the sub j ect  is 

b ranched back to ( c )  ab ove for ano ther at temp t at the 

complete l i s t . 

Due to p rac t ical limitat i ons o f  the equipmen t and t ime 

availab le ,  sub j ec t s  were allowed a max imum o f  9 a t t emp t s  

o n  each t r ial . This  inc luded a tot al of  3 a t t emp t s  at the 

c omp lete list  (with accomp any ing aud i o  messages)  f o llow ing 

wh ich the programme aut oma t ically advanced to  the next trial . 

Step 5 - Trial 2 

( a) Tr ial 2 was d i sp layed on the VDU . Th i s  contained a s l igh t ly 

mor e  complex d i scriminat ion ; the i t em to b e  ident i f ied and 

3 distracters p laced in r andom order . 

e . g .  Li iN 
OAT 
O BUS STOP 
QON 

An aud io mes sage was p rovided at  th i s  po int : "P o int to 

(b) I f  correct , the flash ing c on f i rmat ion and "HAPPY FACE" 

---

subrout ines a r e  displayed and the programme b ranches to 

S tep 6 ( Tr ial 3 ) . 

( c) I f  wrong , the error mes sage and " SAD FACE" subrout ines are 

d isplayed and the programme b ranches to S t ep 4 ( error 

fading) . A maximum of 9 a t t empt s ,  includ ing 3 t r ies at the 

c omp le te list  (with accompanying audio mes sages) were 

p rov ided . 

" 
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Step 6 - Trial 3 

(a)  Trial 3 was d isplayed on the video s creen . This  required 

a moderately diff icul t d iscrimina tion between the target 

word and 3 d i strac ters , all of approximately th e same word 

length though commencing with dif ferent letter s . 

e .  g .  0 DANGER 
U BUS STOP 
IJ RAILWAY 
t] COFFEE 

An audio mes s age was again provid?d concurrent with the 

ab ove presen tat ion : "Po int to " 

(b ) I f  correct , the flash ing ***IS RIGHT*** con f irmation and 

"HAPPY FAC E" subrout ine s are presented . The sub j ect is 

then automat ically advanced to the f ourth trial  descr ibed 

in Step 7 .  

( c )  I f  wrong , the error mes sage ***NO , TRY AGAIN*** and " SAD 

FACE " subrou t ines are d is played . The programme then b ranches 

back to the f ad ing procedures descr ibed in S t ep 4 .  

S t ep 7 - Trial 4 

(a)  The frnrth and f inal trial was presented on the video s creen . 

Th is comprised a very comp lex discriminat ion in which th e 

target word and 3 d istracter items s tarted with the same 

l e tter and were all of s imilar length . 

e . g .  [] BLAMELES S  

0 B IRD HOUSE 

0 BUS STOP 

0 B INOCULAR 

(b ) I f  corre c t , the flashing ***IS RIGHT*** confirmat ion and 

"HAPPY FACE" subrout ines are displayed and the programme 

b ranches to the next training sequence . 

( c) I f  wrong , the error me ssage ***NO , TRY AGAIN*** AND " SAD 

FACE" subroutines are d isplayed . The programme then b ranches 

to the fading procedures described in Step 4 .  

By default ,  the programme advanced automat ically to the 

next tra ining item when a target word was selected from 

a complete l ist  or after 9 attempt s  were completed . 

The above sequence was ident ical for the two prac t ice items and 

e i ght target words presented in each module . A maximum o f  3 60 attempts  

and  1 2 0  audio mes sages were avai lab l e  for each t raining sess ion though 
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many o f  these b ranches c ould b e  bypa ssed in the event that subj ects  

reg is tered correc t responses . 

2 .  Paired Associate Learning 

In th i s  me thod , a picture and correspond ing printed word are 

presented s imul taneously with the int ent ion that responses to the 

printed wor d  are learned with repeated pair ing (Vergason , 1968 ; 

Parmenter e t  al . , l9 7 9 ) . The paired associate it ems each contained two 

elements :  ( 1 ) a s t imulus element (pho tograph) presented on 3 5  mm 

slides , and ( 2 )  a response element (word) d ispl ayed on the video screen . 

Thus , the pairing consisted of a response word wh ich students did not 

know accompanied by a s t imulus element ( p i c ture) wh ich all subj ects 

could recognize . As with the errorless  discriminat ion method , four 

trials were p resented to teach each of the eigh t  target words . Two 

prac t ice items were also included a t  the b eginn ing of each sess ion for 

demonstration purposes  and pre-t raining . Follow ing is a descript ion o f  

th e comput e r  based paired assoc iate programme d eveloped f or use in the 

invest igat ion : 

CAI Training Sequence : Paired Associate Learning 

Step 1 - Int roduct ion 

(a ) An audio message was played on cas sette tape under computer 

control to  introduce the sess ion . "Hello , my name is mi cro . "  

"Today we are  going to look at some pictures and read some 

new words . "  "Please tell  me your name . "  A programme t i tle  

was displayed on the video screen . 

(b )  The subj e c t  entered h is name into  the computer using the 

keyboard p rovided . As s i stance from the examiner was given 

as required although mos t  subj e c t s  could type their name 

without a s s istance . 

S tep 2 - Presentation of Target Word  and Re ferent Picture 

(a) A 3 5  mm t r ansparency was displayed by means of the rear 

image proj e c t ion screen of the sound/ slide proj ector . 

( b )  Audio info rmat ion was p rovided on the word to  b e  t aught . 

"This picture shows " "Now l ook at the word 
---

your s creen . 

on 

( c) Target word  was d isplayed on the v ideo screen for 5 second s . 

The slide remained in v iew dur ing the ent ire teach ing 

sequence for each item .  
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Step 3 - Trial 1 
( a )  An aud io instruction was p rovided on the word to  be 

ident i f ie d . "Now you point to 
---

" (Using the ligh t  

sens itive pen) 

(b )  Th e target word was displayed on the video s creen . For 

t r ial 1 no distrac ters a re presented . 

e . g .  BUS STOP 

( c )  Sub j e c t s  ent ered their respons e by pointing the light pen 

to  a graphics b lock a longs ide and immediat ely to  the left  

o f  the i tem . 

e . g .  0 BUS STOP 

(d )  Visual feedback was provided by f lash ing the mes sage *** 

IS  RIGHT*** alongs ide the t arget word for approximately 

3 seconds . This was followed by a 2 second screen display 

of a ' 'HAPPY FACE" d rawn in graph ics  blocks on the VDU . 

Step 4 - Trial 2 

(a )  Trial 2 was presented on the  VDU . This consisted of  the 

t arget word and 1 d i s t racter  selected at random from a 

pool of  3 items for that t r ial . An audio mes sage was provided : 

"Point to 1 1  

e . g .  L..! BUS STOP 

Q RAILWAY 

( b )  I f  corre c t , the flashing conf irmat ion and "HAPPY FACE" 

s ub rout ines were presented .  Th e s ubject  was then auto-

mat ically advanced to  t r ia l  3 des cribed in S t ep 6 .  

( c )  I f  wrong ,  an error me s sage appeared on the lower left-

hand corner of  the v ideo s creen ( ***NO , TRY AGAIN***) . 

This  was followed b y  a graphics d isplay of  a " SAD FACE "  

f o r  2 seconds . At th i s  poin t  t h e  programme branched to 

error rou t ine decribed in S tep 5 .  

S tep 5 - Error Fad ing Rout ine 

the 

( a )  Failure t o  identify the corre c t  target word resulted in 

presentat ion of the error message and "SAD FACE" rout ines . 

(b ) VDU screen display o f  the target word and dis t racters less  

the it em s elected b y  mistake on the previous t rial . The 

dis tracter chosen by e rror was removed ( faded out) for th is 

presenta t ion . 

( c )  I f  the s ub j ect was corre c t  on (b ) above , the p r inted con­

f irmat ion message and "HAPPY FACE" subrout ines were presented . 
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The complete l is t  comprising t he target word and d i s t rac­

ters was again disp lay ed ( Tria l s  2 ,  3 ,  and 4 cont ained 1 ,  

2 ,  and 3 dist rac ters  respectively) . An add it i onal audio 

message was played at th is point to remind the subj ect  of 

the t a rget word for that se quence : "Find " 

( d )  I f  wrong on (b ) ab ove , the error mes sage and " SAD FACE "  

subrou t ines are d isplayed . Cont inued errors on each a t t emp t 

caused the remaining distrac ters  to be  removed  one at a 

t ime until only the t arge t i t em was displayed . Subj e c t s  

were then branched back to ( c )  above f o r  ano ther a t t emp t 

a t  the complete l is t . 

As with the errorless  discriminat ion procedure , a max imum 

o f  9 a t t emp t s ,  inc lud ing 3 t ries at the comp lete  l is t  (wi th) 

accompanying audio messages was provi ded . The programme 

then automa t ically advanced t o  the next t r ia l .  

S t ep 6 - Trial 3 

(a)  Tr ial 3 items wer e displayed on the VDU . Th is contained 

the t a r g e t  word a n d  2 d i s t r a c t e r s . For example : 

0 BUS STOP 

I] RAILWAY 

0 SCREWDRIVER 

An audio message was p layed under comput er contro l : "Point 

t o  " 

(b ) I f  correct ,  the f lashing *** I S  RIGHT*** conf irma t ion and 

"HAPPY FACE" sub routines were presented . Th e programme 

then advanced to Tria l  4 as d e scribed in S tep 7 .  

( c )  I f  wrong , the erro r message ***NO , TRY AGAIN*** and " SAD 

FACE" sub rout ines were d isplayed . The programme then auto­

mat ically advanced to  the fad ing procedures in S t ep 5 .  

S t ep 7 - Trial 4 

(a)  The f ourth and f inal t r ial was displayed on t he VDU . This 

comprised the t arget word and 3 distrac ters . 

e .  g .  0 RAILWAY 

0 BUS STOP 

0 SCREWDRIVER 

0 COFFEE 

An accompanying audio message was played : "Point to  " 



81 

(b) If correct , the f lashing ***IS RIGHT*** con f irmation and 

"HAPPY FACE" sub rout ine s were displayed on the screen . 

The p rogramme then advanced t o  the next training sequence 

and f o llowed an identical set of procedure s to those 

outlined in the ab ove s teps . 

( c) I f  the subj ect was wrong , the error mes sage ***NO , TRY 

AGAIN*** and " SAD FACE" were d isplayed . The programme then 

b ran ched back to the fading routine in Step 5 .  

By de f aul t ,  the programme automat ically advanced to the 

nex t t raining sequence when a maximum of  9 a t t empt s  were 

comple ted or whenever a target word was s e lected from a 

comple te l is t . Prec isely the s ame procedures were followed 

for each of the 2 prac t ice and 8 training words contained 

in a t raining modu le . 

Developmen t of  Individual Ins t ruct ion Programmes 

In order to provide a meaningful framework for comparing computer­

based instruct ion with more conventional int erpersonal methods of  tuit ion , 

compl em�ntary programmes were devised to  teach word recogn i t ion by means 

of ind ividual inst ruct ion . E ssent ially the procedures used by teachers 

were ident ical to those presented by the microcomputer . One maj or excep­

tion was that flash cards and pho tographs were used to  present the s t im­

ulus material rather than the v ideo and s l i de displays employed with the 

computer sys tem .  Another d i f f erence can be seen in terms of the amount 

of verbal interact ion whi ch , desp ite  standardisation of ins truct ions and 

f eedback ,  was naturally greater  in the interpersona l s itua t ion .  Notwith­

standing these pra c t ical d i f f erences , every attempt was made to ensure 

that the ind ividual teaching procedures paralleled those  of the CAI pro­

grammes with regard to type of verb a l  informat ion , presentat ion of mat er­

ials , and sequence of  instru c t ion .  

As with the computer ass isted inst ruction , two programmes were 

devised to teach word recogn i tion by means of the errorless discrimina­

tion ( word only) and paired associate ( p i cture-word) method s . Following 

is a description o f  the pre c ise sequence used in the two experimental 

methods for teach ing each of the target words : 
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1 .  Errorless Discrimination Training S equence ( ED) 

A flas h c ard disp l aying the word t o  be t augh t is  f i rs t  presented 

and ve rbally ident if ied by the teacher . Over a series of  four trials , 

the teacher at t emp ted to  shape a correct respons e by having the subj ect 

point to the target word in the presence of  other dis trac ter items . 

Each trial was intended to provide a s ligh tly more complex discrimina­

tion . Compari s on s t imul i  are ini tially ve ry dissimilar but eventually 

become s imilar to the t arget word with only sub t le differences between 

the words or word- l ike configurat ions . An example of the four trials 

used for teaching one of  the prac tice i tems is presented below : 

Trial 1 Trial 2 Trial 3 Trial 4 

? ?  ? IN BUS STOP BINOCULAR 
BUS STOP AT DANGER BUS STOP 
? ? ?  BUS STOP RAILWRI BIRDHOUSE 
? ? ?  ON COFFEE BLAMELESS 

Placemen t  of the items for each trial was random . Incorrec t responses 

resul ted in the removal of dis tracters until  the target word was 

correctly ident i fied . A maximum of 9 attempts for each trial was 

provided . The precise s equence of ins truc tions were as fol lows : 

Individual T raining S equence :  Errorless Dis crimination 

S tep 1 - Presen t at ion of Target Word 

( a) The examine r  ( E) p resented a f lashcard cont aining the 

word to be t aught . 

(b)  E p rovided a verb al label for  the word : "This s ay s  

"Now you s ay 

f ive seconds . 

S tep 2 - Trial 1 

" The target word was disp layed for 

" 

( a) F lashcards containing the target wo rd and three d is tracters 

f or trial 1 are randomly p resented . These are p l aced out 

vert ically on a desk directly in f ront of  the t rainee . 

(b)  E s ays , "Now you point to 1 1  

( c) The s ubj ect  responds by pointing to  a chosen i tem . 

(d )  I f  the subj ect was correc t ,  then E provided verbal  f eed-

b a ck ( e . g .  "Good" , "Okay " )  and advanced to trial 2 as 

described in S tep 4 .  

S t ep 3 - Error Fading Routine 

( a) I f  the subj ect fai led t o  poin t  to the correct target word 

then E s aid , "Let ' s  try again . "  All f lashcards were re­

moved f rom the t able . 
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(b) Presentation of target word plus 2 d i s t racters . The dis­

trac ter selec ted by mistake is removed ( faded out) for this 

presentation . 

( c ) I f  the subj ect  is correct , then E provides neutral verbal 

feedback ( e . g .  Good , Okay) . Then the c omplete lis t com­

pris ing the targe t word and 3 distrac ters are again randomly 

presented . An additional verbal message is given at this 

point : "Point t o  " 

( d )  I f  wrong on (b )  above , neutral verbal f eedback was given : 

"Let ' s  try again" . Continued errors cause the remaining 

d i s tractor ( s )  to be removed one at a t ime unt i l  only the 

t ar get word is d isplayed . Then the subj ect is g iven 

another attemp t at the complete l is t .  The cards are re­

mov ed from the table following each presenta tion and then 

randomly placed in preparation for the next attemp t . 

Due to practical l imitations and avai l able t ime , subj ects 

were allowed a maximum of  9 attemp ts on each trial . This 

included a total of  3 attempts at the complete lis t ,  

f o l lowing which the examiner advanced to the next trial . 

S tep 4 - Trial 2 

( a) Tr ial  2 cards are presented by E .  Thes e contain a s ligh t ly 

more comp lex d is crimination ; the i t em to be identif ied plus 

3 d is trac ters p laced in a random order . E s ays , "Point 

to " 

(b)  I f  correc t ,  then E provided verba l  confirma t ion . E 

advanced the s ubj ect  to trial 3 .  

( c) I f  wrong , then E provided verbal feedback ( e . g .  "Let ' s  

try again")  and removed the card s . The error f ad ing 

rout ine in s tep 3 was followed unti l  a correct  response 

was illicited . A maximum of 9 a t temp t s . including 3 tries 

a t  the complet e  list  are provided . 

S t ep 5 - Trial 3 

( a) T ri al 3 c ards were presented by E .  This required a 

moderately d i f f icult discriminat ion b e tween the target 

word and 3 dis trac ters , all  o f  approximately the same 

word length . E s ays , "Point to " 

(b)  I f  correct ,  then E provided verbal c onfirmation . The 

s ubj ect was then advanced to the f inal trial . 
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( c) If  wrong , then E provided verbal  f e edback ( "No , Let ' s  try 

again . " ) and removed the cards . The error fad ing rout ine 

in step 3 was fol lowed unti J  a correct response was made 

by the subj ect from a c omplete l i s t  of words . 

S t ep 6 - Tri a l  4 

(a)  The fourth and f inal t r ial was presented by E .  This 

contained a very compl ex d iscrimination in which the 

target word and 3 distrac tor i tems had the same beginning 

let ter and were all  of approximat e ly the same word l ength . 

E said , "Point to  " 

( b )  If  correc t , then E prov ided verb al conf irmat ion and ad­

vanced the subj ect  to the next training word . 

( c) If  wrong , the error fad ing procedures des cribed in S tep 

3 were followed . On a t taining a maximum of 9 a t t empts  the 

subj ect  was advanced t o  the next t raining item .  

The s ame sequence  o f  ins tru c tion was us ed  for the two pract ice 

i t ems and e ight target words . A maximum of 360 attemp ts  were pos s ib le 

though advancement through the programme could be  rapid when correct  

responses were made . Four trials  for  each o f  the  1 0  words results  in 

a total of 40 trials for  each sess ion .  

2 .  Paired Associate Training Sequence (PAL) 

A p icture an9 corresponding word are presented s imultaneous ly 

in an att empt to teach responses to the printed word by repeat ed 

pairings w i th a familiar pic ture . In this c as e ,  the picture s erves as 

an add it ional promp t that remains in view during the entire training 

s equence . The paired associate i t ems each contained two elements : 

( 1 ) a s t imulus element (p icture)  p resented in h igh quality colour 

pho tograph s , and ( 2 )  a response e l ement (word)  d isplay ed on a flashcard 

us ing uppe r  cas e  le tters . Four t r ials were p r esented to  t each each of 

the 8 target words . Add i t ionally , 2 prac tice  i t ems were included for 

d emons trat ion at the b eginning of each sess ion . Each trial b ecame 

progress ively more d i f ficult as the subj ect  was required to select  a 

target wor d  from a lis t of items . An add i tional d is tractor was added 

to each consecutive trial : 

e . g .  Trial 1 

BUS STOP 

Trial 2 

BUS STOP 
RAILWAY 

Trial 3 

RAILWAY 
BUS STOP 
HAMMER 

Trial 4 

HAMMER 
RAILWAY 
BUS STOP 
ENTRANCE 
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Th e t arget  word and d i s trac ter i t ems were placed ver tically and a t  

random o n  a desk i n  front of  the subj ec t .  Incorrect responses resul ted 

in the removal of dis tractor ( s )  on which a mis take was made until the 

target wor d  was correc tly identified . Following is the ins truc tional 

s equence f or each word taugh t :  

Ind ividual Training S equence :  Paired Associate Learning 

S tep 1 - Presentation o f  Targe t Word and Corresponding Pic ture 

( a) E presen ted a photograph and said , "Th is shows " 

(b)  E then presented a f lashcard containing the target word 

and said , "This word says " "Now you s ay " 

The targe t  word was displayed for f ive seconds and then 

removed while the referent photograph remained in view 

during the ent ire s equence . 

S tep 2 - Trial 1 

( a) E presen ted the target word say ing , "Now you point to 

(b) The subj ect  responded  by point ing to the target word . No 

d istract ers were presented for Trial 1 .  Verbal conf irm­

ation was given by E ( e . g . "Okay " , "Good") . 

S t ep 3 - Trial 2 

(a) Trial 2 c ards are presented by E .  This cons is ted of  the 

target word and 1 d istracter selected at random from a 

pool of  3 items for that tiral . E said , "Point to " 

(b) If  the s ubj ect  is c orrect , then E provides v erbal f eedback 

( e . g .  "Good" , "Okay " ) . Then the subj ect is advanced to 

Trial 3 .  

( c) I f  wrong , then E provided verbal feedback ( e . g .  "Try 

again") and removed the 2 cards . The error f ad ing rout ine 

was followed by r emoving the d i s trac ter and presenting 

the target word alone . Following this , the dis trac ter 

was again introduce d  until the subj ect  could correct ly 

identify the targ e t  word . 

S t ep 4 - Error Fading Rout ine 

(a)  If the subj ect  fail ed to point to the correct  target word 

then E s aid , "Let ' s  try again . "  All f lashcards were r e­

moved f rom the tab l e .  

(b) Presentation o f  the target word and distrac tor ( s )  less 

the i t em selected by  mistake on the previous trial . The 

d is tracter chosen in error was removed ( f ad ed out)  for 

1 1  
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this present at ion . 

( c) If the subj ect  was correc t on (b )  above then E provided 

verbal conf irmation ( e . g .  "Good " ,  "Okay " ) . The cards were 

then r emoved . 

The comp lete  lis t  compris ing the targe t word and dis trac­

tors was again displayed by E ( Trials 2 ,  3 ,  and 4 contained 

1 ,  2 ,  and 3 dis trac ters respectively ) . 

(d)  If  wrong on (b) above , E provided verbal feedback , say ing , 

"Try again . " Cont inued errors on each attemp t cause the 

remaining dis trac ters to b e  r emoved one at a time until 

only the target item was pres ented . Subj ects  were then 

given another attempt at the complete lis t .  A maximum of  

9 attempts includ ing 3 tries a t  the complete  lis t was 

provided . E then advanced the subj ect  to the next trial . 

S tep 5 - Trial 3 

( a) Trial 3 cards were pres ented by E .  This inc luded the 

targe t  word and two dis tracter items . E provided a verbal 

ins truction ,  say ing , "Point to the word " 

(b ) If correct ,  then E provided verbal confirmation . E then 

advanc ed the subj ect  to trial 4 .  

( c ) If wrong , then E provided verb al f eedback , saying "Try 

again . "  The cards were r emoved f rom the t able . The error 

routine  in s tep 4 was followed until  the s ubj ect made a 

correc t  response for the complete l is t  of words ( target  

word and 2 dis tracters ) . 

S tep 6 - Trial 4 

(a) The f inal t rial was presented by E .  Th is cons is ted of  the 

targ e t  word and 3 dis tracters placed at r andom on the t able . 

E s aid , "Point to  the word 
---

" 

(b)  If correc t ,  then E provided verbal conf irmation and advanced 

the s ubj ect to the next training word . 

( c )  I f  wrong , E gave verbal f eedback , s ay ing , " Try aga in . "  

The fading routine des cribed in S tep 4 was f ollowed until  

the subj ect could correctly identify the target word from 

a complete lis t . 

The above s equence was precisely f o l lowed for each of the two 

prac t ice words and eigh t  training words contained in each module . This 

provided a total o f  40 trials for each s ession . Wi th the excep t ion of 

verba l  feedb ack , this manual procedure was identical to the CAI vers ion 

of the  ppired as s ociate programme .  
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CHAPTER VI 

RES EARCH DES IGN AND PROCEDURES 

Introduct ion 

Th is chap ter des cribes an evolut ion of the s tudy through a pilot 

phase to the main res earch p roj ect wh ich was undertaken in th is in­

ves tigation . A d e tai led account on the p rocedures used to select  

training items and subj ects is inc luded . I t  was cons id ered es sential 

also to  describ e the development of cr i t erion measures des igned espec­

ially for th is s tudy . Adminis trat ion of the tes t i t ems and training 

programmes is dis cussed in th is section with regard to both the computer 

ass is ted ins truc t ion and ind ividual tui t i on groups . This is fol lowed 

by a s ta tement o f  specific  hypotheses to be tested and commen ts on 

design of the s tudy . 

Pilot Phase 

As wi th a l l  innovative programmes , it is des irable to car ry out 

some trial training procedures prior to imp lementation of a maj or re­

search proj ect . Much informal informa t ion was collated during the course 

of preced ing res earch with microcomputer-bas ed ins truct ion at Cook 

S treet Training Centre in Palmers ton Nor th . It was determined that 

trainees could , f or the mos t part , opera t e  the equipment and l earn through 

interac t ion wi th the computer to carry out  b as ic ar i thmetic and pre-read­

ing drills . Prob lems were also identif i ed that led to several mod i f i­

cations in the l earning programmes . These  included adj us tment o f  speed 

at whi ch visual information was given and amount of  audio ins truction 

provided . The p il o t ing phase took place over a s ix month period f rom 

January to June , 1 9 80 . 

Several purpo s es c an b e  advanced f o r  a preliminary phase of the 

inves tigation : f irs tly , to  tes t all aspe c ts of the cours eware b o th in 

terms of theore t i cal and p rac tical appl ication;  s econdly , to d etermine 

how well inte l l e ctually h andicapped adults  can handle the computer 

equipment ; thirdly , to  ass ess the reliab i l i ty of  the computer p rogrammes 

and hardware ;  and f inally , to determine a suitab le schedule for ins truction 

and amount of s upervis ion required for s tudents interact ing wi th the 

computer . 

Over the p il o t  period , many changes were made to b oth the equipment 

and programme rout ines . Thes e were b as ed upon sys temat i c  obs ervations 
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o f  l earner ' s  interact ion with th e computer and experimental f ind ings 

ob t ained in a prel iminary study that compared the performance of subj e c ts 

rec eiving computer as s is t ed ins truc tion with o ther persons who were 

g iven comparab le ind ividual tuit ion on a word recogni tion task . Modif­

icat ions were neces sitated by l imi tat ions in the capab il i t i es o f  low 

cos t equipment and prac t ical cons iderat ions such as th e op timal amount 

o f  t ime for each sess ion and numb er o f  trials presented in the l earning 

of a tas k .  Th e res ults o f  ongoing res earch and sys tematic ob s ervat ion 

provide a logi ca l  base on wh ich to des ign the teaching programmes 

ult imately us ed in th is i nves t igation . Fol lowing are some of the 

developments made in preparat ion for trial evaluat ion o f  the teaching 

programmes . 

1 .  Unl ike larger , more s ophis ticated terminal eq uipment , th e micro­

computer and special purpose per iph eral equipment are proving 

s imple to operate and rel iab le in performance . Of the approximately 

1000 hours of comput er as sisted ins truc tion that has b een provided 

to the present , very little time ( l ess than 5 per cent)  has b een 

los t due to equipment f ai lur e .  

2 .  Rel iab i l i ty o f  the c ourseware was also determined through the p i l o t  

phas e .  I t  could b e  hazardous o r  detrimental to expos e l earners to 

cours eware that ' falls out ' of audio-visual sequence or fails to  

provide appropriate f eedback . To th is point it  appears that th e disk 

operat ing sys tem (DO S )  provides reliab le loading of t each ing prog­

rammes over many trials . Previous exp erience showed that use o f  

cas s e t t e  tapes can b e  an unreliab l e  input med ium whereas DOS o f f ers 

f as t  and accurate t r anslat ion o f  the programmes s tored on diske t t e . 

The teacher can automatically load a wide variety o f  programmes by 

s imply reading a ' menu ' and press ing a numeral correspond ing to  the 

teaching drill required . Loading of programmes is almost ins tant­

aneous and takes a matter of s econds . 

3 .  The teach ing routines of the programme modules original ly display ed 

a f ixed s equence o f  multiple cho i c e  i tems with f eedba ck on correct  

and incorrec t per formance . B ec aus e s ome trainees have demons trated 

a t endency to perseverate on order of the i tems , a routine was 

d eveloped to provid e  random d is pl ay s  o f  the target words and dis­

trac ters . 

4 .  Ano ther mod i f icat ion to the cours eware involved development o f  a 

fad ing r ou t ine in which a d is tracter word was removed f rom the 

s creen each time the sub j e c t  recorded an error . Thus , the word 
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recogni t ion task can be made eas ier when the l earner is  encountering 

d i f f i culty or progress to more c ompl ex prob lems once the b as i c  level 

has been mas tered . Th is has made i t  pos s ib l e  to branch the programme 

ac cord ing t o  each person ' s  per f o rmance and carry out r emed ial dri lls 

or overlearning as requi red . 

5 .  Earlier soc i al s ight r eading programmes pres ented between ten and 

twenty words in a l inear progres s ion . Th is was a cons iderab le 

amoun t o f  information for the l earner to re tain in a s ingl e  sess ion . 

A mod ular t eaching approach was adop ted such that the ind ividual 

receives ins truct ion on a maximum o f  e igh t words with in a s imilar 

class o f  events ( e . g .  tool recogn i t ion , information s igns ) and 

mus t mas ter these tar get words b e fore progress ing to a new modul e .  

S imp le pract ice items were als o p rovided at the beginning o f  each 

s ess ion as a pre- train ing exercis e .  

6 .  An automa t i c  c lo ck sub rout ine was incorporated into the programme 

to provide an exact b reakdown o f  the amount o f  t ime and numb er o f  

attemp ts s pent o n  each trial . Th is inf ormation was automa t i cally 

printed in the diagno s t i c  summary at the end of each s e s s i on .  

7 .  A l ine prin ter was interfaced w i th th e micro computer to provide a 

hardcopy printout o f  th e l earner ' s  performance in th e s es s ion . 

Th is prin tout was aut omat ically g enerated and contains info rmat ion 

on th e results o f  each trial along wi th amount of time s pent on 

individual i tems . A paper printout could then be g iven to  the 

l earner as a personal copy of h i s  work while a dupli cate  p rintout 

was retained for training f i l e  r e cords . 

Trial Evaluat ion 

Af t er c ompletion o f  th e mod i f ications des c ribed in the p revious 

s e c t ion , a trial evaluat ion of the CAI teaching programmes w as undertaken 

to ob tain s ome practical informat ion on the u t i l ity of the p ro cedures 

f or t eaching handicapped persons . I t  was deemed essential to carry out 

a small s cale  s tudy s imilar in forma t to the main proj e c t . A b rief  

account of  th e evaluat ion is  present ed here . 

1 .  S ubj e c ts : Eight trainees a t t ending the Cook Street Training Centre , 

Palmers t on Nor th were initially pretes ted on a word recognition 

task . The test  s imply involved individual presentat ion o f  e igh t 

f lashcards containing common words  and required that the trainee 

s ay each word h e  o r  she already knew . Four subj ects who were un­

ab le t o  recognis e f ive or mor e  o f  the words were selected for  
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par t i c ipat i on in the  trial s tudy . S ubj e c t s  were randomly ass igned 

to c omputer as sis t e d  ins truc t i on or ind ividual tui tion groups . 

2 .  Procedure : Para l l e l  programmes f or teach i ng word recognition by 

means o f  CAI and i ndividual tui tion were d evised . An errorless 

discriminat ion appr oach ( S idman and S toddard , 1 9 6 7 ) , w i th a s t rict  

word focus that emp loyed no pic tures , was used for the exp erimental 

trials . Over a s e r ies of f ive training s ess ions , three tr ials were 

provided to  teach each of the eight targe t  words ( 24 tri als per 

sess ion) . "The wo rd says 1 1  For each of the three t r ials , a 

target word and two dis tractor i t ems was d isplayed . S ubj ects were 

ins truc ted to "Point to the word 11  In the f i rs t  trial , 

compar ison s t imul i  were gross ly dis s imilar wh ile in trials two and 

three the d is trac t or items more closely resemb l ed th e target word . 

e . g .  Tr ial 1 

? ? ?  
DANGER 
? ? ?  

Tr ial 2 

DANGER 
IN 
OUT 

Trial 3 

DANGER 
GROUND 
DROPPED 

When subj ects mad e an error , the mis taken d is trac tor was removed 

for the nex t pres entat ion . Once the targe t  item was correc tly 

ident i f ied , the d is tractor ( s )  were aga in introduced . Sub j ects were 

no t advanced to the nex t trial unt il they could locate th e target 

word in the pres ence of two o ther distracters . Thi s  f ad ing pro­

cedur e guaranteed success at several points in the programme wh ile  

provid ing overlearning trials when errors occurred . 

For the CAI vers i on of the programme , s t imul i  ma terial was display ed 

on the video s cr een . S tudents identif ied respons e i t ems by press ing 

a ' YES ' key on a s implif ied keyboard when a curs or arrow came along­

s ide the answer chosen . Speed of arrow movement was a cons tant 

two s econds per i t em to  help minimis e errors that migh t occur when 

s ubj e c ts were s low in respond ing . For example , p res s ing the ' YES ' 

key j us t  as the cursor moves to the next location wi l l  result  in an 

error mes s ag e  even though the intended i tem was corre c t . Feedb ack 

was g iven on the visual d isp lay by means of  a f l ashing *** IS RIGHT*** 

mes s age tha t  app eared alongs ide the target word . S election of an 

incorrect item w ould be followed by the error mes s age "NO , TRY AGAIN" , 

d isplayed at  the bot tom o f  the s creen . Taped aud io mess ages were 

p layed at  the b eg inning o f  each new s eq uence and trial unde r  computet 

control . 

In the individua l  ins truc tion vers ion , s timulus mat erials were 
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pres ented on f l ash cards . The exp erimenter identified each word and 

ins tructed sub j ects to point to the target item as required . An 

identical ins truct ional s equence to that pres ented by the computer 

was us ed for the individual tuition.  However ,  a verb al f eedb ack 

was offered in place of  visual messag es ; for example , " That ' s  Righ t" 

or "Try Again" were cons is tently us ed for correct and incorrect 

respons es . 

Upon completio n  of  the f ive training sess ions th e word re cogni tion 

tes t was again adminis tered us ing a f l ashcard method . Subj ects were 

asked to provide a verb al label for each of the target wo rds . 

3 .  Results : As can be s een in Tab le 1 ,  a comparison o f  pre-versus pos t­

tes t s cores ind ica tes tha t  all f our s ubj ects made gains in word 

recogni tion . There app ears to b e  s imilarities b e tween the perf ormance 

of subj ects g iven individual tui t ion versus those who received CAI 

though caution mus t be exerci sed in g eneralis ing thes e f indings on 

the basis of s uch a minor evaluation . The numb er o f  attemp ts to 

mas tery for each trial is presented in Tab le 2 .  The very large range 

of attemp ts b e tween sub j ects ( 1 6 6-4 2 7 )  highl igh ts the variat ions in 

performance on the experimental task . I t  is f e l t  that in the cas e 

of S 2 , prob lems with psy chomo tor speed accounted for an inordinately 

large numb er of errors . In general , i t  can be s tated that al l four 

subj ects improved f ollowing par t ic ipat ion in training regardless o f  

whe ther they were given CAI o r  conventional ins truct ion . 

The trial eval uation served as a b as is for ob taining obs erva tional 

and anecd otal data on pra c t ical aspects of the CAI teaching programmes . 

Through th is analys is , i t  b ecame evident that the computer generated 

ins truct ion was deficient in a numb er of  important ways w i th regard 

to presentation of informat ion and response procedures . I dent if ic­

at ion of thes e prob lems l ed to further modifica t ions in an a t t emp t 

to develop mor e  equivalent forms of  CAI and individual ins truction . 

