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Abstract 

This thesis investigates short term memory processing 

in orally and manually trained deaf children, as well as in 

hearing controls. The first two experiments used visual 

presentation of four- and five-letter sequences. Results 

were analyzed in terms of the rehearsal strategies, encoding 

processes and confusions. The results showed not only that 

the deaf were inferior to the heari.ng, but that they encoded 

verbal material differently. Both deaf groups, in contrast 

to the hearing group who relied mainly on articulatory 

coding, made extensive use of visual coding with four-letter 

sequences. The evidence also suggested that with the five

letter sequences, the orally-trained group used articulatory 

as well as visual coding, whereas the manu al group utilized 

some other secondary code, which May have been based in part 

on kinaesthetic cues. The third and final experiment studied 

the comparative performance of deaf and hearing children on 

recognition of pictures of faces. For this task, the deaf 

were superior to the hearing controls. The implica:tions of 

these findings for short term memory theorists and deaf edu

cators"are discussed. 
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PREFACE 

The main contribution of this thesis is to show that, 

in short-te~ recall of visually presented letters, pro

foundly deaf children rely mainly on a visual shape code, 

unlike normal hearing chi1dren who rely primarily on an 

articulatory code. However the deaf do make some use of 

additional codes for longer sequences; those trained in 

oral communication methods show some evidence for articu-

latory coding, while those taught by manual methûds seem 

to use a code based in part on finger-spelling movements. 

These findings have implications concerning both the 

nature and variety of coding processes in short-term memory, 

and the conceptual capacities of the profoundly deaf. 
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INTRODUCTION 

This thesis is concerned with how the deaf encode 

items in short term memory. The topic combines at least 

two separate lines of research, that on cognitive processes 

and handicaps in the deaf, and that on encoding of items 

in short term memory in normal hearing subjects. Conrad 

(1962, 1964, 1970, 1971; Conrad & Rush, 1965) foresaw that 

these apparently disparate areas of research could contribute 

to each other. The research presented in this thesis at

tempts to extend and refine his pioneering work. 

Early in the la.st decade, it was found that normal 

hearing subjects often made what appeared to be acoustic 

confusions in short term recall of verbal items, even if 

the items·· were presented visually (Conrad, 1964; Sperling, 

1963). This suggested that short term memory May be medi

ated, at least initially, by some acoustic code. More 

recent studies suggested that the code May be articulatory 

(Hintzman, 1965, 1967) or so~e abstract verbal code (Wickel

gren, 1966). They also raised the question of how the 

profoundly deaf would encode in short term memory, since 

presumably they are deprived of auditory encoding mechanisms. 

This question deals with issues both in deaf research and 

memory research. In deaf research, for example, among the 

MoSt pervasive questions in the literature (Conrad, 1970; 

Furth, 1966) are: How do the deaf encode? How do they 

think? The technique of studying confusions in short term 
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reca11 provides a potentia1 way of approaching this prob1em, 

at 1east in the context of short term memory. Comparison 

of the coding processes in deaf and hearing subjects shou1d 

provide information on the codes avai1ab1e, and how they 

differ from each other. 

Conrad and Rush (1965) and Conrad (1970, 1971) have 

pioneered research on short term encoding in the deaf. Their 

data indicates that the deaf encode different1y from norma1s, 

a1though they do not c1ear1y indicate what characterizes 

the code or codes used by the deaf. This research attempts 

to extend and refine theirs, hoping to provide some more 

exp1icit answers. However, before introducing this research, 

it wi11 be usefu1 to review the re1evant background, both in 

research with the deaf and in research on norma1 memory pro

cesses. In addition, the communication methods used in deaf 

instruction wi11 be brief1y described, since they cou1d have 

some bearing on the manner in which the deaf encode items 

in memory. 

Methods of Deaf Communication 

The main purpose of this section is to describe the 

principa1 methods in communicating with the deaf. For a 

more extensive historica1 review the reader is referred to 

Bender (1960), Best (1943), De1and. (1968), Merritt (1965) 

and Quig1ey (1969). 

Basica11y, there are three different communication 

methods used in deaf education in North America; name1y, the 
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Oral method, the Rochester method, and what could be called 

the Total Communication method. 

The Oral. Method 

Under this method the child is instructed through 

speech and written work. The deaf subject communicates 

through speech, speechreading, writing and reading. Speech

reading (al.so known as lipreading) is the process of oral.l.y 

understanding another individual by observing only visual. 

cues. These visual. cues are mainl.y the movement of the 

lips, tongue and jaw, but al.so incl.ude the facial muscles. 

Davis and Sil.verman (1967) state that !lAt the present 

time 85% of children enrol.led in schools for the deaf are 

reported to be instructed by the Oral method of communi

cation at l.east in their earl.y years. Il .[P. 39l.J. Oral.ists 

assume that this method of instruction gives the chil.d an 

easier adjustment to a normal. hearing world. In practice, 

many school.s which do have good oral. programs permit, or 

at l.east do not restrict, the use of manual. communication 

outside the cl.assroom. 

The Rochester Method 

This method is simil.ar to the above method in that it 

uses speech, speechreading, writing and reading as means 

of communication. The important difference is that finger 

spel.l.ing is used as an additional. means of communication. 

In other words, both finger spelling and speech are combined 

simultaneously in instruction--finger spell.ing itself is not 
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a 1anguage. It uses certain hand and finger positions to 

designate the various 1etters of the written a1phabet of a 

1anguage (see Appendix A). In the United States and Canada 

a one-handed system is used, whi1e in Eng1and and Scot1and 

two hands are used to designate the alphabet. The two handed 

system is supposedly a s10wer Methode The American alphabet 

(see Appendix A) is made up of nineteen distinct configur

ations. The seven remaining 1etters of the a1phabet are 

formed either by different positioning or motion of an al

ready existing configuration. In finger spe11ing, the words 

run together without any pause or other indication for punc

tuation or capita1ization. The general ru1e in manual 

spe11ing is to h01d the hand with the pa1m toward the person 

or persons being addressed. 

This method was introduced into the Rochester school 

in 1878 by Zenos Westerve1t, and was used in a11 grades at 

that school unti1 the 1940's. It was then abandoned in the 

primary grades, or unti1 the chi1d reached twe1ve to thir

teen years of age, because it was thought that wartime 

improvements in amplification techniques wou1d enab1e teachers 

-to deve10p whatever hearing capacity a chi1d might have, 

especia11y in the ear1y stages of development. However, no 

substantial evidence was ever presented to support the view 

that this revised program was effective. 

Hence, the Rochester method now rare1y exists in a tota1 

school environment in pure forme In fact, it is often 
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This method is like the Rochester method, except that 
manual signs are added as well. The language of signs is 
often abstract (Boese, 1968). It makes use of manual ges
tures or signs, to convey concepts rather than words. Best 
(1943) argued that although sign language is referred to as 
"manual, Il it actually invol ves movement and interpretation 
of body, face, head, arms and hands. 

Sign language has become universally accepted as a 
language for the deaf. As in verbally expressed languages, 
there are dialects. For example, the same concept in sign 
language may be represented differently from deaf community 
to deaf community. However, while sign language may contain 
the essential elements of a language, it does differ from 
the English language, at least in symbolic and syntactic 
structure (Stokoe, 1960, 1965). 

Recent Developments 

Much of the literature on the different communication 
methods has been merely polemical, advocating one or other 
method without any attempt at objective eva1uation. Recently, 
however, there have been sorne comparative studies (e.g., 
Meadows, 1967; Quig1ey, 1969; Quigley & Frisina, 1961; 
Stevenson, 1961; Stuckless & Birch, 1966). All showed the 
overa11 superiority of manual1y trained deaf children on 
8uch tasks as reading and written language. However, univer-
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sa1 acceptance of even these resu1ts has not been attained. 

This sta1emate wi11 remain true so 10ng as educators of the 

deaf see the issue as pure1y an ora1 versus manua1 contro

Yersy. Unti1 educators examine the issue as a combined ora1 

and manua1 approach in contrast to on1y ora1 techniques, 

the controversy wi11 not be dea1t with rationa11y. 

Perhaps the strongest c1aim for a particu1ar method has 

come from Morkovin (1968) who argued that the use of 

"dacty1ic" (i.e., manua1) 1anguage from preschoo1 1eve1 ai.ds 

ora1 ski11s. He c1aimed that deaf chi1dren in the U.S.S.R o , 

when trained by his method, attain a 1eve1 of vocabu1ary 

which far exceeds the vocabu1ary of a typica1 deaf chi1d 

trained by other methods. However, as Quig1ey suggests 

(1969, p. 9), the vocabu1ary counts reported by Morkovin 

May not be re1iab1e. A1so, considering the fact that Many 

changes took p1ace in the curricu1um of the deaf in the 

U.S.S.R. at this time, it is hard to ascertain exact1y how 

much was due to finger spe11ing and how much to curricu1um 

changes. Hence, the controversy about methods sti11 remains 

unsett1ed. In fact, Many schoo1s use a combination of 

methods, which is partia11y caused by the 1ack of any con

c1usive research regarding the best method to use in deaf 

instruction. 

Short-term Memory 

The experimenta1 investigation of short-term memory 

(STM) is a re1ative1y recent phenomenon which probab1y owes 

.. , 
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its origins chiefly to Broadbent (1958) and Hebb (1949). 

Both authors have argued that STM and 10ng-term memory (LTM) 

depended upon fundamentally different processes. STM sup

posedly depended upon active processes that were subject to 

rapid decay if rehearsal did not occur. By comparison, LTM 

was thought to be structurally encoded, associative and more 

susceptible to interference than decay. 

Although some authors, such as Melton (1963) opposed 

the distinction between STM and LTM, it became general1y 

accepted. Further, intensive research within the area of 

STM also indicated the need for a distinction between sensory 

storage (called " p re-perceptual11 by Broadbent, 1963; or " p re

categorical" by Crowder &' Morton, 1969) and memory for items 

that have been categorized. The term STM is now MOSt commonly 

applied to the latter and excludes sensory storage. 

Most recent models of human memory thus suggest three 

different modes of storage: sensory storage, STM and LTM 

(e.g., Atkinson &' Shiffrin, 1968; Crowder &' Morton, 1969; 

Neisser, 1967; Sperling, 1963, 1967). One of the exceptions 

to this tripartite division is Wickelgren's (1970) model 

which postulates an intermediate term storage between STM 

and LTM, making four different modes of storage. 

Sperling's (1969) work perhaps did MOSt to establish 

the concept of sensory storage in the visual modality. 

Sperling advocated a visual information storage of very brief 

duration (less than 500 msec.). Neisser (1967) termed this 



"iconicfl memory. Although there are indications that an 

auditory equivalent exists (Sperling, 1963), it is not so 

weIl documented. Neisser distinguishes between the two 

modalities by calling auditory memory uechoic"ft 
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Much of the early work on STM was concerned with whether 

or not it is subject to spontaneous decay over time, or 

whether it obeys the laws of interference (cf. Melton, 1963)" 

However, since sensory memory was isolated as a distinct 

component of memory, separate from STM, the research emphasis 

has changed. One main area of interest concerns the nature 

of the coding processes in STM. Early evidence suggested 

that STM was mediated by an acoustic code, even if the 

items to be recalled were presented visually (Conrad, 1964; 

Sperling, 1963). This point is of major importance to 

this thesis, and will be discussed in detail later in this 

section. 

The current views on LTM will not be discussed in de

tail here, since they are of little relevance to this thesis. 