Fo llowing is a brief account of  s ome changes that l ed to f inal devel­

opment of the CAI sys t em and t eaching programmes . 

a .  Aud io mes s ages w ere p l ayed under computer control only at the 

point of introducing each new target word or trial . Thus , when 

subj ects made errors they would follow through the fading rout ine 

with no further audi o  ins truct ions . It  was ob s erved that this 

lack of audio suppor t o f ten resul t ed in the subj e c t  los ing track 

of the learning s e t , especially when s everal attemp ts were re-



Table 1 

Pilot Study 

Pre- Versus Pos t-Tes t Comparison 

SUBJECT *MODE OF PRETEST POST TES T 
INSTRU CT ION RECOGNITION ID RECOGNITION ID OF 

S 1  IND 0 3 1 4 

S 2  CAI 0 1 1 4 

S 3  CAI 3 6 7 8 

S4  IND 0 2 4 4 

Tab le 2 

P i lot S tudy 

Numb er of Attemp ts to Mas tery 

SUBJ ECT *MODE OF NUMBER OF ATTEMPTS TO MASTERY 
INSTRUCTION SESS ION 1 

S 1  IND 7 4  

S 2  CAI 106  

S 3  CAI 3 6  

S 4  IND 38 

* CAI Computer As sis ted Ins truc tion 

IND Interpersonal Tui tion 

2 3 4 5 

4 5  5 3  4 2  29 

6 6  9 2  7 7  8 6  

3 2  3 0  34 36 

34  4 0  2 8  2 6  

9 2  

DIRECTION 
IMPROVEMENT 

+ 

+ 

+ 

+ 

TOTAL 

2 4 3  

4 2 7  

1 68 

1 66 
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quired t o  comp le t e  a g iven tria l . Th is prob lem was ove r come by 

providing two add i t ional aud io mess ages , "Po int to ___ • " , 

wh i ch were p layed when an incorrect res pons e was reg i s t e red . In 

the even t that the s ubj ect s e l e c t ed the app ropr iate target word , 

these ext ra audio mes sages would b e  bypas sed in preparat ion for 

an introduc t ion to  the next i tem or trial . A limi tation o f  th is 

method was th at , in the case of correct respons es , the audio  

cassette  player required s everal seconds to advance b ey ond th e 

extra support mes s ages . Cons equently , there was a b r i e f  ( f ive 

s econd ) wai t ing period between each s tage of th e programme . 

b .  During th e trial CAI evaluat ion , a fad ing routine was f o l l owed 

unt i l  such t ime as the subj ect could correctly iden t i fy the 

target word from a c omplete l is t  ( training i tem and two dis­

trac ters ) . On occas ion this required an inordina tely large 

numb er o f  attemp ts on any one of the trials wher e sub j e c ts 

experienced d i f f i cul ty . Due to t ime factors imposed by the 

length of each sess ion and amount o f  repe t i t ion , i t  was deemed 

advisab l e  to s et th e maximum numb er of attemp ts to nine f or 

each tr ial . Th is cr i terion for cont inuat ion was chosen b ecaus e 

a certain amount o f  overlearning was cons idered advisab l e ,  though 

subj ects  were not cons trained f rom advancement to sub s equent 

trials or i tems when a maj or obs t acle was encountered . 

c .  The numb e r  o f  trials used during the pilot  phas e was s e t  at 

three per each i t em .  I t  was d e c i ded t o  extend th is t o  f our 

trials for each targe t  word in the main i nves tigation . This 

decis ion was b ased on the assump t ion that more e f f e c t ive l earning 

might o cc ur as a result of  reduc t ion as s tep s i z e  and progres s ive 

advancement of d i f f iculty level over each o f  the f our t r ials . 

This also served t o  increas e the amount o f  overlearning that was 

pos s ib l e  at each level of the programme . 

d .  Only visual feedback was pres ent ed by the comput er sys tem . Th is 

cons is t ed of a f lashing *** IS  RIGHT *** message or error term 

***NO , TRY AGAIN *** d isplayed on the video screen f ol lowing each 

respons e .  Inf ormal observat ions sugges ted that an add i tional 

feedback mechanism was requi r ed to ensure that subj e c ts received 

meaning f ul r einforc ement for each k ind of respons e .  For the 

main proj ect  it was decided to  i nclud e a happy /sad f a c e  routine 

drawn in g raphi cs b locks on the VDU . Immediately f o l lowi ng each 

wri t t en c onf i rmation , a happy f ac e  or saq face was d isplayed 
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ac cord ing to wh ether the subj ect was correct or no t .  I t  was 

felt that this routine was somewhat parallel to providing 

ges tural f eedb ack ( a  smile or f r own) in an in terpers onal s i t­

uat ion and ens ured that subj ects received a comprehens ible 

form of reinforcement . Techn ical l imi tations precluded the us e 

of audio conf i rmation . 

e .  The input routine o f  press ing a key in respons e to locat i on of 

a curs or on th e v ideo s creen involved a comp lex psy chomo tor 

operat ion . Informal obs ervation sugges ted that wh ile tra inees 

could comprehend th e respons e requi rements , they were unduly 

penal ised for s low speed of movements , or inab il i ty to coordinate 

visual and mo tor responses . In any cas e ,  i t  was obvious that 

this input mech anism was no t equivalent to the s imple point ing 

res pons e employed in ind ividual tui t ion . This prob lem was over­

come wi th th e addi ti on of a l igh t sens i t iv e  pen to the sys tem .  

The subj ect could th en iden t i fy a res pons e by s imply point ing 

the photos ens i t ive pen to a pos i t ion alongs ide the i t em s elec ted . 

Th is avo i ded th e need to us e a keyboard for interac tion w i th 

the compu ter programmes . 

Survey of Soc ial S igh t Words 

Selec tion of words for inclus ion in the teaching modules was 

carr ied out in consultat i on with supervi s ors at the Cook S treet and 

Aokau tere Training Centres . S ixteen s ta f f  members were ind ividually 

asked to nomina te a s e t  o f  s ight words that they felt were o f  practi cal 

value in community l i f e . A copy of th e survey form is presented in 

Appendix A.  S taf f were asked to lis t words w i thin each of f our cate­

gories : ( 1 )  communi ty inf o rmation ,  ( 2 )  traf f i c  saf ety , ( 3) tool names , 

( 4 )  grocery / food i t ems . 

The f requency o f  i tems nomina ted b y  sup ervi sors was tabulated 

to  ident ify a common pool o f  words . From th i s  mas ter l is t ,  f o r ty words 

mos t  frequently ment ioned w ere selected for trial adminis trat ion to 

trai nees in the s creening phase o f  the p roj e c t . I t  was felt tha t  this 

survey approach w ould provide a meaningf ul and obj ective base f o r  

s e l e c t ion of training items . This avoided arb i trary des ignation o f  

words and ensured that th e contents o f  the t each ing programmes was 

r epres entative (by cons ensus)  o f  i tems that s upervisors migh t normally 

t each by means o f  convent i onal instruc t ion . 
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S creening of S ubj ec t s  

Sixty-eight trainees attending two Tra ining Centres and a Special 

Schoo l in Palmers t on Nor th were chos en for partic ipation in the s creening 

phas e of the proj e c t . These subj ects were s elected on the bas is of a 

previous asses sment , the Soc ial Educat ion Tes t (Marlett , 1 9 7 3) , wh ich 

indi c a ted they were unab l e  t o  recognis e a b as i c  s e t  of soci al s i gh t  

word s . Some o f  the s ubj ects  had not y e t  b een given this as sessment but 

were j udged by s ta f f  memb ers to have l i t tle or no reading ab i l i ty . 

The screening was conducted during April and May 1 9 80 .  Trainees 

were seen by the experimenter , or one of two trained as s is tants , and 

ind ividual ly adminis tered a s et of three tes ts , involving visual dis­

crimination , word re cogni t ion , and word ident ification . The s creening 

phas e served two fun c t ions : to de termine wh i ch s ub j ects would participate 

in th e s tudy , and secondly , to select th e words tha t  would be taugh t . 

Fol l owing is a des cription o f  the s creening procedures : 

1 .  Visual Discr iminat ion Test ( Brown and Bookb inder , 1 9 67 )  

Th is t e s t  was adminis tered to obs erve if the s tudent could recognis e 

then match shapes and groups of le tters . A copy o f  the tes t form is 

pres ent ed in Appendix B .  The tes t was adminis tered us ing a f lashcard 

method . Each card containe d  a s t imulus it em on the lef t hand margin and 

four mul tiple cho i c e  i tems on the right hand s ide o f  the card . 

e . g .  I t em 1 0  

EOS 
OES 
S EO 
ESO 
EOS 

The tes t items are arranged so tha t sub s titut ions , omiss ions and revers als 

can b e  detected . S ub j e c ts were ins truc ted to look firs t at the s t imulus 

item then examine the f our cho ices to locate an identical mat ch . I t  was 

deemed ess ential that s ub j e cts selected for part i c ipation in the s tudy 

could accurately decode printed material in the f o rm of letters and 

word comb inations . This test served as a bas is for determining that 

s ub j ects ' visual percep tion and cogni t ive ab ility (match ing to s amp l e) 

was sufficiently developed prior to receiving ins t ruct ion in word re­

cogni tion .  The abs ence of these pre-requisite  ab i lities was u s ed as 

a cri terion f or exclus ion of subj ects f rom p ar t i c ipat ion in t raining . 

Because of the very d if f i cult  items contained in the later half of the 

visual discriminat ion tes t ,  it was arb i trarily decided to exclude 

s ub j ects who were unabl e  to achieve a 50 percent ( 23/45)  performance 

level . This was deemed to be a cons ervat ive enough es timate for 



9 6  

sele ction o f  sub j ects who possess ed the ne ces sary preskills and c oul d 

pot entially b enefit  from participat ion in word recogni tion training . 

Only four o f  the s ixty-eight wer e om it ted from the study on the b as i s  

o f  this 50 percent cri terion . 

2 .  Word Recognit ion and Identificat ion 

Th is test  made use of the forty words previously identi fied by 

survey consensus o f  the training s ta f f  as having potential survival 

value in communi ty living . A tes t f o rm and l is t  of nominated words is 

displayed in Appendix C .  The forty words were randomly allocated to 

f ive modules of eigh t words each . Immediately fol lowing adminis tra t ion 

o f  the Visual Discrimination Tes t , the Word Recognition and I dent if i c­

ation t es t  was ind ividually pres ented t o  each sub j ect us ing a s imi l ar 

procedure to that employed by Dorry and Zeaman ( 1 9 7 5) . Word modules 

were randomly pres ented t o  counterbalance any l is t  order or tes t 

sophis ticat ion e f f e c ts . The pro cedure involved random placement o f  the 

e i ght flashcards in a 4 x 2 matrix arrangement on a desk dire c t ly in 

f ront of th e s ubj ec t .  Spacing between th e cards was approximat ely f ive 

cm . 

e . g .  Random Module 1 

EXIT 
HAMMER 
SPANNER 
BUTTER 

MILK 
FORK 
SHOVEL 
SUGAR 

Only upp er cas e let ters were used in the inves tigation b ecaus e of the 

predominant us e o f  capital let ters on inf o rma tion signs in the commun i ty . 

Also , it  was cons i dered likely that s ubj e c ts had prior f amil iari ty w i th 

c ap i tal let ters whi ch are commonly emp loyed for teach ing a s o cial s igh t 

vo cabulary in special educat ion environments . Words were s tenciled onto 

8 x 16 cm f lash cards using b lack ink on a whi te sur f ace . To ens ure tha t 

sub j e c ts could view the words clearly from a normal s i t t ing pos ture , 

a large l e t ter f ormat o f  2 . 5  cm was used for all of the tes t i tems . 

S ub j ects  were f irs t asked by th e experimenter i f  they recognised 

any o f  the words , say ing , "Do you know any o f  these words '? "  "Pleas e 

point to any w ord that y ou know . " I f  the sub j e c t  po inted t o  a word then 

he was asked , "What does this word s ay ? "  

I n  word recogn i t ion the sub j e c t  was required t o  verb ally l ab el 

(say)  each word presented . For e ach o f  the eigh t  words in turn , the 

examiner pointed to the f lash card and said , "What does this word tel l 

us ? "  I f  no r espons e was made by the s ub j ect  wi thin 1 0  s econds then 

the next word was pres ented . 
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For the Word Identification part o f  the t es t ,  subj e c ts were asked 

to "Point to the word that says " Th is procedure was adminis tered 

after the Word Recogni t ion Tes t to rule out the development of a res tric ted 

verbal res p onse set by subj ects . Identical adminis trative and recording 

proc edures were employed for all f ive of the word modules . Subj ects g ener­

ally responded well to the individual at tention given and app eared mo t ivated , 

thus provid ing a meaning ful samp l e  o f  their ab i l i ty to recogni s e  a b as i c  

set o f  words . Al l tes t ing was conduc ted i n  a relaxed inf o rmal s e t t ing , 

for ins tance ,  the l ivingroom of  a group home or workshop lunchroom . 

The results o f  the Word Recogni tion and Identification Tes ts were 

used as a b as is for s e l e c t ion of i t ems to b e  included in the exp erimental 

teach ing p rogrammes . S cores were tabulated to  identify the numb er of 

subj ects wh o could both verb ally label ( s ay )  and correc tly point to  each 

of the forty words . From th is l is t ,  s ixteen words that were correc tly 

ident i f i ed by two or l es s  o f  the s ubj ects were selected f or inclus ion in 

the training modules . I t  was felt  that th is identi f ied a reas onab ly homo­

geneous s e t  of items that were no t known by s ubj ects . The test was also 

us ed to s e lect a samp l e  for random assignment to the experimental condi­

t ions of c omputer as s i s t ed ins truc t ion or individual tuit ion . On the b as is 

of th ese r esul ts , f i f ty - two subj ects  were chosen to partic ipate in the 

main inves tigat ion . 

The S ampl e  

Ini t ially , s ixty- eigh t sub j ects were s e lected for par t i c ip a t ion in 

the s cr eening phas e of  the inves t igation . O f  th is group , s ixteen w ere 

eliminated  on the b as is that they already knew the items to be taugh t , or 

did no t possess pre-requis i t e  ab i l iti es ( mat ching to s ample , following 

verb al ins truct ions ) required of the experimental pro cedures . Th is lef t a 

sample o f  f i f ty- two s ub j ects , including twenty-s ix males and twenty-s ix 

females . 

Th e  f i f ty- two s ubj ects were drawn f rom three training facili t ies 

including Awatapu Special S chool operated by the Depar tment of  Educat ion , 

and the Cook S treet and Aokautere Training Centres whi ch are controlled 

by the New Zealand Society for the Intellectually Handicapped . Care w as 

taken t o  ensure tha t  none o f  the s ubj ects h ad auditory or visual imp ai r­

ments whi ch could impose res trictions on active participation in the 

teach ing programmes . This information was ob tained from s chool and s o c ial 

work files  that no t ed th e resul ts of vision and h earing ass essments 

routinely carried out by the Department o f  Health . None of  the s ubj ects  

were f ound to  have perceptual def icits . The Visual Discriminat ion Tes t 
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( Brown and Bookb inder , 1 9 6 7 )  also provided a means f or as sess ing visual 

acu i t y ,  ab i l i ty t o  f ollow verbal ins t ruc t i ons , and cogn i t ive as pects  of 

match ing visual mater ial . 

Th e sample was no t randomly sel e c t ed as the maj o r i ty of s ub j ec ts 

( 4 5 )  were in at tendance at two adul t  tra ining cen tres wh il e the re­

maining parti cipants ( 7 )  were chosen from a s enior c lass at Aw atapu 

S choo l .  Howeve r ,  it should b e  ment ioned that the s enior class s tudents 

also attended the Cook S treet  Training centre on a part  t ime basis and 

were in trans i t i on to  a ful l t ime work exper ience programme nex t y ear . 

No attemp t was made t o  con tro l  for e t i o logical c las s i f i c a t ion o f  

mental  retardat i on though i t  can be s ta t ed wi th reasonab l e conf idence 

that intellectual d e f i c i ts are due for the mos t  par t to  gene tic  factors , 

p erinatal and prenatal inf l uences . Approxima tely twenty- f ive per cent 

of the subj ects ( th i r t een) were d iagnosed as having Down ' s  Syndrome , one 

sub j ect  was micr oceph a l i c  and two o th ers were cons idered to have de f i c i ts 

due to cerebr al anoxia . The remaining persons ( thir ty- s ix) had und i f f er­

ent iated clas s i f i cat ions o f  men tal retardation d i agnosed at an early age . 

Th e incidence o f  Mongol ism in this s amp le reflects the propor t ion o f  Down ' s  

Syndrome commonly found in a population o f  moderately retarded people 

( d escrip t ively , IQ > 30 < 60) . I t  is cons idered t hat the e t iolog i cal 

charac teristics of the s amp le are representative o f  a popu l a t i on of 

men tally retarded adult s  a t t ending s imilar training fac i l i t ies in o ther 

New Zeal and Cent res·. 

Age range of the s ub j ects was very wide (M = 23 . 5 ,  Range = 1 5- 5 6 ) , 

b u t  was cons idered to b e  repres entative o f  the variations in age groups 

found amongs t c l ients  at tending adul t training centres in New Zealand . 

S imilarly wide variat ions in cogni t ive ab i l i t ies are evident though the 

maj ority of subj ects wer e  funct ioning in the "moderate" range of mental  

retardation (Mean I Q = 40 . 9 ,  Range = 30- 5 5 ) . Int e l l igence s cale es t imat es 

were ob tained f rom s chool and social work f i les th�t recorded the resul t s  

o f  previous as s essments us ing either the Wechsler Adul t Intell i gence 

S cale or S tanford B ine t Tes t (Form 1-M) . I t  should be not ed tha t  in 

mos t  cas es the IQ ass essments were car ried out s everal years prior to 

the current inves t igat ion . The resul t s  are presented here f o r  d es crip tive 

purposes only and will no t b e  us ed in analys is o f  the experimental 

r esul ts . 

Approximat ely twenty-nine percent of the s ubj ects ( fi f t een) have 

s p ent long per iods of the ir lives (one to ten y ears) in ins t i tut ional 

s chools or psychopaedic hospitals . The remainder o f  the s amp l e  came f rom 
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special school backgrounds and have generally resided at home with th eir 

paren t s  or lived in fos ter h ome environments . I t  was no t possib l e to 

determine th e previous educat ional exper ience of  th e subj ects though 

this would be varied according to the ava ilab i l i ty o f  special s chool 

and t raining f aci l i t i es . Those at tending psy chopaedic hospi tals , for 

ins tance , would h ave re ceived very litt le in the way of formal s chool ing . 

In summary , th e heterogeneous nature of  the s ample appears to b e  

representative o f  a popul a t i on of ado les cents and adul ts who , due to 

intellectual impairments , have been placed in long-term social and 

vo cat ional training p rogrammes operated by the New Zealand Society for 

the I ntellectually Handicapped . No attemp t was made to control for 

s ex ,  age , IQ or e t iological classif ication . However , s creening was 

carried out to ensure that s ubj ects h ad s u f f i c iently developed visual 

discrimination skills , could fol low verb al direct ions , and could attend 

to the requiremen ts o f  th e experimen tal pro cedures . 

Pro cedure 

Overview 

The f i f ty- two subj ects selected for par t icipation in th e inves ti­

gation were randomly ass igned to computer as s is t ed ins t ruc tion o r  in­

divi dual tui t ion groups . Overall , twenty-s ix sub j e cts were given word 

recognition ins truc t ion by computer wh ile the remai ning twenty- s ix 

ind iv iduals received individual tuition f rom trained teachers . 

Ini tially , sub j ects were administered a Word Recogni t ion and 

Ident i f icat ion Tes t ,  and P i c ture-Word Mat ching Tes t .  Thes e ins truments 

were devised specifi cally for th e purpose of this s tudy to meas ure any 

changes in learning b efore and af ter par t i c ipat ion in training . The 

pre t es ting was carried ou t during July , 1 9 80 ,  approxima tely eigh t weeks 

af t e r  completion of the s creening phas e of the proj ec t .  

With each o f  the CAI and individual groups , s ubj ects were randomly 

allocated to errorless dis crimination (word only f o cus ) or paired as soc­

iate  (pairing o f  p i c tures and words ) cond i t ions . Two t raining modul es 

con t aining eigh t words each were presented in suc c ess ion . Thus , an 

a t temp t was mad e to t each a total of s ixteen words over the full cours e 

o f  t raining . Th e  modules c ontained wor ds w i thin each o f  two c ategories : 

( 1 ) Tool Names , and ( 2) Gro cery/ Information I t ems . Counterb alancing of 

module order was accomp l ished by randomly as s igning sub j ec ts to  rece ive 

ei ther lis t 1 ( Module 1 Words , fol lowed by Module 2 Words ) or list  2 

'J:fASSEY UNIVERStTV 
LIBRARY 
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(Module 2 Words firs t ,  followed by Modul e  1 Words ) . Th is was deemed 

necess ary to cont ro l f or possib l e  confound ing e f f ects of modul e  order . 

An out l ine of th e res e arch des ign i s  d isplay ed in Figure 2 .  

Subj ects  were t es ted ind ividual ly on th e set of pre t es ts for e i ther 

modu l e  1 or 2 then given f ive ins truct ional s es s ions us ing the programme 

previous ly described ( Chap t er 5 ) . Upon comp l e tion of the fi rs t modul e ,  

the comp l e te set  o f  tests  was readminis t ered to provi de a pre-versus pos t­

tes t training comparison of word r e cogn i t ion . Addi ti onal ly , a Trans f er 

Tes t was adminis t ered at  the end o f  each modul e .  This was devised to  

as s ess th e extent to wh ich subj ects  could g eneralise their learning to  

more d e c i s ive real l i f e  si tuat i ons . Iden t i c a l  proc edur es were f o l l ow ed 

for pres en tat ion o f  th e next modul e ;  pre t es t ing , training , pos t- t es t ing 

and trans f er measure . Th is resul t ed in two s ets of scores correspond ing 

to  each o f  th e two modules . In a l l , t en training sess ions were provided 

a t  th e rate o f  two s es s ions per week for f ive weeks . 

Four weeks a f t e r  complet ion of training , subj ects were again ad­

mini s t e re d  the Wo rd Re cogni tion , and Word I d en t i f i cat ion Tes ts for b o th 

tralinng nodules.  Th is provided an es t ima te o f  the amount of informa t ion 

subj ects  had retained over a one-mon th period immediately following the 

inves tigation . A d e t ai l e d  descr i p t ion of the cri t erion measures i s  

presented in the next s ec t ion . 

Eval ua t ion Pro cedures 

Al l pre- and pos t- tes ts were individually adminis t ered by th e in­

ves t igat o r  or by one o f  th irteen trained examiners who ass isted w i th the 

ind ividual ins truction group . W i th the except ion of the trans fer 

measures , tes t ing was c arried out in sma l l  t raining rooms , or  a c l a s s room 

adj oining the main wo rkshops . Subj ects were all  seen informally by th e 

examiners on at l eas t one occas ion prior to t es t  adminis trat ion . Th is 

helped o f fs e t  extraneous effects o f  unf amil i ar i ty wi th the examiner that 

have b ee n  shown to impede performance of hand icapped pers ons (Brown , 

19 7 5) . Tes ting was carried out according to s tandard ins truct ions 

provided though an a t t emp t was made to  redu c e  the formal i ty of  th e 

s es s ion by convers ing casually on a topic of  common interes t prior to  

adminis tration of  th e measures . Every a t tempt was made to elicit th e 

subj ec t ' s  cooperat ion f rom the outset in a manner tha t  would no t inter­

fere with s tandardised tes t administration . Becaus e of the verb al 

nature o f  the tes ts , it was deemed es sen t ial to place the sub j ect  at 
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S ta r t  h e re : 

Pool of 68 
s ub j ec ts 
at t en d i ng 
adu l t  tra ining 
centres 

l 
S c reening o f  
s ub j e c t s  t o  
assess : ----------• 
1 .  V i s ua l  D i s c r imina t i on 
2 .  Ma t ch i ng words t o  

samp l e  
3 .  W o rd Recogni t i on 

Des i g n  of S t udy 

Comp u t e r  Based Prog ramme 
N = 26 : 1 3  males , 1 3  females 
Random as s ignment t o  e i ther : 

I .  P a i r ed As s o c i a t e  Learning 
2 modules , 10 sessions 

2 .  Erro r l ess D i s c r iminat ion 
2 modules , 10 sess ions 

52  s ubj ec ts who Pre t rai ning Random a s s i gnment Pos t- tra ini ng Evaluat ion Evalua tion o f  
knew � 2  o f  the eva luat ion o f :  o f  s ubj e c ts t o  eva l u a t ion o f : of trans f er re tention of 
words to b e  1 .  Word Recogni t ion comp u t e r  o r  __. I . Word Recogn i t i on ..,.. t o  real l i f e -+J.earning 
taugh t s e l e c t ed 2 .  Word Iden t i f i ca t i on t e ach er-based 2. Word Ident i f i c a t ion s i tuat ions { a f ter 4 weeks ) 
f o r  p ar t i c i pat ion 3 .  P i c t ure-Word Ma t ch i ng p r o grammes 3. P i c t ure-Word 
i n  t r a i n i ng 4 .  P i c t ure Re cogn i t i on , Ma t ch i n g  

Teac h e r  Based�rogr amme 

(Upon comp l e t ion o f  
Module 1 then 2)  

N = 26 : 13  males , 13  females 
Random ass ignment t o  e i ther 

1 .  P a i r ed Associate Learning 
2 modules , 10 sess i ons 

2 .  Error less Disc rimination 
2 modules , 10 sessions 
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ease and thus ob tain a reas onab l e  es timate o f  each pers ons ' word re­

cognit ion knowledge . Tes ting and training were carried out on the 

words contained separa tely in Modules 1 and 2 .  The content o f  these 

vocabulary i t ems is d i s play ed in Table 3 .  According to wh ether the 

subj ect was ass igned to l is t  order 1 or 2 ,  he/ she was tes ted on one of 

the modules prior to training . Pre- and po s t- t est pro cedures were 

ident i cal f or both modules . A des cript ion o f  the criter ion measures is 

presented in the f o l l ow ing sec tion . Additionally , complete de tails on 

s tandard ins truct ions and administration procedures is d is p lay ed in 

Append ix D .  

1 .  Word Re cognition : Using a flashcard me thod , subj ec ts were asked to  

label verbally ( s ay )  each word they knew . A practice trial was provided 

prior to the main tes t in order to ensure tha t  the subj e c t  unders tood 

the direc t ions . 

Two f l ashcard s containing th e prac tic e i tems (BUS STOP , GO) were 

placed ver ti cally on the desk direc tly in front of the sub j ec t .  Spac ing 

between th e cards was ab out 5 cm . Firs tly , the subj ect was asked to 

po int to a word if  he knew what i t  said . Th en the examiner pointed to 

each word in turn and asked , "What does th i s  word say ? "  If no respons e 

was made w i thin ten s econds the next i t em was presented . 

Follow ing a s imilar pro cedure to that employed by Dorry and Zeaman 

( 1 9 7 3 , 1 9 7 5 ) eight f l ashcards were randomly p laced in a 4 x 2 matrix 

arrangement on the d esk . Words were s tenc iled on the 8 x 1 6  cm f l ash­

cards us ing cap i tal l e t ters in b lack ink on a white unl i ned surface . A 

large let ter format o f  2 . 5  cm was used to ensure that sub j ects could 

view the words w i thou t diff iculty from a normal seat ing pos ture . Us ing 

identical procedures to those of the prac tice  trial , s ub j ects were 

asked to p o int at any word they knew and then verbally l ab el each word . 

A record o f  the ini t ial response (pointing) and recogni t ion ( s ay ing) 

was kep t for each s ub j ec t .  

2 .  Word Iden t if i c a t ion : Fo r th e Word Identif icat ion Tes t ,  s ub j ects  

were required to  locate each o f  the  e igh t target words randomly p laced 

in the 4 x 2 matrix o f  f lashcards presented above . Th e examiner in­

s truc ted the subj e c t ,  saying , " I ' m  going to say a word then I want you 

to po int to the word which tells about ( shows) " This method was 

s imilar to word iden t ificat ion t ask employed in a s tudy by Walsh and 

Lamb erts ( 1 9 7 9 ) . I t  was cons idered that selection of a s ingle i t em 

from eight cho ices would minimis e  error due to "chance" iden t i f i cation 



MODULE 1 :  

MODULE 2 :  

Tab l e  3 

VOCABULARY ITEMS 

ARRANGED BY MODULE 

BUS STOP 

GO 

HAMMER 

SPANNER 

FORK 

KNIFE 

DRILL 

PLIERS 

Prac t ice 

S AW 

S CREWDRIVER 

BUS STOP 

GO Prac tice 

S UGAR 

PUSH 

BREAD 

PULL 

COFFEE 

MEAT 

CROSS 

RAILWAY 
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o f  the correct target word . Each o f  the eigh t target words were 

presented in an identical sequenc e f or all sub j e c ts . A record o f  

corr ect and inco rrect responses was kep t b y  t h e  examiner . Th is as s es s­

ment was a dminis tered af ter the Word Recogni tion Tes t to avoid ob tain ing 

spurious results that c ould o therwise oc cur from devel opment o f  a 

res tricted verb al response set by the subj ec t .  

3 .  Pictur e-Word Match ing :  This tes t required the subj ect to ma tch each 

of the target words with a referent pic ture . Pic tures were 1 2  x 1 7  cm 

colour pho t ographs o f  s i tua tions d epic ting the training items . For 

example , a phot ograph of people boarding a bus was used to illustrate 

the word "BUS STOP" . Pho tos were taken by a professional pho t ograph er 

us ing a 3 5  mm s ingle l ens reflex camera with Kodachrome h igh speed f i lm .  

The pho tographs were dry moun ted on 2 1  x 2 7  cm s trips o f  b lack pos terb oard . 

I t  was f e l t  tha t this l arge pho tographic forma t would help ensure tha t 

subj ects c ould analyse the visual ma terial wi thout difficulty f rom a 

normal s e a t ing posture . 

Prior to adminis trat ion of the tes t ,  pr e t raining was carr ied out 

to ensure that all  sub j ects were f ami l iar wi th the visual ma terial . For 

pic ture r ecogni tion pretraining , the sub j e c t  was f irs t shown the ten 

pic tures ( eigh t targe t words and two prac t ice i tems ) one a t  a t ime and 

told , "Th is is a " and asked to repeat the word . The sub j ect  was 

then asked to identify each of the ten pictures as they were presen t ed . 

Th is pro cedure was repeated unt i l  the subj ect  was ab le to correc t ly 

ident ify each o f  the p i c tures on at l eas t one occas ion . Ab i l i ty to 

ident ify the pic tures repres ented a minimum entry ski l l  s ince i t  was 

assumed in the inves t igation tha t  sub j ects  w ere f ami liar with th e real 

life items b eing taught but could not recognise words correspond ing to 

the concrete presen t a tions . Th is pret raining procedure was iden t ical 

to a method devised b y  Dorry and Zeaman ( 1 9 7 3) . 

For th e Picture-Word Mat ch ing Tes t ,  three each of  the pic tures 

were s e l e c ted and p laced hor izontally on the table in f ront of the 

trainee . One of  the pic tures referred to the target word wh ile the 

o ther two photos were dis tracters selected at random . The sub j e c t  was 

then g iven a word i t em ( f lashcard) and ins t ructed to p lace the word 

wi th i t s  corresponding picture . Each of the two prac tice and eight 

training items were presented in turn us ing precisely the s ame s equence , 

with a l l  subj ects . 

B e cause the chance probab ility of  correc t ly corresponding a picture 

and word was h igh ( 1-3) , the tes t was administered a s econd time f o llowing 



1 0 5  

identical procedures to those abov e .  Correct and incorrect respons es 

were s cored f or each of  the two s eparate adminis trations . A compos i te 

s core was ob t ained by rating only th o s e  i tems for which the s ubj ect 

correctly ma t ched a picture and word on both adminis trat ions . Th is 

tes t was s imilar to an as s es sment used by Walsh and Lamberts ( 1 9 79 )  

with the exc ept ion that their s tudy employed a s ingle adminis tration 

for matching words and r e f erent pic tures . 

4 .  Trans fer Tes ts : These  tes t s  were carried out to evaluate  the ex tent 

to which sub j ects were ab l e  to trans f er their l earning to real life 

s i tua t ions . Becaus e of  the nature of  the training i tems , the trans f er 

tests  were d evised corresponding to Module 1 ( Tool Names ) or Module 2 

( Gro cery / Information) . Thes e s i tuat ional tes ts were devised speci f i cally 

for the purp ose of this inves tigat ion as very l i t tle previous res ear ch 

h as b een carr ied out on trans f er of  word recogni t ion skil l s . Details on 

adminis trat i on and s coring of the t rans fer meas ure are con tained in 

Appendix E. Following is a descript ion of the two trans f er tes ts used : 

a .  Module 1 (Too l Names ) : Th is tes t was carried out in the main 

workshop immediat ely following adminis tra t ion of the Word Re­

cogni t ion , Ident i f ica t ion , and Pic ture-Word Match ing Procedures . 

Eigh t tools correspond ing to the training i t ems were randomly 

placed on a work b ench with i n  easy reaching dis tance of the 

subj e c t . The sub j ect  was then g iven a word card and asked by 

th e examiner , "What does thi s  word s ay ? "  Next the sub j ect  

was  ins truc ted to "Place the word card next to the  tool i t  tells  

about ( shows ) . "  Af ter each p res entat ion the flash card was re­

moved from the tab le and the next word was presented . The s ame 

s equence of presentat ion was used with all subj ects . Subj ects  

were s cored according to whe ther they could verbally lab el each 

word and place the flashcard w i th a corres ponding tool i t em .  

b .  Modul e  2 ( Grocery/ Information ) : The trans f er tes t for  module 2 

was c arried out in a lunch room or kitch en at  each o f  the two 

Training Centres . For pract ical reas ons it was decided not t o  

attempt a trans fer  ass essment on two o f  the items (RAILWAY , CROSS )  

a s  real life representations o f  these words could not b e  ach i eved 

in the workshop environment .  Hence the f our food i t ems ( SUGAR , 

BREAD , COFFEE , MEAT) and two informat ion words (PUSH and PULL) 

were used as obj ects of the assessment . 

For the grocery word s , eigh t food items including the above f our 
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and f ou r  other dis t rac ters (BISCUITS , CHEES E ,  MILK , BUTTER) were 

placed randomly on a tab le wi thin easy reach of the trainee . 

Subj ects  were then g iven a word card and asked by the examiner , 

"What d oes this word say ? "  Then the subj ect was ins true ted to 

"Place the word card next to the food it tells ab out ( shows ) . "  

Af ter each pres en t a t ion the f l ashcard was removed f rom the tab le 

and the next word was d isplayed . An identical seq uence of 

pres ent a tion was used for all sub j ects . 

For the inf orma t i on items ( PUSH , PULL) , th e trainee was taken to 

the lo cat ion of a convent ional door (no t  s l iding or swinging door) . 

Th e door was opened to about 4 5  degrees or so (halfway ) . Each of 

the f lashcards in turn was pl aced j us t  ab ove th e door hand le , 

held i n  pos ition w i th cellotape . The examiner then asked the 

sub j e c t  to verbally label ( s ay )  the word . Following this , the 

sub j e c t  was ins truc ted to "Go ahead and do what the word s ays . "  

Correc t  and incorrect respons es for verb ally l ab e l l ing and placing 

the word cards was recorded by the examiner . Flash cards display ed 

each word in capital  let ters us ing the same size  format ( 2 . 5  cm 

let ter heigh t) as the cards employed in the Word Recogni t ion , 

Iden t i f i cat ion , and Pic ture-Word Ma tching Tests . 

5 .  Re tentio n : Approxima tely four weeks af ter complet ion of training , 

the Word Recognition and Iden t i f i c a t ion Tes ts were readminis tered to 

provide an es timate o f  r e tent ion of original learning . However , unlike 

the pre- and pos t- t es ts , b oth modules 1 and 2 were presented on the 

same occas ion . The sub j e c t  was f ir s t  asked to verbally l abel each o f  

the words disp layed in a 4 x 2 matrix ( Recogni t ion) then point t o  each 

word verb a l ly pres ented by the examiner ( Identif ication) . Precisely the 

s ame admini s trative procedures were used as in the pre- and post- tes t 

s i tuat ions . Module 1 w as present ed f irs t ,  f ollowed by Module 2 irres­

pective of whe ther the s ubj e c t  was trained on l is t  order 1 (Module 1 then 

2)  or list  order 2 (Module 2 then 1 ) . Retention tes t ing was carried 

out during S ep tember and October 1 9 80 corresponding to a f our w eek period 

fol lowing comp letion of the t eaching programmes . 

Training Adminis trat ion Procedures 

The t raining programmes were adminis tered by the experimenter and ' 

thirteen s enior s tudents enrol led in a Special Education course at Mass ey 

Univers i ty , Palmers ton North . All o f  the s tudents were Teachers ' Col lege 
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graduates working toward c omple tion o f  a B . Ed .  o r  B $M .  degree . One 

of th e s tudents was a pra c t i s ing teacher enrolled at the Univers i ty on 

a part t ime bas is wh ile the remainder were engaged in full t ime s tudies . 

Because of th e large amoun t o f  individual ins truct ion required o f  this 

inves tigat ion , it was ess ent ial to enlis t the aid of trained and qual­

i f i ed teachers . Each of the teachers was respons ib l e  for adminis t ra t ion 

of the as sessment and train ing procedure s  with two subj ects . Paralleling 

th e work o f  the t eachers , the examiner c arried ou t ass essments on the 

computer assis ted ins truc t i on group , and supervis ed admini s t r a t ion o f  

the CAI programmes . 

The main proj e c t  commenced during the second week of July , 1 9 80 

and was completed dur ing mid-S ep temb er , 1 9 80 . Both the Individual In­

s t ruct ion and CAI groups r e ceived two t raining s es s ions per week over 

a f ive week period . This provided a t o t al of f ive sessions on each o f  

the two training modules . For prac tical  reas ons r elated to t h e  s ch ed­

ul ing of t eaching t imes , i t  was cons idered that two sess ions per week 

was an op timal numb er .  Th is limi t was also imposed by the amoun t  o f  

travel required b e tween th e Univers i ty and Training Centres . Due to 

s i ckness , time t ab l e  conf l i c ts , and ab s enteeism , s ome minor d evia tion 

from the training s chedule was requi red on o ccas ion.  For examp l e , the 

elapsed time b e tween s ess ions for a f ew o f  the sub j ects was increas ed 

on accoun t o f  i l l  heal th . Also , it is important to point out that wh i le 

5 2  subj ects  par ticipated in the proj e c t , only 44 p ersons comp l e t ed b o th 

training modul e s .  Becaus e of s icknes s ,  placement in o ther facili t i es , 

or vacat ion leave , s even s ubj ects received only one module . However , 

counterbalanc ing o f  l i s t  order helped t o  randomise the loss o f  data over 

the complete s ample . Thi s  lack of inf o rmation on some of the s ub j ects  

was taken into account when evaluat ing the  results of the s tudy . 

The app l ied nature o f  this research neces s i tated a cons iderab le 

amount o f  preparat ion , b o th in terms o f  t raining the individual t u tors 

and administering the various programmes . Fo llowing is an account of 

the me thods used to carry out both the individual and computer-bas ed 

programmes . 

1 .  Individual Ins truct i on Procedure s : A reques t from the experimenter 

t o  Univers i ty s tudents enrolled in a Special Education cour s e  result ed 

in ob taining thirteen volunteers to ass i s t  wi th the proj e c t . From the 

outset s tudents were made aware tha t  the purpose of the s tudy was " to 

compare d i f f erent methods for t eaching word recognition t o  mentally 

retarded adul ts " .  However ,  i t  was s t re s s ed that all o f  the me thods 
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had b een used wi th some success i n  the p as t  and that there was no 

reas on to b elieve that one method was b e t ter than another . Thus , 

s tudents had s ome awareness o f  the overall aim of th e proj ect but had 

l i t t l e  knowledge of the spe c i f i c  teaching programmes to b e  evalua ted . 

S tudents undertook this work in part ial completion o f  the prac ti cal 

requiremen ts of their course . 

Dur ing June , 1 9 80 the s tudents me t wi th the experimenter once a 

week for three weeks to learn how to carry ou t the ass es sment and 

training pro cedures . On the f irst  oc cas ion all th ir teen s tudents me t 

w i th the examiner for a one-hour period fol low ing their regularly 

s cheduled class time . Th is init ial s es s ion was to provide an overv iew 

o f  l earning principles wi th hand i capp ed persons and outline the require­

ments of the proj ect with regard to t es t  adminis tration and timetab l ing 

of s ess ions . S tudents were inf ormed that no comparison would b e  made 

of one teacher to ano ther but rather a comparison of teach ing methods 

was the aim of the proj ec t .  The thi r teen s tudents were randomly alloc­

ated to e i ther the paired associate or errorl ess d iscrimination methods . 

On w eek two and week three , the two groups me t separately , one hour 

b e fore or one h our following their class time , to learn the speci f i c  

teach ing procedures . 

All s tud ent teachers received the equivalent of th ree one-hour 

ins t ruc t i on sess ions to ensure as far as prac t i c� l ly pos s i b l e  fidel i ty 

o f  teacher b eh aviour to the requirements of the programme . Procedures 

for adminis tra t ion of the t eaching programmes were demons trated and 

pra c t i s ed by h aving teachers work in teams . Individual coaching was 

provided by the experimenter to t each the speci f i c  programme methods . 

S tudent t eache rs were ins t ructed to precis ely follow the s equence of 

ins truc t ion t hough ensuring at the b eg inning o f  each s es s ion that 

rapport had b een es tab lished w i th the subj ec t .  Advice was given on 

management prob lems tha t  can occur w i th very active and p as s ive subj ects . 

I t  was recommended that a brief  inf ormal conversa tion at the b eginning 

and end o f  each sess ion would help provide a " comfor t ab l e "  approach to 

adminis trat ion of the s tructured procedures . To minimis e variations 

in verbal f eedback , s tudents were ins truct ed to use neutral t erms , 

for example , "Good " ,  "Try again" , and "Okay" . Further advice and 

consul tat ion was availab l e  from the experiment er and cour s e  ins tructor 

at any t ime d uring the proj ect  when speci fic b eh avioural d i f f i cul ties 

were encount ered . 

Dur ing the final ins tructional session ,  the s tudent t eachers were 
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videotape sess ions were us eful for ensuring that teachers were aware of 

any d eviat ions from the ins truc tions provided . In turn , i t  was felt  

that th is incr eas ed the level of reliab i l i ty with regard to  s tandard­

isat ion of th e teaching procedures . Add i tionally , the s tudent teach ers 

were f o rmal ly obs erved by the course ins truc tor and experimenter working 

wi th the ir as s igned subj ects in the teach i ng situat ion . S ub j ective 

impress ions ind i cated that a h igh level o f  s tandardisat ion of adminis t­

ration procedures had been ach ieved des p i te wide variations in b ehaviour 

and learning demons trated by the sub j ects . 

Complete d e t ails concerning th� two teaching methods are presented 

in Chap ter 5 .  A d es crip tion of the ins tru c t ions provided to the s tudent 

teachers is also displayed in Append ix F .  Following is a b r ief des­

crip t ion of the materials and record- keep ing procedures f or the two mo des 

o f  ins truc t ion . 

a .  Errorles s Discrimination : Th is was a straight word fo cus approach 

w i th no p i c torial ma terial . The t arget word was f irs t ident i f ied 

by the teacher and th en taught ove r  a ser ies of four trials us ing 

a f lash card method . Words were s t enc iled on 8 x 1 6  cm flash cards 

us ing b lack ink on a wh ite surface . The s ame point s i ze format 

( 2 . 5 cm) w as us ed for b o th the evaluation and training pro cedures . 

A point ing respons e was shaped ove r  a series of four trials in 

which o th er words or word- l ike l e t ter conf igurations appear w i th 

the target word . 

For each o f  the four trials , th e word to b e  taugh t and three dis­

trac tor i t ems was pres ented at  random . The cards were placed 

ver t ically on a desk direc tly in f ront of the subj ect  w i th spacing 

of approximately 5 cm b e tween each card . Trial 1 contained 

gross ly d i s s imilar i t ems whi le Trials 2 ,  3 and 4 contained a 

progres s ive sequence o f  more d i f f i cul t discriminations . The tas k 

required that subj ects point to th e targe t word for each trial . 

When sub j e c ts made an error , the d i s tracter item mis taken for the 

target word was removed for the next presentation . Once the 

subj ect correctly identified a wor d , the dis tractors were again 

introduced . A maximum o f  nine a t t emp ts was allowed for each 

trial following whi ch the sub j ect advanced to the next l evel . 

This fad ing routine guaranteed success at s everal points in the 
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programme . Five sess ions were provided for each training modul e .  

Each module contained two practice i tems ( BUS STOP and GO) along 

with eight targe t  words . In sum , s ixteen words were taugh t in 

two modul es over ten sess ions . 

Mater ials f or the errorless disc riminat ion programme were provided 

in ' ki tsets ' located at both o f  the Training Centres . Each kit  

had s eparate envelopes containing th e target word and distractor 

i t ems . Organis at ion of ma terials was es sential s ince every i tem 

and trial had a unique s e t  o f  dis trac ters . Care was taken to  

corre ctly replace the cards for us e by the next teach er .  The 

teacher main tained a log f o r  each sess ion no ting the numb er o f  

a t t empts t o  mas t er each i tem and trial , as well a s  the t ime spent 

on a given s es s ion . 

b .  Paired Associates : A p i cture and corresponding printed word was 

f i rs t  presented and verb ally ident i f i ed by the teacher . As w i th 

the errorless d is criminati on approach , the target wo rd was taugh t 

over a s eries o f  four trials us ing a f l ash card metho d .  In this  

p rogramme , Tri al one contained only the target word . The s ub j ect 

was ins tructed to look at the photo and point to the corresponding 

word item .  Ensuing tr ials made us e o f  one , two and th ree dis­

trac ters chosen at random from a s e t  o f  compar ison words . Thus , 

the disc rimina t ion b ecame increas ingly more comp lex as the range 

of pos s ible cho ices increas ed f rom one to four words . However , 

comparison s t imul i were no t graded in difficul ty as was the case 

in the errorless dis crimination method . The dis tra c ters were 

selected at r andom f rom the pool o f  training words w i th three 

dis trac tors ass igned to each t arge t word presentat ion . Flash cards 

were arranged vertically and p laced at random on the desk directly 

in f ront o f  the subj ec t .  

As with the e rrorless d is cr imination programme , a f ad ing routine 

was employed . Whenever an error was made , the mis t aken dis tractor 

was removed f o r  the next p res entat ion . Then if the sub j e c t  was 

correct , the d is tracto r ( s )  was again pres ented along w i th the 

t arget word . A maximum o f  nine a t t emp ts was permi t ted for  each 

o f  the trials . The two practice i tems and eigh t  t arge t  words 

p rovided f or forty trials in each s es s ion .  

Materials were provided i n  ' ki tsets ' located a t  b o th the Training 
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Centres . The kitsets for modules 1 and 2 had separate envelopes 

c ontaining the target word and dis tractor items . Th e s ame pho to­

graphs as thos e emp loyed in the P i c ture Recognition and Mat ch ing 

Test wer e used for the paired as s o c i a t e  programme . Thes e were 

h i gh qual ity 1 2  x 1 7  cm c olour pho tographs drymounted on s trips 

of b lack posterboard . Pho tographs dep i c ted the target word ( e . g .  

HAMMER) or action associated wi th a word ( e . g .  BUS STOP - people 

b o ard ing a bus) . Each photo was p laced to the righ t  side o f  the 

f lash card ( s )  and remained in view throughout the four trials . 

Records were kept by the teacher regarding numb er of attemp ts to 

mas t er each trial and i t em ,  and also the t ime spent on the s es s ion . 

B o th of the individual ins truc tion programmes were carr ied out 

over a f ive week period commencing during the second week o f  July 

1 9 80 and f inishing in mid-Augus t .  All pre- and pos t- tes ting 

and training of the two modules was completed over th e f ive weeks . 

S ess ions were provided a t  th e rate o f  two per week though ab s entee­

ism occas ionally interf ered with th e t ime interval b e tween s es s ions . 

2 .  Computer As s is t ed Ins tru c t ion Pro cedures : The twenty-s ix subj ects  

ass igned to the CAI group received an iden t i cal amount of training to  

tha t of  th e individual ins truct ion group . This cons is ted of twice 

weekly s ess ions f o r  a period of  five weeks . Thir teen of th e subj e c ts 

were r andomly p laced in the paired ass o c i a t e  learning programme wh i l e  

the r emaining th irt een pers ons were given errorless dis crimina tion 

training . In view of the f ac t  that only one microcomputer sys tem was 

availab le for us e in the s tudy , it was necess ary to offer two cons e­

cut ive terms o f  f ive weeks duration at each o f  the training centres . 

The computer was f ir s t  located at the Cook S treet Centre for us e by 

trainees in that s e t t ing and then moved t o  the Aokautere Training 

Comp l e x .  In this way , one group had c ompl eted both training and pos t­

tes ting b efore subj ects in the other group commenced their training 

perio d . An identical ass es sment and training sequence was followed 

during both terms so  that it c an reas onab ly be s tated that condi tions 

o f  ins truction were the same for all s ubj ects . The two consecutive 

terms were o f fered during July and Augus t ,  1 9 80 .  

The microcomputer work s tation w as located in a small o ff i c e  a t  

both f acili ties s o  that subj ects could w o r k  on their own with a minimum 

of d i s tract ions . A timetab l e  was foll owed to ensure that the interval 

of t ime between s es s ions was r easonabl y  c ons istent for all subj ects . 
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Typ i cally , trainees attended th eir twice weekly s ess ions on Monday and 

Wednes day , or Tues day and Thursday . Friday was availab le for add itional 

s ess ions w i th subj ects wh o had missed regular ins truc t ion t imes due to 

i l lness . 

Becaus e of th e expe rimen tal nature of both the equipmen t and 

teaching programmes , the inves t igator was present at s everal of the 

s ess ions to obs erve trainees interac t ion with th e computer sys tem . 

No verb al cueing was provided by h im during pres entation o f  th e training 

s equences , w i th the excep t ion o f  an occas ional "Try again" i f  a touch 

failed to regis ter . Dur ing the pres entation of the two prac t i ce se­

q uences , verb al ins truct ions were g iven on how to  operate th e equipment 

and hints on what to look for in the photograph i c  slides or vi deo d is­

p lay . Mos t trainees rap idly mas t ered the use of the l i ght pen on the 

prac tice i t ems during th e f irs t s ess ion and required no further in­

s truct ions . An explanat ion was g iven to subj ects as to the meaning o f  

the f l ashing mess ages and video f eedb ack displays of "happy " and "sad" 

faces in response to correct and incorrect cho ices . The commen ts 

volunt eered by trainees sugges ted that th e visual displays were a mean­

ingful form of feedback . Only one subj ect  f rom thos e orig inally selected 

for partic ipation in the CAI group h ad to be excluded on the grounds 

that he was unab l e to at tend to vis ual and audio cues . Th e pres ence 

of the exper imenter at some of th e sessions provi ded a cons i derab le 

amount of anecdotal inf ormat i on th a t  would otherwise no t have b een 

avai lab le .  Informal ob s erva t i ons i ndicated that the experimenter ' s  

pres ence detrac ted very l i t t l e  f rom subj ects ' at tenti on to the learning 

med ium . 

During the ten weeks o f  operation ,  no day s  were los t due to equip­

ment failur e .  Unfortunately though , several sessions were temporar i ly 

interrup ted due to inte rmi t t en t  f aults in the s o f tware routines and 

mechani cal errors . When thes e occu rred , the programme was ini tialised 

and advanced to a poin t  correspond ing to where the s ubj ect had previous­

ly b een working . Thi s  necess i tate d  an interrup tion of  s everal minutes 

in any s es s ion where mishaps were presen t . Machine failure was a 

random factor and as such there i s  no way o f  controll ing for the pres­

ence o f  these errors . However , b e caus e mos t f aul ts were detected 

during the practice s eq uences , i t  can be conj e ctured tha t  the equipment 

failures d id no t int erfere with the learning p roces s  to any appreciab l e  

extent . 

The microcomputer work s tati on consis ted of  a keyboard , video 
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display uni t ,  and s ound o n  s lide proj ector . The s ubj e c t  s a t  directly 

in f ront o f  th e keyb oard and video uni t  wh ile the rear image s creen 

was placed on the desk immediately to the righ t  s ide o f  th e computer . 

The proj ector was angled s l igh tly ( approximat ely 1 0  degr ees ) to f acil­

itate sh i f t ing o f  at ten t ion f rom the video s creen to the s l ide display . 

Both the proj e ctor and video s creen were elevated to meet the eye level 

of th e subj ec t from a normal s eating pos ture . Th e equipment was placed 

for eas e of h ori zontal v i ewing and did not require the s ub j ect  to look 

upward or downward ; but s imply to  look s traigh t  ahead at  the video 

s creen and move the ey es s ligh tly to  the righ t  to view the pho tographs . 

Interact ion w i th the computer was by touching des ignated pos i tions on 

the s creen wi th a photos ens i t ive pen . At the beginning of each sess ion , 

subj ects ent e red their name into the sys tem by us ing the keyboard . 

The target words and comparison s timuli were displayed on the 

VDU us ing upp er case l e t t ers with an approxima te heigh t o f  1 . 5  cm . The 

word lis ts were displayed horizont al ly on the s c reen w i th a space o f  

2 cm b e tween each i tem . Each o f  the training words was f irs t shown in 

a central pos ition on th e s creen and followed by lis ts for Trials 1 

through 4 .  The large p r int f o rmat h elped ensure that subj e c ts could 

view the words wi thout d i f f i culty . Photo graph ic transparencies (used 

in the paired as sociate mode)  were displayed by means of rear image pro­

J ection on a 40 x 40  cm s creen . Thi s  provided h igh res o lut ion of the 

s l ides under normal indoor l i gh t ing condi tions . 

A detailed account o f  the CAI p rogrammes is presented in Chap ter 

5 .  Following is an overview of the materials and record-keeping pro­

cedures emp l oyed for th e two modes o f  ins truc t ion . 

a .  Errorless Dis crimination : Using a s traigh t  word f o cus , subj ects 

were r equired to  locate a target word f rom a s elec t ion of items 

d is p l ayed on the video s creen . The target  word was f irst shown 

on the VDU and identif ied by an audio cas s ette mes s ag e .  Then 

over a series o f  f our trials the targe t word along w i th three 

distracters at random . The word l is ts for each tria l  were dis­

play ed vertically on the s creen . Sub j ects were i ns t ructed by 

audio cassette mes s ages to  point to  the t raining words us ing a 

l igh t sens i t ive pen.  Th e  cassette advanced to  each s ub s equent 

mes s age under computer contro l .  

Trial 1 contained g ro s s ly dissimilar i t ems wh ile Trials 2 through 

4 contained a progress ive s equence of more d i f f i cult dis crimin­

at ions . When s ubj ects po inted to one of the d is trac ters by 
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mis take , that item was removed for the next pres entat ion . Dis­

trac ters w ere again introduced once the sub j ect pointed to the 

correc t word . A maximum of nine attemp ts was permi t t ed for any 

of th e tri als . Th e f ading out o f  dis trac ters guaranteed success 

at several points in the programme . As wi th the ind ividual tui­

tion , f ive training s ess ions were provided for each of  Modules 1 

and 2 .  V isual f eedb ack for correct and inco rrect respons es was 

given by p rint ed mess ages and "happy" or "s ad" faces drawn in 

graph ics  f o rm on the VDU . 

The programme was contained on disk and loaded into the compu ter 

as requi red at  the b eginning of each sess ion . A diagnos t i c  

summary was au toma t i cally generated by the compu ter t o  no te the 

numb er o f  attemp ts on each trial and time spent working on each 

of th e t raining items . The to tal elapsed t ime was als o recorded 

for each s es s ion . This informa tion was display ed on th e VDU and 

then reco rded onto a session log retained for all subj e c ts by the 

experimenter . 

A flowchart o f  th e CAI errorless dis cr iminat ion is pres ented in 

Figure 3 .  

b .  Paired As s o ciates : This CAI programme made us e of  b o th pho to­

graph i c  transparenc ies and correspond ing printed words in the s ame 

manner as the indiv idual ins truction pro cedure . S l id es were 

develop e d  f rom an i dentical fi lm us ed to print th e pho tographs 

des cr ib ed previous ly . As with the teacher based programme , the 

target  word was t augh t over a s eries o f  four trials . Subj e c ts 

were f irs t shown a slide and then ins tru c t ed by audio cas s e t t e  

mes s ag e s  to look a t  the target word d is p l ayed o n  th e VDU . Th e  

s lide r emained i n  view throughout the comp lete ins t ru c tional s e­

quence for  each i t em .  

Trial 1 contained only the target word t o  whi ch the s ub j e c t  re­

sponded by poin ting a light s ens itive p en at the d es i gnated s creen 

pos i t i on . Sub s eq uent trials made us e o f  one , two and three d is­

tracters respectively . Dis tracters were selected a t  random f rom 

a s e t  o f  comparison words for each i t em .  In this manner , dis­

criminat ions b ec ame increas ingly dif f i cu l t  as the range o f  poss- , 

ib l e  cho ices increas ed from one t o  four words . Unlike the error­

less d i s cr imination procedure ,  comparison stimuli were no t graded 
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in d i f f i culty . Conf irma tion o f  corre c t  and incorrect mess ages 

was given by v isual feedb ack on th e video s creen . This inc luded 

f lashing mes s ages , "happy " and "sad" f aces . Al l audio mes s ages 

were play ed under computer control f o r  each item and tr ial in 

the programme . Addit ional mes s ages were pres ented when errors 

oc curred . 

A f ading rout ine was employed using an identical procedure to 

the ind ividual  ins truc tion programmes . Th is involved removal of 

dis tract ers whenever an error was mad e .  A maximum o f  nine attemp ts 

was allowed f or each of th e trials f o llowing wh i ch th e programme 

automati cally advanced to the next l evel . In al l , the two practice 

i t ems and eigh t  targe t words provide forty training t rials in 

each s ess ion . 

Th e Mod ule 1 and 2 programmes for th e paired as so ciate me tho d  

were s to red on disk . Thi s  contained both the ins tru c t ions for 

operat ion o f  the programme sequence and data on words to b e  

taugh t . A s ubrout ine was devised t o  print a diagnos t i c  summary 

at the end o f  each session . Th is inc luded informat ion on the 

numb er o f  a t t emp ts per t rial , time s pent working on the prob lems , 

and to tal e l apsed time for the sess i on .  Th e exp erimenter tran­

s cribed this  summary inf ormat ion to a log kep t on each subj ec t .  

A flowchart o f  the ins truc tion s equence for the paired as s o ciates 

CAI programme is displayed in Figur e 4 .  

Nearly ident ical procedures with regard to numb er o f  s ess ions , 

pre- and pos t- t e s ting , and t raining methods were fol lowed using both 

the CAI and individual ins truc t ion programmes . 

Hypo thes es 

Research r eviewed in the preceding chap t ers o f f ered l i t t le con­

f irma tion as t o  whi ch methods are likely to b e  mos t  e f f e c t ive f o r
·: 

t eaching a word r ecogni t ion task to men tally retarded adults . Exper­

iment al resul ts were c i ted to conf irm the impor tance of l earning 

principles ( s el f-pacing , immediate feedb ack , small s t eps , overlearning) 

in acquis i tion , r etention , and trans fer o f  informa tion (Malpas s , 1966) . 

Moreover , there is  cons iderable suppor t  for the us e o f  b o th automated 

and manual proc e dures for teach ing visual discrimination t as ks ( Vergas o� , 

1 9 68 ; Dorry and Zeaman , 1 9 7 3) . With r egard to  the various approaches 

f or t each ing wor d  recogni tion , there is much conf l i c t ing evidence as to 
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wh ich set  o f  procedures should b e  emp loy ed to optimis e learning (Walsh 

and Lamb erts , 1 9 79 ) . S p ecif ically , there is no clearcut evi d ence as 

to the utility o f  us ing extra s t imulus dimens ions ( e . g .  pic tures ) as 

prompts for the l earning of verb al respons es to printed words ( S amuels , 

1 9 70) . A wide range of s tudies are availab l e  t o  support th e utility of 

th ese various approaches at one time or ano ther . 

In keeping with the main purpose of this investigat ion , research 

evidence is b eing sough t to evaluate the e f f icacy of computer ass is t ed 

ins truc tion as th is compares to tradit ional forms of interp ers onal 

tuition for teaching wo rd recogni tion.  Two commonly us ed techniques , 

errorless dis crimination and paired asso ciate l earning , have b een 

s elected for the purpose of this comparison as these methods appear to 

provide a meaningful th eoretical and practi cal framework in wh ich to 

evaluate the resul ts . 

An und erly ing as s ump tion o f  this investigat ion was tha t  all of 

the methods employ ed h ere make us e of  well-known principles of learning . 

I t  is c lear from research c ited in Chap ters Th ree and Four that the 

speci f i c  teaching me tho ds b eing evaluated in th is st udy have all b een 

shown to b e  effec tive in various c ircums tances . 

Desp i t e  conf lict ing evidence th at has arisen from wide variat ions 

in res earch methods and des igns , the general trend of previous inves ti­

gat ions appears to support the view tha t  various forms o f  p rogrammed 

ins tru c t ion can suc ces s fully b e  appl ied to t each word recogni tion to 

handi capped persons . In particular , there is an equal prob ab i l i ty that 

systemati c  administrat ion of  th e comput er b as ed and ins tructor dominated 

programmes will resul t in s imil ar learning outcomes . 

1 .  Word Recogni tion and Iden t i f ication : S tudies on the us e of auto­

mated and manual app ro aches for t eaching word recognition ski l ls h ave 

generally indicated that subj ects ' performance improved to a signi f i cant 

extent as a function of training . Yet there remains s ome amb igui ty 

concerning the relat ive merits o f  compu ter g enerated ins truct ion versus 

more conventional individual tui t ion . 

Again , this controversy s tems from th e wide range o f  procedural 

variations tha t  have b een employed in previous res earch . I t  seems 

prob ab l e  that when a sys tematic a t temp t is made to control the content , 

adminis tration , and duration o f  t eaching programmes , l earning outcomes 

will b e  s imilar for all subj ects who were g iven either the automated 

or manual types of ins truction . 
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Ther e fore , i t  was pred i c ted that : 

1 . 1  There will b e  no d i f f erences on word r ecogni tion and identif­

i c at ion ( pre- versus pos t- tes t change) s cores b e tween subj e c ts 

who received ins truct ion on the computer versus those who were 

g iven individual tui t ion . 

1 . 2  Th ere will b e  no d i f f erences on word recogni tion and iden t i f­

i c a tion (pre- versus pos t-test  change ) s cores b e tween subj ects  

who received e i th er the p ai red ass o c i a t e  or erro rless dis­

cr iminat ion mod es of ins truct ion by means o f  the computer 

ve rsus ind ividual tuition . 

2 .  Pic ture-Word Ma tchi ng :  The controversy s urrounding the u s e  o f  

extra s t imulus materials ( e . g .  p i c tures ) a s  p romp ts for learning con­

crete word i t ems was d i s cuss ed previously . Research evidence has b een 

cited t o  s upport the us e of a s t r aight word f ocus vers us the pair ing 

of p ic tures and words in training . Becaus e th ere are no clearcut 

f indings t o  conf irm the role of ex tra s t imulus cues ( S amuels , 19 70) , 

i t  seems r eas onab le to  propose that when confronted w i th f amil iar words , 

sub j e c ts should b e  ab l e  to mat ch these i tems wi th ref erent p i c tures . 

Becaus e s ubj ects could ini t ially recognise and verb ally lab el 

each p i cture us ed in th e inves t i gation , i t  i s  contended that mat ch ing 

o f  the pr inted and v is ual items reflects ab i l i ty to reco gnise words 

whether o r  not p i c tures were used during the cours e o f  training . Thus 

i t  is predi c ted that : 

2 . 1 There will b e  no d i f f erences on p i c ture-word mat ch ing ch ange 

s cores ( pr e- versus pos t-tes t  compar ison) b e tween subj ects 

g iven computer as s is ted ins truct ion v ersus those  persons who 

r e c e ived individual tui t ion . 

CAI ED pAL = INDED pAL , , 

2 . 2 Change s cores on the pre- versus pos t- tes t results o f  pic ture­

word mat ch ing will not b e  d i f f erent for groups who received 

errorless discriminat ion or paired as sociate ins truction b y  

means o f  the computer versus ind ividual tui t ion . 
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3 .  Trans fer : The extent to wh i ch subj e c t s  can general i s e  l earning 

f rom th e experimental s i tuat i on to real l i f e  events is an impor tant 

prac t i cal cons iderat ion in this s tudy . Previous research has b e en 

c i ted t o  no t e  some of th e issues and me thod ological prob l ems in 

training for t rans f er (Gold , 1 9 7 2 ;  Zeaman and Hous e ,  1 9 6 3) . Again , 

th ere are f ew meaningful guidel ines to sugges t ways in wh i ch trans fer 

is l ikely to b e  enhanced . Provis i on needs to be made during training 

f o r  sub j ects to ext end th eir skills to new s i tua tions . Th e learner 

may funct ion ef f e c t ively wi th a person or material he knows wel l but 

b r eak down wh en p laced in an unfami liar circums tance . I t  is no t 

poss ib l e  wi thin th is study to make any predictions concerning th e 

amount o f  trans f e r  that may o r  may not oc cur . However , i t  is contended 

that the extent to which l earning is generalised to real l i f e  events 

w ill b e  equally d is tributed ac ross the g roups and mod es of ins truc t ion . 

Thus i t  was pred i c ted that : 

3 . 1 Th e trans f er tes t s cores for the compu ter as s is ted ins t ruc t ion 

g roup w i l l  no t be di f f erent f rom those of th e group who were 

given th e i r  ins t ruction by ind ividual teachers . 

CAI ED , PAL ( T) = 
IND

ED , PAL ( T) 

3 . 2 The trans f er tes t s co res f o r  sub j ects receiving pai red associate 

or erro r l ess discrimination ins t ruc tion on the computer  and by 

individual tui tion w i l l  no t b e  d i f f erent f rom one ano ther . 

CAI
ED ( T) = 

CAI
PAL ( T) = I NDED (T) = IND

PAL ( T) 

4 .  Retention : A large amount o f  res ear ch was cited in Chap t e r  Two 

concerning retent ion o f  original l earning ( e . g .  Vergas on , 19 6 8) . The 

main point is tha t  in order to b e  real ly b enef icial , l earning mus t b e  

availab l e  for r ecall a t  a later t ime . There is evidence t o  s ug g es t 

that r e t en tion o f  informa tion is enh anced through provis ion for over­

learning t rials b eyond a minimum success cri terion . In this pres ent 

s tudy , drill and practice was used t o  ensure that e ach s ub j e c t  at tained 

a b as i c  l evel of performance through p resentation of repeat ed t rials 

until  a correc t  respons e was a t t ained . This included s ome opportunities 

for over learning as each programme mod e  followed precisely the s ame 

s eq uence ; progressing f rom s impl e  t o  c omplex dis criminat i ons even when 

s ubj ects had initially mas t ered the eas ier trials . According ly , i t  

was predicted that : 
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4 . 1  There will b e  no differences on the retention measures o f  

word recogni t ion and identification b e tween the computer 

assis ted ins truct ion group and s ubj ects who were given 

individual tuition .  

CAIED , PAL ( R) = INDED , PAL (R) 

4 . 2  Retent ion s cores for s ubj ects receiving errorless dis criminat ion 

or paired associat e  ins truc tion on the computer and by individual 

ins truction will  not b e  different from one ano ther . 

CAIED ( R) = CAIPAL (R) = INDED ( R) = INDPAL ( R) 

Design 

Tes ting of the hypothe s es presented in this s tudy was carried out 

by means of a 2 x 2 x 2 repeated measures analysis of variance d es ign . 

The non-metric f ac tors o f  analyses were Group ( CAI and Individual 

Ins truction) , Mod e  ( Errorless  Dis crimination and Paired Asso ciates ) , 

and List Order (Module 1 and Module 2) . Me tric factors were pre- and 

pos t- tes ts of Word Recogni t ion , Ident i f i cation , and Picture-Word 

Matching . Addi t ional ly , measures of trans fer and reten tion of l earning 

were analysed s eparately f o r  both modules . Becaus e nul l  hyp o theses 

have been s tated for all dependent variab les , any resul t ing d i f f er­

ences in group and mode level are centrally important to the inves ti­

gation.  Lis t order was incl uded as well to counterbalance any prac t i c e  

o r  carry over e ffects  that  might  have arisen f rom a f ixed s equence o f  

module presentation . Des c r iptive data concerning time i n  training 

and number o f  attemp ts to  mas tery (methods- t ime measurement)  was analys ed 

to p rovide a b e tween groups and modes comparison . 
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In discussing the result s  of this study , sample characteristics  

regarding sex , age , visual discrimination and IQ  dis tribut ion for  the 

various subgroups will be presented f irs t .  Thi s  descript ive data is 

repor ted separate ly for each of the groups ( Comp uter , Individual 

Ins t ruct ion) , and modes (Errorless  Discriminat ion , Paired Associat es )  

as  wel l  as  for the  combined sample . Second ly , analysis of variance 

is used to test the specific hypotheses that have been raised concerning 

acquisit ion , reten tion and transfer of learning . Her e ,  trends in 

the data will be exp lored by examining any interact ion effects between 

the sub groups for each of the criterion variables . Following thi s , 

an ana lysis of t ime spent in t raining and total  number of attemp ts to 

mas ter the learning task (Me thods-Time Measurement )  is  considered for 

the various groups and modes of instruc t ion . 

Descript ive Data 

Table 4 disp lays the age and sex d i s tribut ion for subj erts  in 

both the compu ter bas ed and individual ins truct ion groups . As can 

be seen , each of the two group s comprised 1 3  males and 1 3  females 

(Total N = 5 2 ) . Random assignment to the two modes of instruct ion 

resul ted in a homogeneous sex distribution acro s s  the subgroups .  

S imilarly , there are no signi f icant age d i f ferences between the groups 

and modes (Total Group Mean = 23 . 90 ,  S . D . =7 . 33 ) . Age range o f  the 

subj ects  was very wide (Range = 1 5-56 years)  though considered to  be 

characterist ic of the variations found amongst  groups attending adult 

train ing centres . 