Suffice it to say that Atkinson and Shiffrin (1968) have 

argued that with long-term storage the major problem is 

that of retrieval since material in this storage system is 

essentially permanent. Other researchers have argued for 

the role of semantic coding in LTM, in contrast to acoustic 

coding in STM (Baddeley, 1966; Dale & Gregory, 1966; Kintsch 

& Buschke, 1969; Neisser, 1967; Norman, 1969). 
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Two further issues of centrai relevance to this thesis 

need also to be considered in this section. They are first, 

what is the nature of visual storage? and second, what is 

the nature of the &~diating code in STM? 

What is the Nature of Visual Storage? 

Most models of human memory imply that visual memory 

only exists at the level of sensory memory. This appears to 

be too simple an assumption to make as severai widely varying 

values of the duration of visual storage have been given 

(Averbach & Coriell, 1961; Mackworth, 1963; Posner & Keele, 

1967; Posner, Boies, Eichelman, & Taylor, 1969; Sperling, 

1960, 1963). The duration of the visual image may vary with 

the conditions of exposure, between individuals and with 

appropriate variations of the post-exposure conditions. 

While not aIl visual information is subject to the same 

decay (Dick, 1967), it is conceivable that both different 

materials and different tasks (for example, search or recall) 

require different encoding strategies but similar processing 

mechanisms (Clark, 1969; Standing & Haber, 1968). As recent 

evidence has suggested that storage of visual attr~butes may 

last longer than pure iconic storage (Clark, 1969; Cohen, 

1969; Dick, 1969), it seems appropriate to make a theoretical 

distinction between a visual image (of very brief duration) 

and storage of visual attributes. It is not clear whether 

this storage of visual attributes is pre-attentive or 

whether it represents storage at the level of STM o There 

-\ 
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is evidence for a pure1y visua1 component in STM (Cermak, 

1971; Hi1es, 1971) and the resu1ts of this thesis wi11 a1so 

suggest that the deaf re1y extensive1y on thie component. 

Haber (1965) and Standing, Haber, Cata1do, and Sa1es 

(1969) have both emphasized that visua1 storage was certai.n1y 

affected by such factors as know1edge of the stimu1us and 

pas"c experience with the stimulus conditions. Recent evi

dence (Bahrick & Boucher, 1968; Kr011, Parks, Parkinson, 

Bieber, & Johnson, 1970; Shepard, 1967) has shown that visua1 

storage can be retained for 10nger durations than previous1y 

acknow1edged, if recognition measures of retention or 

shadowing tasks are used. For examp1e, Shepard (1967) 

asked §s to 100k through a series of approximate1y 600 sti

mu1i. The stimu1i used were either words, sentences or 

pictures. The Median §s were ab1e to recognize the initia1 

stimu1us presented with 90%, 88%, or 98% accuracy for the 

respective test series. This informationa1 and tempora1 

capacity for visua1 memory considerab1y exceeds previous 

estimates for storage in this moda1ity. 

What is the Nature of Encoding of Items in STM? 

Conrad (1962, 1964) observed an acoustic dimension in 

confusion errors in short term reca11. This was supported 

by Badde1ey (1964, 1966, 1970), Conrad and Hu11 (1967), 

Da1e (1964) and Wicke1gren (1965a). Whi1e an acoustic co ding 

system was used under these experimenta1 conditions, it is 

conceivab1e that other codes May be used under other conditions. 

-, 



From a 10ng series of studies, Wicke1gren (1965a, 

1965b, 1965c, 1965d, 1966a) argued that a distinctive 

" features system with three dimensions, name1y, nasa1ity, 
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voicing and openness of the voca1 tract, cou1d predict the 

phonemic errors in immediate memory. However, regarding 

the nature of the actua1 code used in STM (whether it was 

acoustic or not) Wicke1gren cou1d not be specific o 

Another series of studies (Co1e, Haber, & Sa1es, 1968; 

Co1e, Sa1es, & Haber, 1969; Sa1es, Haber, & Co1e, 1968; 

Sa1es, Haber, & Co1e, 1969; Sa1es, Co1e, & Haber, 1969) 

rep1icated and extended Wicke1gren's findings. The overa11 

resu1ts showed that Wicke1gren's distinctive feature system 

was inadequate to predict how vowe1s were encoded under 

Many conditions. These findings substantiated ear1ier 

criticisms of Wicke1gren's work by Liberman, Cooper, and 

Shankwei1er, and Studdert-Kennedy (1967). 

Hintzman (1965, 1967) observed when §s were presented 

with phonemica11y simi1ar 1ists that they subvoca11y named 

the visua1 stimu1us, which produced sma11 movements and 

tensions in the voca1 apparatus. According to Hintzman, 

this pro duces kinaesthetic feedback which is monitored for 

retrieva1 processes. Furthermore, Hintzman argued that 2s 

remember whether a consonant was voiced or unvoiced, and 

a1so the p1ace of articu1ation. Hence, Hintzman argued for 

an articu1atory, rather than an acoustic coding mechanism in 

STM. 
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Hintzman's conc1usions. Wicke1gren questioned Hintzman's 
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. exc1usive use of Mi11er and Nice1y's (1955) data, and more

over Hintzman's assumption that auditory confusion matrices 

ref1ect on1y audit ory coding o In conc1usion, Wicke1gren 

argued that the nature of the code used for items in STM 

cou1d be some ftabstract verba1 coden just as easi1y as it 

cou1d be either acoustic or articu1atory. 

Recent1y, researchers have emphasized the tempora1 

characteristics of the auditory components of storage, decay 

and retrieva1 in STM (Adams, Thorsheim, & McIntyre, 1969a, 

1969b; Badde1ey, 1968; Johnson & Chamber1ain, 1970; Sper1ing, 

1968). Adams et a1. cha11enged the effects of acoustic 

confusabi1ity when they found tha~ acoustic confusabi1ity 

on1y occurred if sequentia1 presentation was used, if the 

retention interva1 was short (1ess than 5 sec.), and if 

some proactive inhibition was present. 

Other research has questioned whether auditory coding 

exists at a11. Kap1an, Yonas, and Schurc1iff (1966) found 

no effect of acoustic confusabi1ity and this was substan

tiated by Chase and Posner (1965), Dainoff and Haber (1967), 

G1ucksberg, Fisher, and Monty (1967), Hershenson (1969), 

and Kee1e and Chase (1967). However, Dainoff (1970) argues 

that these particu1ar experiments May not have been suffici

ent1y powerfu1 to demonstrate whether or not acoustic co ding 

need existe 
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At the present moment, Many questions remain unanswered. 

It seems quite p1ausible that verba1 and non-verbal storage 

are quite different. Neither verba1 nor acoustic encoding 

May be necessary under a11 experimental conditions, but 

under certain conditions verbal May be more efficient, par

ticularly where verbal recall is required. 

Memory in the Deaf 

Genera1ized Deficits 

As research on the deaf has been extensive1y reviewed 

e1sewhere (Furth, 1964, 1966, 1971; Myklebust, 1964; Pinter, 

Eisenson & Stanton, 1941; Vernon, 1968, 1969), only aspects 

related to the experiments reported later will be reviewed 

here. 

Natura11y~severe hearing 10ss from an early stage re

sults in language deficiencies (Pintner, 1917, Pintner & 

Paterson, 1916; Reamer, 1921). In fact, there was a ten

dency to regard language impairment as the only respect in 

which deaf and hearing differed cognitively, a1though it is 

now c1ear that this was an oversimplification. Deficits in 

language are not the result of deafness per ~, but a 1ack 

of appropriate verba1 stimulation, since marked improvements 

in 1anguage tasks have been observed when special efforts 

have been made to overcome the communication problem 

(Ewing, 1957; Fry, 1966; Whetnal1 & Fry, 1966). 

However, if the deaf do not receive early experience 

with language, they May deve10p their own systems of symbo1ic 
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representation which may actual1y impede later development 

of speech (Boese & Cicourcel, 1971). Thus Blanton (1965), 

studying early communication patterns in the deaf, has 

drawn a parallel between the learning of a first language 

by the deaf and learning of a second language by the hearing. 

According to Blanton's hypothesis, the deaf individual learns 

language essentially by a process in which he translates his 

own symbolic representations into the oral language of the 

community. 

The limited communication systems used by the deaf may 

also hinder their level of thinking. Oléron (1953) suggested 

that the deaf operate predominantly on a perceptual level. 

When tasks become more "abstract , fi the deaf may be unab1.e to 

conceptualize the problem. Mc}~drew (1948) hypothesized 

that the mental and social isolation of a deaf environment 

causes greater rigidity in their observed behavior. Even 

in object sorting tasks the deaf (when compared to blind 

and normal) needed more instruction before changing their 

ways of sorting. These results have been supported by 

Oléron (1953), who proposed that the deaf cannot change 

categorizing behavior because operating on a perceptual 

level, they do not perceive the distinct attributes neces

sary for shifting criteria for grouping. However, the 

question of the rigidity of deaf categorization is not 

settled, as Heider and Heider (1940) found that the deaf 

change categories as readily as hearing subjects. 
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Specifie Deficits 

It has been clearly established that the deaf have a 

shorter memory span than normals (Pintner & Paterson, 1917). 

However, they are not necessarily poorer in aIl memory 

tasks. For example, Blair (1957) compared carefully selected 

samples of deaf and hearing ~s on a variety of tasks, and 

found the deaf to be superior on the Knox cube test (Knox, 

19l4) and on a test of immediate pattern recognition (Graham 

& Kendall, 1946). However, they were inferior on memory 

span tasks. One interesting finding was that the deaf com

pared to hearing children, were better on reverse digit span 

than on forward digit span. 

The difficulty that the deaf experience in memory tasks 

may be due to their inability to rehearse effectively, which 

in turn seems to be related to their linguistic deficiencies, 

which have been summarized above. For exampl~Goetzinger 

and Huber (1964) found that deaf and hearing adolescents 

performed similarly in recall of geometric figures, but 

that the deaf were worse in delayed recall. Again, Withrow 

(1968) found no difference between various groups of deaf 

~s, and a hearing group in recall of silhouettes or geometric 

and random forms presented simultaneously, but the hearing 

~s were superior when the stimuli were presented sequentially. 

The deaf appearnot to possess, or at least not to utilize, 

the types of rehearsal mechanisms necessary to take advantage 

of seriaI presentation. 
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Other evidence has suggested that the deaf encode dif

ferent1y from hearing §s. This qualitative difference 

sometimes places the deaf at a disadvantage. For examp1e, 

B1anton and Nunna11y (1967) compared deaf and hearing §s on 

a recognition task. They used CVC trigrams of high and low 

pronounceability (Pr). For high Pr items there was no 

difference between groups. With low Pr items the deaf were 

superior. Blanton and Nunna11y argued that later recall for 

the hearing §s, was hindered by their attempts to pronounce 

the low Pr items. 

This brings us to the work of Conrad. This research 

has examined the coding processes employed by both deaf and 

hearing Ss (Conrad, 1963, 1964, 1970, 1971; Conrad & Hull, 

1964; Conrad & Rush, 1965). Conrad (1964), as reported 

earlier, showed a significant association between immediate 

recal1 errors for six-letter sequences and listening errors. 

Conrad argued that the MOSt acoustically confusab1e letters 

were MOSt likely to be confused in memory. The acoustic 

nature of memory was investigated and confirmed by Conrad 

and Hull (1968). Hence, the early experiments by Conrad 

(using normal hearing §s) established that even with simple 

verbal material, the predominant mode of storage depends 

upon acoustic coding, even if the items are presented visua11y. 