S ample  characterist ics were also cons idered with regard to  IQ 

and Visual Discrimination Tes t  Scores . An examinat ion of the data 

displayed in Tab le 5 reveals that there were no s ignificant differences 

between the subgroups with respect to  IQ (Total Group Mean = 4 1 . 8 1 , 

S . D .  = 7 . 9 ) .  A breakdown of  Visual Discriminat ion Scores (To tal 

Group Mean = 3 2 . 38 ,  S .D .  6 . 35) also conf i rms that the composi tion of 

the groups and modes was homogeneous on this f ac tor . Very s light and 

nonsignificant dif ferences were obse rved between the subgroups on any 

of the descriptive variables . 



Tab le 4 

Age and Sex Distr ibution 

of Subj ects  

Age 
Group Mode* Mean 

Computer Ass i s ted Ins t ruc t ion Combined 2 3 . 52 

ED 22 . 07 

PAL 25 . 08 

Individual Ins t ruction Combined 24 . 32 

ED 23 . 60 

PAL 25 . 40 

Total Group Combined 2 3 . 90 

Table 5 

IQ and Visual Discrimination Score  

Distr ibution of Subj ects  

IQ  
Group Mode* Mean 

Computer Ass i s ted Instru c t ion Combined 4 2 . 55 

ED 40 . 58 

PAL 4 5 . 50 

Individual Inst ruction Combined 40 . 88 

ED 4 1 . 90 

PAL 39 . 1 7 

Total Group Comb ined 4 1 . 8 1  

* 
ED = Errorless Discriminat ion 

PAL = Paired Associate Learning 
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Number 
S . D .  Males Femal e s  

8 . 1 2  1 3  1 3  

4 . 1 6  8 7 

1 0 . 9 1  5 6 

6 . 5 1  1 3  1 3  

5 . 96 6 7 

7 . 46 7 6 

7 . 33 26  2 6  

Visual Discrimination 
S . D .  Mean S . D .  

8 . 05 32 . 04 6 . 50 

8 . 02 3 1 . 83 5 . 92 

7 . 64 32 . 23 7 . 22 

7 . 89 32 . 7 2 6 . 32 

8 . 05 3 1 . 67 6 . 2 1 

8 . 04 34 . 30 6 . 46 

7 . 9 1  3 2 . 38 6 . 35 
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In sum , these resul t s  indicate that the groups and modes are 

very s imilar in c omposition wi th regard to age , sex , visual 

discrimination and IQ . 

S t i! L .i.s t i cal Analys is  
Hypotheses  were tested by  per forming a repeated measures 

analysis of variance similar to  that f ound in Wine r ( 1 9 7 1 ) . The basic 

c oncept of the exper imental des ign was a paired comparisons ' t '  

s t a t is t ic . Thi s  was used to test the hypothesi s that two variables  

(pre- and post- test  scores )  defined over the  same subgroups ( and 

consequently almost  inevitably correlated)  have the same mean . 

S p e cifically , ANOVA was applied to determine whether the effec t s  o f  

nonmetric factors  (viz . groups , mode s )  were s ignificant with r egard 

to deviations of group means from the grand mean . Three-way analysi s 

o f  variance (group x mode x pre-post s core s )  were performed s eparately 

on module 1 and 2 data for each of the criterion measures . Possible 

l i s t  order effects  were also tested u sing a three-way analysi s of  

variance (group x mode x p re-pos t  scores)  on data from both of the 

modules , independent ly for Word Recognition , Identificat ion , Picture-

Word Matching , Trans fer , and Retent ion . It  was cons idered necessary 

to  carry out s eparate analysi s on mode  and list  o rder effects  in the 

above manner t o  avoid obtaining spurious results that could o therwise 

arise from a four-way analysis with small  and unequal cell s i z e s . 

Due to absenteeism ,  it was not possible to obtain complete data on 

a l l  subj ects . Sample s izes and resul t ing degrees o f  freedom are 

not ed separately for each analysi s .  

Word Recognit ion 

The resul ts  of the three-way r epeated measures analyses  o f  

variance ind icate n o  s igni f icant interaction effects between groups  

and modes with  regard to pre- and pos t- scores on  the Word Recognit ion 

Test . Specif ically , interaction effects  were f ound t o  be non-

s ignificant for both modules 1 and 2 ( see Tables 6 and 8 for ANOVA 

s ummary data on each module) .  

Pre- versus post- test dif ferences were reliabl e  for both modules 

over the samp le (Module 1 :  F=62 . 3 1 ,  1 /45df , p< . 0 1 ; Module 2 :  F=56 . 96 ,  
\ 

d f= l /42 , p< . O l ) . Means and standard deviat ions for the individual 

g roups and modes are displayed in Tables 7 and 9 .  It  can b e  determined 

that the overall mean increases for modules 1 and 2 were 2 . 5 1 and 2 . 7 6 

points �espectively . 



Tab l e  6 

ANOVA Summary Data for Module 1 Word Recognition 

Pre- Versus Post- Tes t  Comparison (Repeated Measures ) 

1 25 

Source df  M . S .  F-Ratio Probab i l i ty 

G (Group) 1 . 267  0 . 04 

M (Mode) 1 1 . 080 0 . 1 6 

GM 1 2 . 662 0 . 39 

T (Pre - Post Test ) 1 1 54 . 1 86 62 . 3 1 

TG 1 . 880 0 . 36 

TM 1 . 3 10  0 . 1 3 

TGM 1 5 . 787 2 . 34 

Errors 4 5  2 . 47 

* 
Signif icant Effect 

Tabl e  7 

Means and Standard Deviat ions for Module 1 Word Recogni t ion 

Pre- Versus Post- Test Comparison 

. 85 

. 69 

. 54 

. 0 1 *  

. 55 

. 7 3 

. 1 3 

Pre-Tes t Pos t-Tes t 
Mode He an S .D . Mean S .D . 

Computer Assisted Ins t ructi on ED 0 . 50 0 . 80 2 . 83 2 . 37 

PAL 0 . 67 1 .  2 3  3 . 7 5 2 . 9 3  

Individual Instruct ion ED 0 . 4 3  0 . 94 3 . 36 2 . 87 

PAL 0 . 9 1  2 . 38 2 . 64 2 . 58 

Combined Groups and Modes  0 . 63 1 . 0 8  3 . 1 4 2 . 69 



Table 8 

ANOVA Summary Data For Module 2 Word Rec ognition 

Pre- Versus Post-Tes t  Comparison (Repeat ed Measures ) 
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Source d f  M . S .  F Ratio Probability 

G (Group ) 1 . 1 97  0 . 03 

M (Mode ) 1 1 . 282 0 . 1 7 

GM 1 25 . 167  3 . 4 1  

T (Pre - Pos t Test ) 1 1 6 9 . 568 56 . 96 

TG 1 4 . 470  1 . 50 

TM 1 5 .  1 6 1  1 .  7 3  

TGM 1 1 1 . 588 3 . 89 

Error 4 2  2 . 9 7 7  

* 
S ignif icant Effect 

Table 9 

Means and Standard Deviat ions Fo r Module 2 Word Recognition 

Pr�- Ver sus Post-Te s t  Comparison 

0 . 87 

0 . 68 

0 . 07 

0 . 0 1*  

0 . 2 3 

0 . 20 

0 . 06 

Pre-Tes t  Post-Test 
Group Mode Mean S . D .  Mean S . D .  

Computer Ass isted Instruct ion ED 0 . 40 o .  70 4 . 80 2 . 82 

PAL 0 . 30 0 .  67 2 . 30 3 . 20 

Individual Instruction ED 0 . 60 1 . 30 2 . 67 2 .  7 2  

PAL 1 . 1 8 1 . 94 3 . 7 3 3 . 1 3  

Combined Groups and Mod e s  0 . 62 1 . 1 5 3 . 38 2 . 9 7  
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On the b as is of  these findings , i t  can b e  upheld that treatment 

effects were s tatistically s ignificant for Word Recogni tion . 

As pred i c t ed , these data indicate that there are no differences 

b e tween the performances of subj ects who were given comput er assis ted 

ins truction and those p ers ons receiving individual tuition f rom 

teachers . S imilarly , no s i gnificant d i ff erences can be implied 

b e tw een subj ects  in the errorless discrimination and paired associates 

groups on the Word Recogni t ion Tes t for  e i th e r  computer or individual 

tuition b ased p rogrammes . In specific  t e rms , CAI
ED 

= CAIPAL = IND
ED 

= 

IND
PAL 

for this criterion measure . 

Wi th r espect  to  list  order , the only s ignificant effect  was 

for module 1 of the Word Recogni tion Tes t ( s ee Tab l e  10) . This 

revealed that interactions b e tween pre-versus pos t- tes t performance 

and order were rel iable  (F = 4 . 58 ,  1 /45df)  at the p < . 04 level . An 

examination o f  the subgroup means suggests that the order effect  was 

due to marginally higher  post-tes t achi evement for subj ects receiving 

module 1 firs t .  Convers ely , there were no s ignificant interaction 

effects for module 2 of the Word Recogni t ion Tes t ( see Tab le 1 2) . 



Tab le 10  

ANOVA Summary Data  for  Module 1 Word Recogni tion 

Li s t  Order Effects 

S ource df M . S .  F-Ratio 

G ( G roup) 1 0 . 1 19 0 . 0 2  

0 (O rder ) 1 19 . 348 3 . 02 

GO 1 5 . 246 0 . 82 

T (P r e  - Pos t Tes t ) 1 1 4 4 . 108  6 1 . 08 

TG 1 0 . 232  0 . 10 

TO 1 10 . 8 1 4  4 . 58 

TGO 1 0 . 283  0 . 1 2 

Erro r  4 5  2 . 359 

* S i gnificant Effects  

Table 1 1  

1 2 8  

Probab i l i ty 

0 . 89 

0 . 09 

0 . 37 

0 . 0 1 *  

0 . 76 

0 . 0 4* 

0 . 7 3 

Means and S tandard Deviations for  Module 1 Word Recogni tion 

Lis t Order Effects  

Group Order* 

Computer Assis ted Ins truction 1 

2 

Individual Ins truction 1 

2 

* Order 1 = Module 1 followed by Module 2 

Order 2 = Module 2 followed by Module 1 

Pre-Test 
Mean S . D .  

0 . 53 1 . 1 9 

0 . 6 7  0 .  7 1  

0 . 9 2  2 . 22 

0 . 33 0 . 89 

Pos t-Tes t 
Mean S . D .  

3 . 6 7  2 . 89 

2 . 6 7  2 . 1 8 

4 . 08 2 . 63 

1 . 9 2  2 . 4 3  



Table 1 2  

ANOVA Summary Data for Module 2 Word Recognition 

List Order Effects 

Source d f  M . S .  F-Rat io 

G 1 0 . 00 1  0 . 00 

0 1 6 . 457  0 . 83 

GO 1 0 . 038 0 . 00 

T (pre - Post  Test )  1 1 7 1 . 355  5 3 . 27 

TG 1 5 . 434 1 .  69 

TO 1 5 . 05 4  1 .  5 7  

TGO 1 0 . 059 0 . 02 

Error 4 2  3 . 2 1 7  

* 
S ignificant Effec ts  

Tabl e  1 3  
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Probability 

0 . 99 

0 . 37 

0 . 95 

0 . 0 1  * 

0 . 20 

0 . 22 

0 . 89 

Means and S tand ard Deviations for Module 2 Word Recogn i t ion 

List Order  Effects 

Group Pre-Tes t  Pos t-Te s t  
Order* Mean S . D .  Mean S . D .  

Computer Assisted Instruction 1 . 33 . 7 1  4 . 1 1  3 . 33 

2 . 36 . 67 3 . 09 3 . 1 8 

Individual Instruct ion 1 . 9 2 1 . 9 3  3 . 62 3 . 33 

2 . 7 7 1 . 24 2 . 62 2 . 40 

* 
Order 1 = Module 1 followed by Module 2 
Order 2 = Module 2 f ollowed by Module 1 
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Word Ident ification 

Resul t s  of the three-way analyses  of variance with repeated 

measures for module 1 and module 2 are displayed in Tables 1 4  and 1 6  

respectively . No s igni f icant interact ion effec t s  were found between 

the groups or modes for either of the modules . 

An examination of the sources o f  variance indicates that 

r e l iable differences emerged between pre- and post-tes t s  for the 

c omb ined sampl e  (Module 1 :  F= 1 2 . 79 ,  1 / 45df , p < . 0 1 ; Module 2 :  

F= 24 . 4 2 ,  1 /42df , p< . 0 1 ) . Subgroup means and standard deviat ions for 

the two modules  are d isplayed in Tables  15 and 1 7 . For module 1 

i t  can be determined that the overall mean increase be tween pre- and 

post-tests  was 1 . 1 1  while gains on module 2 averaged 1 . 7 8 points . 

In sum , the nonsignificant in teract ion effects  found for Word 

Recognit ion and Iden t i f i cat ion support the null hypotheses ( 1 . 1 ,  1 . 2 ) 

that there would be no s ignifi cant d i f ferences in change scores 

b e tween subj e cts  who received e ither the pai red associate or errorless 

discriminat ion modes of ins truct ion by means o f  the computer versus 

ind ividual tuition .  I t  i s  upheld that CAIED 
for both Word Recognit ion and Identif icat ion . 

Resul t s  concern ing the list  o rder e f fect s for modules 1 and 

2 (Wo rd Iden t ificat ion) are presented in Tab les 1 8  and 20 respectively . 

Al l of the interaction e f fects for groups , modes , and orders were 

found to be nonsignif i cant with respect to both modules . 



Table 1 4  

ANOVA S ummary Data  for Module 1 Word Identif icat ion 

Pre- Versus Post-Test Comparison (Repeated Measures) 

Source df M . S .  F-Ra t io 

G (Group ) 1 1 5 . 0 1 1  1 . 42 

M (Mode )  1 1 . 448 0 . 1 4 

GM 1 4 . 34 3  0 . 4 1  

T (Pre - Post Tes t )  1 30 . 2 1 5  1 2 . 79 

TG 1 5 . 340 2 . 26 

TM 1 0 . 0 1 6  0 . 0 1 

TGM 1 2 . 305 0 . 98 

Errors 4 5  2 . 363 

* 
S ignificant Effect 

Table 1 5  

1 3 1  

Probability 

0 . 24 

0 . 7 1 

0 . 53 

0 . 0 1*  

0 . 14 

0 . 94 

0 . 33 

Means and S tandard Deviat ions for Module 1 Word Identificat ion 

Pre- Versus Post-Te s t  Comparison 

P re-Test Post-Test  
Group Mod e  Mean S . D .  Mean S . D .  

Computer Assisted Instruction ED 1 .  9 1  2 . 06 3 . 1 6 2 . 82 

PAL 2 . 25 2 . 37 4 . 16 3 . 07 

Individual Instruction ED 1 .  7 1  2 . 1 3  2 . 64 2 . 84 

PAL 1 . 82 2 . 23 2 . 1 8 2 . 60 

Combined Groups and Modes 1 . 93 2 . 20 3 . 04 2 . 83 



Table 1 6  

ANOVA Summary Data for Module 2 Word Identifi cat ion 

Pre- Versus Pos t-Tes t  Compar ison ( Repeated Measures ) 

Source df M . S . F-Ratio 

G (Group ) 1 1 3 . 6 22  1 . 1 5 

M (Mode ) 1 3 . 526  0 . 30 

GM 1 1 8 . 244 1 . 54 

T (P re - Post Test ) 1 7 1 . 5 1 5  24 . 4 2 

TG 1 0 . 1 7 3  0 . 06 

TM 1 8 . 846 3 . 02 

TGM 1 7 . 230 2 . 49 

Errors 4 2  2 . 9 28  

* 
S i gnif icant E ffect 

Table 1 7  
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Probab i l ity 

0 . 29 

0 . 59 

0 . 22 

0 . 0 1 *  

0 . 8 1 

0 . 09 

0 . 1 2 

Means and S tandard Deviat ions for Module 2 Word Ident if icat ion 

Pre- Versus Po st-Test  Comparison 

Pre-Test Post-Test  
Group Mode Mean S . D .  Mean S . D .  

Computer Ass isted Instruction ED 3 . 00 2 . 49 5 . 90 2 . 59 

PAL 2 . 90 3 . 07 3 . 40 2 . 76 

Individual Instruction ED 1 . 80 2 . 2 1  3 . 7 3 2 . 89 

PAL 2 . 36 2 .  7 7  4 . 1 8  2 . 99 

Combined Groups and Modes 2 . 52 2 . 64 4 . 30 2 . 8 1  
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Table 1 8  

ANOVA Summary Data for Module 1 Word Ident i ficat ion 

List Order Effects  

Source d f  M . S .  F-Ratio Probab ili ty 

G (Group)  1 1 8 . 4 1 4  1 . 19 0 . 28 

0 (Order) 1 1 .  237  0 . 08 0 . 78 

GO 1 3 . 003  0 . 1 9  0 . 67 

T (pre - Post Tes t )  1 3 1 . 103  1 5 . 57 0 . 0 1 *  

TG 1 1 . 6 1 2  0 . 8 1  0 . 37 

TO 1 5 . 7 5 2 . 88 0 . 1 0 

TGO 1 0 . 1 9 5  0 . 1 0 0 . 7 6 

Error 45 1 .  99 7 

* 
S ignificant Effects  

Table 1 9  

Means and Standard Deviations f o r  Module 1 Word Identificat ion 

List Order Effec t s  

Pre-Test Post -Tes t  
Group Order* 

Computer Assisted  Ins truct ion 1 

2 

Individual Inst ruction 1 

2 

* 
Order 1 
Order 2 = 

Module 1 followed by Module 2 
Module 2 followed by Module 1 

Mean 

2 . 20 

3 . 18 

1 . 85 

2 . 30 

S . D .  Mean S . D .  

2 . 48 4 . 0 0  3 . 05 

3 . 2 5 4 . 1 8  3 . 46 

2 . 38 3 . 3 1 2 . 84 

3 . 02 2 . 60 3 . 27 



Table 20 

ANOVA Summary Data for Module 2 Word Identi f icat ion 

List  Order Ef fects 
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S ource df M . S . F-Ra t i o  Probab i l i ty 

G ( Group) 1 1 5 . 7 6 5  1 .  3 1  0 . 26 

0 ( Order) 1 9 . 869 0 . 82 0 . 37 

GO 1 2 . 009 0 . 1 7  0 . 68 

T (Pre - Pos t  Test)  1 7 2 . 500 2 2 . 24 0 . 0 1 *  

TG 1 0 . 1 7 7  0 . 05 0 . 82 

TO 1 0 . 08 3  0 . 03 0 . 87 

TGO 1 0 . 389  0 . 1 2  0 .  7 3  

Error 4 2  3 . 2 5 9  

* S ignif icant E f fect 

Table 2 1  

Means and S t andard Devia t ions for Module 2 Word Ident i f i cat ion 

List  Order Eff ects  

Group Order*  
Pre-Tes t  Post-Test  

Mean S . D .  Mean S . D .  

Computer Ass i st ed Inst ruct ion 1 3 . 1 1  3 . 2 2 4 . 89 3 . 1 8  

2 2 . 82 2 . 40 4 . 45 2 .  7 7  

Individual Instruct ion 1 2 . 62 3 . 04 4 . 3 1 3 . 0 1 

2 1 . 4 6  1 . 5 1  3 . 54 2 . 82 

* 
Order 1 = Module 1 followed by Module 2 
Order 2 = Module 2 followed by Module 1 
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Picture-Word Mat ch ing 

As with the preceding variables , a repeated measures analys i s  

o f  vari ance w a s  per formed to examine possible interact ion effects  

between group s , modes , and pre- versus post-test s core s . The ANOVA 

Summary data for modules 1 and 2 are displayed in Tables 2 2  and 24 , 

respect ively . All interact ion effects  with the except ion of pre-

versus post- test  s cores were f ound to be nonsignif icant . 

For the ove rall  sample , differences in scores b efore and after 

training were rel i able  at the p< . 0 1 level (Module 1 :  F=2 3 . 33 ,  

1 / 4 1df ; Module 2 :  F=49 . 0 8 ,  1 / 36 df ) . Means and standard deviations 

for the subgroups and combined sample are d i sp layed in Table 2 3  

(Module 1 )  and Tab le 2 5  (Module 2 ) . The overal l  differences between 

pre- and post-t e s t  means were 1 . 84 and 2 . 4 7 points respectively for 

modules 1 and 2 .  List order effects  were not signif i c ant for ei ther 

of the modules ( se e  Tables 26 and 28) . 

The above f indings lead to accep t ance of null  hypotheses 2 . 1  

and 2 . 2 .  These s tate that change scores on the pre- versus post-

test  comparison will not be d i f ferent for groups who received errorless 

d iscriminat ion or paired associate ins truc t ion by means of the computer 

versus ind ividual instruc tion . Specifi cally , it is uphe ld that : 

2 · 1  CAIED PAL = INDED PAL ' , 

and , 2 . 2  

for the Picture-Word Mat ching Tes t .  



Table 2 2  

ANOVA Summary Data for Modul e  1 Picture-Word Match ing 

Pre- Versus Post-Test Compar ison ( Repeat ed Measures) 

1 3 6  

Source df  M . S .  F-Ratio Probab i l i ty 

G ( Group )  1 2 3 . 44 2  2 . 50 0 . 1 2 

M (Mode)  1 7 . 98 6  0 . 85 0 . 36 

GM 1 1 2 . 9 7 7  1 .  38 0 . 25 

T (Pre - Post Test)  1 7 3 . 1 4 2  23 . 33 0 . 0 1 *  

TG 1 7 . 3 2 5  2 . 34 0 . 1 3  

TM 1 1 . 1 64 0 . 37 0 . 55 

TGM 1 0 . 2 2 5  0 . 07 0 . 79 

Errors 4 1  3 . 1 36 

* 
S igni f icant Ef fect 

Table 23  

Means and Standard Deviations for Module 1 Picture-Word Matching 

Pre- Versus Post-Test  Comparison 

Pre-Test Post-Test 
Group Mode Mean S . D .  Mean S . D .  

Computer Ass i s t ed Instruct ion ED 1 . 58 1 . 98  4 . 33 3 . 3 1 

PAL 2 . 08 2 . 27 4 . 1 7 3 . 1 9 

Individual Inst ruction ED 2 . 00 1 . 68 3 . 38 . 2 . 57 

PAL 0 . 7 5 0 . 89 1 . 88  3 . 00 

Combined Groups and Modes 1 . 60 1 .  7 1  3 . 44 3 . 02 



Table  24 

ANOVA Summary Data for Modu le 2 Picture Word Matching 

Pre- Versus Post-Test Comp arison (Repeated Measure s )  

1 37 

Source df  M . S .  F-Ratio P robabil ity 

G (Group) 1 9 . 3 1 6  0 . 8 1 0 . 37 

M (Mode) 1 6 . 4 3 1  0 . 56 0 . 46 

GM 1 8 . 9 8 2  0 . 7 8 0 . 38 

T (Pre - Post Tes t )  1 1 1 9 . 407  49 . 08 0 . 0 1 *  

TG 1 1 . 55 0  0 . 64 0 . 4 3 

TM 1 0 . 007  0 . 00 0 . 96 

TGM 1 8 . 7 6 2  3 . 60 0 . 07 

Errors 36 2 . 4 3 3  

* 
Signi f i cant Effec t s  

Table  2 5  

Means and Standard Deviations f o r  Module 2 Picture-Word Matching 

Pre- Versus Pos t -Te s t  Comparison 

Pre-Test  Post-Test  
Group Mode Mean S . D .  Mean S . D .  

Computer Ass i sted ·Instruction ED 2 . 50 2 . 55 5 . 90 2 . 28 

PAL 1 . 90 2 . 08 4 . 00 2 . 83 

Individual Inst ruc t ion ED 2 . 08 2 . 84 3 . 58 2 . 94 

PAL 1 . 50 1 . 07 4 . 38 3 . 62 

Combined Groups and Modes 2 . 00 2 . 1 4  4 . 4 7  2 . 92 



Table 26  

ANOVA Summary Data for  Module 1 P icture-Word Matching 

List Order Effec ts 

1 38 

Source df M . S .  F-Ratio Probabi li ty 

G (Group ) 1 1 5 . 34 1 .  57  0 . 2 1  

0 ( Order ) 1 0 . 00 0 . 00 0 . 99 

GO 1 2 . 30 0 . 2 3 0 . 63 

T ( Pre - Post Test ) 1 68 . 66 22 . 36 0 . 0 1 *  

TG 1 5 . 1 6 1 . 68 0 . 20 

TO 1 2 .  7 3  0 . 89 0 . 35 

TGO 1 1 .  3 1  0 . 43 0 . 52 

Error 4 1  3 . 07 

* Significant Ef f e c t  

Table 2 7  

Means and Standard Deviat ions for Module 1 Picture-Word Matching 

List  Order Effects  

Pre-Tes t  Post-Tes t 
Group Order* 

Computer Ass isted  Instruction 1 

2 

Individual Instruction 1 

2 

* 
Order 1 
Order 2 = 

Module 1 followed by Module 2 
Module 2 followed by Module 1 

Mean S . D .  Mean S . D .  

1 .  7 3  2 . 28 4 . 60 3 . 04 

2 . 00 1 . 87 3 . 66 3 . 50 

1 . 30 1 . 64 2 .  7 0  2 . 58 

1 .  7 3  1 . 49 2 . 9 1  3 . 05 



Tab l e  2 8  

ANOVA Summary Data f o r  Module 2 Picture-Word Mat ching 

List Orde r  Ef fects  

1 39 

Source df M . S . F-Rat io Probab i l i ty 

G (Group) 1 1 0 . 9 1 4 0 . 9 3 0 . 34 

0 ( Order) 1 1 . 2 1 3  0 . 10 0 .  7 5  

GO 1 3 . 564 0 . 30 0 . 59 

T (Pre - Post Test)  1 1 1 3 . 95 2  44 . 34 0 . 0 1 *  

TG 1 3 . 07 3  1 . 20 0 . 28 

TO 1 0 . 002 0 . 00 0 . 98 

TGO 1 3 . 82 3  1 . 49 0 . 2 3 

Error 36 2 . 57 0  

* 
S ignificant Effect 

Tabl e  29 

Means and Standard Deviat ions for Module 2 P icture-Word Matching 

List Order Effects 

Group Pre-Test Post -Tes t 
Order* 

Computer  Ass isted Inst ruct ion 1 

2 

Individual Instruct ion 1 

2 

* 
Order 1 = 

Order 2 
Module 1 followed b y  Module 2 
Module 2 followed by Module 1 

Mean 

2 . 33 

2 . 09 

2 . 00 

l .  7 3  

S . D .  Mean S . D .  

2 . 96 5 . 56 2 . 40 

l .  7 0  4 . 45 2 . 9 1  

2 . 55 3 . 56 3 . 54 

2 . 1 5 4 . 1 8  2 . 96 
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Trans fer 

Because the Transfer Test  yielded only a s ingle score for each 

subj ect , a clas s ic three-way analysis of var iance was performed to 

identify any interact ion effects amongs t the groups , modes and ord ers . 

ANOVA summary data for each of the modules is d isp layed separately 

in Tables  30 and 3 2 . 

An examinat ion o f  the main effects  reveals a s i gnifi cant 

difference for list order on module 1 ( F=4 . 55 ,  1 /4 7  d f , p< . 04 ) . 

Deviat ions o f  the subgroup means about the grand mean ( see Table 3 1 )  

sugges t  that this order effect was due t o  marginally h igher scores 

for subj ects receiving module 1 first as c ompared with persons who 

received module 2 followed by module 1 .  A similar list  order effect 

was found for Word Recognition . In general , it  appears that persons 

trained initially on tool word recognit ion do s l ightly bet ter in the 

trans f er s ituation of module 1 than subj ec ts  who were first taugh t 

grocery/ information words (Module 2 )  fol lowed by tool word recognit ion . 

In order to  examine pat terns of relat ionships amongst the main 

fac tors (viz . group , mode , o rder) , mul t ip le c lassificat ion analyses 

(MCA) were computed separately for each transfer measure . The MCA 

table provides a s t ra ight forward means for examining interrelated 

factors with regard to  the net effect o f  each upon the dependent 

measure . An important use of MCA Scores is to examine the pat tern of 

changes on a given variable when more control fac tors are introduced . 

Tables 3 1  and 3 3  d isplay the subgroup data for module 1 and 2 transfer 

test s . 

For module 1 ( see Table 3 1 )  i t  can be s een that the partial 

regres s ion coeff icients  (Beta)  and mul t iple  R squared are nonsignificant 

over all the factors . The proport ion o f  variance o f  the Transfer 

Tes t  accounted for by interact ion effec t s  (multiple R squared) of  all 

factors was 0 . 1 2 S imilari ly , the module 2 resul t s  ( see Table 3 3 )  

yielded an R
2 

o f  0 . 03 .  On the basis o f  these f indings , i t  i s  

concluded that n o  significan t  differences  exist  between the groups and 

modes with regard t o  transfer of learnin g .  



Table 30 

ANOVA S ummary Data for Transfer Test  Module 1 

Group By Mode By Order Interac t i ons 

Source of Variat ion df M . S .  F-Ratio 

Main Effects 

Group 1 3 . 29 1  0 . 46 

Mode 1 4 . 87 5  0 .6 8 

Order 1 32 . 7 64 4 . 55 

2-way Interact ions 

Group Mode 1 0 . 682 0 . 1 0  

Group Order 1 0 . 524 0 . 07 

Mode Order 1 23 . 1 2 1  3 . 2 1 

3-way Interact ions 

Group Mode Order 1 0 . 092 0 . 0 1 

Explained 7 9 . 859 1 .  37 

Residual 40 7 . 1 99 

Total 47 7 . 595 

* 
Signi ficant Effect  

1 4 1  

Probab il i ty 

0 . 50 

0 . 4 1  

0 . 04* 

0 . 7 6 

0 . 79 

0 . 08 

0 . 9 1  

0 . 25 



Table 3 1  

Mult iple Classification Analysis 

of Trans fer Tes t ,  Module 1 

Grand Mean = 3 . 02 

Variab le and Cate gory 

Group 

Mode 

1 Individual Instruction 

2 Computer Assisted 
Instruction 

1 Errorless Discrimination 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mult iple  R Squared 

Mul t iple  R 

* 

* Unadjusted 
Deviat ion Eta 

-0 . 4 1  

0 . 38 

-0 . 28 

0 . 36 

0 . 79 

-0 . 9 3 

0 . 1 4 

0 . 1 2 

0 . 3 1 

Deviations of Subgroup means from the grand mean 

1 4 2  

Adj usted for 
Nonmetric  Factors 
Deviat ion Beta 

-0 . 28 

0 . 25 

-0 . 28 

0 . 36 

0 .  7 7  

-0 . 9 1  

0 . 1 0  

0 . 1 2 

0 . 3 1  

0 . 1 2  

0 . 35 



Table  32  

ANOVA Sunnnary Data for Transfer Tes t  Module 2 

Group by Mode by Order Interac t ions 

Source of Variat ion d f  M . S .  

Main effects  

Group 1 3 . 1 29 

Mode 1 0 . 54 9  

Order 1 1 .  3 2 1  

2-way Interact ions 

Group Mode 1 1 . 1 7 2  

Group Order 1 0 . 05 6  

Mode Order 1 3 . 58 5  

3-way Interactions 

Group Mode Order 1 0 . 24 3  

Explained 7 1 . 45 5  

Res idual 38 4 . 25 1  

Total 4 5  3 . 8 1 6  

Tab le 33 

Mult iple Clas s if ication Analysis 

o f  Transfer Test , Module 2 

Grand Mean = 3 . 30 

F--R atio 

0 . 7 3 

0 . 1 3  

0 . 3 1 

0 . 2 7 

0 . 0 1 

0 . 84 

0 . 06 

0 . 34 

Variable  and Category 
*unadj usted 

Deviation Eta 

Group 

1 Individual Inst ruction 

2 Computer Assisted Inst ruction 

Mode 

1 Errorless Discrimination 

2 Paired Associate Learning 

Order 

1 Modul e  1 then Module 2 

2 Module 2 then Module 1 

Mul t iple R Squared 
Mul t iple R 

-0 . 22 

0 . 27 

0 . 08 

-0 . 10 

0 . 1 7 

- 0 . 1 4  

* 
Deviations o f  Subgroup means f r om the grand mean 

0 . 1 3 

0 . 05 

0 . 08 

1 4 3  

Probab ility 

0 . 39 

0 .  7 2  

0 . 58 

0 . 60 

O ·' H  

0 . 36 

0 . 8 1  

0 . 9 2 

Adj ust ed for 
Nonme tric  Fac tors 
Deviation Beta 

-0 . 24 

0 . 29 

0 . 1 4 

0 . 10 

-0 . 1 2 

0 . 06 

0 . 1 9 

-0 . 16 

0 . 09 

0 . 03 
0 . 1 6  
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As pred icted in hypotheses 3 . 1 and 3 . 2 ,  the transfer test scores 

for the CAI and ind ividual instruc tion groups were not significantly 

d i f ferent regardles s  of  whether subj ects were taught by the paired 

associate or errorless d iscriminat ion method . The overall mean for 

the module 1 transfer measure was 3 . 02 .  S imilar ly , subj ect s averaged 

3 . 30 points on the trans fer task for module 2 .  

On t he basis of  these experimental f indings , i t  can be upheld 

that for the transfer tests  of modules 1 and 2 :  

3 .  1 

and , 3 . 2  

Retent ion 

CAIED , PAL (T)  = INDED , PAL (T) 

CAIED (T)  = CAIPAL (T) = INDED (T) 
IND

PAL (T) 

Three-way analyses o f  variance were c ompu ted separately for both 

the Word Recognition and Ident i ficat ion measures of  modules 1 and 2 .  

ANOVA summary data for these four measures are d i splayed in Tables 

34 , 36 , 38  and 40 . 

An examinat ion o f  the main effects shows that l i s t  order 

differenc e s  were reliable for module 1 Word Recognit ion ( F=4 . 83 ,  

1 / 4 5d f ,  p < . 03) and Word Ident ification (F=6 . 20 ,  1 / 45df , p< . 02 ) . 

Subgroup means about the grand mean (see Tables  35 and 3 7 )  ind icate 

that subj ects  who were given l ist  order 1 (module 1 followed by module 

2)  retained marginally more words than persons who received l ist  order 

2 during the training phase . However , it  mus t  be s t ressed that in 

actuarial terms this list  order dif ference in retent ion amounts  to 

_::;_ 1 word . As can be seen from the multiple classi f ication analyses 

for module 1 Word Recognit ion ( see Table 35 ) , two and three way 

interact ion ef fect s were nonsignificant ( R2
=0 . 25 ) . S imilarly , 

mult iple R squared for Module 1 Word Ident i f icati on was 0 . 1 6 ( see 

Table 37 ) . 

No s ignifican t  int eracti on effects were f ound for group , mode , 

or presentation order of module 2 .  Multiple clas s i f ication analysis  

for  modu le 2 Word Recognition ( see Table 39)  ind icates t hat the 

proport ion of vari ance accounted for by interaction e f fects  of all 

factors (R2) was 0 . 06 .  Consi stent with this , the mult iple R 

square d  for Word Identification o f  module 2 was 0 . 03 .  Overall the 

sample , the mean recall for module 1 and 2 Word Iden t i f i ca t ion was 

2 . 83 and 3 . 7 3 words respectively . 



1 4 5  

Table 34 

ANOVA Summary Data f or Module 1 Word Re cognit ion Re tent ion 

Group By Mod e  By Order Ef fects 

Source of Var iat ion 

Main E f fec ts 

Group 

Mode 

Order 

2-way Interact ions 

Group Mode 

Group Order 

Mode Order 

3-way Interact ions 

Group Mode Order 

Explained 

Resid ual 

Total 

* S ign if icant Effects 

d f  

1 

1 

1 

1 

1 

1 

1 

7 

38 

4 5  

Tab le 35 

M . S .  F-Ra tio 

20 . 97 2  3 . 84 

1 8 . 95 3  3 . 47 

26 . 3 3 1  4 . 83 

3 . 74 1  0 . 69 

0 . 1 80 0 . 03 

9 . 936  1 .  82 

0 . 088 0 . 02 

1 2 . 786  2 . 34 

5 . 4 55  

6 . 59 6  

Mul tiple Classificat ion Analysis 

o f  Word Recognit ion Retent ion , Module 1 

Grand Mean = 2 . 07 

Variable and Category 

Group 

1 Individual Ins t ruc t i on 

2 Computer Assis ted Instruction 

Mode 

1 Errorless D is c r iminat ion 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mul t iple R Squared 

Mul t iple R 

* 

*Unadjusted 
Deviat ion Eta 

-0 . 88 

0 . 8 1 

0 . 33 

-0 . 55 

0 . 7 8 

0 . 26 

0 .  7 7  

-0 . 84 

0 . 32 

Deviat ion o f  subgroup means from the grand mean 

Probab il ity 

0 . 06 

0 . 07 

0 . 03 * 

0 . 4 1  

0 . 86 

0 . 1 9  

0 . 90 

0 . 04 

Adj usted for 
Nonm e t r i c  Fac tors 
Deviation Beta 

-0 . 7 2 

0 . 66 

-0 . 5 4  

0 .  7 7  

0 . 7 3 

-0 . 80 

0 . 2 7 

0 . 26 

0 . 30 

0 . 25 

0 . 50 
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Table 3 6  

ANOVA Summary Da ta for Re tention Module 1 Word Identifi cat ion 

Group By Mode By Order Interac t i ons 

Source of Variation df M . S . F-Ratio Probab ility 

Main Effects  

Group 

Mode 

Order 

2-way Interact ions 

Group Mode 

Group Order  

Mode Orde r  

3-way Interact ions 

Group Mod e  Order 

Explained 

Res idual 

Total 

* S igni f i cant Ef fects 

1 

1 

1 

1 

1 

1 

1 

7 

38  

4 5  

4 . 409 0 . 7 6 

0 . 9 32 0 . 1 6 

35 . 723  6 . 20 

7 . 9 32 l .  38 

0 . 503 0 . 09 

1 1 . 2 74  l .  96 

4 . 7 58 0 . 82 

1 0 . 250 l .  7 8  

5 . 759  

6 . 458 

Tab le 37  

Mul t iple Class ification Analysis  

of Word Iden tification Re tention , Module 1 

Grand Mean = 2 . 83 

Variable and Category 

Group 

1 Individual Instruction 

2 Compute r  Assisted Instruction 

Mode 

1 Errorless Dis cr imination 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mul t iple R Squared 

Multiple R 

* 

*Unadjusted 
Deviat ion Eta 

-0 . 46 

0 . 4 2  

0 . 1 8 

- 0 . 09 

0 . 1 2 

0 . 04 

0 . 88 

- 0 . 96 

0 . 37 

Deviat ion of subgroup means from the grand mean 

0 . 39 

0 . 69 

0 . 02* 

0 . 2 5 

0 .  7 7  

0 . 1 7  

0 . 36 

0 . 1 2 

Adj usted for 
Nonme tri c Factors 
Deviat ion Beta 

-0 . 33 

0 . 30 

0 . 1 2 

-0 . 1 2 

0 . 1 7  

0 . 06 

0 . 85 

-0 . 93 

0 . 36 

0 . 1 6  

0 . 39 
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Table 38  

ANOVA Summary Data for  Retention Module 2 Word Recogni tion 

Group By Mode By Order  Interac tions 

Sour ce of Variat ion 

Ma in Effec ts  

Group 

Mode 

Orde r  

2-way Interactions 

Group Mode 

Group Order 

Mode Order 

3-way Interac t i ons 

Group Mode Order 

Explained 

Residual 

Total 

df 

1 

1 

1 

1 

1 

1 

1 

7 

36 

43  

Table 39 

M . S . F-Ratio  

1 2 . 345 1 . 50 

0 . 494  0 . 06 

3 . 8 38 0 . 46 

0 . 0 1 7  0 . 00 

2 . 603 0 . 32 

2 . 298  0 . 28 

1 . 366 0 . 1 6 

3 . 465 0 . 42 

8 . 2 1 2  

7 . 4 39 

Mul tiple Classification Analysis 

of Word Recognit ion Ret ention ,  Module 2 

Grand Mean = 2 . 66 

Variable and Category 

Group 

1 Individual Instruction 

2 Computer Ass isted Instruct ion 

Mode 

1 Errorless  Discrimination 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mult iple R Squared 

Mult iple R 

* 

*Unadj usted 
Deviat ion Eta 

-0 . 5 3 

0 . 58 

0 . 2 1 

-0 . 1 0  

0 . 1 6 

0 . 05 

0 . 34 

-0 . 2 8 

0 . 1 2 

Deviations o f  subgroup means from the grand mean 

Probab i l ity 

0 . 23 

0 . 8 1 

0 . 49 

0 . 9 6 

0 . 58 

0 . 60 

0 . 68 

0 . 88 

Ad_i usted for  
Nonmetric  Fac tors 
Deviat ion Beta 

-0 . 5 1 

0 . 56 

0 . 20 

-0 . 08 

0 . 1 3 

0 . 04 

0 . 32 

-0 . 2 7  

0 . 1 1  

0 .  ()) 

0 . 23 
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Table 40 

ANOVA Summary Da ta for Retention Modu l e  2 Word Ident i f i cat ion 

Group By Mode By Orde r  Int erac t i ons 

Source of Variation df M . S .  F-Ratio  

Main Effec t s  

Group 1 4 .  7 2 9 0 . 5 6 

Mode 1 4 . 4 2 6  0 . 53 

Order 1 0 . 256  0 . 03 

2 -way Interact ions 

Group Mode 1 2 . 1 5 1  0 . 26 

Group Order 1 1 1 . 6 2 5  1 .  39 

Mode Orde r  1 1 . 59 6  0 . 1 9  

3-way Int eract ions 

Group Mode Order 1 4 . 359  0 . 5 2 

Explained 7 4 . 328 0 . 5 1 

Residual 36  8 . 345  

Total 43 7 . 6 9 1  

Tab le 4 1  

Mul t ip le Clas s i ficat ion Ana lys is 

of Word Identi ficat ion Re tention , Module 2 

Grand Mean = 3 . 7 3 · 

Variable  and Category 

Group 

1 Individual Ins truc t ion 

2 Computer Assis ted Instruction 

Mode 

1 Errorless  Discrimination 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mult iple R Squared 

Mul t iple R 

*Unadj usted 
Deviation Eta 

-0 . 2 9 

0 . 32 

0 . 1 1  

0 . 24 

-0 . 37 

0 . 1 1  

0 . 1 2  

- 0 . 10 

0 . 04 

* 
Deviat ions of  the subgroup means f rom the grand mean 

Probab i li ty 

0 . 4 5 

0 . 4 7 

0 . 86 

0 . 6 1  

0 . 2 4 

0 . 66 

0 . 4 7  

0 . 8 1  

Adj usted for 
Nonmetric  Factors 
Deviat ion Beta 

-0 . 3 1  

0 . 34 

0 . 1 2  

0 . 2 5 

-0 . 40 

0 . 1 2  

0 . 08 

-0 . 07  
' 

0 . 03 

0 . 03 

0 . 1 6  
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In view of the nonsignif ic ant int eract ion effec t s  for retent ion 

i t  can be uphel d  that there  are no reliable differences between groups 

and modes of instruct ion . Thus , the following null hypotheses are 

accepted in the form : 

4 . 2  CAIED , PAL ( R) = INDED , PAL ( R) 

and , 4 . 3  CAIED (R) = CAIPAL (R) = INDED (R) = INDPAL ( R) 

In sum , failure t o  rej ect the null hypoth eses leads t o  the 

c onclusion that there are no s tatist ically s ignificant d if ferences 

b e tween the per formances o f  subj ects who were given errorless  

d i scrimination or paired a s sociate ins truct ion by means o f  the  computer 

o r  individual tuit ion . Rather , the f indings ind icate that a l l  

s ubgroups improved to a s imilar extent through participa t ion i n  training 

regardless of which teaching method was employed . Moreover , there 

are no rel iab le dif ferenc e s  between the subgroups for e i ther t rans fer 

o r  retention of learning . 

T ime in Training 

From a practical point of view , i t  was considered useful to  

ob tain some informat ion on the relative t ime spent in  training and 

a ttempts  to mas tery of the learning t ask . This  method-t ime measurement 

(MTM) data was also analys ed s eparately for modules 1 and 2 us ing a 

three-way ana lys is  o f  var i ance . 

ANOVA summary d a t a  on total t ime in training for module 1 is  

d i splayed in Table 4 2 .  An examination o f  the s ources o f  var iation 

indicates tha t  all  interaction effec t s  were nonsignificant . No 

s tatistically reliab le r e sult s  were obtained between the group s , modes , 

and order of presentat io n . Despite these overall f indings , there are 

s ome notable t rends in the multiple c lassificat i on data  that warrant 

consideration here . 

As can b e  s een f rom Tab le 4 3 , the grand mean for total  t ime 

spent on module 1 was 87 . 5 3 minutes . A qualitative analys i s  of subgroup 

deviat ions about the grand mean indicates that , in general t e rms , the 

individual ins t ruction group took les s  time to complete  their training 

sessions than was the case  for the CAI group . Deviat ions from the 

grand mean were - 1 1 . 4 8  minute s  for individual t eachers and +8 . 27 

minutes for the computer  bases programmes . Moreover , the paired 

associate method appears to  be s ligh t ly more t ime effic ient ( -6 . 58 



Table 42  

ANOVA Summary Data for Module 1 Total Time 

Group By Mode By Orde r Interac t ions 

Source o f  Variat ion df M . S .  

Main Ef fects  

Group 1 3603 . 29 5  

Mode 1 1 7 24 . 9 1 3  

Order 1 56 . 1 7 2 

2-way Int eract ions 

Group Mode 1 1 93 . 1 6 4  

Group Order 1 2 6 1 . 50 6  

Mode Order 1 289 . 82 9  

3-way Int e ractions 

Group Mode Order 1 2 40 . 35 3  

Explained 7 1024 . 6 5 1  

Res idual 35 1 304 . 6 33 

Total 42  1 25 7 . 9 6 9  

Tabl e  43 

Mul t iple Classificat ion Analysis 

of Total Time , Module 1 

F-Ra t io 

2 . 76 

1 .  32 

0 . 04 

0 . 1 5 

0 . 20 

0 . 22 

0 . 1 8 

0 . 7 8 

Grand Mean = 87 . 53 

Variable and Category 
*Unadj usted 

Deviat ion Eta 

Group 

1 Individual Ins truct ion 

2 Computer Assisted Instruction 

Mode  

1 Errorless  Discrimination 

2 Paired Associate Learning 

Order 

1 Modul e  1 then Module 2 

2 Module 2 then Module 1 

Mul t iple  R Squared 

Mul tiple R 

* 

- 1 1 . 48 

8 . 27 

6 . 28 

-6 . 58 

2 . 33 

- 2 . 44 

Deviations of sub group means from the grand mean 

0 . 28 

0 . 1 8 

0 . 0 7  

1 50 

Probab il ity 

0 . 1 0  

0 . 2 5 

0 . 84 

0 .  7 0  

0 . 66 

0 . 64 

0 . 6 7  

0 . 60 

Adj usted for 
Non�e t r i c  Factors 
Deviat ion Beta 

- 1 1 . 04 

7 . 95 

0 . 27 

6 . 24 

-6 . 53 

0 . 1 8  

1 . 1 5 

- 1 . 2 1 

0 . 03 

0 . 1 1  

0 . 33 



Table 44  

ANOVA Summary Data for Module 2 To tal Time 

Group by Mode By Order Intera c t ions 

Source o f  Variat ion df M . S .  F-Ratio 

Main Ef fects  

Group 

Mode 

Order 

2-way Interact ions 

Group Mode  

Group Order 

Mode Order 

Explained 

Residual 

Total 

Grand Mean = 90 . 68 

1 8 74 8 . 424  

1 9943 . 9 1 4  

1 1 1 . 5 7 4  

1 4 2 9 . 589 

1 6 9 . 444  

1 2 7 7 . 37 8  

6 356 1 . 7 7 4  

3 0  1 1 1 7 . 5 1 6  

36 1 524 . 892  

Tab le 4 5  

Mul t iple Clas s i f ication Ana lysis 

of Total Time , Module 2 

7 . 83 

8 . 90 

0 . 0 1 

0 . 38 

0 . 06 

0 . 25 

3 . 1 8 

Variable and Category 
*Unadj usted 

Deviat ion Eta 

Group 

1 Individual Ins truction 

2 Compute r  Ass is ted Inst ruction 

Mode 

1 Errorless  Discrimination 

2 Paired Associate Learning 

Order 

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Multiple R Squared 

Mult ip l e  R 

* 

- 1 6 . 29 

1 5 . 43 

1 7 . 0 1  

- 1 7 . 95 

- 4 . 25 

2 . 59 

Deviations o f  subgroup means f rom the grand mean 

0 . 4 1  

0 . 45 

0 . 09 

1 51 

Probab i l i ty 

0 . 0 1 * 

0 . 0 1 * 

0 . 9 2 

0 . 54 

0 . 80 

0 . 62 

0 . 0 1 *  

Adj usted for  
Nonme t r i c  Factors 
Deviat ion Beta 

- 1 5 . 88 

1 5 . 05 

0 . 40 

1 6 . 4 7 

- 1 7 . 39 

0 . 44 

-0 . 74 

0 . 4 5  

0 . 02 

0 . 36 

0 . 60 
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minutes)  than was the errorless discrimination approach (+6 . 28 minutes ) .  

ANOVA s ummary data on total training t ime for module 2 is presented 

in •Tab le 4 4 .  Trends in the time analysis  were s imilar to modul e 1 resul ts . 

An examination of the main effects ind icates that group and mode differ­

ences  were b o th reliable at the p < . 0 1  level (Group : F= 7 . 83 ,  df= 1 / 36 ;  

Mod e :  F=8 . 9 0 , df= 1 / 36) . The grand mean for training time on module 2 

was 90 . 68 minutes (see Table  4 5 ) . Sub j ects ins truc ted by individual 

teachers tended to complete the ses si ons at a more rapid pace ( - 1 6 . 29 

minutes)  whereas the computer programmes required an average of + 1 5 . 4 3 

add i tional minutes in relat ion to the grand mean . S imilarly , the paired 

associates approach was t ime efficien t  (- 1 7 . 9 5 minutes) in contras t to 

the errorless dis crimination method ( +1 7 . 0 1  minu t es) . Trends in the 

t ime data for  module 2 are clear cu t ,  favouring the individual tui tion 

and paired as sociate method . 

At tempts to  Mas tery 

Data c oncerning the total number of attemp t s  recorded for each 

s ubj e c t  was t abulated separately for modules one and two . A three-way 

analy s is o f  variance was then performed to identify any interact ion 

effects  b e tw een the groups , modes , and orders of presentation with re­

gard to total attempts required to mas ter the learning s teps for the 

5 sess ions c ontained in each module . 

ANOVA summary data on total attemp ts for module 1 is d isplayed 

in Table 46 . Thes e resul ts indicate that there were no reliable  differ­

ences between the independent var iab les in t erms of computer assis ted 

ins truction , individual tuit ion , modes or orders o f  pres ent a tion . In 

gener al , it  can be  s tated that the subgroups were s imil ar w i th respect 

to  overall attempts recorded for module 1 .  There were , however , some 

qual itative aspects of the data that should be considered when inter­

preting these  findings . 

An inspection of the mult ip l e  clas s if i ca t ion analys is in Table  

4 7  shows tha t  the overall mean numb er of attempts for module 1 was 

2 39 . 4 1 .  By way of contras t i t  can be  seen tha t  the individual in­

s truction group required a s ligh t ly greater numb er of attempts (+5 . 4 7 )  

than was the case for the computer ass is ted ins truction group (-5 . 25) . 

Devi ations from the grand mean als o  indicate that subj e c ts given the 

errorless d is crimination mode tended to regis ter fewer 



Table 46 

ANOVA Summary Data for Module 1 Total At tempt s  

Group By Mode By Order Int erac t ions 

Source of Var iat ion df  M . S .  F-Ra tio 

Main E f fects  

Group 1 1 7 7 1 . 1 1 6 0 .  1 7  

Mode 1 7599 . 60 3  0 . 7 4 

Order 1 4 3 . 6 1 8  0 . 00 

2-way Interac t ions 

Group Mode  1 590 . 2 1 7  0 . 06 

Group Order 1 9586 . 66 1  0 . 9 3 

Mode Order 1 7 1 4 2 . 5 9 4  0 . 69 

3-way Interac t ions 

Group Mode Orde r  1 2 6 1 . 50 2  0 . 02 

Expla ined 7 4 1 3 2 . 5 1 0 0 . 40 

Residual 4 1  1 02 7 3 . 3 7 2  

To tal 4 8  9 37 7 . 8 3 0  

Tab le 4 7  

Mul t iple Classificat ion Analysis 

of Total At tempts , Module 1 

Grand Mean : 2 3 9 . 41 

Variable and Category 
*Unadj usted 

Deviation Eta 

Group 

1 Individual Inst ruction 

2 Computer Assisted Instruct ion 

Mode 

1 Errorless Discrimination 

2 Paired Associate Learning 

Orde r  

1 Module 1 then Module 2 

2 Module 2 then Module 1 

Mult iple R Squared 

Mult iple R 

* 

5 . 47 

-5 . 25 

- 1 0 . 93 

1 3 . 4 1 

- 1 . 52 

1 . 86 

Deviations of subgroup means from the grand mean 

0 . 06 

0 . 1 3 

0 . 02 

1 53 

Probab i l ity 

0 . 68 

0 . 39 

0 . 9 5 

0 . 8 1  

0 . 34 

0 . 40 

0 . 87 

0 . 89 

Adj u s t ed for 
Nonmet r i c  Factors 
Deviation Bet a  

6 . 1 8 

-5 . 9 3 

- 1 1 . 27 

1 3 . 8 3 

-0 . 86 

1 . 05 

0 . 06 

0 . 1 3  

0 . 0 1  

0 . 02 

0 . 1 4 



Table  48 

ANOVA Summary Data for Module 2 Total At temp t s  

Group By Mode By Order Interactions 

Source o f  Variat ion df M . S .  F-Rat io  

Main Effects  

Group 1 206 3 . 589  

Mode 1 7 566 . 955  

Order 1 8856 . 37 5  

2-way Interac t ions 

Group Mode 1 7 1 . 00 2  

Group O rder 1 6 1 4 4 . 07 2  

Mode Order 1 8484 . 262  

3-way Int erac t ions 

Group Mode 

Explained 

Residual 

Total 

Grand Mean = 

Order 1 1 85 1 . 498  

7 4 689 . 04 9  

36 7645 . 099  

43  7 1 63 . 88 2  

Table 49 

Mul t iple Clas s i fication Analysis 

of Total Attempts , Module  2 

2 39 . 45 

0 . 2 7  

0 . 9 9  

1 . 1 6 

0 . 00 

0 . 80 

1 . 1 1 

0 . 24 

0 . 6 1  

Variable  and Category 
*Unadj usted 

Deviat ion Eta  

Group 

1 Individual Instruction 4 . 43 

2 Computer Ass is ted Inst ruction -5 . 82 

0 . 06 

Mode 

1 Error less Discriminat ion - 1 0 . 6 1  

2 Paired Associate Learning 1 3 . 9 7 

0 . 1 5 

Order 

1 Module 1 then Module 2 - 1 4 . 65 

2 Module 2 then Module 1 1 2 . 2 1 

0 . 1 6 

Mul t ip l e  R Squared 

Mult iple  R 

* 
Deviat ions o f . subgroup mea�s f rom the grand mean 

1 54 

Probabi lity 

0 . 60 

0 . 3 3 

0 . 29 

0 . 9 2 

0 . 37 

0 . 29 

0 . 62 

0 .  7 4  

Adj usted for 
Nonmetric  Factors 
Deviat ion Beta 

6 . 00 

- 7 . 89 

0 . 08 

- 1 1 . 47 

1 5 . 09 

0 . 1 6 

- 1 5 . 58 

1 2 . 98 

0 . 1 7 

0 . 05 

0 . 23 
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r espons es ( 10 . 9 3 )  in contras t to  the larger number o f  attemp ts recorded 

by persons who parti cipated in the paired associate method (+1 3 . 4 1 ) . 

Mul t iple R squared for the above int�ract ion ef f ects was not s ignifi cant 

( 0 . 0 2 )  with regard to total attempts requi red to complete module 1 .  

ANOVA summary data f o r  total a t t emp ts on module 2 is  displayed in 

Table  2 8 .  Thes e results are cons is tent wi th the module 1 f indings and 

r ev eal that no s ignif icant interaction effects occurred between groups , 

modes , or presentat ion orde r .  An examination of the mul tiple clas s i f i­

cation analys is in Table  4 9  shows tha t  the grand mean for total  at temp ts 

on module 2 was 239 . 45 .  A qual i tative examinat ion of the data indicates 

tha t subj ects who were taugh t by  individual teachers recorded a s l igh tly 

greater number of attemp ts (+4 . 43)  than persons who received computer 

ass is ted ins truction (-5 . 82 ) . I t  should also b e  noted that  relatively 

f ewer a t tempt s  were reg i s t ered by the errorless dis criminat ion group 

(- 1 0 . 6 1 )  than was the case for subj ects  par ticipat ing in the paired 

ass ociate me thod (+1 3 . 9 7 ) . I t  mus t b e  s tressed however , that thes e 

t r ends are not statis tical ly r eliab l e  (R2 
= . 06 ) . Rather , the f ind ings 

are presented here as a general indication of deviations found amongs t 

the subgroups that may have some prac tical importance for gauging the 

e f f iciency o f  the dif f er en t  forms of ins truc tion provided . 

To s ummarise , no s ignificant main or interaction effects were 

obs erved betw een groups , modes , or o rder of pres entation with regard 

to total numb er of attemp t s . For module 2 it was found that p ersons 

participat ing in the individual ins t ruc tion group completed their 

training at  a s ignifican t ly fas ter pace than the computer b ased group . 

There was also an indication that the errorless discrimination method 

was less time efficient than the paired ass ociate procedure . Persons 

g iven comput er ass is ted ins t ru c t ion tended to r equire s ligh t ly f ewer 

attemp ts to  mas ter the t raining s equences than was the cas e  for sub j ects  

receiving individual ins truct ion from teachers . Pract ical imp lications 

aris ing from thes e methods- t ime meas ur ement analyses will  b e  discuss ed 

in the following chap t er . 
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DISCUSSION 
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Th is s tudy has been designed to answer specif ic  hypotheses 

concerning the utility of contras ting approaches for teach ing word 

recogni t i on .  Additionally , the f indings offer some prac tical in­

formation on c ogni tive characteris tics of the mentally retarded 

learner . In o rder that the results migh t be d is cuss ed within a 

theoretical f r amework , this  section has been o rganised to integrate 

the experimental  f indings with previous work undertaken on acquis i tion , 

r e t ention , and trans fer of l earning . The maj or f ocus o f  this Chapt er 

is upon the trans lation of theory into practice . An attemp t has been 

made to h ighl igh t some principles of l earning wh ich were found to b e  

importan t  f o r  teaching word recogni tion to mentally retarded l earners . 

Acquis i t ion o f  Learn� 

The maj o r  findings of this res earch demons trate that microcomputer 

b as ed ins truc t ion and more conventional tuition result in s imi lar 

l earning outcomes desp i te procedural variations ar ising f rom the two 

d if f erent meth ods of ins truct ion prov ided . As predicted , there were 

no reliab l e  d ifferences b e tween the two groups and mod es of ins truc tion 

in terms of p erformance on the cri terion measures of Word Recogni tion , 

Identi f ication , and Picture-Word Matching . The fact  that all subj ects  

r e corded significant gains as  measured by a comparison o f  pre- versus 

pos t- tes t change s cores , leads . to spe culation as to ·which underlying 

p ro cesses account for these cons is tent improvements in l earning . 

The results of this s tudy are in accordance with the f indings o f  

Parmenter e t  al . ( 19 79 )  who demons trated that mildly retarded adole­

s cents learned a short l i s t  o f  words equally well  under two condi tions 

o f  ins truct ion . S imilarly , Vergason ( 19 66)  f ound that  both automated 

and trad i t ional methods of ins truction r esulted in s imilar learning 

outcomes as measured by a tes t of r etention adminis tered one day af ter 

completion of training . The main p o int that mus t b e  considered in 

this s tudy and preced ing research is the extent to which treatment 

condi tions were differ ent f rom one another . I t  may be that a number 

o f  common e l ements were operating under b o th conditions despite more  

obvious variations in the methods o f  ins tructio n . 

In t h e  present s tudy , a paired associate  ( picture-word) method , 
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as us ed b y  Vergas on ( 19 6 4 )  and Holz ( 19 76) , was compared w i th an error­

l ess  discrimination t echnique in whi ch no pictures were used such that  

the  s t imulus word to  b e  l earned s erves as  the s o l e  focus o f  the l earner ' s  

attent ion (Walsh and Lamb erts , 1 9 79 ; Vandever and S tubbs , 1 9 7 7 ) . If , as 

S amuels ( 1 9 70)  has argued , the e f f e c t  of pictures on acquis i tion of a 

s ocial s igh t vocabulary is minimal , then one is left to ques t ion whe ther 

o r  no t subj e c ts were shi f t ing attention across dimens ions f rom picture 

to word . Indeed , the word ' s  relation to a referent picture may have 

b een perceived as almos t coincidental by subj ects  participating in the 

paired ass o ciate mode .  This as sump tion is in l ine wi th Duel l ' s  ( 1968 )  

obs ervation that a des i red shi f t  in s timulus control is  more  likely to  

o ccur when s ubj ects are  forced to  notice  a cue while responding . In  

practical t erms , failure to attend to  extra s timulus dimens ions (pictures ) 

may mean that  subj ects in the paired associate mode wer e ,  in effect , 

focusing mos t  of their at t ention on the printed material and receiving 

a s imilar f orm of training to that  offered in the errorless discrimin­

ation mode of ins truc t ion . Thus , the ess ential difference b e tween the 

two modes may have b een s imply the order and number of mul t iple  choices 

that were presented f o r  each of the four trials in a given training s e­

quence . 

Subj ective impress ions s ugges t ed that  while trainees taught by the 

paired ass ociate method  attended to p ictorial material at the b eginning 

of each sequence , they rapidly shi f ted to a s traight word focus and t ook 

l ess not i c e  of the p i c ture during the training phase . The fact  that no 

fur ther reference was made , e i ther  by the ins tructor or computer , to the 

pic ture following introduc t ion o f  the word , l eads to the observation that  

the extra s timulus material was optional ( no t  ess ential ) for success ful 

completion of each of the word i t ems and trials . By imp lication , the 

photographs may have played a p as s ive rol e  in  the learning pro cess s u ch 

that the two mo�_ af ins t ruction operated in a s imilar manner to one 

another . 

The results o f  the experiment c learly demons trate that the two 

groups and mod es of ins tru c t ion were equally effective for  t eaching a 

word recognit ion tas k .  I n  view o f  the nons ignificant interaction eff ects , 

i t  s eems l ikely that a common s e t  of factors , independent of  the treat­

ment variab les , cont r ibuted to the changes in learning . Firs t ly , the 

use of  individual ins truction in a high ly interactive s e tt ing resul ted 

in high l evels of a ttention and mot ivation . The effect of  b eing s ingled 
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out for t raining was apparent in the subj ects ' b ehaviour . They usually 

anticipated their turn on the computer or w i th individual ins t ruct ion 

and eager ly came to the sess ions . Secondly , the relative lack of ex­

traneous s timul i  in th e training rooms ( e . g .  the absence of  windows , 

ot her trainees and indus trial noises)  probab ly aided concentrat ion on 

the learning task . In terms of the Zeaman and Hous e ( 1 9 6 3) theory o f  

at tention i t  can r easo nab ly b e  ass umed that the focus on a s t ructured 

set of d imens ions ( e . g .  target words and referent pictures ) ass is ted 

the learner to sort out  relevant learning cues . The logical s equence 

of ins truction provided a concrete learning s e t  in which the s ubj ect  

could organis e input materials . 

Thirdly , there are a number of principles of  learning that are 

operating under b o th condi tions of ins truction . Thes e factors are a 

func tion o f  programmed ins truction in general rather than computer 

as s is ted ins tru c t ion in particular , and have previously b een shown to 

assist  the l earning p rocess ( Clarke and Clarke , 1 9 7 3 ;  Brown , 1 9 7 5) : 

1 .  Ac t ive partic ipation 

2 .  Self-pacing ins truction 

3 .  Overlearning of  materials 

4 .  Reduction of emo t ional dependence 

5 .  Immediate r einforcemen t . 

Act ive participation was an ess ential part  of the l earning process . 

Subj ects were encouraged to make their own d e cis ions and to work inde­

pendently . This was c ons is tent with Skinner ' s  ( 1 9 68) view that every 

attemp t should b e  made to ensure the s tudent does not become a pas sive 

recipien t  of new information . Rather , opport unities for exploration 

and self  direction need to b e  o f f ered with in a s tructured l earning 

medium .  I n  b o th the computer ass is ted ins truction and individual t ui t ion 

groups , s ubj ects  h ad full con trol of the s p e ed o f  pres entation . The 

longes t response t ime measured for  comp l e tion o f  a module ( 5  s es s ions ) 

was 203 minutes whi l e  the shortes t time inte rval was 24  minutes . The 

time generally decreas ed markedly fos all s ub j e c ts as they b ec ame 

f amiliar with the procedures : However , i t  was no ted that  sub j ec t s  

receiving computer s s i� ted ins t ruction req���ed s ligh t ly more time 

to complete  their training sessions than pers ons who were given 

individual ins truct i on .  This trend could be a ttributed to the 

sequence of time delays programmed into the compu ter . 

The empirical nature o f  this s tudy predisposed prime attention to 

the mor e  obj ec t ive and measurab l e  aspects of b ehaviour and learning . 
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The short coming o f  this approach was that many important s i tuational 

fac tors and descrip t ive features of the s ub j ects ' respons e to the 

teaching programmes tended to be overlooked . A variety of no ticeab l e  

changes i n  b ehaviour that were s ubsequently noted by th e t eachers and 

experimenter were not  amenab le to measurement in the pre- and pos t- t es t 

s i tuations . Thes e quali tative aspects o f  b ehaviour were b ased  upon 

obs ervations and anecdotal recordings comp l eted by the examiner at the 

time o f  each s es s ion . 

Informal obs e rvations s ugges t that c omputer based ins truction can 

be of particular v alue to subj ects who are overly dis tractab le or in­

clined to engage the teacher in o ff- task verbal interactions . One 

participant , previo us ly cons idered incapab l e  of b enefiting from individual 

ins truct ion due to aggressive b ehaviour ( e . g .  abusive language , inapprop­

riate physical contact)  was ob s erved to follow ins tructions and presumab ly 

learn through interaction with the compute r . Ano ther s ubj e c t  who d emon­

s trat ed gro t esque personal manners ( e . g .  l oud burping noises , gazing into 

space , and verbal imitation o f  background noises) could operate the 

computer sys t em and eagerly at tend to the requirements o f  the l earning 

task . Many other exampl es could be ci ted to support the view that 

computer assis ted ins truc t ion , while  no t attemp ting to modify dif f i cult  

b ehaviours , may o f fer a sui tab le learning environment for persons who 

are less ab l e  to attend and interact in an interpersonal t each ing 

s ituat ion . 

A maj or obs tacle in providing pract i cal social education for 

mentally retarded adults is the inappropriate us e of child  o riented 

mat erials . Commonly , the teaching of early learning concepts  involves 

the use of obj e c t s  ( e . g .  b l o cks , f l ashcards , children ' s  s tories ) that  

are not in  keeping with regular adult  interes ts . I t  was notab l e  that  

s everal of the t eachers who adminis t ered the  individual ins t ruct ion 

programmes , c ommented af terwards that they felt the t eaching of word 

recognition by t r aditional p i c torial and f lashcard methods was a rather 

undignified · and r egressive approach not suited for us e wi th adul t  

subj e c ts . By way o f  contras t ,  the same materials presented under 

computer control give the outward appear ance o f  an adul t  learning medium 

that incorporates element s  o f  new technology and ski l lful operation by 

the user . 

I t  is generally the case  tha t  mentally retarded adults are exposed 

to  sheltered l i fes tyl es and have a l imi ted range of opportunities for 

decis ion making ( Ryb a ,  1 9 7 9 ) . Within the contex t  o f  thi s  pres ent res earch , 
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i t  was possible to offer an independent learning experience such that 

s ubj e c t s  interacted with the computer at their  own pace and were re­

quired to  take ini tiative and r espons ib ility for solving problems . 

Indeed , many subj ects  preferr ed to work independently and would wai t 

for  the experimen ter to leave the room before proceding wi th th eir 

l esson . 

S ubj e ctive impres s ions by teachers s ugges ted that par t icipants  

receiving individual tui tion were aware of failure experiences when 

these o c curred and that p ercep t ions of error by both the s tudent and 

t eacher  would impede performance  on subsequent i tems . Despite  the us e 

o f  neutral feedback ( e . g .  "Okay " , "Try again") there was a need to 

provide verbal encouragement to help overcome these fai lure experiences . 

Convers ely , i t  was noted that t rainees who were given computer ass is ted 

ins truc t ion responded actively to the feedb ack provided throughout the 

t raining sequences . I t  was no t i ced , for example , that subj ects  would 

often verbalise the flashing messages ( e . g .  *** IS RIGHT *** , ***TRY 

AGAIN ***) and nod their heads in respons e to ' Happy Face ' i llus trations 

display ed on the video s creen .  Repetition o f  the i t ems when errors were 

made d id not appear to result in negative perceptions of failure though 

s ubj e c ts were aware that they had reco rded an incorrect  response .  Such 

obs ervat ions are in agreement with a s tudy by Holz  ( 1 9 7 6)  who noted the 

willingness of men tally retarded ch ildren to proceed with computer 

as s is t ed ins truction despi t e  f requent r epetition of i tems when errors 

occurred . In sum,  it  would s e em that the relatively impersonal nature 

of  the computer can p rovide d irect and meaningful f ee dback wi thou t  

triggering negative percep tions o f  failure that  tend t o  have a n  advers e 

effec t on performance in more conventional forms of i ndividual ins truct ion 

wh ich involve direct interpersonal f eedback . 