Conrad and Rush (1965) used letters as stimuli with 

established acoustic and visual confusabi1ity (Conrad, 1964; 

Tinker, 1928). Combinations of these stimuli were presented 
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to deaf and hearing subjects. The contro1 group confirmed 

Conrad's (1964) findings when they showed high frequency 

occurrence of acoustic but no more than chance visua1 con

fusions. By comparison, the deaf did not make acoustic or 

spatia11y re1ated errors in reca11. Although the mode of 

encoding for the deaf was not clarified by this experiment, 

Conrad and Rush fe1t that the errors were consistent and 

specific to the group. 

Conrad (1970) extended the ear1ier study. Variable se

quence 1ength (both five- and six-1etter sequences) and 

seriaI position data were studied. Samp1es were taken from 

the fo110wing popu1ation of letters, B C H K L T X Y Z. 

According to Conrad (1970) "the se1ected 1etters rather 

weak1y anticipated both articulatory and shape confusions 

[P. 182J." Two test conditions were used. In one, subjects 

were instructed to read the 1etters si1ent1y. The other 

conditions specified that the stimuli were read a1oud. Con

ditions were alternated every nine tria1s. Results showed 

both specific and what appeared to be random confusions. 

Within the deaf group used in this experiment two mutua11y 

exclusive codes were used. One group showed articulatory 

confusions, while the other group did note Ratings of 

speech qua1ity correlated highly with the above classifi

cation. In other words, the teacher's rating of these 2s 

who could speak weIl, corre1ated highly with whether or not 

the 2 made articu1atory confusions. In a further experiment 
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with these same §s Conrad compared their seria1 learning on 

1ists of homophone word pairs, and word pairs of similar 

shape. The articulatory group had more difficulty with both 

lists, a1though procedural weaknesses (cited by Conrad, 1970 , 

p. 179) hinders any clear interpretation of the data. 

The Present Studv 

Conrad's data (1970) provide some interesting speculations 

on the possible encoding proce~ses of deaf children. The fo1-

lowing experiments attempt to extend and refine Conrad's 

research. 

The first experiment compares groups of normal hearing, 

m~y and ora11y trained deaf on a short-term memory task. 

The digits were visua11y presented in sequentia1 manner and 

immediate reca11 was tested. The second experiment compared 

the encoding processes of both deaf groups when a delay was 

introduced. Presentation and stimuli were otherwise the same 

as in the first experiment. The final experiment compared the 

three groups (deaf groups and hearing controls) on a non-verbal 

recognition task. The stimuli used were human faces. 

The topic of this thesis encompases both the genera1 

area of human experimental psychology and the specifie area 

of deaf education. The main emphasis of this thesis is on 

the former. Whi1e much research has been generated in the 

area of STM since Broadbent (1958) and Sperling (1960), 

Many questions have remained unanswered. Some of the MoSt 

e1usive questions in the area have been concerned with coding 
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in STM. For example, how do individuals encode? Do en

coding strategies vary between individuals? What effect 

does the deprivation of one sensory modality have on en

coding? This thesis is directed towél,zods a more precise 

understanding of these types of questions, and it is hoped 

that the utilization of deaf Ss will provide some valuable 

insights into them. 
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EXPERIMENT 1 

Introduction 

In this experiment, both deaf and hearing children were 

tested for immediate recall of letters presented visual1y 

and sequentially. The main objective was to discover any 

significant patterns of confusions made in recall, in an 

attempt to discern the basis for the memory code utilized 

by the deaf. The present experiment incorporates a 

number of refinements on the earlier studies of Conrad 

(1970) and Conrad and Rush (1965). 

Conrad and Rush (1965) did not control the communica

tion method used by the .§.s. For example, both orally trained 

and finger-spelling .§.S were used without any breakdown ac

cording to Methode This May have been an important variable 

which was overlooked. In Conrad's (1970) experiment al1 

subjects were oral1y trained. In the present experiment 

two groups of deaf Ss from two different teaching methods 

were used. One group was purely orally trained and the 

other group trained under the Rochester Methode 

Another innovation in this study was in the choice of 

stimuli. Previously, with normal hearing subjects the 

material used was acoustically or visually confusable. 

Conrad and Rush reported that the deaf did not make acoustic 

errors in recall. While they could not identify the coding 

method used, they believed the errors were both consistent 

and specific to the deaf. They hypothesized that the deaf 

',' 
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subjects may have been using shape cues. The present experi

ment investigates the r01e of shape cues by comparing the 

pattern of errors among upper case 1etters with that of 

errors among the same 1etters in 10wer case. The actua1 

1etters chosen were those judged to differ most in shape 

between cases (see be10w, under Test Materia1s). Any 

marked differences in the patterns in the two cases wou1d 

suggest shape coding, since it is on1y with respect to shape 

that the cases differ. On the other hand, simi1arities in 

the patterns cou1d resu1t from either acoustic, articu1atory, 

or finger-spe11ing codes, in Which the difference between 

cases is not represented. 

Fina11y, the present experiment used two groups of deaf 

Ss, one chron010gica11y o1der than the other. This was to 

estab1ish whether or not the 01der deaf group wou1d perform 

at a 1eve1 of younger hearing contr01s--a common conc1usion 

when quantitative comparisons are reported in the 1iterature 

(e.g., Kates, Kates, & Michae1, 1962). 

Method 

Subiects 

There were three groups, two deaf and one hearing, each 

consisting of four boys and four gir1s. 

1. Ora1 Deaf Group. This group of deaf chi1dren were 

aged between 11 years 2 months and 14 years 1 month at the 

time of testing. Over the speech range of frequency a11 

subjects had a hearing 10ss greater than 75 d.B. in the 
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better ear. This group had been taught solely by the oral 

method. 

2. Manual Deaf Group. This was an older deaf group 

whose age range was 14 years 8 months to 27 years 2 months 

(although aIL but one was under 20) at the time of testing. 

The hearing loss of this group satisfied· the same criterion 

as that of the Oral Deaf Group. This group had been taught 

by manual methods although the use of the Rochester Method 

had recently been encouraged in the school. 

3. Normal Hearing Group. This was a group of normal 

hearing children within the same age range as the Oral 

Deaf Group. The I.Q. range of this group was 100 to 122. 

Test Materials 

The stimuli used for this experiment were the ten 

letters of the alphabet whose representation in upper and 

lower case were judged MoSt different. The letters chosen 

were taken from Letraset No. 207, and included: A, B, D, 

E, G, H, N, Q, R, T; and a, b, d, e, g, h, n, q, r, t. 

Note that the 10wer-case letter " q U was written without a 

tail, which May explain why, as we shall see, Many 2S con

fused the lower case "q" with the "gu. 

Sequences were constructed so that no let ter occurred 

twice in any sequence and in such a way that each letter 

occurred equally often in each seri al position. Four series 

of 60 trials were conducted for each group. Two of the 

series consisted of four-letter sequences, one in upper and 
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the other in lower case. The other two series consisted of 

five-letter sequences, also in upper and lower case. The 

order of presentation of the series was counterbalanced 

within each group with respect to both case and sequence 

size. 

Test Procedure 

The instructions were typed and handed to each student 

individual1y. The class teacher of the respective deaf 

groups also communicated the instructions either orally or 

in manual language, as appropriate. Furthermore, each sub

ject received four practice trials in which he wrote down 

and named the letters recalled. Bach subject was pretested 

to ensure that he could name and distinguish each letter. 

The stimuli were projected from a Carousel projector 

at the rate of one slide every 1.1 sec. The ten letters 

from Which the sequences were drawn were displayed through

out in the appropriate case, under the projector screen. 

The purpose of this was to ensure, as far as possible, that 

any confusions made were restricted to the letters used in 

the experiment. Subjects were encouraged to guess when not 

sure of any particular letter. 

Subjects wrote their recall on prepared answer sheets. 

There was a separate box for each serial position. They 

were instructed to wait until the final letter had been pre

sented before beginning to write. 
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Scoring 

The raw data were scored for number correct and for 

confusions. Both were tabulated according to two different 

criteria, an ordered-recall and free-recall criterion. 

1. Ordered Recall. According to this criterion, a 

letter was only scored correct if it was in the appropriate 

serial position. Bach incorrectly recorded letter was scolC"ed 

as a confusion with the letter that should have been written 

in the box in which it appeared. For example: If the 

actual sequence presented was D G R T and the subject res

ponded D Q T R only the D was scored correct, while Q T R 

were tabulated as confusions with G R T respectively. Note 

that order errors are tabulated as confusions, which is a 

possible weakness of this scoring procedure. 

2. Free Recall. Under this scoring method order 

errors did not register as confusions. A reported letter 

was only labelled incorrect if it had not appeared somewhere 

in the stimulus sequence. If only one letter was incorrect, 

it was said to be confused with the missing letter from the 

report. If several letters were incorrect, they were matched 

first on the basis of serial position, then on the basis of 

order. For example, if § was presented with a sequence A B 

D G and wrote down G B R N, both the R and the N would be 

judged incorrect. On the basis of serial position, the R 

would be scored as confused with the D, and the N would be 

scored as confused with A. If § saw G H A R and wrote R N 

H T then N and T are incorrect. However, they are matched 
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according to seria1 position with 1etters which were correct1y 

recorded. On the basis of seria1 order then, the N wou1d be 

judged as confused with G and the T with A. This scoring 

method is inevitab1y somewhat arbitrary. For instance, in 

the examp1e just given, it might p1ausib1y be argued that 

the N was actua11y confused with the H, not with the G. How

ever, there were in fact very few instances which invo1ved 

any ambiguity in scoring. 

Resu1ts 

Number Correct 

Ana1yses of variance were carried out separate1y for 

four- and five-1etter sequences under each scoring.criterion. 

The independent variab1es were groups, case and seria1 posi

tion. The raw data were obtained simp1y by summing the 

number correct over each sequence of tria1s for each seria1 

position. The ana1yses of variance are summarized in Appen

dix C. 

In this experiment, both scoring criteria gave essen

tia11y simi1ar resu1ts. Therefore, statements about resu1ts 

and significance app1y to both criterion measures, un1ess 

there is cause to differentiate between them. When the sig

nificance 1eve1s differ, the higher probabi1ity va1ue is 

given. 

For four-1etter sequences, there were significant dif

ferences between groups (p < .001) and between seria1 posi

tions (p < .001, see Fig. 1). There was a1so a significant 
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interaction between groups and position (p < .01). A signi-

ficant difference was observed when a mu1tip1e comparison was 

performed between deaf and hearing groups, but significance 

was not achieved for a comparison between the Ora1 and Manua1 

deaf groups. An ana1ysis of covariance using age as the co-

variate again revea1ed significant differences between the 

groups, even when the o1dest § in the Manua1 group was removed* 

(p < .01). 

The seria1 position curves for four-1etter sequences are 

shown in Figures 1 and 2. The Norma1 Hearing group and the 

Ora1 Deaf group showed f1atter seria1 position curves than the 

Manua1 Deaf group, which exhibits a sharp primacy effect. This 

comparison between the groups cou1d be contaminated by a 

cei1ing effect which may have f1attened the curve for the 

Norma1 Hearing group. The differences among the groups ap

pear to be 1ess for free than ordered reca11, suggesting that 

the deaf groups may have experienced a sequentia1 ordering 

prob1em, a1though this comparison is possib1y contaminated 

by a cei1ing effect too. 

For five-1etter sequences, there were a1so differences 

betweenogroups (p < .001) and seria1 position (p < .001). A 

significant interaction occurred between groups and positions 

(p < .01). An ana1ysis of coveriance, with age as the co-

variate once more revea1ed significant differences between 

the groups (p < .01), even when the o1dest deaf § was removed 

from the ana1ysis.* 

*This § performed especia11y poor1y, which created a non
homogeneity of regression between groups. He was therefore 
removed from the ana1yses of covariance. 
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The serial position curves for five-letter sequences, 

under the different criteria are shown below in Figures 3 

and 4. The general shape of the serial position curves 

for the Normal Hearing and Manual Deaf groups are not dis

similar for this type of task. However, the shape of the 

serial position curve for the Oral Deaf differs markedly. 

This was probably due to the order in which this group wrote 

down the sequences in written recall. Almost without excep

tion, §s in this group were observed to write down the last 

one or two letters first, then the initial letter presented, 

followed by the others in variable order. The consistency 

of this strategy with the ora11y trained deaf, and the fact 

that it was apparently restricted to this group, suggests 

that this group may have been coding the materia1 in a dif

ferent manner. 

Confusions 

Confusions were tabu1ated in a 10 x 10 matrix, in which 

the rows corresponded to the 1etters recorded by the subjects, 

and the columns to the 1etters presented. The frequencies 

of confusions were added over §s in each group. Separate 

matrices were constructed for each group, sequence 1ength 

(4 or 5), case (upper or lower) and scoring criterion. The 

24 matrices are reproduced in Appendix B. 

It was of interest to compare the pattern of confusions 

between different conditions. As a measure of similarity 

between a pair of matrices, product moment correlations were 

'\ 
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computed between them by regarding each matrix simply as a 

vector of 90 scores (diagonal values were omitted). The 

following comparisons were of specialtheoretical interest. 

Upper vs. lower case comparisons. Table 1:1 shows the 

correlations between upper and lower case matrices for each 

group. 

Correlation between cases indicate the extent to which 

they share a common code in written recall. If the material 

was coded visually, then one would expect a negligib1e cor

relation since the letters of the population were chosen on 

the basis of greatest differentiation between upper and 

lower case. If the method of encoding depended upon arti

culatory, acoustic or perhaps manual features, then one 

would expect similar confusions (i.e., high correlations) 

between cases. 

Group comparison. Table 1:2 shows the extent to which 

different groups shared a common code. For example, if the 

deaf groups shared a common code with each other, one would 

expect high correlations between them. The table indicates 

that this was general1y the case. 

Comparison of data with those of Conrad (1964) and 

Kuennapas and Janson (1969). Conrad (1964) produced a 

matrix of 1istening confusions observed in his experiment 

using upper case letters of the English alphabet. Product 

moment correlations were made between the confusions in 

upper case in the present experiment and the corresponding 
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Tab1e 1:1 

Swnmary of Corre1ations Between Cases and 

Sequence Lengths, for each Group (Expt. 1) 

Ordered Free 

GrouE Corre1ated Materia1 Reca11 Reca11 

Ora1 4 Upper - 4 Lower .01 .04 

11 5 11 5 n .38 .38 

11 4 u 5 Upper .07 .13 

11 4 Lower 5 Lower .56 .55 

Manua1 4 Upper - 4 Lower .11 .29 

n 5 11 5 ft .66 .50 

" 4 Il 5 Upper .33 .41 

" 4 Lower 5 Lower .50 .56 

Norma1 Hearing 4 Upper - 4 Lower .52 .25 

Il Il 5 Il 5 fi .41 .14 

Il 11 4 Il 5 Upper .43 .18 

fi 11 4 Lower 5 Lower .57 .25 
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Tab1e 1:2 

Summary of Corre1ations Between Groups 

for Criteria, Case and Sequence Length 

Ordered Free 
Grou)2 Materia1 Corre1ated Reca11 Reca11 

Ora1 - Manua1 4 Upper .23 .36 

fi ft 4 Lower .85 .87 

" ft 5 Upper .25 .17 

ft ft 5 Lower .47 .48 

Ora1 - Normal 
Hearing 4 Upper .06 .03 

fi fi 4 Lower .13 .12 

Il fi 5 Upper .14 .12 

Il Il 5 Lower .34 .27 

Manua1 - Norma1 
Hearing 4 Upper .05 .12 

fi fi 4 Lower .04 .13 

fi 11 5 Upper .16 .28 

11 Il 5 Lower .23 .16 
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1etters in Conrad's experiment. The resu1ts are shown in 

Tab1e 1:3 be1ow. 
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Kuennapas and Janson (1969) studied the Swedish a1-

phabet and bui1t up a simi1arity matrix in 10wer case. The 

Swedish a1phabet inc1udes a11 of the Eng1ish a1phabet, so 

provides appropriate comparison. However, minor variations 

due to differences in typescript and to different 1etter 

popu1ations can be expected. Product moment corre1ations 

were performed on the 1etters of the popu1ation in the 

experiment reported above and Kuennapas and Janson's study. 

Let us now consider the imp1ications of these data for 

each group in turn. 

Norma1 Hearing Group. This group showed the strongest 

evidence for acoustic encoding. For examp1e, ana1ysis of 

the confusion matrices shows that this group frequent1y con

fused T-B, B-E, B-D, D-B, G-D, D-G, D-T, t-b, b-e, b-d, d-b, 

g-d, d-g, d-t. 

Whi1e the ~mportance of acoustic or articu1atory coding 

for norma1 hearing subjects has been estab1ished both in the 

present experiment, and in the 1iterature (see Introduction), 

ana1ysis of the confusion matrices a1so revea1s evidence of 

visua1 coding. For examp1e, this group frequent1y confused 

r-t, H-N, q-g. The q-g confusion is particu1ar1y interesting 

because as we sha11 see, this was the confusion which domi

nated the confusion matrices for the deaf groups, particu1ar1y 

with four-1etter sequ~nces. However, the norma1 hearing 
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Tab1e 1:3 

Correlation with Conrad's (1964) in Upper Case 

Ordered Free 
Grou!! Materia1 Corre1ated Reca11 Reca11 

Oral 4 Upper 0.18 0.07 

" 5 If 0.12 0.16 

Manua1 4 If -0.04 -0.14 

If 5 n -0.06 -0.14 

Normal Hearing 4 If 0.48 0.17 

If If 5 ft 0.55 0.51 

Table 1: 4 

Correlations with Kuennapas and Janson (1969) 

for Both Criteria in Lower Case 

Ordered Free 
GrouJ2 Materia1 Corre1ated Reca11 Recal1 

Oral 4 Lower 0.48 0.39 

" 5 n 0.36 0.29 

Manua1 4 " 0.26 0.26 

" 5 " 0.22 0.22 

Norma1 Hearing 4 Il 0.24 0.16 

" Il 5 Il 0.39 0.33 
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group on1y made the confusion with five-1etter sequences. 

It seems that this group used visua1 coding more with five-

1etter sequences than four. Further support for this hypo

thesis can be seen from the higher corre1ations of this 

group with Kuennapas and Janson 's data for five-1etter 

sequences (see Tab1e 1:4) and the 10wer corre1ations be

tween cases for five-1etter sequence 1engths (see Tab1e 1:1)0 

C10ser ana1ysis of Tab1e 1:1 revea1s that the corre1a

tions between cases decreased for the hearing contro1s 

when sequence 1ength was increased. By comparison, the 

deaf groups showed a higher corre1ation between cases, with 

increased sequence 1ength. 

Deaf Groups. Ana1ysis of the data for both groups 

revea1 that the deaf made extensive use of visua1 coding, 

especia11y w~th four-1etter sequences. A1though q-g was 

the most striking examp1e (probab1y inf1uenced by the fact 

that q was represented without a tai1), there were other 

instances of visua1 confusions. For examp1e, h-n, n~h, n-r, 

t-r, b-h, R-B, H-E, N-A, A-H, cou1d a11 be c1assed as 

visua1 shape confusions. It is a1so interesting, and perhaps 

worthy of note, that the Ora1 Deaf group made re1ative1y 

more shape confusions invo1ving orientation (for examp1e, 

q-b, b-d). 

Ana1ysis of Tab1e 1:1 provides some further evidence 

for visua1 shape encoding. With four-1etter sequences, the 

corre1ations between cases were neg1igib1e for the Ora1 
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group and on1y s1ight1y higher for the Manua1 group. 

Furthermore, corre1ations between the deaf groups were 

genera11y higher than when either deaf group was compared 

with the hearing contr01s (see Tab1e 1:2). The exception

a11y high corre1ation for four-1etter sequences in 10wer 

case were 1arge1y due to the frequent q-g confusions. 

The corre1ations with Kuennapas' visua1 simi1arity 

data were positive, but sma11. However, given that these 

corre1ations were probab1y attenuated not on1y by differences 

in typescript, but a1so by differences in the popu1ation of 

the 1etters se1ected, they can perhaps be taken as further 

evidence for visua1 encoding. Hence, with four-1etter 

sequences, it appears from the evidence that the deaf groups 

shared a common code, and that the basis of this code was 

main1y visua1 shape. 

Ana1ysis of the data with reca11 of five-1etter sequences 

seems to indicate that there is a second code. For examp1e, 

the corre1ations between cases for both deaf groups are no 

10nger neg1igib1e for five-1etter sequences (see Tab1e 1:1). 

The Ora1 Deaf group frequent1y confused the f0110wing: D-G, 

D-E, B-E, G-D, E-B, d-e, g-e, d-t. This second code appears 

to have inv01ved an acoustic, or possib1y, articu1atory com

ponent. However, it shou1d be noted that corre1ations with 

the Norma1 Hearing g~oup, and Conrad's 1istening matrix are 

quite sma11. 
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By comparison, the second code used by the Manual 

Deaf group is much more difficult to identify. Analysis of 

Table 1:1 reveals that the correlations between cases with 

five-letter sequences, fo~ both criteria, is indeed consis

tent (.66 and .50 respectively). The confusions made by 

this group included d-n, n-e, E-R, H-G, N-E. The confusions 

between N-E (and n-e) and H-G could reasonably be explained 

in terms of similar finger-spelling positions (see Appendix 

A). However, the other confusions are not so readily ex

plained; for example, the d-n confusion has no obvious basis 

in either visual, articulatory, acoustic or finger-spelling 

codes. This group also had 10wer correlations with both 

Conrad and Kuennapas' data than the Oral Deaf group. 

Component Analysis 

Finally, component analyses were carried out on the 

correlations between the confusion matrices under each cri

terion. The correlation matrices are summarized in Appendix 

F. The aim of the component analyses was to identify the 

sources of similarity underlying the correlations. It should 

be noted however, that the results could be contaminated by 

distributional differences and by the fact that the within

group and between-group correlations are mixed. Interpre

tation should be cautious, therefo~e. The approach was to 

extract sever al principal components and rotate them according 

to the varimax criterion (Kaiser, 1958). 

On ~ priori grounds, one might anticipate four possible 
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dimensionlS! a visual shape component for lower-case letters, 

a second visual shape component for upp,er-case letters, a 

component representing acoustic (or articulatory) coding, 

and possibly a component relevant to a fingel"-Spelling or 

manual code. In retrospect, the MoSt coherent results were 

obtained from three component solutions, and these are sum

marized in Tables 1:5 and 1:6. Both criteria revealed 

similar solutions. The components May be identified as 

follows. 

Component A. This se"::lms to represent the visual en

coding of 10wer-case letters. The deaf groups showed the 

highest 10adings, particularly with four-letter sequences. 

This high 10ading was probably due to the high frequency of 

the "q_glt confusion. Unlike the deaf groups, the hearing 

group 10aded only on five-letter sequences. This again con

firms that the normal subjects only made use of visual 

storage with the longer sequences. 

Component B. This component represents acoustic or 

articulatory storage and is dominated by the normal hearing 

group. But, it should be pointed out that the Oral Deaf 

group showed moderate 10adings for five-letter sequences, 

although only for the free recall criterion. It seems 

reasonable to assume that this group does make use of acoustic 

or articulatory coding, at least to some extent. 

Component C. This represents visual encoding of upper

case letters and is again restricted to the deaf groups. 