Contrary to expectati on , it  was found that lis t order e f fe c ts were 

s ignif icant f o r  the Word Recogni tion Tes t  of  Module One . An examination 

of the s ubgroup means indicated that s ubj ects who were given lis t o rder 

one (module 1 followed by module 2 )  tended to achieve margina l ly higher 

pos t- tes t s cores than was the case for subj ects receiving lis t order 

two (module 2 followed by module 1 ) . Several different interpretations 

may b e  advanced to accoun t  for this finding . It may be that the tool 

names contained in Module One formed a more discernible and concep tually , 

meaningful s t imulus clas s  ( e . g .  HAMMER ,  SPANNER) than the varied infor­

mat ion items o f  Module Two ( e . g .  BREAD , RAILWAY ) . I f  this  was the cas e ,  

then there i s  reason to b eli eve that the initial clus tering o f  common 
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elements facili tated input organisat ion and generally res u l t ed i n  im­

p roved performance by sub j ects  given lis t order one . Suppor t for this  

assump tion i s  available f rom previous res earch by  Bilsky and Evans ( 19 70 ) . 

These exper imenters found that  when mentally re tarded adoles cents were 

f irs t trained on a clus t ered l is t  of words , their performance on sub­

s equent l is t s  of random i tems improved to a s ignif icant extent . The 

educat ional implicat ions o f  the present results are that i t  may be 

pos s ible to facili tate performance on educational tasks such as word 

recognit ion by remediating speci f i c  deficiencies in input o rganisation 

us ing ass o c iative clus ter ing techniques . 

I t  should be  ment ioned here that unfamil iarity wi th the test  

s i tuat ions may have adversely affec ted subj ects ' performance . Other 

r esearchers (Brown and S emple , 1 9 7 0 ; Brown , 1 9 6 7 ) have demons trated 

that when s low learners are s ubj ected to unfamiliar social and physical  

condi tions , their over t verb al is a tion and mo tor performance are l ikely 

to be inhib ited . Moreove r , unfamil iar s timulat ion may appear uns tructured 

and presumably less meaning ful to the learner than events  occurring in 

a familiar environment .  Wi thin the context of this present s tudy , i t  

may b e  tha t  subj ects were susceptible to the unfamiliar test  circum­

s tances and individual ins truction s ess ions especially s ince thes e were 

an irregular component of their ongoing training programmes . Ass uming 

this  is the cas e ,  it s e ems import ant to provide social and environmental 

preparat i on prior to a t t empt ing any formal ass essment or t eaching . To 

s ome exten t , ini tial meetings with trainees were used as an opportuni ty 

to es tab li sh rapport though this may not have b een s uf f ic i ent to over­

come the e f fects of introducing a s tructured tes t sequence . One practical 

sugges tion for overcoming the ef f ects of unfamiliarity wi th the materials 

and procedures would be to carry out a trial ass essment and training 

programme prior to the experiment al phas e .  

Des pite the s ta t i s tical s ignificance o f  the gains i n  pre- versus 

post- t es t performance , there is  a need to consider the actual changes 

in learning that occurred as a result of training . For Module One i t  

was observed that the mean increase in Word Recognition for  the comb ined 

group s  was 2 . 5 1 words . S imilarly , the average gain for  Mod ule  Two was 

2 . 76 word s . By way of compari s on ,  average increases for Word Iden t i f i­

cation were 1 . 1 1  and 1 . 78 words  for Modules One and Two respectively . 

On the P i cture-Word Match ing Tes t i t  was found that training on Module 

One resulted in a mean increase of 1 . 84 words while Module Two gains 

averaged 2 . 47 word s . These modes t improvements in word recognition 
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ab ility are cons i s t ent wi th f indings from o ther related s tudies ( e . g .  

Walsh and Lamberts , 1 9 79 ; Dorry and Zeaman , 1 9 7 5 )  that have emp loyed a 

simi lar number of i tems and amount of training t ime . 

The relat ively minor improvements in word recogni tion knowl edge 

measured by this s tudy may indicate that a longer period of training 

with more frequent s essions is necessary to ensure acquis i t ion and 

retention of learning . It  migh t also b e  the case that fewer training 

items within each o f  the modules would have resulted in improved levels 

of performance . Practitioners can rightfully ques tion whether such 

gains are meaning ful in a psychological or b ehavioural s ens e . Notwi th­

s tanding th is limi tation ,  there is evidence to indicate tha t  training 

programmes whi ch make use of well known principles of l earning (Brown , 

1 9 7 5 )  and programmed ins truction (Beasely , 1 9 7 4 )  will enhance learning 

outcomes . 

The results of this s tudy support the f indings of Vandever , Maggart ,  

and Nas s ar ( 19 7 6 ) and Walsh and Lamb erts ( 19 79 )  concerning the utility 

of errorless dis c r iminat ion procedures tha t  make use o f  a whole-word 

approach for teach ing word recogni t ion . In par ticular , i t  is conj ec tured 

that the photographs used in the paired associate teaching method play ed 

a pas s ive role in training wi th the effect  that attent ion was primari ly 

direct ed a t  printed words . There is  no evidence in this present r esearch 

to favour the use of pictorial materials when t eaching recogni t ion of 

common words . However , this may not b e  t rue with more abs tract concep ts 

that c an meaningfully be  pres ented in a visual form .  The f indings appear 

to indicate that a s traigh t  word focus is likely to b e  benef icial for 

fostering rapid init ial learning . The main advantage of the errorles s 

discriminat ion approach is tha t  the programme f orces the s ubj ect  to 

make d iscriminat i ons on the whole word by eventually using dis tracters 

with the s ame init ial and f inal let ters a s  the target word . 

The techniques of errorless d is crimination and match ing to sample 

can be traced b ac k  to the early work of I tard ( 1807 / 1962 )  who , over 

180 y ears ago , d emons trated that principl es of gradualism and s timulus 

shapi ng can b e  applied to the suc cess ful teaching o f  a mentally retarded 

child  on funct ional aspects of social s ight reading and writ ing .  In terms 

of research by S idman and Stoddard ( 19 6 7 )  it s e ems probab le that a re­

s tr i c ted s timulus-response relation us ing an exclusive word focus and 

discr imination p rocedures may be particularly s uited to the teaching o f  

word recognit ion wi th mentally retarded learners . As Samuels ( 19 70) 

has pointed out ,  training which is designed to force s tudents to pay 
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a t t ention to  printed word s t imuli  appears t o  b e  more success ful than 

programmes which do not force such attending . Relating thes e f indings 

to this present inves tigation ,  it is contended that the shaping pro­

cedur es us ed were ins trumental in training handicapped adults toward a 

cogni tive learning set . 

It  i s  probable that the s trength of ass ociations between audi tory 

and visual representations of the printed word was enhanced by the 

nature of the learning task provided . Spec i f i cally , the principles of 

gradual ism and s t imulus shaping used in thes e teaching programmes 

appeared t o  fac i li tate acquis i t ion of a s timulus-response relationship 

through repetition and overlearning of the target words . There is 

evidence f rom o ther research ( B i lsky and Evans , 1 9 70 )  to support the 

contentio n  that mentally retarded people d emons trate a deficit  in their 

ab i lity t o  organise input materials . It would seem that the s tructured 

and s equent ial nature of the teaching programmes used in this inves ti­

gat ion l end themselves to increas ing the effectiveness of organisational 

skills with s low learners . 

In d iscus s ing the problem of at tention , Zeaman and Hous e ( 1 9 6 3) 

have noted that dis traction may b e  c los ely t ied to inability to ignore 

irrelevant dimens ions of the learning task . The practical implication 

of this is that learners should b e  exposed t o  those teaching aids whi ch 

tend to d irect their at ten t ion and provide a c t ive participation in the 

teach ing s ituation . This can clearly be accomplished through the us e 

o f  aud iovisual aids , cer tain teaching machine s , and computer assis ted 

ins truct ion . 

An ongoing controversy in the f ield o f  mental retardation concerns 

whe ther o r  not the handicapped individual is merely demons trating a 

developmental lag or possesses s ome underlying cognitive def icit  that  

precludes the process ing o f  certain types o f  information . Luria ( 19 63) 

has demons trated tha t  there  is cons iderab l e  d issociation of speech and 

a c t ion in mentally r etarded children . He contends that  defects s uch as 

iner t i a ,  dissociation , and generally weak integration of the central 

nervous sys tem ( CNS) affect  performance on r e t en t ion and memory of 

verbal conditioning t asks . However ,  it is  f e l t  that these def i c i ts can 

be overcome to some extent by specifi c  r emedial s trategies that  take 

account of the characteristic  nature of the impairment .  Das ( 19 7 2) also 

alludes to the fun c tional cognit ive dif f er ences b e tween retarded and 

nonretarded children and recommends the use of special is ed remedial 

methods to improve information processing in thes e children . 
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Cons is tent with the above res earch , this present s tudy has demon­

s trated tha t hand icapped learners can benefit  from a programmed in­

s truc tion a pproach that makes use o f  gradualism and stimulus shap ing 

to teach a res tric ted s t imulus- respons e pat tern required of a word 

recogni tion task . Intu i t ively , it seems probab le that the training 

procedures were effective in increas ing new cogni tive s t ruc tures tha t  

promote mor e  efficient learning . This i s  a mat ter of inference and 

clearly requires more research to identify way s in which a learning s e t  

i s  d eveloped by mentally re tarded l earners . At  this time i t  is  no t 

pos s ib le t o  separate the dif fer ences in performance from what is pos t­

ulated as l earning or retent ion . Obviously , i t  mus t be concluded tha t  

only performance can b e  measured i n  obj ective terms while  l earn ing and 

memory pro cesses mus t  b e  inferred as second order factors or underly ing 

cons truc t s  no t amenab l e  to measurement . In s um ,  acquis ition o f  a g iven 

task mus t  be cons idered with regard to both mas tery of learning obj e c t­

ives and more elus ive cogni t ive s trategies tha t  account for the learner ' s  

me thod of process ing new informa t ion . 

The fact that c omputer ass is ted ins truct ion was ab l e  to approximate 

learning outcomes ach ieved through more traditional forms of tui t ion 

leads to speculation as to the us efulness of this new technology for 

enh ancing the cognitive ab ili t ies of mentally retarded learners . The 

capab i l i ty to control precisely the manner in which new information is 

presented to the l earner has important implications for s tudying pat terns 

of cogn i t ive process ing under varied modes of interaction in the teach ing 

s ituation . Very l i t t le is known about the learning process p er s e ,  b u t  

i t  is widely recognised  that extraneous s t imulation which is commonly 

f ound in convent ional t eaching p rogrammes c an interfere with acquisi tion 

of a learning set . Teach ing procedures generated by a computer can b e  

des igned t o  maximise on-t ask b eh aviour and thus overcome some interfering 

environmental factors tha t  may inhib i t  learning of a specific operat ion 

or  conce pt .  The principl e  is  a dvanced tha t  computer related l earning 

environments give the learner cons iderab l e  control o f  the teaching s i t­

uat ion and provide cons is tent f eedback tha t  is not so  r eadily adminis t ered 

by conv en tional f orms of instruct ion . Mot ivation can be a s trong deter­

minant as far as the performanc e  of retarded l earners is concerned and 

there are indications f rom this s tudy and o ther related research t o  d emon­

s trate that computer ass is t ed instruct ion c an b e  used to enhanc e  interes t 

and purposeful interaction within the l earning proces s . S imil a r ly , the 

poin t  c an be made that computer ass is ted i ns truction is an imp o r t ant 
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t eaching aid  that incorporates wel l  known pr inc iple s of programmed 

learning and perhaps more impor tan tly , offers  a self directed instruc­

t ional mode . 

Transfer o f  Learning 

As predic ted there were no signif icant interact ion effects  be tween 

groups or modes of ins t ruc t ion on the t ran s fe r  test measure s for Modules  

One and Two . The overall resul t s  indicate t ha t  subj ec ts  recorded s imilar 

gains in l earning on the trans fer measures ( Comb ined Group Mean : Module 

One = 3 . 02 ;  Module Two Mean = 3 . 30 )  to that recorded on the po st- tests  

o f  Word Recognit ion and Iden t ifica t ion . Cont rary to  expec tation , however ,  

it  was found that subj ects  who were given l i s t  order one (Module One 

followed by Module Two ) ach ieved slightly  h igher transfer test scores  

than persons placed in list  order two (Module Two followed by Module 

One ) . The s ignificance o f  this order effec t is  unclear but may be related 

to the type of stimulus class provided dur ing in itial train ing . I t  is 

po ssible t hat in stru c t ion on a common set o f  elements ( tool name s )  a t  the 

outset of training may have aided subj ec t s ' performance with regard to 

organisat ion of input material s and developmen t of an effic ient l earning 

set . This is also in agreement with earlier  work by Bil sky and Evans 

( 1 970)  who demonstrated that the effec t s  o f  increased organisational 

skills  will transfer from one situat ion to ano ther . 

The abil ity o f  subj ects  to transfer their learning i s  in l ine with 

the theoretical propo sition of Zeaman and House ( 1 963)  who predic t that 

an intradimensional shift ( ID) will arrange for  posit ive t ransfer o f  the 

atten t ion response s ince the same stimulus  d imension is relevant in 

bo th o r iginal learning and tran s fer . In the conceptual terms of this  

inves t igat ion , it  can be  assumed that t rial s one and two o f  the  error­

less  discriminat ion procedure involved int ra dimensional shifts  in t he 

s ense that the relevant aspect  o f  the task was length o f  word ; whereas 

in tria l s  three and four the comparison s t imul i  are all o f  s imilar l ength 

and the beginning l e t ter o f  the target wor d  ( previously irrelevan t )  

becomes the relevant task d imen s ion . Thu s , ID shift s  arrange f o r  t ransfer  

o f  the atten t ion response at several po int s  in  the training programme . 

It  can be stated that dur ing the training p hase subj ec t s  received ins t ruc­
tion on both intradimensional and extradimensional shi f t s  regardless  o f  

whether they were g iven paired associat e  o r  e rrorless discriminat ion 

modes .  
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Res earch by Swit zky ( 19 7 3 ) supports the view that ID shi f ts are 

l earned at a significant ly faster rate than ED sh ifts when subj ects  

are trained on relevant dimens ions of  low dis tinctiveness in or iginal 

l earning . Moreover , the resul ts s ugges t that when subj ects  are trained 

in original learning on problems where the relevant dimens ion is of low 

dis t inctiveness , they appear to learn a dimens ional mediator wh ich 

ass is ts wi th transfer to  a new tas k .  In terms o f  this pres ent inves ti­

gation , support is ob tained for the ab ility of subj ects to general ise 

their learning to new ,  though related , s i tuat ions in which the s ame 

s t imulus d imens ion is relevant for b o th original learning and trans f er . 

However , s ome caution mus t  be exercised in making this interpre tat ion 

as the word recognit ion task involved very basic  concep ts and s imi lar 

levels of t rans fer may no t have b e en ob tained with less familiar voc ab­

ulary items . The practical implication of  previous work by Swi t zky 

( 19 7 3) and the pres ent f indings is that it  s eems important to d iminish 

the dis tinctiveness of cues progre s s ively during training to help ensure 

that the learner is ab le to develop some dimens ional media tors wh ich 

will ass is t the trans fer of  information to new si tuations . 

I t  i s  important to no te tha t both the computer ass i s t ed ins truct ion 

group and subj ects taught by convent ional ind ividual programmes a t t ained 

s imilar levels of trans fer . This , in part , supports the view that  when 

subj ects are taught by an automated procedure they are ab le to generalise  

their l earning to  other real life  events . Mos t  previous res earch on 

computer ass isted ins truc tion for t eaching social sigh t reading ( e . g .  

Atkinson , 1 9 74 ; Holz , 1 9 7 6 )  has t ended to make use of the computer for 

both ass es sment and training . Hence , little  evidence is availab l e  con­

cerning the ab ility o f  sub j ects  t o  trans fer their learning to o ther more 

crucial s ituations . The practical implication of this f inding is that 

computer assis ted ins truction can success fully be used to s imulate  

conventional approaches to  learning . 

Th er e  are many obs ervational aspects o f  the present s tudy tha t  

warrant c ons ideration here . I t  w as not ed ,  for example , that s ub j e c t s  

quickly l earned to  operate the computer equipment and began to ant icipate 

each sub s equent s t ep in the teaching programme . It  is felt tha t  the 

development o f  a consis tent l earning s e t  was an important factor in  the 

acquis i tion and trans fer of learning by s ubj ects who received ins t ruct ion, 
on the c omputer . Sub j ects would f requent ly verbalis e the visua l  in­

formation presented t o  them on the video display and s lide p roj e c t ion 
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s c reens and at temp t t o  predict the likelihood o f  their respons es being 

correc t .  Prev ious research ( e . g .  Wol f f , 1 9 6 7 ; Brown , 1 9 7 5) has demon­

s trated that overt verbalisation can facilitate concept attainment .  

Available  evid ence sugges t s  that  overt  verbalisat ion can increas e the 

s al i ence and d is criminab i l i ty of the verbal cue whi ch is needed for 

attainment of a concept . This l eads to specul ation that  an automated 

interactive s y s tem such as the computer used in this inves tigation is 

use ful for aid ing the d evelopment of  mediat ion pro c esses or assisting 

the learner to organis e  input materials and respond on cue to relevant 

dimens ions of a task . 

The training procedures used in this s tudy made use of  highly 

d i s tinct ive p r inted word s t imul i  pres ented in upper cas e letters on 

f lashcards o r  a video display s c reen . It was considered that these 

d is t inctive f eatures would ass is t the learner to perceive relevant 

d imens ions o f  the task .  This approach is in agreement with previous 

res ear ch by Guralnick ( 19 7 5 ) who showed that techniques d es igned to 

teach retarded children to attend to distinc t ive within-s timulus f eatures 

o f  cer tain alphabet letters facilitates later d i s cr iminat ion of those 

forms . In c omparing s everal me thods of  ins truc t ion , i t  was found that 

groups who were given pre- training on dis t inc t ive features ( e . g .  hori­

zontal-s lant l ine drawings)  and high lighting of  letter discr imination 

cues ( e . g .  d i f ferential colouring of important s egments) were ab le to 

trans fer  their  l earning to a new d is criminat ion task . Convers ely , 

s ubj ects who were given training on dis t inct ive features followed by 

f ading-in of nonessential elements of letters and forms were l es s  abl e  

than the o th er groups to generalise  their l earning . Previous work by 

Gol l in and S avoy ( 19 6 8) also found that f ad ing p ro cedures were not 

success ful for f acilitating trans fer  to a cond i tional discriminat ion 

prob l em .  Thes e authors sugges ted that f ading p rocedures may not en­

courage s ub j ects to identi fy and at tend to r e levant d imensions , espec­

ially when a wide range o f  cues is availab le .  Rather ,  responding may 

come to b e  controlled by certain s t imulus d imensions whi ch are es tab­

l ished early in training s uch as l ength o f  the target  word or shape o f  

the beginning l etter . Relating thes e research f indings back to this 

pres ent inves tigation , it appears that the e f f ect  of  the training pro­

cedures was to increase the likelihood of  s ubj e c ts attending to relevant 

dis t inct ive  features of the targe t  words . Moreover , the distinctiveness 

of  the printed material seemed to facilitate trans fer o f  training . 
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The practical impl i cation aris ing from this inves tigat ion and 

previous res ear ch is tha t  trans fer o f  learning is direc tly l inked to 

ability o f  s ubj ects to identify and respond to relevant letter  and 

word cues . There is cons iderable evidence to f avour the us e o f  wi thin­

s t imulus prompting ( accentuating c r i t ical features of the s timul i them­

s elves ) as opposed to extra-stimulus promp ting ( additional colour and 

f orm cues ) to guide performance on l e t ter and word dis crimination tasks . 

Earlier work by Wolfe and Cuvo ( 1 9 7 8) sugges ts that since mentally r e­

tarded persons tend to b e  overselec t ive and attend to relatively few 

cues in a s timulus array , within- s t imulus promp ting may be more effective 

than the add i tion of extra cues whi ch are intended to aid task perform­

ance . Fur ther support for this idea comes from the work of Duel l  ( 1968 )  

who noted that only when the sub j e c t  is  f orced to  notice a relevant cue 

while responding , does the desired shif t in s timulus control take place . 

In s ummary , it  is s tressed that the ef fectiveness o f  t raining is 

likely to b e  enhanced by encouraging mentally retarded subj e c ts to re­

spond to wi thin- s t imulus cues that  w i l l  remain relevant under varying 

trans fer c onditions . Direc ting the attention of subj ects to a f ew 

important cues during the early s tages o f  training would appear to 

promo te acquis i t ion and trans fer o f  learning . There is evidence to 

sugges t tha t  extra- s t imulus promp t s  can impede generalisation of 

correct  res pons es , espec ially when thes e addit ional cues ( e . g .  colour 

and form coding) are made redundant in the trans fer s ituation . 

Re tention o f  Original Learning 

The results of this s tudy indicate that  there are no reliab le 

differences between groups or modes o f  ins t ruction as measured by the 

tes ts of retention for  Module One and Module Two . In general , this 

suppor ts the view tha t  both the computer assis ted ins truction and mor e  

convent ional interpersonal tuit ion result in s imilar amounts o f  r etent ion 

by s ubj ects  one month after comp l e tion of the training p rogrammes . The 

overall results show that retention t es t s cores were s imilar t o  thos e 

obtained on the immediate pos t- tes t s  o f  Word Recogni tion and Word 

Identifica t ion . The practi cal impl ication o f  this f inding is tha t  

s ubj e c ts were able  t o  recall their  l earning at  a later t ime f o llowing 

a four week interval in which no individual  ins truction was p rovided . 

In terms o f  the present s tudy , i t  would appear that s ub j ects could r e­

tain information on the concrete word i tems presented during the training 
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phase . 

S ignificant effec t s  were found for list  order o f  Module One 

on the Word Recognition and Ident ificat ion re t en t ion measure s .  Two 

possible explanations can be advanced for this specific f inding . 

F irst , it should be no ted  tha t all subj ec t s  were given Module One 

t hen Module Two tests  o f  retent ion . This test sequence might have 

inadvertently favoured subj ects  tra ined on list  order one s ince 

this was consisten t  wit h  their original order of instruc t ion . Thus , 

a serial recall effect  may have occurred . Al ternatively , subj ects  

given in itial  training on a common s e t  o f  el ements  ( tool name s) might 

have developed a more e f fec tive learning set that persons who first 

received ins t ruc t ion on the wider range of items contained in Module 

Two . This lat ter int erpretation i s  in agreement with re search evidence 

from Bilsky and Evans ( 1 970) no t ing the advan tages of a ssociative 

clustering on read ing c omprehension . 

The f inding t ha t  subj ects  could recall their original learn ing i s  

consis tent with previous  research by Vergason ( 1 966 ) who compared reten­

tion in educable retarded subj ec ts  on convent ional and automated me thods 

of word recognition training . It should be not ed , however� that in the 

Vergason study subj ec t s  taught by the automated approach could retain 

information over a longer t ime per iod than per sons taught by conven-

tional tuit ion . In sum , the pre sent inve st igat ion indicates  that comput er 

assisted in s truc t ion and ind ividual tui t ion are equally  effective with 

regard to recall of in format ion one month after complet ion of train ing . 

It  is  notable t hat  there are no rel iable differences be tween the 

two modes of instru c t ion with regard to reten t ion of o r ig inal l earning . 

The prac t ical impl icat ion o f  this f inding is  that  s imilar levels  of 

retent ion c an be ant i c ipated regardl ess o f  which teaching method is 

employed . As discussed previously , however ,  some doubt c an be cast  upon 

the fundamental differences between the two t eaching approaches ,  espec­

ially  s ince the pictor ial material s may have played a m inor rol e  in 

the l ea rn ing process . The pract ical suggest ion arising f rom this is that 

a straight wor d-focus  should b e  suf f ic ient for ensuring acquisi t ion and 

reten tion o f  l earning . This is in agreement with earl ie r  work by 

Vandever and S tubbs ( 19 7 7 )  who demon strated that moderately retarded 

children c an retain over a f ive month period what they have l earned and 

show some t rans fer t o  untaught words as well . Research f indings o f  the 

presen t  investigation and previous s tudies sugges t  that a whole-word 
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method wi ll enable  mentally retarded persons to learn some words rather 

more quickly than a phoni cs approach . In a practical s ens e , it would 

appear that the errorless dis criminat ion procedure wi th a s traigh t  word 

focus is an efficient means of teach ing a bas i c  social s igh t vocabulary . 

This would s eem particularly true with men tal ly re tarded adults who 

have received l it t le formal s chooling and are unlikely to benefit  f rom 

a phonics approach that at temp ts to develop  a s tock of letter sounds 

pr ior to teaching word recogni tion . I t  may b e , however , that a sys tem­

atic phonics programme can promote greater amounts of trans fer and re­

tention of l earning but that this form o f  ins t ruc tion would need to b e  

provided over a l ong term and geared t o  meet individual dif ferences in 

learning ab ilities . 

I t  is commonly recognised that overlearning is likely to result 

in improved retention of information over time . In general , repeti tion 

of the task after  perfect p erformance h as b een at tained is to be en­

couraged . This  is  part icular ly important wi th handicapped l earners 

who frequently d emons trate difficul t ies in their ab ility to trans f er 

learning to new phy s i cal environments and social circums tances . While 

it  is beyond the s cope of this pres ent inves tigation to  examine the 

rol e  of overlearning on retent ion of word recogni tion , some general 

comments of an obs ervational nature can be mad e .  

It  was not ed that many o f  the sub j e c ts i n  both the computer and 

individual tuition ·groups attained a maximum cri ter ion of four errorless 

tr ials on each i t em early in the training period so that subsequent 

t rials afforded an opportunity for overlearning to take place . Even 

when subj ects made errors at various points in the programme there were 

addi tional t ri als  on which material could be overlearned . This  l eads 

to the specula ti on that the number of overlearning trials that o c curred 

in  the experimental t each ing programmes may h ave largely contrib uted to 

the results ob t aine d . Thi s  is in l ine with a s tudy by Vergason ( 19 6 4 )  

which demons t ra ted that mentally ret arded and ' normal ' subj ects  showed 

equal retention af ter thi r ty days on p aired associate material whi ch 

h ad been consi derab ly overlearned . The Vergason s tudy pointed out tha t  

retarded subj e c ts were h ighly inferior o n  retention immediately f o llowing 

a minimum level of learning but that  they equalled ' normal ' subj ects 

when afforded overlearning trials . The r eal importance o f  overlearning 

has b een noted in the remarks o f  Spi cker ( 19 66 ) : 

" • . .  acquisi t ion o f  knowledge depends on the comp lexity o f  
the t ask to  be learned , while retention o f  knowledge i s  
determined b y  the amount o f  overlearning that takes p lace . "  

( p .  9 2 )  
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The mic rocompu ter used to teach word  recognition in this 

inve s t iga t ion was ideally suited  for provid ing overlearning trial s to  

mentally retarded subj ec t s . I t  a l so of fers a highly consis tent and 

non-variable form of ins t ruc t ion which cal l s  for ac t ive pa rt ic ipa t ion 

and a t ten tion on the part of the learner . Unl ike more convent ional 

individual and classroom ins truc tion ,  the comput er is in finitely pa t ient 

and can be used to ensure tha t  overlearning takes plac e .  At a mo st  

basic l evel , the computer can be  used for repetitive drill and prac t ice 

procedures  as required for individual subj ec t s  thus freeing the teacher 

to  engage in a tutorial role with other s tudents . 

In summarising the find ings for the retention measure s ,  several 

conclus ions can be drawn together . Firstly , levels  of re t en t ion appear 

to be enhanced by the large number of overlearn ing trial s  provided to 

bo th the compu ter and ind ividual ins t ruc t ion group s .  Secondl y ,  the highly 

s truc tured and con s istent training format  provided a conceptually 

meaningful framewo rk for later recall of in fo rma t ion . Final l y ,  computer 

assis t ed instruction o ffers a prac tical a l t erna t ive to conven t ional  

drill  and prac t ice procedures that can ea sily  be  geared to operate at 

each l earner ' s  pace . 

Me thod s-Time Measurement 

Data concern ing both the total numbe r  o f  attemp ts  to at tain 

criterion and t ime in training for bo th modules  was used to gauge 

the ef fic iency of the experimental teaching procedures .  Analysis  o f  

metho d s-time data fo r Module Two indicated tha t  there were sign i f icant 

int erac tion e f fec t s  between the groups and mode s .  S imilar effe c t s  were 

found for the Module One data as  wel l ,  though these resu l t s  d id no t 

reach a stat ist ically signif icant leve l . 

Subj e c t s  who were given ind ividual tuition tended to complete  

their  programmes a t  a more rap id pace than did persons who were trained 

on t he computer . The reason for this apparent greater efficiency o f  

the c onvent ional instruc t ion group i s  d u e  largely to the f ixed mode of 

opera t ion govern ing the sound-on-sl i de proj ec tor .  A maj or d isadvan tage 

o f  the computer sys tem was tha t  the aud io messages had to be contained 

in a l inear sequence on the tape so t ha t  even when a subj e c t  recorded 

a c orrect response and did no t require addit ional verbal cue s ,  it  was 

nece ssary to play the cassette  (with the speaker switched o f f )  in order 

to bypass extra error mes sages . While no prec ise records were maintained 
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concerning the time required to advance aud io messages , it  is est imated  

that ten seconds per t rial or approximat ely 6 . 6  minutes per  session 

wa s requi red for the tape to be correc tly pos i t ioned prior  to eac h  

presentat ion . This wa s a technical limitat ion that could have been 

avo ided wi th the use of a vocal synthe sizer or random access audio 

cassette  player . I t  should be ment ioned , however ,  that the use o f  

less  sophis ticated e quipment was in keeping with the appl ied nature 

of this invest igat ion . A prime considerat ion was that the microcomputer  

and automatic slide proj e c tor  u sed in this  r e search are commerc ially 

available  to  t rain ing centres  a t  a reasonabl e cos t . 

S ubj ec t s  in the errorless  discrimina t ion mode required a s igni ­

f icantly  longer per iod o f  t ime t o  complete  their training than per son s 

taught by  the pa ired asso c iate method o f  ins truc t ion . This add it ional 

t ime component wa s probably a func tion of the task requirement s .  The 

physical arrangement of a larger number o f  f lashcards in the erro r l e s s  

discrim inat ion method required more time , e spec ially wi th regard t o  

the tutor cond i t ion . It  migh t also b e  t he case that since the erro r l e s s  

discrimina tion mode made u s e  o f  a wider range o f  mul tiple choices than 

the pa ired assoc iate pro cedure , subj ects  needed more t ime to re spond . 

On the surface at l eas t ,  it  would appear that the paired associate  

mode i s  procedurally more t ime eff icient s ince less manipulat ion of  

ma terials is nece s sary . 

Mo st  previou s  stud ies which made use o f  automated procedur e s  

for t eaching a soc ial s ight vocabulary ( e . g .  Vergason , 1 964 ; Beasely ,  

1 974)  have provided l it t le o r  no informa t ion on the amount o f  t ime 

required to complete  a train ing sequence .  The increasing appl icat ion 

of mic rocomputers  in educat ion , however ,  should offer a prac t ical 

tool for  prec isely gauging response pat te rns and t ime spent in solving 

problems . Measurement techniques for  s tudy of efficiency of instruc t ion 

along with the more obvious l earning outcomes need further ref inemen t . 

This technical approach to t eaching and measurement o f  learning i s  

con s i stent with t he original recommendat ions o f  Skinner ( 1 953 , 1 96 1 )  

concerning the use  o f  teaching machines for enhanc ing the eff iciency 

of programmed ins t ruc t ion . 
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CHAPTER IX 

CONCLUS ION AND EDUCATIONAL IMPLICATIONS 

It  is  apparent that  there are many d i f f iculties ass ociated wi th 

the development o f  new technology and determina t ion of th e p racti cal 

role that innovations such as mic ro computer ass is ted ins truc tion might 

play in the training of handi capped persons . One of the maj or  concerns 

facing spec ial education today is that of  the under-utilisat ion of 

potentially useful new ideas . The bas i c  prob lem is not the generation 

of technology and medi a  for excep tional learners , but rather gett ing 

these innovations into a sys tem where they can be implemented . Despite  

a weal th o f  informat ion regarding the e f f i cacy of educational technology 

in remed ial ins truc tion , there has been a general failure to organise 

these resources so tha t  they reach the classroom . While  there is 

universal awarenes s of  important advances in space and medical tech­

nology , the s tate of the art indicates that  innovation in education is  

a s low and complex process . The d i f f icul t i es are such that i t  could 

be ass erted that a serious gap exi s t s  b e tween invention and the util­

isation o f  new technology . 

This  chap ter discuss es some reasons f o r  the present gap between 

development and imp l ementation of new technol ogy . Attention is given 

to some practical s o lutions that might fos t e r  greater awareness and 

accep tance o f  recent innovations . In par t i cular , the current trend 

toward widespread us age of microcomputers in education is cons idered as 

a significan t  fac tor that could potentially alter the f uture d irection 

of special education services . Increas ing emphas is upon individual 

programme p l anning will  require the augmentation of human e fforts by 

technology . Final ly , the limitations of thi s  s tudy have been noted 

along with possib l e  directions for f uture research . 

Bridging the Gap B etween Invention and Innovation 

There is a tendency amongs t researchers  to underes timat e  s ome of  

the prob l ems that c an arise with utilis ation of  al ternat ive ins truc tional 

media . All too o f t en it  is the c as e  that n ew technology is viewed as a 

s impl e  p rocess that requires mer ely making o thers aware o f  r ecent d evelop­

ments so that they can immediate ly accommodate these new tools . But  

actual experience , including thi s  p r es en t  r esearch , has d emons trated 

time and again tha t  innovation is a complex proposition b o th in t erms 

of  imp l ementation and evaluation of new t echnologies . Lance ( 19 7 7 )  
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has pointed out some possib l e  reasons that  might account for the present 

gap b e tween invention and innovat ion . 

1 .  Education is ess ential ly a conse rving ins titution . There 
is a definite tendency for educators to  r ej e c t  advances 
or avoid making changes in an ins titution so open to public  
view . 

2 .  There is a t endency for educators to perceive new technology 
as a threat to b o th their j ob s  and their personal interactions 
with s tudents . 

3 .  The cos ts  o f  innovation are h igh , especially wi th r egard to 
initial impl ementation and evaluation of a new technology . 

In this pres en t  inves tigation , i t  has b een d emons trated that 

microcomputer based ins truction and more conventional forms of individ­

ual tuition resul t  in s imilar learning outcomes r egardless of procedural 

variations aris ing from the two differ ent methods of ins t ruction 

provided . This has rather p rofound imp l i cat ions for future advances 

in the teaching o f  mentally retarded persons and l ends s uppor t to a 

growing body o f  knowledge concerning the effectiveness of computer 

ass i s ted ins truc t ion . The s igni ficance o f  this f inding takes on real 

meaning when it is recognis ed that the special purpose equipment us ed 

in this study is commercially available  at a reasonable  cos t .  Prior 

to the advent of the microprocessor era , the prac tical app l i cations of 

computer based ins truction were considered to b e  a rather acad emic 

mat ter s ince large , s ophis t icated , and expens ive equipment would b e  

required to provide this f o rm of ins truction . This is n o  longer the 

cas e ,  however , and microcomputers are very rap idly f inding their  way 

to classrooms and training centres for use in the assessment and 

training of handicapped p eople . 