Tab1e 1:5 

Summary of Principa1 Component Ana1ysis 

Using Ordered Reca11 Criterion 

Grou!! Com!!onent A Com!!onent B 

Ora1 4 Upper -0.091 0.169 

Manua1 11 Il -0.031 0.077 

Hearing Il ft -0.045 0.749 

Ora1 4 Lower 0.908 0.059 

Manua1 Il Il 0.883 -0.073 

Hearing Il 11 0.113 0.873 

Ora1 5 Upper 0.330 0.170 

Manua1 ft Il 0.327 -0.170 

Hearing Il Il 0.012 0.760 

Ora1 5 Lower 0.743 0.127 

Manua1 11 Il 0.535 -0.027 

Hearing n 11 0 .. 516 0.629 
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Comeonent C 

0.700 

0.580 

-0.050 

0.073 

0.017 

-0.004 

0.244 

0.802 

0.307 

0.187 

0.656 

-0.054 



Tab1e 1: 6 

Summary of Principa1 Component Ana1ysis 

Using Free Reca11 Criterion 

Grou)2 Com)2onent A Com)2onent B 

Ora1 4 Upper -0.042 -0.066 

Manua1 Il fi 0.288 0.236 

Hearing 11 Il 0.218 0.627 

Ora1 4 Lower 0.945 0.050 

Manua1 Il ft 0.925 0.074 

Hearing ft ft 0.071 0.743 

Ora1 5 Upper 0.173 0.564 

Manua1 ft ft -0.003 0.008 

Hearing ft n -0.226 0.456 

Ora1 5 Lower 0.597 0.347 

Manua1 If n 0 .. 581 0.049 

Hearing n n 0.539 0.348 

Coml!onent C 

0.798 

0.697 

-0.000 

0.037 

0.066 

-0.098 

0.258 

0.831 

0.429 

0.299 

0.641 

-0.155 
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This component is contaminated by high 10adings fo:r the 

Manua1 Deaf group in reca11 of five-1etter sequences in 

10wer case. Ana1ysis of the raw data showed that the Manua1 

Deaf frequent1y recoded the visua11y presented items from 

one case to another. For examp1e, a11 members of the Manua1 

Deaf group except one, often wrote the 1etters down in 

upper case when 10wer case was actua11y presented, and 

visib1e under the projection screen. Perhaps it is coin

cidence, but the exception to this recoding procedure was a 

gir1 who had received Many years of her training at an Ora1 

schoo1. By comparison, two members of the Ora1 group showed 

evidence of this with four-1etter sequences, and on1y one 

with five-1etter sequences. Any attempt to extract a 

fourth component under either criterion fai1ed to achieve a 

more satisfactory s01ution. 

In summary, the component ana1ysis essentia11y confirms 

the ear1ier conc1usions, name1y, that the hearing essentia11y 

use an articu1atory or acoustic code, whi1e the deaf use 

predominant1y visua1 coding. No convincing evidence was 

found that estab1ished any uniform code re1ated to manua1 

communication techniques. 

Discussion 

The resu1ts substantiated ear1ier evidence that the 

deaf and hearing chi1dren encode verba1 information dif

ferent1y (McLinden, 1959; Odom & B1anton, 1967; A11en, 1969, 



1970, 1971). It appears that the deaf make much more ex

tensive use of visual shape encoding. The overal1 recall 
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of both deaf groups was clearly worse than that of hearing 

children (cf. Kates et al., 1962). If one can equate the 

visual code used by the deaf with sensory visual storage 

(or "iconictt storage, in Neisser' s [1967J terminology), these 

results are not surprising, in view of the evidence, re

viewed earlier, that such storage dissipates rapidly. How

ever, this may be an oversimplification. The deaf certainly 

showed much better recall than one would expect on the 

basis of decay rates reported by Averbach and Coriell (1961); 

Posner et al. (1969), and Sperling (1960). Furthermore, an 

analysis of the serial positions under the various criteria 

and sequence length reveals a ·strong primacy effect in most 

cases, which suggests retrieval from STM rather than from 

sensory storage (cf. Crowder & Morton, 1969). 

An interesting finding was the reverse ordering in re

call that was observed in the Oral Deaf group with five

letter sequences. The practice of reporting the final 

letters initial1y has been noted elsewhere with normal 

hearing subjects (Glanzer, 1966; Posner, 1964). A possible 

explanation for it is that the § can process only the first 

few letters, so that the last one or two are retained in 

sensory storage. The best strategy is then to report these 

last letters first, before they decay. Posner and Keele 

(1967) have estimated a decay time of about 1.5 seconds for 
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secondary visua1 storage of single 1etters, which would 

possibly give 2 time to write down the 1ast one or two 

~etters. On the other hand, such strong recency effects are 

more typical of acoustic (or echoic) storage than of visual 

(or iconic) storage (Crowder & Morton, 1969). An examination 

of confusions in the final serial position showed no basic 

difference from those in earlier positions; that is there 

was evidence for both visual and acoustic (or articu1a

tory) confusions. 

The two deaf groups (oral and manua1) appeared to differ 

in their encoding techniques beyond their visua1 memory span. 

The Oral group made many more articu1atory errors. This 

supports Conrad's (1970) study where he found articulatory 

errors in recall using an Oral Deaf group. However, when 

Conrad analyzed his data separately for each individual, he 

found that not all oral deaf individua1s made articulatory 

confusions. (The N in Conrad's experiment was 36. Of these, 

21 showed articulatory confusions.) By comparison, the 

Manual Deaf group made confusions which are obviously not 

articu1atory, but confusions which are much more difficult 

to identify. If these two deaf groups do encode differently 

this wou1d exp1ain the 10w correlations found by Locke (1970, 

using finger-spel1ing subjects), when he corre1ated his data 

with those of Conrad and Rush (1965, where a certain uniden

tified number of finger-spel1ing and oral1y trained deaf 

students were used). 
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Finally, while it was clearly established that aIl §s 

used in the experiment could easily identify the letters of 

the population, it is possible that due to linguistic de

ficiencies they cannot perceive them correctly during 

sequential presentation. Withrow (1968) addressed himself 

to the relation between sequence 1earning and linguistic 

deficiency. He found that deaf §s did not perform as weIl 

as hearing children on recall of letter sequences; although 

the presentation rates that he used were much faster (up 

to four items per sec.) than those used in this present 

experiment. Nevertheless, there remains the possibility 

that at least some of the visua! confusions observed in the 

experiment were perceptual, rather than memory ones. The 

next experiment attempts to investigate this. 
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EXPERIMENT 2 

Introduction 

The previous experiment has shown that deaf chi~dren 

are more 1ike1y than hearing chi1dren to confuse 1etters in 

immediate reca~l on the basis of physica~ shape. Whi1e the 

hearing showed evidence of recoding the items into an ar

ticu1atory or acoustic code, the deaf appeared to make much 

more use of visua1 memory coding. The next experiment 

attempts to investigate the nature of the visua1 code more 

c1ose1y. 

First1y, as cited ear1ier, the previous experiment cou1d 

not c1ear1y distinguish between memory and perceptua1 errors. 

In the present experiment, 2S were instructed to write down 

the 1etters as they were presented. Any errors written 

during presentation cou1d be c1assed as perceptua1, whereas, 

in 1ater reca~l if any different errors occurred, they cou1d 

be attributed to memory errors. 

Second1y, a ten-second interva1 was interposed between 

presentation and recall. If visual confusions sti~l domi

nated in reca11, it wou1d be difficult to argue that these 

2S were re~ying on iconic memory, which decays much faster 

than this, at ~east in normal hearing 2s (Neisser, 1967)0 

Rather, it would suggest that the deaf were re~ying on a 

~onger lasting, more abstract code than iconic memory. 
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Method 

Subjects 

There were two groups of nine §s each, drawn from the 

same deaf populations (oral and manual) as in the previous 

experiment. Age ranges of the two groups also closely ap

proximated those of the deaf Ss in the previous experiment. 

None of the §s had served in Experiment 1. 

Test Materials 

The test materials were made up in the same way and 

with the same constraints as those of the last experiment. 

Procedure 

The instructions were typed and handed to the subjects, 

and also given by the class teacher in the appropriate com

munication mode. 

Each subject was presented with a writing block and a 

prepared answer sheet for each set of twenty trials. The 

stimuli were once again projected from a Carousel projector. 

For this experiment one stimulus was presented every two 

seconds. During this interval the 2s wrote down the pro

jected letter on the writing tablet. With very little 

practice, all §s experienced little or no difficulty with 

this. This allowed the experimenter to check for perceptual 

confusions. As soon as the four- or five-letter sequence 

had been completed the subject immediately turned over the 

sheet of the tablet and waited. After a ten-second delay a 

Carousel slide projected a blue patch onto the projection 



screen. This was the signal to the subject to write the 

material that he still recalled onto the prepared answer 

sheet. 
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Under the projection screen were the letters of the po

pulation from which each sample was taken. §s were encouraged 

to guess when not sure of the letters. 

Scoring 

The raw data was scored under the same criteria and 

conditions as reported in the previous experiment. 

Results 

As in the previous experiment, analyses were carried 

out on accuracy of recall and on the types of errors. 

Number Correct 

The independent variables were again groups, case and 

serial position. The analyses of variance are summarized 

in Appendix E. 

For four-letter sequences, there was a significant dif

ference between cases for the ordered recall criterion only 

(p < .05). There were, however, significant differences 

between groups on both criteria (p < G01)G Differences in 

serial position were significant for ordered but not free 

recal1 (p < .01). An analysis of covariance using age as the 

covariate showed the Manual group ta be significantly better 

than the Oral group (p < .05). 

The serial position curves for four-letter s~quences 

are shown in Figures 5 and 6. The ceiling effect for the 

Manual group under the Free Recall criterion hampered any 
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firm conclusions. 

With five-letter sequences, there were significant 

differences between groups (p < .001). Also, a significant 

difference for seriaI position under ordered recall (p < .01), 

but not free recall. This latter effect was probably af

fected by the ceiling effect of the Manual group. An 

analysis of covariance using age as the covariate still 

showed the Manual Group to be significantly better than the 

Oral Group (p < .01). 

The seriaI position curves for five-letter sequences 

are shown in Figures 7 and 8 below. Case was no longer 

significant, which suggests a different method of encoding 

with five letters. The differences between the groups was 

much larger with the longer sequence length. 

The strategy of writing down the last letters first, 

which had been observed with the Oral Deaf Group in Experi

ment 1, did not occur in this experiment. Different 2S 

used different ordering strategies, although individual 2S 

appeared to maintain a fairly consistent strategy. It was 

also clear that the two groups behaved very differently 

during the test itself. The manually trained group often 

encoded in finger spelling during both presentation and re

tention interval. Any oral rehearsal of this group was 

certainly sub-vocal, if verbal at aIl. By comparison, aIl 

members of the orally trained groups verbalized. With help 

from the class teacher it was interesting to note strategy 
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differences in rehearsal within this smallgroup. For 

example, assume that the experimenter presented a sequence 

of A, B, D, G. Some subjects rehearsed the sequence A, AB, 

ABD, ABDG, and continued throughout the interval. Some 

rehearsed the sequence as A, AB, D, DG. During the delay 

period this type of strategy met with sequential ordering 

problems, e.g., DGBA, GDAB, BAnG, BAGD, which persisted in 

written recall. 

Analysis of the writing blocks showed that all subjects 

correctly recorded the letters during presentation. How

ever, twosubjects of the Manual group and one of the Oral 

group, pn one occasion each, wrote only four letters of a 

five-letter sequence du ring presentation and written recall. 

It appeared that these Ss simply allowed their attention 

to wander, and thus m~ssed a letter. 

Confusions 

Confusions were once again tabulated in a 10 x 10 

matrix, in precisely the same,manner as reported in the pre

vious experiment. The sixteen matrices are shown in Appen-

dix D. 

Product moment correlations were computed between each 

pair of matrices for each criterion (as in Experiment 1). 

Tables 2.1 and 2.2 show the correlations between upper 

and lower case matrices for each group and the major cor-

relations between groups respectively. Table 2.3 shows the 

product moment correlations between Kuennapas and Janson's 

J 

i 
) 
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Tab1e 2:1 

Summary of Upper vs Lower Case Corre1ations 

Under Both Criteria (Experiment 2) 

Ordered 
Group Corre1ated Materia1 Reca11 

Ora1 4 Upper - 4 Lower 
.. 

0.29 

" 5 Upper - 5 Lower 0.18 

Il 4 Il 5 Upper 0.29 

Il 4 Lower - 5 Lower 0.50 

Manua1 4 Upper - 4 Lower 0.05 

ft 5 Il - 5 fi 0.18 

If 4 Il - 5 Upper 0.04 

ft 4 Lower - 5 Lower 0.37 

49 

Free 
Reca11 

0.04 

0.36 

0.38 

0.63 

0.08 

0.17 

0.09 

0.72 
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Tab1e 2:2 

Summary of Corre1ations Between Groups for 

Both Criteria, Case and Sequence Length 

Ordered Free 

Group Materia1 Corre1êted Reca11 Reca11 

4 Upper 0.13 0.13 

Ora1 
4 Lower 0.46 0.77 

vs 
5 Upper 0.13 0.03 

Manua1 
5 Lower 0.53 0.52 

Tab1e 2: 3 

Corre1ations with Kuennapas and Janson (1969) 

For Both Criteria in Lower Case 

Ordered Free 
Grou:e Reca11 Reca11 

Ora1 4 Lower 0.58 0.38 

ft 5 Lower 0.20 0.30 

Manua1 4 Lower 0~42 0.37 

ft 5 Lower 0.32 0.30 
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(1969) data and the respective criteria of Experiment 2 in 

lower case. The implications of these tables are summarized 

below for the two groups. 

1. Oral Deaf Group. The s.oderate correlations between 

upper and lower case indi..cate that thi.s group was using both 

visual coding and some other m.ethod as we1l. The confusion 

matrices for both criterion do sh.f~w evidence of visua1 

coding: For example, N-H, R-B, d-b, b-d, q-g. The latter 

confusion wh:ich dominated the previons experiment was still 

important, but less frequent here. BOlil,ever, the matrices 

show that this group used another encoding method beyond 

the visual, particu1arly '1d.th five-1etter sequences. For 

example, G-D, D-G, T-D, E-T, G-T, D-E, b-e, d-e, t-e, d-t, 

g-t, g-e,_ were a11 consistent1y confused. This alternative 

method of encoding, probably acoustic or articulatory, would 

explain the lower correlation .-:i.th Kuenn.apas and Jansonts (1969) 

data using five-letter sequences. 

2. Manual Deaf Group.. wïth four-letter sequences this 

group made very few confusions. This cou1d have 10wered the 

reliabilities of the confusion oatr:i.ces, making the cor

relations difficu1t to interpret. The only confuS10n Which 

occurs consistently is q-g and even this is much more in

frequent than in the previous experi---I:lent. With five-letter 

sequences they made many !:lore confusions. lfuile visual 

coding is evident from., for ex:a:::Jple, the H-N, h-n, and q-g 

confusions, some other abstract code is once again evidento 
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While analysis of the confusion data reveals no obvious 

code (acoustic, articulatory, or finger spelling) which can 

generally explain l!!.! of the confusions made by this group 

with this sequenc:e length, some confusions were observed 

which could reasonably be explained in terms of similar 

finger-spelling positions (e.g., N-E, n-e, N-A, n-a, E-A, 

H-G). 

Analysis of the confusion matrices also revealed that 

this deaf group made significantly fewer acoustic or arti

culation errors than the orally trained group. This would 

explain the low correlations between the two groups in 

upper case. The lower case correlations would still be in

fluenced to a large degree by the q-g confusion. 

The correlations with Kuennapas et al. (1969) are 

interesting. The Oral group under the Ordered Recall cri

terion showed by their lcwer correlations with five-lette~ 

sequences that they were using both visual and some other 

method (probably acoustic or articulation) of encoding the 

longer sequences. While the Manual group did show a lower 

correlation with five-letter sequences it appears that the 

visual method is still important, but some other abstract 

code (not acoustic or articulation) is used as well. 

A principal Components analysis followed by varimax 

rotation was performed on the data from the confusion 

matrices in an endeavour to ascertain the co ding methods 

used by the two groups. 

",' 
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The resu1ts are shown be1ow, in Tab1es 2.4 and 2.5 for 

both criteria. The components are identified as fo11ows: 

Component A. This once again represents the visua1 en

coding of 10wer case sequences. The 10w 10adings for the 

Ora1 Deaf group with five-1etter sequences in 10wer case, 

further suggests that this group used a different method 

of encoding under that condition. 

Component B. This component shows high 10adings for 

the Ora1 Deaf group in 10wer case for five-1etter sequences, 

and the Manua1 Deaf group upper case for four-1etter sequences. 

Two components may have merged under this ana1ysis. However, 

an attempt to extract a fourth component fai1ed to separate 

them. 

Component Co This component represents the visua1 

upper case factor for the Oral Deaf on1y. No consistent 

visua1 upper case occurred for the Manua1 Deaf under the 

Ordered Reca11 criterion. Whi1e a high 10ading for upper 

case with five-1etter sequences did occur under the Free 

Reca11 criterion, the negative 10ading for four-1etter se

quences indicates that a different coding method was used 

between sequence 1engths, for this case. 

Discussion 

The major finding from this experiment was that visua1 

confusions sti11 occurred when a de1ay was introduced be

tween presentation and reca11. This c1ear1y estab1ishes 

the existence of a visua1 memory code beyond the 1eve1 of 
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Tab1e 2:4 

Princ~.pa1 Component Ana1ysis Under Ordered 

Reca11 Criterion (Experiment 2) 

lli.'.oup Component A Component B 

Ora1 4 Upper 0.205 -0.131 

Manua1 4 11 -0.103 1.006 

Ora1 4 Lower 0.866 0.064 

Manua1 4 11 0.623 0.043 

Ora1 5 Upper -0.064 0.081 

Manua1 ·5 11 0.451 -0.022 

Ora:L 5 Lower 0.422 0.392 

Manua1 5 Il 0.875 0.152 
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Component C 

0.706 

0.085 

0.274 

0 .. 182 

0.787 

0.486 

0.151 

-0.201 



Group 

Ora1 

Manua1 

Ora1 

Manua1 

Ora1 

Manua1 

Ora1 

Manua1 

Tab1e 2:5 

Principa1 Components Ana1ysis Using 

Free Reca11 Criterion (Experiment 2) 

Component A Component 

4 Upper -0.009 0.112 

4 If 0.058 -0.440 

4 Lower 0.954 0.019 

4 If 0.876 -0.088 

5 Upper 0.018 -0.018 

5 n 0.076 0.912 

5 Lower 0.714 0.144 

5 If 0.917 0.187 
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B Component C 

0.701 

0.549 

-0.056 

0.078 

0.865 

0.073 

0.417 

-0.145 



iconic storage. Further, the confusions cou1d not be at

tributed to perceptua1 errors, since the 2s a1ways wrote 

down the 1etters correct1y during presentation. 
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The rehearsa1 strategies of the two groups were in

teresting. First1y, 1et us consider the Ora1 Deaf groups. 

A11 members of this group verba1ized during presentation 

and retention interva1. They did not use the same strategy 

as out1ined in Experiment 1. Some of this group rehearsed 

in cumu1ative fashion unti1 written reca11 whi1e others 

tended to group or "chunk" the items. This is in agreement 

with existing evidence on rehearsa1 with norma1 hearing sub

jects (Corba11is, 1966, 1969; Mi11er, 1956; Wicke1gren, 

1969). By comparison, the Manua1 group encoded " s i1ent1y tt 

but some of them used finger spe11ing both during pre

sentation and the retention interva1. Whi1e the encoding 

methods were different it was hard to ana1yze whether the 

Manua1 group did rehearse in cumu1ative fashion or not g 

Neither group showed either a marked primacy or recency 

effect for either 1ength or criteria. 

The Principa1 Components ana1ysis revea1ed that, for 

five-1etter upper-case sequences, Manua1 and Ora1 groups 

10aded on different components. If it can be assumed that 

four items is the visua1 memory span for the deaf, then the 

four-item sequences cou1d be encoded visua11y. However, an 

additiona1 item over1oads this span; to overcome this, it 
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appears that the Ss used some additional encoding technique 

which was related to mode of communication. For example, 

the orally trained deaf supplemented the visual with acoustic 

or articulation components, whereas the manually trained 

deaf 2S supplemented visual'store with kinaesthetic input, 

at least to some extent. 

While several authors have drawn attention to the dif

ferences between the visual and auditory modalities in the 

processing of information for short-term seriaI recall 

(Conrad, 1964; Mackworth, 1964; Sperling, 1963), it appears 

that the importance of a kinaesthetic store for deaf 2S has 

been overlooked. 

Broadbent (1958, p. 241) initially suggested that a 

difference existed between the central processing require

ments for motor skills and verbal tasks. More recent re-

se arch (Adams & Dijkstra, 1966; Posner, 1967; Posner & 

Konick, 1966) has indicated that not only does a kinaesthetic 

STM store exist, but that visual and kinaesthetic STM codes 

have different central processing requirements. Evidence 

supporting this hypothesis was observed in the Manual Deaf 

group in this experiment. It seems apparent that the en

coding on the fingers during presentation and retention in

terval (also noted by Locke & Locke, 1971) was not only 

important, but appeared to be used as a rehearsal for input 

into memory. The interrelations between these two STM 

stores is at present unknown. It seems possible that STM 
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is a mu1ticomponent storage, which must have different 

1eve1s of processing. Perha,ps visua1 store is the base 

store for the deaf (as evidenced in Experiments 1 and 2, 

but other stores (whether kinaesthetic ,iarticu1atory or 

abstract) acquire much more prominence once the visua1 

processing capacity becomes over1oaded. 

,1 
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EXPERDŒNT 3 

Introduction 

The results from the experiments reported above in

dicate that deaf children do not perf'orm as well as hearing 

children in recall of visually presented letters. The 

deficiency of the deaf apparently lies in the nature of the 

available codes. Probably the optimal strategy is to re

code visually presented items into a more durable code for 

later seria1 verbal recall (irrespective of whether recall 

is oral or written). Hearing children can easily recode the 

items by an articulatory or acoustic code. By comparison, 

the deaf are limited in their ability to recode in this 

manner. While the Oral deaf attempted to recode by an arti

culatory or acoustic dimension, they were restricted as a 

consequence of hearing loss. The recoding of the Manual 

deaf group was difficult to identify. Some evidence existed 

for a kinaesthetic code based on finger spelling, but this 

was probably not the only code. However, what was clear 

was that both deaf groups made extensive use of a visual 

shape code. This code appears to differ in duration from 

the brief visual code labelled by Neisser as "iconic" store. 

Whatever the nature of the observed visual code was, it 

does not seem to have been the optimal code for seriai 

verbal recall, even for visually presented items. 