I t  was obs e rved in this s tudy that computer assis ted ins t ruction 

can be of particular value with persons who find i t  dif ficult to attend 

and interact  in r egular t eaching environments . Examples were given of 

individuals who , b ecause  of aggressive b ehaviour or undesirab l e  personal 

habits , were considered unlikely to b enef i t  from participation in 

individual ins truct ion . Y e t  it  was f ound that thes e p ersons could 

operate the computer and l earn through interaction wi th the sys tem .  

While not at tempt ing to  modify difficult b ehaviours , i t  appears that  

the computer may offer an alternat ive learning environment whi ch may 

b e  preferab l e  for some s tudents . There is also some anecdotal infor­

mation to sugges t that  the  relatively impersonal nature of the computer 

c an provide direct and meaningful f ee dback without triggering percep­

tions of failure that tend  to have an  adverse effec t  on  p erformance in 
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more convent ional kinds o f  ins truct i on .  

A large amount o f  evidence from previous research and the present 

s tudy has b een presented to suppor t the view that mentally retarded 

persons exper ience diff i cul ty in organising input mat erial and sort ing 

out the relevant cues of a learning task . This is in l ine with theor­

e tical propositions advanced by Zeaman and Hous e ( 1 963)  and Bilsky and 

Evans ( 19 70 ) . It is interes t ing then to speculate as to the us efulnes s 

this new t echnology may have for enhancing the cogni tive ab ilities o f  

mentally retarded l earners . The cons is tent and nonvariab l e  ins truct ion 

provided b y  a microcomputer t ends to op timis e  on- task b ehaviour whi l e  

providing active participation and self-direct ed instruct ion t o  the 

learner . It  was also noted that the computer is ideally sui ted for 

offering overlearning experiences through drill  and prac tice which has 

been shown to improve retention o f  informa tion by hand icapped persons . 

The general availab i l i ty o f  the microcomputer should p rovide an opport­

uni ty to p l ace the mentally retarded person in control of the teaching 

environmen t  so that he can l earn in ways that have , until  recently , 

no t b een possible . 

In order to b e  effec tive , these technical innovations require 

materials that have b een produced by t eachers who are aware of ways in 

which microcomputers can be us ed in sp ecial education . Obvious ly , the 

computer programmes will only be as good as the skills of the person 

who prepares them . This will require increas ing involvement by t eachers 

in b o th the implementation and evaluat ion phases of computer assis ted 

ins truct ion . Developments in the t echnology and in the creative skills  

required for production o f  computer-based learning materials could 

provide the oppor tunity to move away from ins titutional learning . The 

extent t o  which special educat ion should take hold of this opportun i ty 

and wha t  they should make o f  i t  are important ques tions for future 

development . 

In  view of the growing commitment to p rovide appropriate educa­

t ional experiences t o  more s everely handi capped persons , there will  b e  

a need t o  take advantage o f  advances i n  ins tructional technology that  

show p r omise for ame liorating the  conditions of learning that have to 

this p o int hindered the achievement of this population .  The poten t ial  

o f  microcomputers for providing remedial ins truction tailored to  meet 

individual needs has been well documented . There is an increasing 

awareness that this technology can be used to compensate for l earning 

and s ensory impairments . The trans lation o f  sound to visual mod e  and 
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p r int to tactual mode are two examp l es that can be  ment ioned . Perhaps 

mos t important ly , the f ear  that computers will replace teachers , 

adminis trators , and educat ional support s taff has largely been allev­

iated . 

It  mus t  be recognis ed that the development of this educational 

technology will  depend to a s igni f i cant extent on the coordinat ion o f  

research ef forts  and the availab i l i ty of suppor t services . S everal 

aspec ts need to be cons idered with regard to current and fu ture needs . 

(Ryba and Chr is tians en , 1980) . These include : 

1 .  Advice of s el ec t ion of equipment : Not all microcomputers 
are appropriate  f or educational applicat ions . Some sys tems 
are bet ter than o thers and there are large d i f f erences in 
the cos t o f  equipment . Advice needs to be availab le on the 
mos t prac t ical and economic sys tems for use in s chools and 
training centres . 

2 .  Programming the computer : Teachers need to l earn how to 
p rogramme the computer and methods f or effec t ive use of this 
tool with hand icapped learners . I t  has been the cas e in 
o ther countries that Univers i t ies and Technical Ins ti tut es 
of fer cours es tha t  ass is t teache rs in gaining these skills . 
Ins ervice training is needed to provide teachers with an 
apprec iat ion for ways in which computers can be  programmed 
f or ins truct ion in spec ial education sett ings . 

3 .  Development and disseminat ion of teaching resources : I t  is  
desirable t o  have a ' ne twork '  o f  resources tha t  will minimise 
duplication of  effort  and help ensure that teachers have 
knowledge about and access to as much teaching material as 
possible .· 

4 .  Administrat ion and s cheduling of  microcompu ter : Advice is  
required t o  ass i s t  educators with making decis i ons about the 
phys ical arrangement and location of  CAI s tudy areas in 
s chools and training c entres . Problems of t imetab ling need 
to be dealt wi th to help ensure tha t  the mos t effective use 
is made of the microcomputer for individual tui tion and 
computer managed ins truct ion . 

An attempt has been made in this present s tudy to p rovide a 

practical account of  the p rocedures used to evaluat e  the utility of  

computer ass is ted ins truction for  teaching recognition of  words to 

mentally retarded persons . The f inding that subj ects t augh t by the 

computer and those g iven more conventional tuition achieved s imilar 

l earning outcomes suggest s  that a set  of  common factors were operating 

under b o th conditions . I t  has b een proposed that s everal p r inciples of  

learning and features of  programmed ins truc t ion ( e . g .  act ive par tici­

pation , selfpacing , overlearning , immediate reinforcement )  may have 

accounted for these gains in performance . 

I n  sum, i t  is s tressed that the maj or advantag e  of  computer 
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ass is t ed ins truc t ion appears to res t wi th the utili ty i t  has for sys tem­

atically applying principles o f  learning . The computer off ers an 

alt ernative ins t ruc tional med ium that , while perhaps not sui ted to 

all persons ' needs , can provide a highly s tructured learning experience 

and poten t ially increase the effectiveness of organis at ional skills in 

mentally retarded persons . The results  of this inves t igat ion and 

previous r elated research uphold the view that retarded learners 

experi ence diff i culty in identifying relevant dimens ions wi th in a 

l earning task and are eas ily dis tracted by extraneous s t imulat ion 

( Zeaman and House ,  1 9 63) . I t  is advanc ed that the cons is tent s timulus­

response pat terns developed by the l earner through interac tion wi th 

the computer sy s tem may ass i s t  with the development of cognitive 

s trategies tha t  improve prob lem solving ab ilities in var ious types of 

s i tuat ions . There is reason to b elieve that the use of computers in 

special educat ion will help develop a c l earer unders tand ing of some 

underlying processes that mus t ultimately govern the cond i tions under 

whi ch learning takes p lace . 

Limi tations of the S tudy 

Due to the des ign of the s tudy , i t  was necessary to compare 

relatively small sampl e  s izes to examine whether any interac t ion ef f e c ts 

were present  b e tween groups and modes o f  ins truct ion . While the sample 

size  was s ta t i s tically manageab l e ,  a l arger one would  have b een used 

had more eligible  subj ects  been availab l e .  

In view o f  the fact  that only one microcomput er sys t em was avai l­

ab le for use in the s tudy , i t  was neces sary to offer two consecutive 

terms of ins truction at e ach of the training centres . This also imposed 

some p ractical  limits on the amount o f  training tha t  could be  g iven to  

subj ects . 

Bec ause  of time limits  imposed by the par ticipation of s tudent 

t eachers and s cheduling o f  subj ects , it was necessary to res tr i c t  the 

number of t e aching sess ions to two per  week for each subj ect .  It is  

felt  that mor e  frequent s essions are r equired to maint ain continu i ty 

o f  training and help maximise recall o f  new informa t ion . Thus , i t  i s  

r ecommended that future r es earch e f f orts  employ daily sess ions over a 

longer t ime p eriod to opt imise reten tion and overl earning of informa t ion�  

Duration and content of the t eaching sess ions is an important 

cons ideration in programme d evelopment .  Informal obs ervations sugges t 
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that thirty minutes  i s  a maximum durat ion for a sess ion and that in 

s ome cases , where subj ects  have attent ion difficulties , no more than 

fifteen minutes should be spent . S imilarly i t  i s  felt  that the number 

of training i t ems should b e  reduced substantially . It may be more 

effic ient , for example , to teach four i t ems in a g iven module as 

compar ed with the eight training i t ems used in each module for th is 

study . 

I t  appears tha t the p i ctorial material used in the paired assoc­

iate mode did not cons t itute as active a part of the training s equence 

as was ini t ially assumed . Once a word had been introduced and paired 

with i ts referent pic ture , no further a t t emp t was made to direct the 

subj e c t ' s  at tent ion to the photograph . Th is cas ts  s ome doub t as to 

whether or not subj ects were shi f t ing a t t ention across d imens ions from 

picture to word . In effec t , the paired associate method used may have 

been akin to the s traight word focus of the errorless discriminat ion 

procedure . 

Finally , there are grounds for believing that direct  b ehavioural 

observat ion and related anecdotal data were an impor tan t  addi tion to 

the more obj ective forms of as sessment used in this s tudy . Clearly , 

much useful informat ion can be derived from informal evaluations that 

take account of the qua l i ty of interaction between the s tudent and 

compu ter along w i th s i tuat ional and envi ronmental factors that appear 

to exert an inf l uence  on l earning outcomes . 

S ugge s tions for Future Research 

One of the mos t  obvious barriers in s tudying human information 

processing is the reali ty that many events of potent ial interes t to 

the cognitive r esearch occur with in the human organism . I t  is notable 

that the behav iouris t ic tradition has emphas ised s impl e  functional 

analy s is concerning only input s t imulus and output responses . Yet  

there is almo s t  universal agreement tha t ,  with the except ion o f  a few 

s imple models , there is a need to  pos tulate the presence of internal 

mechanisms that account for the amount and type of l earning wh i ch takes 

p lace under varying condi ti ons of ins t ruction . The increas ing avail­

ability of microprocessor sys tems ( e . g .  minicomputers , microcomput ers) 

s ugges ts that much future  research on cognit ive proces s es will be 

characterised by highly contro lled s t imulus input as well as very 

specific response measurements . The computer is ideally suited for 

c ognit ive rese arch , as it allows f or a great deal o f  variation in the 
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presentation of s t imulus and speci f i c  evaluation of performance out­

comes wi th h igh l evels of accuracy . Moreover , computer sys t ems are 

capable of dealing with a given s timulus in many different ways  and 

this flexibi l ity permi t s  the introduction of very precis ely controlled 

experiments (Millward , 1978 ) . 

Cognit ive researchers are o f t en required to deal with an extremely 

large range of complex s t imuli . For example , visual presentat ion of a 

simple s t imulus l ike the word "FORK" compris es four out of twenty-six 

possible l e t ters whi ch are arranged in a row in some kind o f  format 

for some specific duration of t ime at some light intens i ty in varying 

contexts o f  comparison s t imul i  whi ch may or may not be meaningful ly 

related . The s ubj ect  is required to encode the s timulus , producing a 

phonological internal code , a meaning , and perhaps some associations 

or informat ion about the word "FORK" to o ther words contained in a 

learning s et .  It  i s  important t o  recognis e  that thes e phys ical d i­

mens ions o f  the s t imulus cannot b e  comple tely ignored s ince they ob­

vious ly introduce variation into s ubj ects ' responses that  may account 

for the type and amount of learning that  occurs . 

Within the cont ext of th is present research it  can b e  s een that 

the microcomputer sys tem has the capab i li ty to control many of these 

phys ical parameters s o  that research can be undertaken to  examine the 

optimal conditions under which learning is l ikely to take place . I t  

may b e ,  for examp le , that performance on a word recogni tion task can 

be imp roved by increas ing the number of t rials or increas ing duration 

of exposure to the target word at the commencement of training . Wide 

variat ions in conventional f orms of ins t ruct ion give rise to intervening 

variab le s  that canno t  be measured but  have a subtle and s ignif icant 

inf luence on perf ormance outcome s . There i s  c learly a need to  explore 

the effect  of thes e  physical  parameters to  identify way s  in which the 

t eaching method can be modifi ed to  r esult in improved l earning . Evidence 

from previous research ( e . g .  B i lsky and Evans , 1 970 )  s upports the view 

that men tally retarded persons h ave a deficit  in their  ability to 

o rganis e input mat erials . The f l exibi l i ty of the microcomputer to 

introduce and control new teach ing procedures may l ead to more s ub­

s tantial research concerning the remediation of specific  deficiencies 

in input organis a t ion . 

There is evidence that  ' so f t '  evaluation data is  a useful means 

of obt aining more informat ion on microcomputer bas ed ins truct ion . 



1 80 

The aim should be to provide the best pos s ib le descript ion o f  the ways 

in which s tudents respond and presumab ly l earn through interac t ion wi th 

the computer sys tem.  Thi s  would involve informal evaluat ion us ing 

interviews and observational data along wi th formal psy chometric  

evaluat ion . Both t eachers and adminis trators should be ab l e  to gain 

a meaningful picture of the advantages and l imi tations of au tomated 

ins tructional sys t ems from a s tudy that is s uf f i cient ly broad based . 

This should include as c lear a picture as pos s ib le of what  was done , 

what was ach i eved and what constraints were imposed .  

A recen t maj or working conference on computer ass is ted ins truction 

(Lewis and Tagg , 1 980)  not ed that there are three maj or d i l emmas wi th 

current prac tice : 

1 .  Evaluators measure what they can measure rather than what 
they should measure ; 

2 .  They pres ent results which no one can interpret e . g .  exper­
imental group = 1 2 . 6 ,  control group = 1 1 . 8 , s igni f icant 
wi th in < 0 . 05 ;  

3 .  They do no t control the mos t  cri ti cal variables  that c an 
swamp any o ther effects e . g .  the range capab i l i ty and the 
ef fect  of out- of-s chool environment . 

A des irab l e  s tep in microcomputer based research would  b e  to 

assess the general ac ceptability of both methods and ma terials . The 

recent proli f eration o f  poor quality educational s o f tware high lights 

the current trend toward rapid development and marke t ing o f  subs tandard 

teaching p rogrammes . In many cases these mat erials are apparent ly 

being prepared by pers ons with lit tle  or no training in education in 

order to  t ake advantage of the commercial market . In many respects 

this trend i s  s imil a r  to the earlier , of ten i l l-advis ed , adop t ion o f  

programmed t extbooks during the 1 9 60 ' s  era . By implicati on , i t  would 

be advisab l e  to exe rc ise some caut ion through evaluation of the current 

range of  educational products . 

Diff i culties w i th the evaluation o f  computer assis ted ins truction 

materials are very much akin to the ass es sment of  more convent ional 

teaching methods . The presence of extraneous vari ab les s uch as teacher 

personality and environmental f ac tors have b een known to exert  a power­

ful infl uence on learning outcomes . S imil arly , i t  c an b e  ass umed that 

some s econdary , and perhaps less obvious , f eatures o f  computer assis ted 

ins tru c tion ( e . g .  imaginative graphics presentation , novel audio f eed­

back) infl uence performance;  but in f ac t  this contribut ion to the 

l earning p ro cess is often diff i cult  to ass es s .  Decisions also need to 
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b e  mad e  on th e c r i teria for evaluation . Cos t efficiency , ease of 

administration , p r ogramme c on tent , acquisi tion and retention of 

learning , are but  a few examples o f  possible evaluation obj ec tives . 

I t  also s eems l ikely that the form of evaluation wi ll  be  influenced 

by the nature of the audience to whom it is d irected (parents , teachers , 

decis ion makers and funding agencies) . 

In conclusi on ,  two main lines of  enquiry appear to emerge . The 

f irs t of  these concerns the further development and refinement of micro­

processor bas ed p rogrammes in special education . At pres ent , there is 

a serious l ag b e tween this new technology and the availab i l i ty of 

sui tab le ins tru ctional materials . With recent advances in cos t­

effective computer ass is t ed ins truction and the world-wide prolifer­

at ion of microcomputers in s chools , rap id increas es in future educa­

t iona l  applicat ions are fores een .  With the movement toward providing 

a truly appropriate education for each l earner , teachers wil l  need to 

be s upported by a technology that enabl es them to deal with a wide 

range of indivi dual differ ences . High qual i ty teaching programmes 

which are generated by mi crocomputer b as ed sys tems can effectively 

augment human r esources . F inal ly ,  the recent availabi l i ty of  powerful 

microprocess ing sys tems can be  d irectly applied to theoreti cal work 

which s eeks to unders tand s ome underlying processes that mus t ultimately 

govern human learning . The widespread applica t ion o f  mi crocomputers 

in special edu cation should enab le many divergent paths of cogni tive 

research to be followed . 
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APPENDIX A 

STAFF SURVEY OF SOCIAL SIGHT WORDS 

I need y our ass is tance to ident i fy a group of words that migh t b e  
taugh t i n  our reading programmes at Cook S t . and Aokautere  Centres . 

Your ideas are impor tant because i t  is  necessary to identify words 
that w i l l  be of  practical value in communi ty l ife . 

For each of  the f o llowing four cat egories p l ease lis t a set  of words 
that you cons ider us eful for trainees to know . 

Pleas e comp lete this  list on your own . There are no righ t  or wrong 
answers - only wha t  you think is importan t . 

Connnuni ty 
Information 

1 .  ( e . g . )  Toilet 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10 . 

1 1 .  

1 2 .  

1 3 .  

1 4 . 

1 5 .  

Traf fic  
Saf e ty 

( e . g . )  Danger 

Tool Grocery /Food 
Names I tems -=-=c.=...;c.=----

( e . g . )  Hammer ( e . g . )  Milk 

Thanks for your help . Later on we will all meet together to select 
a l i s t of  words for the teaching programmes . 

Ken Ryba .  



APPENDIX B 

T H E  C L I FTON A U D I O  VI S U A L  

R EA D I N G P ROG RA M M E  

R .  I .  B ROW N ,  B . Sc . ,  D i p . Psych . ,  Ph . D .  
Re�carch U n i t .  l mt it u t e  o f  Educat i o n .  B ristol 

a n d  

G. E. BOO K B I N DE R. B . A .  
S u pe r v i sory R e m e d i a l  Teacher 

Salford E d ucat ion Com m i ttee.  Lancash i re.  

1 8 3  

DIAGNOSTIC MATERIAL 

NAME 

Publ ished by 

E I S IA 
The Educational Supply Anoclatlon Limited 
School Materials Division � 
P i n nacles, Harlow. Easex '-I 

' 

@ E.S .A.  1 967 



V I SUAL D I SC R I M I N ATION 
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L ETTE R  D I SC R I M I N A T I O N  TEST 

a u e 0 a 

b d p b q 

m n m w V 

J e 

UZ v s  u z  nz u s  

mm mn mw mm m a 

gg q g  gp qp gg 

0 0  ou oa 0 0  o e  

e a  e o  e c  e a  e e  

th tb lh h t  th 

oa e a  oa oe on 

ay a g  aq au ay 

ph qh pb ph gh 

au ou au a a ua 
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LETTER DISCR I M I N AT I ON TEST (con t i n ued ) 

i gh  iqh i gh i gb i ph 

t i on t o  i n  t i on t i cn t i om 

pq f pqf pgf pfq pyf 

e oa eea e s a e oa e a o  

P e r  b e r  P re De r P e r  

d i s pi s di s q e r  di z 

ing i gh i gn ih g i n g  

lwn tmn I vu lmn lwn 

a c e i  i cae aae e  a c e i  a c i e  

a e ow ea o"· a e om e oan a e ow 

p i e c e  pe i c e  pae i c  pi e c e  qui e c e  

a t i on a t i am a la e n  a t ion a t o i n  

s b o e s sbe o s  sh o e s  sboez sb o e s  

gai en qa i en gai en q o e im pai e n  

o c c as o o oa z  o c c a s  o c cen o c oa s  

s poon sq o on s pone s po on sb o on 

d own b r o'm d om n  down d om e  

think tkink thank tb ink th ink 

c oming cuming c ommi n g  comeing c oming 

Nov emb e r  N ov e nb re N o v e mb e r  Nov e nb e r  Novemd e r  

s ta t i on s t a t i on s a ta t i on s t ra t on sha t i on 

E l e c t r i c a l  E le c t.ri c l e E le c t ri c  El e c t rikal E l e c t ri ca l  

ne c e s s a ry  ne s e c cary ne c c e s s a ry ne c e s sary ne c e s s e ry 
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P H O N IC U NITS TEST 
(presented in A udio-Visual Programme) 

b t c n 0 

m s w d h g y 

0 0  ea th eh a i  

ing sh ur ir e r  i gh 

ow ou oi ay ey s t  

oy a l l  e d  wh c e  s p  

ly au ew ph d i s  c on 
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f r 

J k V 

oa 

a r  

t i on 

age 

qu 
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APPENDIX C 

S CREENING PROCEDURES 

WORD RECOGNITION AND IDENTIFICATION 

Trainee : 

Examiner :  

Centre : 

1 88 

Date : 

Ins tru c tions : Select  any one o f  the 5 random word sets . Place the 

Item 

Exi t  

Hanuner 

Milk 

Spanner 

But t er 

Sugar 

Fork 

Shovel 

S CORE 

8 cards in a 4 x 2 matrix arrangement on desk directly 
in f ront of  trainee . Spacing b e tween cards should b e  
5 ern . 

S ay ,  "Do you know any of  these words ? Pleas e  paint to 
any word that you know . "  I f  T points to a word , say ,  
"What  does this word tell  us . "  Repeat procedure for  any 
o ther words T points to and record respons es . 

Wor d  Recognit ion : For each of the 8 words , point to 
the flashcard and say ,  "What does this word tell us ? "  
Record r espons e or go on t o  next word i f  no respons e  is 
mad e  wi thin 10  seconds . 

Word Identification : Say , " I ' m  going to s ay a word and 
I want you to point to the card which tells about the 
wor d . "  ( e . g .  The word is DANGER . . .  You f ind DANGER) . 
Follow pro cedure and record responses for each o f  the 
8 words . 

RANDOM SET 1 

Ini tial Word Word 
Respons e Recogn i t ion Identi f ication 
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- 2-

RANDOM SET 2 

I tem Ini tial Word Word 
Respons e Recogni tion Identi fication 

Push 

Pull 

Pol ice 

Open 

Knife 

Danger 

Eggs 

Bread 

S CORE 

RANDOM SET 3 

I tem Initial Word Word 
Respons e Recogni tion Identi f ication 

Cof f ee 

Tea 

Meat 

Vege tables 

Chees e 

Give Way 

Cro s s  

S top 

SCORE 
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RANDOM SET 4 

T 

Item I Ini t ial Word Word 
Response Recogni tion Identif ication 

Ent ry 

Womens 

Go 

Rai lway 

Road Works 

No Ent ry 

Wait 

Walk 

SCORE 
I � 

RANDOM SET 5 

I t em Initial Word Word 
Respons e Recogni t ion Identification 

Chi s el 

Dri l l  

P l i ers 

Saw 

Bank 

Bus S top 

Mens 

S crewdriver 

SCORE 



APPENDIX D 

PRE-TEST PROCEDURES 
WORD RECOGNITION AND IDENTIFICATION 

Name o f  Trainee : Date : 

Name o f  Examiner :  

Training Centre : 

MODULE 1 

1 9 1  

Ins tru c t ions : S tart wi th the 2 pract i ce i t ems ( BUS STOP , GO) . Place 
the 2 cards ver t ically on d esk directly in front of 
trainee . Spacing between cards should b e  about 5 cm . 
Follow direct ions as no ted b elow then repeat procedure 
with all 8 cards of module 1 .  8 cards should be arranged 
in 4 x 2 matr ix directly in f ront of trainee . 

Say , "Look at these words and point to one if you know 
what it says . " If  T points to a word , say ,  "What does 
this word say ?" Repeat procedure for o ther word ( s )  if 
T po ints to ano ther card . ( Go on to the next s tep if  
no response wi thin 10  s econds . )  

Word Recogni t ion : For each of the 2 words (practice) or 8 words ( tes t)  
point to the flash card and say ,  "Tell me what th is 
word is . "  Record response or go on to next word if  
no respons e is made wi thin 10  s econds . 

Word Identificat ion : Leave the 2 cards ( practice) or 8 cards ( tes t )  
o n  the tab le as ab ove . Say , "I ' m  going to s ay a 
word then I want you to  point to the word whi ch 

' tells about ( shows) the word . "  ( e . g .  "The  word is 
BUS STOP . . .  Point to  BUS STOP . " ) Follow the same 
procedure for all words in the s equence . 

I t em Init ial Word Word 
Res ponse Recognition Ident ification 

BUS STOP (P )  

GO  ( P) 

HAMMER 

SPANNER 

FORK 

SHOVEL 

DRILL 

PLIERS 

SAW 

SCREWDRIVER 

S CORE 

I 
I 



1 9 2  

PRE-TEST PROCEDURES 
WORD RECOGNITION AND IDENTIFICATION 

Name o f  Tra inee : 

Name of Examiner : 

Locat ion : Dat e :  

MODULE 2 
Ins truct ions 

S tart wi th the 2 pract ice i t ems ( BUS STOP , GO) . P lace the 2 cards 
ver t ically on desk direct ly in front of  trainee . Spacing between 
cards should be about 5 cm . Follow d irections as indicated below 
then repeat pro c edure us ing all 8 cards o f  module 2 .  8 cards 
should be arranged in a 4 x 2 matric  d irect ly in front of traine e .  

Say , "Look a t  these words and point t o  one if  you know what i t  s ays . "  
I f  T points to a word , s ay ,  "What does this word say ? "  Repeat 
procedure for o ther word ( s )  if  T points to another card . 
(Go on to next s tep if no respons e within 1 0  s econds . )  

Word Recogni t ion : For each of the 2 cards ( practice)  or 8 words ( tes t) 
point to the f lash card and say ,  "Tell me what this 
word is . "  Record respons e or go on t o  the next word 
if no response is made within 10 s econds . 

Word Ident ification : Leave the 2 cards (prac t ice) or 8 cards ( tes t )  on 
the t ab l e  as above . Say , " I ' m  going to say a word 
then I want you to point to the word whi ch tells 
about ( shows ) the word . "  ( e . g .  " The  word i s  BUS STOP 
. . . .  Point to BUS STOP . ") Follow the same procedure 
for all words in th e module .  

1 2 3 

I t em Initial Wor d  Word 
Response Recognition Identi f i ca tion 

BUS STOP (P )  

GO  (P)  

SUGAR 

PUSH 

BREAD 

PULL 

COFFEE 

MEAT 

CROSS 

RAILWAY 

S CORE 



PRE-TEST PROCEDURES 
PICTURE RECOGNITION AND MATCHING 

Name of Trainee : 

Name of Examiner : 

Training Centre : 

MODULE 1 
Ins truct ions 

Date : 

1 9 3  

A .  Picture Recognit ion Pre-Training :  Each trainee i s  shown the 8 
words from module 1 and two prac t ice pho tos (BUS STOP , GO) . The 
photos are then identified 1 at a time . Present each pho to in 
turn and s ay , "This is  ( "This shows")  . . . .  " Ask the trainee to 
repeat the word out  loud . Following this pract ice , present each 
photo in turn and s ay ,  "What i s  this . . .  " ( or) "What does this 
tell us ? "  Repeat th is procedure until  each photo is identified 
correc t ly at l eas t onc e .  No marks for this section but check 
each item to show that it has b een pract iced ( column 1 below) . 

B .  Picture-Word Matching Tes t : 3 photos are placed ver tically on 
table direct ly in f r ont of the t rainee . ( 1  picture refers to the 
target word and 2 photos are d is trac ters s elected at random . 
Give trainee a word card and say , "Put this word bes ide (wi th) 
it ' s  picture . " Us e the 2 prac t ice i tems ( BUS STOP , GO) firs t .  
Then for each of the 8 tes t items in turn , present 3 pho tos 
( including targe t word and 2 d i s tracters ) and repeat above 
procedure .  B ecause  the chance probab i l i ty of getting an item 
correct is h igh ( 1- 3) it is necess ary to administer the t es t 
a second t ime . S imply shuffle the pho tos and say ,  "Okay , let ' s  
try this one more t ime . "  ( Record r esponses under Trial 2 . ) 

1 2 3 

Item Practi c e  Trial 1 Trial 2 
Recogn i t ion Tes t Tes t 

BUS STOP (P )  

GO  (P )  

HAMMER 

SPANNER 

FORK 

SHOVEL 

DRILL 

PLIERS 

SAW 

SCREWDRIVER 

SCORE 



PRE-TEST PROCEDURES 
PICTURE RECOGNITION AND MATCHING 

Name of Trainee : 

Name of Examiner : 

Training Centre : 

MODULE 2 
Ins truc t ions 

Date : 

1 9 4  

A .  Picture Rec ogni t ion Pre-Training :  Each trainee is shown the 8 
words from module 2 and two pract ice  photos ( BUS STOP , GO) . The 
photos are then ident i f ied 1 at a t ime . Present each photo  in 
turn and s ay ,  "This is ( "This shows")  . . . .  " Ask the trainee to 
repeat the word out l oud . Following this practice , present each 
photo in turn and s ay , "What is  this . . .  " ( or )  "What does th is 
tell us ? "  Repeat thi s  procedure unt il  each photo is correct ly 
identified a t  l eas t once . No marks for this s ec tion but  check 
off each i t em to show that it has b een pract i ced ( column 1 below) . 

1 

B .  Picture-Word Matching Tes t : 3 photos are p laced ver tically on table 
directly in front o f  the trainee . ( 1  picture refers to  the target 
word and o ther two pho tos are dis t racters s el ected at random . )  
Give trainee a word c ard and s ay ,  "Put th is  word b es ide (wi th) 
it ' s  picture . "  Use the two practi ce i tems ( BUS STOP , GO) firs t .  
Then for each of the 8 tes t items in turn , p resent 3 pho tos 
( including target word and 2 dis t racters ) and repeat above 
procedure . Becaus e the chance prob ability o f  get t ing an item 
correct i s  very high ( 1-3) i t  is necessary to  adminis ter the t es t  
a s econd t ime . Simply shuffle the photos and say , "Okay , le t ' s  
try th is one more t ime : ( Record respons es under column 3 . )  

1 2 3 

Trial 1 
i 

Trial  2 Item Practice I I Recognition 

BUS STOP ( P )  

GO (P)  

SUGAR 

PUSH 

BREAD 

PULL 

COFFEE 

MEAT 

CROSS 

RAILWAY 

SCORE 



APPENDIX E 

MODULE 1 :  TOOL NAMES 
TRANSFER TEST PROCEDURES 

1 9 5  

This assessmen t  is  carried out t o  d e t ermine the extent t o  which t rainees 
are able to  t rans f er their learning to new si tuat ions . 

Please adminis ter  the tes t in the workshop . Contact persons for equip­
ment are : 

Aokautere - Alan Parry 
Cook S treet  - Ken Ryba 

Equipment :  1 .  A box o f  tools has b een p repared for your us e .  This 
should contain all of the 8 i t ems lis ted below .  

2 .  8 f lashcards of tool names (Us e the ca<ds from the 
' ki t s e t s ) . 

Procedure : P lace all 8 tools out on a b ench in the workshop . These 
can be p laced in any order but should be wi thin easy 
r each ing d i s tance of  the trainee . 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

I tem 

HAMMER 

SPANNER 

FORK 

KNIFE 

DRILL 

PLIERS 

SAW 

Give trainee the f irs t card and s ay ,  "Tell me what  this 
word says T ? "  "Now I want you to  take this card and put 
i t  down next to the tool it  tells ( shows ) us ab ou t . "  

Repeat  the above dir e c t ion for each of the 8 tool names . 
Record b o th what the trainee says and whether he placed 
the card w i th the correct  tool . 

MODULE 1 

Verbal Respons e Word-Tool 
Mat ching 

SCREWDRIVER 

SCORE 



MODULE 2 :  GROCERY / INFORMATION 
TRANSFER TEST PROCEDURES 

196  

This assessment is  carr ied out to determine the extent to  whi ch 
trainees are able to t rans fer thei r  learning to  new si tuations . 

Please administer Part A of this t es t  in the coffee lunchroom or 
kitchen . Contact pers ons for equipment are : 

Aokaut ere  - Carla Van Brun S ch o t t  
Cook S treet - Ken Ryba 

Equipment : 1 .  A food box has b e en prepared for  your use in 
assess ing i tems 1 - 4 .  This should contain sugar , 
bread , coffee , meat , milk , but ter , chees e ,  crackers 
or b i s cui ts . 

2 .  6 f lashcards as listed below ( No railway or cros s ) . 

Part A Procedure : Place the food items ou t on a b ench in the ki tchen . 
The s e  can b e  arranged in any order s o  long as they 
are within easy reaching dis tance of the trainee . 
Give trainee the f irs t f lashcard and s ay ,  "Tell me 
what  th is word says ? "  "Now I want you to  take this 
card and put it down wi th the tool it tells ( shows ) 
us abou t . "  

Repeat th is d irection for each of the 4 f ood items . 

Part B P rocedure : Take trainee to  location o f  a conventional door ( no t  
s l iding o r  swinging door ) . Be sure that the d oor is  
open to abuut 4 5  deR Lees or so  (hal fway ) . Place f l ash 
card immediately above handle on door with cello tap e .  
S ay ,  "Now T ,  tell  me what this word s ays . "  ' 'You go 
ahead and do what the s ign says . Go ahead . "  

Repeat d irections for b o th PUSH and PULL . 

Pleas e  record below b o th what  the trainee s ays  and whe ther he/she p laced 
the cards with the corresponding items or a cted in respons e  to the word . 

Module Two 

I t em Verbal Response Word / I t em Mat ch ing 

1 .  Sugar 

2 .  Push 

3 .  Bread 

4 .  Pull  

5 .  Coffee 

6 .  Meat 

S CORE 
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TRAINING PROCEDURES 
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Indiv idual Instruct ion Time table 

The teaching phase of this project  will be carried out over a f ive 
week period from July 7 th through August 8th end of term . During 
this t ime you wi l l  need to complete both assessment and t eaching 
o f  the 2 modules . 

There are always factors that make i t  dif ficul t to follow a 
schedule ( e . g .  s ickness , t imetable clashe s) . All that can be asked 
is for you to a t temp t to complete the programme by the end of this 
second term .  

Following is an i t inerary for the balance o f  the term :  

June 2 6  

July 3 

July 7 
- 1 1  

July 1 4  
- 1 8  

July 2 1  
- 2 5  

July 28 
August 1 

Augus t 
4 - 8 

Gro up mee ting to  prac tice pre-test and training 
procedures . Work in teams to l earn how to use the 
ma t erial s and follow instructions . 

Group meeting to cont inue wi th prac tice on use o f  
ma t erial s .  Videotap ing o f  each person administer ing 
the teaching me thod . 