Assuming that the above account is basically correct 
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the deaf should not be at a disadvantage where visua1 en

coding represents an optimal strategy. The fo11owing experi

ment attempts to devise a task, where the stimuli cannot 

easily be verbalized. Consequent1y, the stimuli chosen were 

photographs of faces. As the deaf appeared to have diffi

cult Y with sequentia1 ordering in the above experiments, 

recognition rather than reca11 measures were used. The 

stimuli and the task were similar to those described by 

Wallace (1970) and Wallace, Co1theart and Forster (1970). 

In the previous evidence related to the pictorial 

memory of the deaf Many conf1icting resu1ts have been ob

tained. Porosyatnikov (1911) found that deaf children aged 

from 8 to 12 years recognized ambiguous figures less ac

curately than normal contro1s, but that there was no 

difference with older chi1dren. Lindner (1925), Vertes 

(1931), Zankov (1944) and Blair (1957) have aIl shown that 

deaf children were worse than hearing chi1dren at recog

nizing objects. Similar1y, Rosonova (1966) found deaf 

chi1dren to he impaired in immediate recognition of fami1iar 

objects, although there was no difference between deaf and 

hearing children if the recognition test was de1ayed ten 

minutes. Rosonova also conc1uded that chrono10gica1 age 

was an important factor in comparisons between deaf and 

hearing children g For examp1e, Rosonova argued that the 

hearing surpassed the deaf in visua1 recognition perEormance 

at 10 years of age, but this difference disappeared by 16 
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years of age. However, these tests may not provide a satis

factory test of visua1 memory, since the objects used cou1d 

easi1y be encoded verba11y. Other studies have investigated 

visua1 memory for abstract patterns. Myk1ebust and Brutten 

(1953) found the deaf to be worse than hearing chi1dren for 

sets of dots, whi1e Hofmarksrichter (1931) found the deaf 

to be superior. Rosonova (1966) found deaf chi1dren to be 

worse than hearing contr01s in memory for sequences of 

figures formed by broken 1ines or curves. However, What is 

not c1ear from a11 the above studies is the extent to which 

verba1 1abe11ing was possib1e. 

There are advantages in using faces as stimu1i in 

visua1 memory experiments. First, whi1e faces are equa11y 

fami1iar to both deaf and hearing, the deaf attach parti

cu1ar significance to facia1 expressions as an additiona1 

means of communication. For examp1e, Boese (1968) states 

that, for a deaf person, a Itstrained facia1 expression ••• 

can turn the sign for sick into desperate1y i11. 1t This 

suggests that the deaf may process facia1 stimu1i more 

thorough1y if not different1y. Second1y, faces differ in 

so many subt1e ways as to defy simp1e 1abe11ings. The 

faces werese1ected from identification photographs so as 

to avoid obvious expressions (for examp1e, happy, sad and 

so on). The stimu1i used were a1so c1ear1y identifiab1e by 

sex, and to determine its inf1uence, this factor was con

tro11ed in thisexperiment. 
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Method 

Subjects 

Three groups of Ss, two deaf and one hearing, partici

pated in the experiment. These §s were taken from the same 

populations as outlined in the previous experiments. The 

age range of the groups was as follows: Oral Group, 10 

years, 8 months to 13 years, 8 months; Manua1 Group, 14 

years, 0 months to 20 years, 0 months; Normal Hearing 

Group, 14 years, 8 months to 16 years, 9 months. Bach 

group consisted of 10 §s, five boys ~~d five girls. 

Test Materials and Procedure 

The stimULi were full-face head and shoulder photo

graphs of students from a Teacher's Training Co11ege in 

Australia. Bach photograph measured 2 in. by 2 1/2 ino 

The inspection series of 12 photographs were mounted in a 

four-by-three array on a sheet of p1astic-covered cardboard o 

The test series of 25 photographs was simi1ar1y mounted in 

a five-by-five array. The inspection series for tasks con

sisted of either twelve male faces, twelve fema1e faces or 

a combination of six male and six female faces. The cor

responding test series consisted of 25 male, 25 fema1ê or a 

combination of 12 male and 13 fema1e faces (see Appendix 

G for Inspection and Test Series for each task) .. 

All §s were given written instructions, and those in 

the deaf groups were a1so given instructions by the c1ass 

teacher according to the communication method taught in the 



school. AlI Ss viewed the inspection series for 45 seconds, 

irrespect ive of task. There was a time delay of ten seconds 

between removal of inspection series and presentation of 

test series. No task was given during the delay periode 

The delay period was timed by a stopwatch. Bach 2 was 

tested individua1ly. The order of presentation for the 10 

Ss in each group was varied in the following manner. Three 

2S were given the tests in the following order: Males, 

(M), Females (F), Combination (C); three §s were given F, 

C, then M; while the final four Ss were given C, M, then F. 

2s were encouraged to guess if they could not remember 

twelve faces for any task. AlI photographs used in the test 

series had a number printed clearly above it, so that each 

S could simply respond by writing down the twelve numbers on 

a prepared answer sheet. There was no time limite 

Results 

The mean number correct for each group on each task 

is shown below in Table 3:1. An analysis of variance which 

was carried out on the data is shown in Appendix H. As can 

be seen from the analysis of variance, a significant Groups 

x Faces interaction was found. However, group effects alone 

were not significant [F(2,27) = 3.19, .05 > p < .10J, but 

became significant if age was covaried out [F(2,26) = 

3.73, p < .05J. To examine the simple effects, Newman-Keuls 

tests were carried out on the adjusted and non-adjusted means 

respectively. These means are shown in Tables 3:1 and 3:2 

below. 
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Table 3:1 

Mean Number Correct on a Facial Recognition 

Task. (Non-Adjusted Means) 

Stimuli 

Male 

Female 

Male and l"emale 

Oral Deaf 

9.7 

9.3 

Manual Deaf 

9.6 

9.1 

9.8 

Hearing 

7.9 

8.3 

9.2 

Groups underlined by common line do not differ 
significantly from each other. Groups ~ 
underlined by common line do differ significantly. 

Table 3: 2 

Mean Number Correct on Facial Recognition 

Task. (Adjusted Means) 

Stimuli 

Male 

Female 

Male and Female 

Oral Deaf 

Il.09 

10.58 

Il.28 

Manual Deaf 

8 .. 75 

8.25 

7.66 

Hearing 

7 .. 42 

7.82 

8.72 

Groups underlined by common line do not differ 
significantly from each other. 

64 
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Discussion 

The deaf groups surprisingly were clearly superior to 

the hearing controls in visual recognition, especially when 

age was covaried out. This result strikingly contrasts 

with the results of Most of the previous experiments, and 

confirms that the performance of the deaf in memory experi

ments are due to their deficiencies in verbal labelling and 

seriaI ordering of responses. Whi1e the overall superi

ority of the deaf was not expected, there are two possible 

reasons for it. 

Firstly, that the hearing subjects often attempted to 

make use of verbal coding. They were observed not only to 

verbalize more, but to overtly rehearse salient characteris

tics (such as big nose, wavy hair, pointed chin, and··so on). 

They a1so performed better on the series of combined male 

and fema1e faces, perhaps because they coded the fact there 

were six of each sex and could therefore restrict their 

guesses to fewer alternatives. Often such coding or verbal 

label1ing was disadvantageous. For example, in one of the 

inspection series, one single male face was wearing glasses, 

while in the cor~esponding test series three males with 

tota11y dissimilar faces were wearing glasses. Sorne hearing 

§s verba1ized during the test series that one of that in

spection series had been wearing glasses. By looking on1y at 

that specifie attribute (name1y, glasses), ~any hearing §s 

chose the wrong bespectacled face, while the deaf 2s never 
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did so. 

Another reason for the superiority of the deaf groups 

may have been that they have better developed visua1 

memories. An experimental observation seems relevant here. 

When the deaf §s were presented with either test series~ 

they wrote down the numbers of 9 or 10 faces without hesi

tation~ and then eliminated the remainder. By comparison~ 

the controls typically wrote down 5~ 6 or 7 numbers before 

remarking that they could not recognize the remainder, or 

alternative1y~ that they were looking for specifie attri

butes. The reason for this difference between the deaf and 

hearing groups is at present unknown. 



67 

DISCUSSION 

One of the major conc1usions of this thesis is that 

the deaf make extensive use of visua1 coding in STM o Pre

vious research has shown that nor.ma1 hearing §s uti1ize 

predominant1y an acoustic (or articu1atory) code in reca11 

of verba1 items, even when the items are presented visua11y 

(Conrad, 1964). This finding was ~)nfirmed by the data 

obtained for norma1 hearing §s in Experiment 1. Conrad and 

Rush (1965) and Conrad (1970) have reported that the deaf 

make different confusions when reca11ing visua11y presented 

1etters. A1though Conrad cou1d not specifica11y state the 

nature of the code that the deaf use, he hypothesized that 

the basis of this code was visua1 shape. Experiments 1 and 

2 of this thesis provide a more positive identification of 

a visua1 shape code than Conrad's experiments cou1d provide. 

Furthermore, the fina1 experiment showed that the deaf per

form somewhat better than norma1 hearing §s on a facia1 

recognition task, suggesting that they May somehow make 

more effective use of a visual code o It seems evident that 

the visua1 code uti1ized by the deaf was not restricted to 

sensory or "iconiclt storage, but was a feature of post

sensory short term store. For examp1e, in Experiment 2, 

visua1 confusions occurred even ten seconds after presenta

tion, which far exceeds the duration of "iconic" storage as 

measured by Averbach and Corie11 (1961) and Sper1ing (1960). 

, 1 
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Furthermore, in 3xperiment 1, the Manua1 deaf group (with 

the exception of one subject, who had been ora11y trained 

initia11y) often seemed to encode visua11y presented lower 

case 1etters according to their shapes in upper case, 

which is further evidence for a visual code that cannot have 

been sensory. 

The ext.ensive uti1ization of visua1 coding by the deaf 

raises the question of whether the deaf have a specia11y 

deve10ped capacity for visual memory to compensate for their 

acoustic or articu1atory deficiencies. For examp1e, do 

they,more often than hearing persons, possess the capacity 

for eidetic imagery (Haber & Haber, 1964; K1üver, 1928; 

Leask, Haber & Haber, 1969). Whi1e research is 1acking on 

this point, it appears from an ear1y study that they do not 

(Hofmarksrichter, 1931). It is more 1ike1y, perhaps, that 

the deaf simp1y made more use of visua1 encoding strategies, 

for both verba1 and non-verba1 materia1s. By comparison, 

the hearing have an efficient verba1 coding system and on1y 

use their visual system as a secondary code. On non-verb ù 1 

tasks such as recognition of faces, this verba1 strategy 

of the hearing may be inefficient. This is not to suggest 

that normal hearing Ss cannot uti1ize visua1 coding in post

sensory storage, as this has a1ready been shown to exist 

(Cermak, 1971; Hiles, 1971; Kro11 et al., 1970). Presumably 

the hearing §s preferred the strategy of utilizing their 

acoustic (or articu1atory) or verbal encoding systems which, 
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at least for verbal materia1, provide for better retention 

than visua1 encoding. However, the deaf, with poor1y 

developed acoustic and articulatory systems, make what use 

they can of their visual encoding system before resorting 

to alternatives. 

The nature of these alternative codes was not alto

gether c1ear. In both Experiments land 2, the Oral deaf 

group showed evidence of acoustic confusions, with five

letter sequences. However, it should be pointed out that 

what are genera1ly accepted as acoustic confusions for 

hearing subjects (Conrad, 1964), may be different for deaf 

§.s. For example, what a deaf child hears through many 

modern hearing aids is often so acoustica1ly distorted that 

it bears little resemblance to what was actually spoken. 

Nevertheless, a moderate correlation was obtained between 

the confusions shown between this and the hearing group. 