Administer pre- test for module 1 
Teaching session 1 
Teaching ses sion 2 

Teaching session 3 
Teaching session 4 

Teaching sess ion 5 
Post-test Module 1 
Transfer Test Module 1 
P re-test Module 2 
Teaching session 1 

T eaching session 2 
T eaching session 3 

T eaching session 4 
T eaching session 5 
Post-test Module 2 
T ransfer Tes t  Module 2 

Each teaching session should take a maximum of 3 0  minutes  to  com­
ple te . Please ensure tha t you teach all 8 words o f  the module in 
each session no t ing number of attemp t s  on each trial and t ime spent 
on each target word . Charts are provided to r ecord responses for each 
session . The char ts  should be inc luded in your f inal report 

Note 1 :  Tes t ing and teaching materials are available from : 
Glyn Robinson - Cook Street Centre 
Carla Van Brun Shot - Aokautere Centre 

Note  2 :  I would l ike to be with you during your first  session to 
answer any quest ions you might have and provide support as 
requ ired . So pl ease let  me know when you would l ike to 
mee t  for the pre-test and teaching session 1 .  I f  you have 



any questions or conc erns abou t your programme then 
p lease phone me at : 6 9099 Ext .  2509 . 

P r e-Test Pha se 

1 9 9 

The purpo se o f  this pre-test pha se i s  to obtain a ba sel ine measure 
of the trainee ' s  word recogni tion abil i ty prior to commencemen t o f  
training . Then i t  i s  p o ssible to mea sure any changes in learning 
tha t might occur through participat ion in the teaching programme . 

In order that  a meaningful comparison can be made ,  it is  essential 
for  all teachers to follow a standard set of direct ions when a dmini­
stering the pre- and post- tes ts  for each of the two word modul e s .  

Following in a de scr ip t ion o f  the pre -tests  and l i st o f  direc t ions 
f o r  adminis tration . You should follow these d irec tions prec i sely 
and give the te s t s  in the sequence pres ented . 

In s truc tions 

A .  Word Recogni tion and Iden t i f ication (Practice) 

This  p rocedure is  ident ical to the test tha t fol lows bu t 
p r ovides an oppor tuni ty for  the trainee to gain fami l iarity wi th 
the ma terial . This  sec t ion is  no t scored bu t you should ma ke a note 
of responses . ( · incorrect and .1'= correct response) . 

Place the 2 prac t ice word s ( BUS STOP and GO) vert ical ly  on 
d e sk directly in front of trainee . Spac ing be tween the card s should 
be 5 cm . 

BUS STOP 

GO 

S a y ,  "Look a t  these wor d s  and tell me if  you know one . "  "Please 
point to any word that you know . "  I f  T points to  a word 

S a y ,  "Wha t d o e s  thi s word say?" Repea t p rocedures f o r  o ther word 
if T points to the second card ( Go on to next s tep if no 
response within 1 0  second s)  

Word Recognition : For each o f  the 2 words  point to the flash­
card and say , "Tell  me wha t this word i s . "  Record response 
or  go on to next word if  no response is made within 1 0  s econd s . 

Word I dentificatio n : Leave the 2 cards on the table a s  above . 
Say , " I ' m  going t o  say a word and I want you to point to  the 
card which tells about ( shows) t he word (e . g .  "The word is BUS 
STOP • . .  Point to BUS STOP" ) .  Fol low the same procedure for 
both words .  

Note : Use neu tral verbal feedback , e . g .  o kay , good , uh hum , l e t s  
try again . I f  T asks for advise say , "You are doing well , l e t ' s  
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try some more . 

1 .  Word Recogni tion : P lace the 8 cards o f  the module in a 4 x 2 
matrix directly in front o f  trainee . Put 
cards down randomly ( any way you l ike) wi th 
spac ing o f  abou t 5 cm . be tween cards . 

e . g .  I HAMMER I SPANNER 

I FORK I KNIFE 

I DRILL I PLIERS 

I SAW I I SCREWDRIVER 

Fol low the same procedur e s  as in the prac tice  session . Say , "Do you 
know any of these words ?" "Please point to any word that you know . "  
I f  T points to  a word , say , "Wha t does this word say?" . Repeat pro­
cedure for any o ther word s T points  to , i f  no response af ter 1 0  sec­
ond s  then say , "Okay , let ' s  go through them toge ther . "  

For each of the 8 word s in turn , point to the flashcard and say , 
"Tell me what  this word i s . "  Record response or go on to next word 
if  no response i s  made wi thin 1 0  second s .  

2 .  Word Ident if icatio n :  With the cards s t i l l  on the table as  above , 
say , "Now I ' m  going to say a word and I want you to point to the card 
whi ch tell s about  ( shows) the word . "  (e . g .  The word is HAMMER 
Point to HAMMER) . Follow the same p rocedure for  each o f  the 8 word s . 

3 .  Picture Recogni t io n  Pre-training:  Each trainee is  shown the 8 
pho tos from Module 1 .  o r  2 .  (whatever you are working on) and 2 prac­
tice photos ( BUS  STOP and GO) . The pho tos are then identif ied 1 a t  a 
t ime . Presen t  each pho to in turn and say , "This  is ) "Thi s  shows") 

" Ask the trainee to repeat the word out loud . 

Fol lowing thi s  trial , present each pho to in turn (any order you 
choo se) . Say , "What i s  this • . .  " (or) "What does this tell us?"  
Rep eat this p ro cedure until each pho tograph is  identif ied correctly 
a t  least once . No marks for this sec tion but check each item to show 
t ha t  it has been p rac t iced . 

4 .  Pic ture-Word Matching Tes t : 3 pho tographs are placed vertical ly  on 
the table direc tly in f ront of the trainee . ( 1  pic ture refers to 
the targe t wor d  and 2 photos are d i stracters s elected at  random) . 

No t e :  Follow the word o rder provided but sele c t  and arrange photos 
randomly .  

e . g .  
Pho to 1 

BUS STOP 
Photo 2 
HAMMER 

Photo  3 
DRILL 
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Give trainee a word card and say , "put thi s  word beside (with )  i t s  
p i c ture . "  Use the 2 practice items ( BUS STOP and GO) first  so tha t  
the trainee knows wha t i s  required . These 2 prac tice items are no t 
s cored bu t please record response s .  

For each o f  the 8 words in turn , pre sent 3 photos ( includ ing targe t 
i t em and 2 dis trac ters)  and repeat above procedure . 

Because the c hance probabil ity o f  get t ing an i tem correc t i s  high 
( 1 -3) it is necessary to admini ster this  test a second time . Simply 
shuffle the photos and say , "Okay , lets  try this one more time" . 

Place down 3 pho tos and give trainee the fla shcard . 
procedure wit h  all 8 words . 

Repeat same 

Note : Because thi s is a standard t e s t  it is no t a good idea to give 
strongly positive and nega t ive feedback . Bu t obviously some 
verbal reassuranc e and communi cation is neces sary . You can 
u se the following type s of verbal feedback for this purpose : 

1 .  "You are doing well" 
2 .  Neu tral De scrip tions - Okay , uh hum 
3 .  "Lets  t ry again , okay" 
4 .  ' 'That was easy for y ut ' ' 

I t  i s  important to strike a balance b etween being obj ec tive and 
yet personal in your approach . Thi s is  e spec ial ly important when 
we are working wi th adul t s .  

Wi thin t he teaching sessions please feel free to give an appropriate 
amount o f  verbal f eedback - e . g .  you are do ing well , tha t i s  righ t , 
lets try again but ple,3se don ' t "overload" the use o f  r ein-
forcer s . Be "normal" in the exten t  to which you use verbal feed­
back bearing in mind that you wan t  the t rainee to attend to the 
ma terials  and teaching session . Over-u se of verbal reinforcers  
can be distracting . 



202 

ERRORLESS DISCRIMINATION METHOD 

Overview 

This approach makes use o f  a s traight word focus and no pictorial 
material is presented . With the errorless discrimination or word 
shaping technique ,  the teacher ini tiates l earning by reinforcing a 
s timulus-response relationsh ip that the s ubj ect can eas i ly acquire ,  
and progress ively al ters the complexi ty o f  d iscriminations unt il  a 
res t ricted s t imulus-response relat ion ( the terminal teaching obj ective) 
is  attained . The Edmark Reading Program ( 1 9 7 2 ) is perhaps the mos t 
well documented applicat ion of th is teaching method . 

In the discrimination approach , the word to b e  taugh t is f irs t 
pres ented and identified by the pres enter who says "Point to the 
word " Over a series of  four trials , the pointing response 
is s haped by displaying dis t racter i t ems along wi th the targe t word . 
Each trial is intended to provide a more d i f fi cul t d is crimination . 
Comparison s t imul i  are init ially very dissimilar but eventually 
b ecome s imi lar t o  the targe t word wi th only sub tle  d i f f erences 
b e tw een the words or word-l ike conf igurations . 

For example , look at this i tem : 

Trial 1 Trial 2 Trial 3 Trial 4 

? ? ?  Horse Could Horse 
Horse In While House 
? ? ?  A Soil  Hound 
? ? ?  So  Horse Hunt 

No t e  how each trial provides a more complex dis crimination . Also , 
i t  may be necess ary to  repeat trials t o  ensure that  a trainee has 
mas tered a level b efore mov ing on to the next . 

Spe c ific Ins tructions 

Fol lowing is a very precise set of procedures to f o llow . We will  be  
p racticing these together to  ensure tha t  all of us  are  using the 
same procedure . 

1 .  Present f lashcard containing 
Say ,  " Th is word s ays " 
(Display word f or 5 s econds) 

word to  be taugh t . 
" Now you s ay 1 1  

2.  Remove card 

3 .  

4 .  

5 .  

Present word and 3 dis tracters e . g .  
for trial 1 in random order 
"Say , "Now you find 1 1  

If T correct ly identifies the word then 
or else remove all  cards and then p lace 
two dis tracters in random order . 

Say , "Find 1 1  e . g .  

( If T correct then present word and 
three dis tracters) 

? ? ?  
STOP 
? ? ?  
? ?  ? 
advance to trial 2 
down t arget word and 

? ? ?  
STOP 
? ? ?  



6 .  If  T is wrong then r emove all cards . 
Place down tar ge t  word and 1 dis tracter . 
Say ,  " Try again" . 

( If T correct then present word and 2 
dis tracters - then word and 3 dis trac ters ) 

7 .  If T is wrong in 6 above then display 
target word only . 
Say ,  "Point to the word . "  

8 .  Present the target word and 3 trial 
1 distracters in random order . 

( I f  T correct then go to trial 2 )  

9 .  I f  T i s  wrong then remove cards and 
place down target word and 2 dis tracters . 
Say ,  " Find " 

1 0 .  If  T is wrong then r emove all cards . 

e . g .  ? ? ?  
STOP 

e . g .  STOP 

e . g .  ? ? ?  
STOP 
? ? ?  
? ? ?  

e . g .  STOP 
? ? ?  
? ? ?  

Place down target word and 1 dis trac ter . e . g .  ? ? ?  
Say ,  "Try again . "  S TOP 
( I f  T is correct then present word and 2 
distracters - then word and 3 d is tracters . )  

1 1 .  If  T is wrong in 10  above then display 
target word only . 
Say , "Point to the word . "  

e . g .  STOP 

1 2 .  Present the targe t word and 3 dis trac ters . e . g .  ? ? ?  
Say ,  "Try again . "  STOP 

1 3 .  If T is s ti l l  wrong then advanc e  to trial 
2 by defaul t .  

1 4 . Trial 2 - . Present t arget word and 3 
distracters for trial 2 

1 5 .  I f  T is correct then advance to trial 3 
or else  repeat b reakdown steps 5 - 1 2 .  

? ? ?  
? ? ?  

IN 
AT 
STOP 
ON 
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In summary , the task is broken down twice to presentation of the 
s ing l e  word only . The trainee is given a maximum of 3 attempts at 
the full list  - i . e . word and 3 dis tracters - else he is aut omatically 
advanced to the next trial . 

The t ask is errorles s  in the sense that i t  is broken down s o  that 
the t rainee need only point to the targe t  item being taught ( e . g  . .  
STOP ) . 

Following is an exampl e  s es s ion : 



Trial 

? ? ?  
STOP 
? ? ?  
? ? ?  

1 

(Trainee points to target word so we go to trial 2 -

no breakdown is g iven) 
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Trial 2 

IN ( T  makes an error s o  STOP ( T  is correct STOP 
STOP we remove dis t racter IN s o  we pres ent IN 
AT and present b reakdown) AT word and 3 AT 
ON dis tracters) ON 

( T  is correct on s econd presen tation of 4 words so we then go on to  
trial 3 )  

Trial 3 

STOP 
WIFE 
BEAT 
ROOT 

STOP 
BEET 

S TOP 
BEET 
WIFE 
ROOT 

Trial 4 

STOP 
START 
SUN 
S EAT 

( T  makes an error 
so we remove 
dis t racter and 
present breakdown) 

(T is correct  s o  
we present target 

S TOP 
WIFE 
B EET 

word and 2 dis t racters )  

( T  makes an error so we 
remove another dis tracter 
and b reakdown task) 

STOP (T is correc t  so we present 
BEET word and 3 dis t racters ) 
WIFE 

(T is correct  so we proceed to trial 4 )  

(T  i s  correct  s o  w e  g o  o n  to next word item) 

NOTE : Maximum number o f  attempts for any trial is 9 .  Even i f  the 
trainee h as not mas tered the trial we proceed to the next 
i t em after 9 attemp t s . 

Follow the verb a l  directions carefully . When T is wrong 
use neutra l  feedback - e . g .  "Okay , let ' s  try a new one . "  



205 

PAIRED ASSOCIATE METHOD 

Overview 

In this method , a p i c ture and corresponding word are presented 
s imul taneously wi th the result that respons es to the pr inted word 
are learned with r epeated pairings . The paired associate items each 
contain two elements : ( 1 ) a s timulus element (picture) 

( 2 )  a respons e element (word ) 

Photographs and f lash cards will be provided . There will  be one s e t  
o f  materials at Cook S treet and ano ther s e t  at Aokautere Centre so  
these w i l l  have to  be  shared . But  because s ome of you  will  be  working 
on module 1 while o thers are working with module 2 there shoul d  be 
l i ttle difficul ty in coordinating us e of  the materials . 

The wor d  to be  taugh t is pres ented along with a referent photograph . 
The pho tograph provides a contextual cue only ( i . e .  does not show a 
word) and can remain in view throughout the teach ing s ess ion . Over 
a s eries of four t rials , the trainee is asked to make increasi ngly 
more d i f f icul t d i s c r iminations . In the f irs t trial the trainee need 
only point to the t arget word . A new dis tracter word is added for 
each s ubs equent trial . 

For example , if  we were teaching the i t em STOP : 

Trial 1 

STOP 

Trial  2 

STOP 
ENTRY 

Trial 3 

EXIT 
STOP 
CROSS 

Trial 4 

WAIT 
S TOP 
RAILWAY 
WALK 

No te h ow each trial  provides a more complex dis crimination . Also , i t  
may b e  necessary t o  r epeat trials to ensure that a trainee has 
mas tered a level b efore moving on to the next . 

Speci f ic Ins truct ions 

Foll ow ing is a very precise s e t  of procedures . We will be prac t i c ing 
thes e together to ensure that  all of us are us ing the same method . 

1 .  Present photo  showing cue of  word t o  b e  taught . 
Say ,  "H ave a look a t  this p i cture . I t  means 

2 .  Present f l ashcard containing word to be taugh t . 
Say ,  "This  word s ay s  " "Now you s ay 
(Display wor d  for  5 seconds )  

3 .  Remove card . 

---

4 .  Pres ent card containing target word and s ay ,  
"Now you poin t  to " ( Trial 1) 
Remove card . 

" 

" 

5 .  

6 .  Trial 2 - P resent the target  word 
word selected at random from pool 
( If T is correct  then go to  t rial 

and 1 o ther dis tracter 
of i t ems . Say ,  "Find 
3 els e follow next s tep . )  

" 
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7 .  I f  T is wrong then remove cards and present t arget word 
a lone . Say ,  "Point to " 

8 .  Present the t arget word and 1 dis t ractor . S ay ,  "Try again . "  
( If T is correct  then go to trial 3 else follow next s tep . )  

9 .  I f  T is wrong then remove cards and present targe t  word 
a lone . Say ,  "Point to " 

1 0 .  P resent the t arget word and 1 dis t rac tor . S ay ,  "Try again . "  
( If T is correct then go to trial 3 else follow next s tep . )  

1 1 .  I f  T is wrong then remove cards and present target word 
alone . Say ,  "Point to the word . "  

1 2 .  Present targ e t  word and 1 dis trac tor . Say , "Point to the word . "  
( I f T is correct  then go to trial 3 . )  

1 3 .  I f  T is wrong then remove cards and present the target word 
alone . S ay ,  "Point to the word . "  

1 4 .  Present the target word and 1 distractor . S ay , "Find the 
word . "  
( If T is s t i l l  wrong then go to trial 3 by default )  
Maximum number of  attemp ts for any t rial is  9 .  

1 5 .  Trial 3 - Present the t arget word and 2 o ther dis tractors 
selected at r andom f rom pool of i tems . S ay ,  "Find __ . "  

1 6 . If T is wrong then r emove 1 of the d is trac tors ( the one he 
made an error on) and s ay ,  "Find " 
( I f  T is  correct then p resent target word and 2 dis tractors . )  

If  T is wrong then remove cards and pres ent the target word 
only . S ay ,  "Point to the word . "  

1 7 .  Present the target word and 2 dis tractors . S ay ,  " Find the 
word . "  

If T is s t i l l  wrong continue to follow the procedur es for 
15  - 17 i . e .  take away dis tractor - present target word only 
- present word and 2 dis tractors . 

But remember that the maximum numb er of at temp ts for any 
trial is 9 .  Af ter 9 attempts you automatically go on to 
trial 4 .  

1 8 .  Trial 4 - Identical procedure t o  t rials 2 and 3 excep t  that 
target word is present with 3 distractors . S ay ,  "Find " 
( If T is correct  then go to next i tem else follow next s t ep . )  

19 . I f  T is wrong then r emove the dis t ractor he wrongly iden t i f ied 
and place down the target word p lus 2 dis t ractors . Say , 
"Find " 
( If T is correc t  then present target word and 3 dis tract ors . )  

20 . If T is wrong then r emove cards and present word p lus 1 
dis tractor . 
( If T is correc t  then present target word wi th 2 dis tractors 
and then target word with 3 dis trac tors . )  

2 1 . If T is wrong then r emove c ards and place down target word 
only . S ay ,  "Point t o  the word . "  

2 2 .  Place down target word and 3 dis t ractors . 
( If T is correct  go t o  next item e lse follow next s tep . )  
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2 3 . If T is wrong then r emove cards - place down target word and 
2 dis trac tors . Say , "Point to " 

24 . Continue to break down t ask as above but r emember to s top 
and go to next i tem a f t er 9 attempt s  have been provided . 

Following is an exampl e  sess ion : 

Trial 1 

S TOP 

Tr ial 2 

S TOP 
DANGER 

Tr ial 3 

S TOP 
DANGER 
CROSS 

S TOP 
CROSS 
DANGER 

Trial 4 

STOP 
CROSS 
DANGER 
RAILWAY 

( Can ' t fail this one) 

(T  makes error) STOP ( can ' t fail) STOP 
CROSS 

( T  is correct  s o  
g o  to trial 3 )  

( T  makes error) STOP (T  fails ) 
CROSS 

S TOP ( Can ' t  fail) 

(T  fai ls)  

(T  fails)  

DANGER ( T  is 
STOP correct)  

STOP (T  is correc t so 
DANGER we go to trial 

STOP 
DANGER 
CROSS 

CROSS 4 )  

( T righ t) STOP 
DANGER 
CROSS 
RAILWAY 

(T  righ t  so go 
to next i tem) 

NOTE : Maximum number of attemp ts for any trial is 9 .  Even if the 
t rainee has not mas t ered the trial we proceed to the next 
t rial or i tem after 9 at t emp ts . 
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WORD RECOGNITION RECORD FORM : MODULE 1 (TOOLS) 

Name o f  Trainee : Dat e :  

Session Number :  Mode : 

Name o f  Teacher : Loca t ion : 

Number o f  Attemp t s  
ITEM TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 TIME 

1 .  Bus S top (p) 

2 .  60 (p ) 

3 .  Hannner 

4 .  Spanner 

5 .  Fork I 
6 .  Knife I 
7 .  Dri l l  

8 .  Pliers  

9 .  Saw 

1 0 .  Screwdriver 

TOTAL ATTEMPTS = 

Teachers Comments : 
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WORD RECOGNITION RECORD FORM : MODULE 2 (GROCERY / INFORMATION) 

Name of  Trainee : Da te : 

Session Number : Mod e :  

Name o f  Teacher : Location : 

I TEM TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 TIME 

1 .  Bus S top ( p )  

2 .  Go (p) 
I 

3 .  Sugar I 
I 

I 

I 4 .  Push 

I 5 .  Bread 

6 .  Pull 

7 .  Cof fee  

8 .  Mea t 

9 .  Cross 

1 0 . Railways 

TOTAL ATTEMPTS = 

Teachers Comment s :  
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Computer Assisted Instruc t ion Group 
Raw Score Data : Module One 

I tem S 1  S2 S3 S4 ss S6 S7  s s  S9  S 1 0 S l l S 1 2  S l 3  

Mode ED ED PA PA ED PA ED ED ED PA ED PA ED 

list  Order 1 2 1 1 1 2 2 2 1 1 1 2 2 

Sex F F M M F F M M M F F M F 

Chronological Age 1 7  1 5  1 5  1 8  2 5  5 6  1 9  28  20  22  23  22  27  

IQ  42  -- 4 8  5 0  3 0  - - 52 44 53  -- 38 3 3  34 

Visual Discrimina t ion Score 3 1  2 5  3 1  39  35  35 4 1  33  4 1  4 3  2 5  2 5  35  

Word Recognition ( Pre-Test )  0 0 0 4 0 0 0 0 2 2 0 - 2 

Word Ident i f ication ( Pre-Test)  2 0 0 5 0 2 1 2 4 8 2 - 5 

Pic ture-Word Match ( Pre-Test)  0 2 1 6 0 1 4 2 5 5 1 - 1 

Word Recogn i t ion ( Post-Te s t )  0 2 3 8 0 1 3 2 7 8 3 - 5 

Word Iden ti f ication ( Post-Te s t )  1 0 3 8 0 0 3 0 8 8 4 - 8 

Pic ture-Word Match ( Post-Test)  1 1 3 8 1 1 7 1 8 8 5 - 8 

Transfer Test 0 0 4 8 1 0 2 4 7 8 4 - 6 

Retent ion : Word Recogn i t ion 0 0 3 7 0 2 2 1 7 8 2 - 4 

Reten t ion : Word Identif ication 1 0 4 8 0 0 4 2 6 8 6 - 4 

To tal Training Time 7 2  14  7 55  67  1 1 8 1 6 1  94 90 88 59 98 - 94 

Total Number of Attempts  2 32 3 6 1  1 6 2  1 7 3  2 7 1  438  1 70 2 00 160  1 64 1 7 9  - 1 84 

*Missing Data = - - N 
....... 
....... 



Computer Assisted Instruc tion Group 
Raw Score Data : Module One 

Item S 1 4  S 1 5  S 1 6  S 1 7  S 1 8  S 1 9  S20 S2 1 S22  S23  S24 S25  s 26 

Mode PA ED PA PA PA PA ED ED PA PA ED ED PA 

List Order 2 1 2 2 2 1 1 1 1 2 1 2 1 

Sex F F M F F M M M F M F M M 

Chronological Age 1 7  22  19  3 5  1 9  3 2  22  29  23  22  2 1  1 8  2 3  

IQ 4 4  30  -- -- 54 -- 3 7  3 5  4 0  55 42  50  

Visual Discriminat ion Score 3 2  3 1  24  30  38 35 2 3  3 3  34 3 7  3 0  

Word Recogn ition ( Pre-Te s t )  1 0 0 0 0 0 0 0 0 0 0 - 0 

Word Identification (Pre-Test )  2 2 0 2 4 2 6 1 1 1 0 - 0 

Picture-Word Match ( Pre-Test ) 0 0 5 1 4 0 5 1 2 0 0 - 0 

Word Recogn i t ion (Post-Te s t )  1 3 0 2 7 2 6 1 7 3 4 - 0 

Word Iden t ifica t ion (Post-Test )  2 4 1 4 8 3 7 6 7 6 5 - 0 

Picture-Word Match ( Po s t-Tes t )  0 0 2 0 8 5 8 3 7 6 8 - 2 

Transfer Test  2 1 1 0 7 3 8 2 8 3 5 

Reten t ion : Word Recogn it ion 0 0 1 2 7 - 7 0 7 3 3 - 2 

Retent ion : Word Identification 1 0 0 2 6 - 8 1 7 2 4 - 3 

Total Training Time 8 7  1 54 1 00 6 2  4 9  5 7  8 4  1 38 5 4  7 5  95  - 94 

To tal Number o f  At tempts  2 5 2  2 8 3  3 1 1  207  1 6 2  160  1 66 335 1 60 28 1 1 96 - 1 98 
N 
...... 
N 



Item 

Word Recognit ion (Pre-Tes t )  

Word Iden t i f ication (Pre-Tes t )  

Picture-Word Match (Pre-Tes t )  

Word Recognit ion (Pos t-Te s t )  

Word Identificat ion ( Po s t-Tes t )  

P ic ture-Word Match (Post-Tes t )  

Transfer Test  

Retent ion : Word Recognit ion 

Re tent ion : Word Identificat ion 

Total Training Time 

Total Number o f  Attemp t s  

Computer Assisted Instruc t ion Group 
Raw Score Data : Module Two 

S 1  S2  S 3  S4 ss S6 S 7  

- 0 0 - 0 1 0 

- 1 0 - 1 4 1 

- 1 1 - 0 1 3 

- 0 3 - 2 0 3 

- 0 3 - 1 4 6 

- 4 3 - 3 1 5 

- 2 4 - 3 4 4 

- 0 5 - 0 3 2 

- 1 4 - 1 4 3 

- 1 4  7 55  - 1 4 2  106 1 1 4 

- 339  162  - 2 90 280 1 64 

ss  S9 S 1 0  s 1 1  S 1 2  5 1 3  

2 0 2 0 0 1 

3 7 8 6 1 3 

5 8 6 3 1 2 

8 8 8 7 2 6 

7 8 8 8 4 8 

8 8 8 8 4 8 

5 6 6 6 6 5 

5 8 8 8 4 6 

8 8 8 8 4 6 

1 09 1 1 3 54 1 1 9 8 1  1 14 

165  1 6 6  1 60 1 66 1 9 7  1 65 
N 
...... 

w 



Computer Ass isted Ins truc tion Group 
Raw Score Data : Module Two 

I tem S l4 S l 5  S l 6  S l 7  S l 8  S l 9  

Word Recognit ion (Pre-Tes t )  0 0 0 0 0 -

Word I dentification (Pre-Te s t )  4 0 0 2 8 -

Picture-Word Match (Pre-Tes t )  1 0 1 3 5 -

Word Reco gnit ion (Po s t-Tes t )  0 1 2 0 8 -

Word Iden t ification ( Po s t-Tes t )  2 2 3 0 8 -

Picture-Word Match (Pos t-Test ) 4 4 0 1 8 -

Tran sfer Tes t  3 3 0 1 6 -

Retent ion Tes t : Word Recognit ion 4 2 1 1 6 -

Retent ion Test : Word Identif ication 2 4 0 0 8 -

Total Tra ining Time 1 6 1  1 65 1 1 3 9 5  5 1  -

To tal Number o f  Attemp ts  340  249  395  2 5 0  160  -

S20 S2 1 S22  S2 3 S24 S25  S26  

- 0 - 0 1 0 

- 0 - 0 4 5 

- 0 - 0 3 1 

- 1 - 0 7 5 

- 5 - 1 8 6 

- 3 - 6 8 4 

- 1 - 1 4 4 

- 0 - 0 6 2 

- 3 - 1 8 4 

- 1 60 - 80 1 1 0  1 3 1  

- 332  - 306 1 64 2 2 4  
N 
,_. 
.s;,.. 



Item 

Mod e  

List Order 

Sex 

Chronological Age 

IQ 

Visual Discriminat ion Score 

Word Recognition (Pre-Test)  

Word Identification ( Pre-Tes t )  

Picture-Word Match ( Pre-Test ) 

Word Recognit ion (Post-Te s t )  

Word Identification (Post-Tes t )  

Pic ture-Word Mat ch (Post-Tes t )  

Trans fer Tes t  

Re tention : Word Recognit ion 

Retent ion : Word Identif icat ion 

Total Tra ining Time 

Total Number  o f  Attemp t s  

Ind ividual Ins truc t ion Group 
Raw Score Data : Module One 

S l  S2 S3 S4 

PA PA PA ED 

2 2 1 2 

F · F  M F 

22  2 5  3 1  1 9  

4 1  

2 9  4 5  36 30 

1 

0 

0 

1 

1 

2 

2 

1 

0 

0 

0 

1 

2 

4 

1 

2 

0 

2 

0 

5 

1 

4 

3 

5 

3 

5 

0 

3 

1 
5 

5 

4 

4 

0 

1 

SS  S6  S7  S8  59  

ED  PA ED  ED  PA 

2 1 2 2 1 

F F M F F 

1 9  2 6  2 8  1 9  28  

55  4 5  3 0  4 5  

30 30 28 3 7  4 3  

3 

6 

4 

8 

7 

8 

4 

6 

4 

0 

0 

0 

4 

4 

8 

4 

3 

5 

0 

2 

2 

0 

0 

3 

2 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

2 

2 

6 

5 

5 

8 

8 

7 

1 34 60 8 7  95  65 54 72  6 1  5 1  

606 1 92 2 7 3  284 1 7 6  160  2 14 1 98 160  

S l O 

PA 

1 

M 
26 

4 0  

2 5  

0 

0 

0 

3 

2 

2 

1 

1 

2 

203 

449 

S l l  

PA 

2 
F 

22  

30 

38 

0 

0 

0 

2 

0 

0 

1 

7 5  

3 1 9  

S l 2 

PA 

1 

F 

1 7  

3 7  

8 

6 

6 

8 

8 

8 

4 8  

1 66 

S l 3  

PA 

2 

M 

1 6  

5 0  

3 8  

0 

0 

1 

2 

0 

1 

1 

0 

2 

38 

1 93 
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Ind ividual Instruc t ion Group 
Raw Score Data : Module One 

Item S 1 4  S 1 5  S l 6  S l 7  S l 8  S 1 9  S20 S2 1 S22 S23 S24 S25 s Z6 

Mode ED ED ED ED ED ED ED PA ED PA ED PA PA 

List  Order 1 2 1 2 1 1 1 2 1 1 2 2 2 

Sex M M F F M M F M M F F M M 

Chronological Age 28  20 3 1  1 5  2 6  33 23  20  33 20 20  43  24  

IQ  -- 38 -- 4 6  4 3  4 8  -- 36 30 32  -- 5 1  38 

Visual Discriminat ion Score 2 5  4 3  2 6  3 8  3 9  23  28 26 32  29  25  30 34 

Word Recognition (Pre-Te s t )  0 1 0 - 2 0 0 0 0 0 0 0 0 

Word Identification (Pre-Te s t )  3 1 0 - 6 0 1 2 0 1 2 4 0 

Pic ture-Word Match ( Pre-Tes t )  2 1 0 - 5 0 0 1 2 0 5 0 2 

Word Recognition (Pos t-Test ) 6 3 4 - 8 6 3 1 1 0 0 1 1 

Word Iden t i fica t ion (Pos t-Test)  5 2 5 - 8 3 0 0 1 0 0 0 1 

P ic ture-Word Match (Post-Test)  1 3 2 - 8 - 3 0 2 0 - 0 2 

Transfer Tes t  3 4 1 - 8 3 0 2 3 0 0 0 1 

Re tent ion : Word Recogn i t ion 0 1 0 - 5 2 0 1 2 0 0 0 0 

Reten tion : Word  Iden t i f ication 4 3 2 - 7 4 2 1 1 0 2 0 2 

Total Training Time - 1 00 - - - 1 00 - - - 6 7  4 2  9 5  125  

To tal Number o f  Attempts  226  209 183  - 1 7 0  1 84 3 1 0  1 60 466  2 3 1  1 8 9  3 7 6  2 32 

N 
...... 
"' 



Item S l  

Word Recognit ion (Pre-Tes t )  0 

Word Ident i f ication ( Pre-Test )  2 

Picture-Word Match ( Pre-Te s t )  1 

Word Recognition (Post -Te s t )  1 

Word Iden t i ficat ion (Post-Tes t )  3 

Picture-Word Match ( Post-Test )  1 

Tran s fer Test  0 

Reten t ion : Word Recognition 1 

Reten t ion : Word Identificat ion 0 

Total Training Time 88  

To tal Number o f  Attempt s  4 09 

Individual Instruc t ion Group 
Raw Score Data : Module Two 

S2 S 3  S 4  s s  S 6  

3 0 0 2 0 

3 3 1 4 0 

1 5 1 6 2 

4 6 1 5 7 

5 6 2 5 7 

6 9 2 8 8 

5 5 4 5 6 

4 4 2 6 1 

7 8 4 7 3 

4 1  5 7  25  73  50  

S 7  

0 

3 

1 

2 

3 

3 

1 

4 

2 

96  

1 7 2  1 9 7  3 1 5  1 84 1 62 262  

S8  S9  S l O S l l S 1 2  S l 3  

0 2 0 0 6 0 

1 7 2 0 8 0 

0 4 0 0 6 1 

0 8 0 1 8 0 

0 8 1 1 8 1 

1 8 5 - - 3 

1 5 1 1 5 0 

0 7 1 0 - 0 

2 8 3 2 - 4 

84 4 5  1 2  7 1 1 3  4 1  24  

264  1 62 395 456  160  2 7 6  

N 
...... 
-...J 



Item 

Word Recognition (Pre-Test )  

Word Ident ification ( Pre-Tes t )  

Picture-Word Ma tch (Pre-Te s t )  

Word Recognition (Po s t-Test )  

Word Ident ifica t ion (Post-Test )  

Picture-Word Match ( Po s t-Test )  

Transfer Test 

Re tent ion : Word  Recognition 

Retent ion : Word Ident ification 

To tal Tra ining Time 

To tal Number o f  At tempts  

Individual Instruction Group 
Raw Score Da ta : Module Two 

S 1 4  S 1 5 S 1 6  S 1 7  S 18 

0 0 0 3 4 

2 0 0 1 8 

1 0 0 6 8 

1 5 0 8 8 

3 6 1 8 8 

1 5 0 8 8 

2 5 2 6 6 

0 2 0 7 8 

0 6 1 8 8 

- 1 24 - 24 -

2 1 6  2 0 1  2 1 9  1 8 6  1 6 6  

S 1 9  

0 

2 

1 

4 

6 

-

2 

2 

4 

-

188 

S20  S 2 1  S22 S23  S24  S25 S26  

0 0 0 0 0 2 0 

1 1 0 0 0 1 4 

0 1 0 l 2 1 1 

2 4 2 0 1 2 1 

3 5 0 3 8 0 2 

- 8 2 0 - 0 2 

2 2 3 1 3 2 3 

2 5 0 1 l 0 l 

1 6 4 0 3 1 2 

- 6 7  - 4 9  6 0  1 09 1 82 

2 5 3  1 64 3 1 5  2 14 2 0 1  462 289  
N 
,_. 
00 
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