It was even less clear what code or codes the Manual 

group used, beyond the visual. There was at least some evi

dence for a kinaesthetic code based on finger spelling; 

some of the confusions in Experiments 1 and 2 could plausibly 

be related to similarities in finger-spelling positions, and 

Ss were actually observed to finger spell during the re

tention interval in Experiment 2. However, finger spelling 

could not explain all of the confusions. It seems possible 

that post-sensory coding for this group, a.t least, was multi

dimensional (i.e., visual, kinaesthetic, abstract). Perhaps 

the manually trained deaf can benefit from material simul

taneously avai1able in kinaesthetic and visual modalities. 
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Another finding with important theoretica1 imp1ications 

requires brief e1aboration. Crowder and Morton (1969) have 

argued that strong recency effects in seria1 reca11 ref1ect 

pre-categorica1 acoustic storage (p .A.S. )--or "echoictl 

storage in Neisse~'s (1967) ter~ino1ogy. However, the re

cency effects observed with five-1etter sequences for the 

Ora1 deaf in Experiment 1, c1ear1y cannot be attributed to 

echoic storage. It was not c1ear what code did mediate 

reca11 of the fina1 1etters. As noted ear1ier, examination 

of confusions showed no distinct differences as a function 

of seria1 position; that is, there was evidence for arti

cu1atory and visua1 co ding in the fina1, as we11 as in the 

ear1ier positions. This suggests that the distinction be

tween pre-categorica1 and post-categorica1 storage processes 

based on seria1 position curves, may be much more comp1ex 

than origina11y envisaged by Crowder and Morton (1969). 

Conrad (1970,' p. 188), in his research with the deaf, has 

made a simi1ar point. 

In conc1usion, it appears that on1y a mu1ticomponent 

memory mode1 (c~Morton, 1970; Murray, 1969) cou1d pos-

sib1y succeed at present, in exp1aining the resu1ts of this 

thesis. Most memory mode1s (e.go, Atkinson & Shriffrin, 

1968; Norman, 1970; Waugh & Norman, 1965) c1ear1y distinguish 

the various stages of memory, but they do not e1aborate suf

ficient1y on the mu1tidimensiona1ity of the codes within 

these stages. By comparison, the mu1ticomponent memory 



models (Morton, 1970; Murray, 1969) clearly distinguish 

the multidimensional aspects of the coding in memory, but 

neglect the different stages. Too little is known of the 

different stages of memory within each coding dimension 

for a comprehensive model to be specified at this time. 

Implications of this Work for Educators of the Deaf 

71 

It seems possible that the STM codes that were dis

covered and discussed in this thesis have important 

implications for deaf educators, particularly if these codes 

generalize to other cognitive processes or skills, such as 

thinking (cf. Conrad & Rush, 1965). However, it should be 

remembered that the limited sampling of both subjects and 

stimuli restricts the generality of the se findings con

siderably. 

The most important finding was that the deaf children 

made much more extensive use of visual coding. The deaf 

were also more efficient in their use of visual coding. 

This thesis could not resolve whether or not the deaf pos

sessed a better visual memory, or whether the deaf simply 

utilized more efficient visual strategies. In either case, 

it seems reasonable to conclude that greater emphasis should 

be placed on the use of visual aids and techniques in deaf 

education. 

Another important point concerns the degree of distortion 

in modern he~'ing aids. This is a much more important vari

able than previously acknowledged. Distortion of any degree 
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in a hearing aid wi11 underuti1ize the residual hearing of 

that chi1d. It seems possib1e that many of the qualitative 

differences observed and reported in the literature be

tween deaf and hearing subjects may be attributab1e to the 

constant distortion apparent in many modern aids. For 

examp1e, many of the linguistic differences observed in the 

deaf and reliance on visua1 coding say possib1y be directly 

related to this factor. 

The final point re1ates to the comparison between the 

two deaf groups and their respective methods of instruction. 

As cited in the Introduction, there has been a 10ng contro

versy over the best method to use in instructing the deaf. 

Recent evidence has shown the merits of manual training in 

deaf instruction (Morkovin, 1968; MacDougal1, 1971; Stuckless 

& Birch, 1966; Vernon, 1968b, 1969). The resu1ts of this 

thesis show that the manual1y trained certain1y suffered no 

disadvantage when compared with the oral1y trained for these 

types of tasks. In a11 experiments, the Manua1 group was 

superior to the Oral group even when age was covaried out o 

Considering the implications of these resu1ts and those re

ported by Conrad (1970, 1971), it wou1d seem that manua1 

training and communication shou1d form an important part of 

curricula for any deaf chi1d. 
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APPENDIX B 

Experiment 1: Confusion Matrices 



GROUP: Normal Hearing 

CRITERION: OROERED RECALL 

A 

A -
B 

0 

D 
0 

E 
1 

G 
RESPONSE 6 

H 
1 

N 
0 

Q 
2 

R 
0 

T 
0 

CRITERION: FREE RECALL 

A 

A -
B 

0 

D 
0 

E 
2 

G 
RESPONSE 6 

li 
1 

N 
0 

Q 
2 

R 
0 

T 
0 

' ... 

EXPERIMENT 

B 

0 

-
1 

8 

1 

0 

0 

0 

0 

2 

B 

0 

-
1 

1 

0 

0 

0 

0 

0 

1 

SEQUENCE LENGTH: 4 Letters 

CASE: Upper 

STIMULUS PRESENTED 
D E G H N Q R T 

0 0 4 0 0 0 2 0 

3 7 1 0 0 0 0 1 

- 4 3 0 3 0 0 2 

3. - 3 0 0 0 1 2 

5 3 - 0 0 0 0 1 

0 0 0 - 0 0 1 0 

6 1 0 0 - 0 0 0 

0 0 2 0 0 - 0 0 

0 0 0 1 0 0 - 0 

4 3 1 0 0 1 0 -

STIMULUS PRESENTED 
D E G H N Q R T 

0 0 0 0 0 0 2 0 

1 0 0 0 1 0 0 0 

- 1 1 0 5 0 0 0 

-2 2 0 0 0 0 0 

-4 1 0 0 3 0 0 

-0 0 0 0 0 0 0 

-0 1 1 0 0 0 1 

-0 0 0 0 0 0 0 

0 0 0 0 0 0- 0 

3 1 0 0 0 1 0-



GROUP: Manua1 Deaf 

. CRITERION: ORDERED RECALL 

A B 

A - 13 

B 2 -
0 1 8 

E 8 6 

G 4 3 . RESPONSE 
H 4 3 

N 3 5 

Q 4 6 

R 3 6 

T 3 7 

CRITERION: FREE RECALL 

A B 

A - 4 

B -0 
0 

2 2 
E 

2 3 
G 

RESPONSE 0 2 
H 

4 0 
N 

0 3 
Q 

0 5 
.R 

3 4 
T 

3 6 

EXPERIMENT 1 

SEQU.ENCE LENGTH: 4 Lett=e=rs::...-_ 

~ASC: Upper 

STIMULUS PRESENTED 
o E G H N Q R T 

--
3 8 1 6 6 5 4 4 

6 4 3 1 2 2 3 3 --
- 1 4 5 6 1 4 1 

5 - 8 2 7 3 0 0 

Il 7 - 7 9 3 0 3 .-

6 1 6 - 6 5 Il 2 

8 2 5 2 - 1 12 9 

1 3 2 4 2 -- 3 0 

5 9 2 15 17 5 - 3 

5 20- 6 6 

_. 
5. 6 -

STIMULUS PRESENTED 
o E G H N Q R T 

1 2 1 3 6 2 5 1 

3 1 1 0 2 0 0 0 

- 0 1 1 1 0 0 1 

-7 2 2 5 2 0 0 

-9 2 2 1 6 0 0 

-1 0 1 2 1 1 1 __ 

-1 0 1 1 0 2 2 

-0 1 2 1 0 0 0 

-6 7 1 1 7 1 1 

-6 0 3 4 6 l 3 1 



EXPER 1 t'lENI 1. . 

GROUP: Oral Deaf SEQUENCE LENGTH: 4 Letters 

.ÇASE: Upper 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

A B o E G H N Q R T 

A - 3 1 3 5 7 6 8 7 3 

B 2 - 12 3 5 4 1 4 2 1 

0 0 6 - 4 3 3 4 1 1 1 

E 3 2 4 - 2 3 3 2 7 8 

G 
. RESPONSE 3 6 2 3 - 5 6 0 1 2 

H 4 3 1 1 1 - 5 0 4 4 

N 4 1 2 6 2 8 - 4 2 2 -
Q 5 7 3 2 2 0 4 - 4 0 

R 2 4 5 7 5 7 8 4 - 4 

T 2 7 5 5 7 5 4 2 3 ~ 
CRITERION: FREE RECALL 

STIMULUS PRESENTED 
A B o E G H N R T 

A - 3 2 2 3 4 4 2 2 1 

B 1 - 4 0 3 2 1 0 2 0 

0 2 1 - 0 0 1 1 0 0 1 

E 3 2 1 -- 5 2 3 1 5 1 

G 
RESPONSE 

0 1 2 2 - 1 4 1 0 1 

H 0 1 1 0 1 - 2 0 0 0 

N 1 1 4 0 ° 4 5 - 0 1 2 

Q 0 2 3 0 1 0 4 - 0 0 -
.R 1 10 3 3 2 4 5 0 - 0 --
T 0 4 4 1 4 2 1 0 1 -



'~_. 

EXPER 1 f.1ENT l 

GROUP: Normal Hearing SEQUENCE LENGTH: 4 Letters 

CASE: Lower 

CRI TERI ON: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e g h n q r t 

a - 0 0 2 0 1 0 0 1 0 

b 0 - 4 3 0 0 0 1 1 0 

d 0 5 - 2 6 1 0 0 0 1 

e 0 3 4 - 2 2 0 1 0 0 

g 0 l 8 4 - 0 0 l 0 1 
RESPONSE r-

h I l l 2 0 - 0 0 0 1 

n 0 l 2 0 0 0 - 1 0 0 

q 0 3 0 0 1 0 1 - 0 0 

r 1 1· 0 0 0 0 0 0 - 1 

t 0 l ... 2 0 0 0 1 1 -
--'-----

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e g h n q r t 

a - 0 0 l 0 0 0 2 2 0 
'---

b 0 - l 1 0 0 0 1 0 0 

d 0 l - 0 4 0 0 1 0 0 --~._-r-
e 0 l 1 - 0 l 0 2 0 0 

g 0 0 4 l - 0 0 1 0 2 
RESPONSE 

h 0 0 0 0 0 -- 0 0 0 1 
-~. 

n 0 0 1 l 0 0 -- 0 0 0 
1--- --- -- -----1---

q 0 0 0 0 0 0 0 -- 0 1 

r 0 0 0 0 0 0 0 0 -- 0 
-

t 0 1 0 0 0 0 0 0 0 -._-- -



' ... 

EXPERIMENT .! 

GROUP: Manua1 Deaf SEQUENCE LENGTH: 4 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e g h n q r t 

a - 1 2 5 5 11 9 8 4 4 

b 4 - 4 0 2 5 1 3 4 2 

d 1 6 - 2 2 9 7 2 0 6 

e 3 3 2 - 6 2 2 1 6 4 

g 
RESPONSE 6 4 Il 4 - 7 13 69 3 3 

h 5 8 3 1 7 - 4 1 6 3 

n 6 1 4 1 2 6 - 2 0 5 

q 2 1 1 0 4 0 1 .. - 0 1 

r 5 6· 1 12 3 8 8 3 -- 5 

t 4 3 Il -- 1 6 3 3 3 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 4 ~ 1 JL 1 1 1 --.L. 
b i - 0 0 1 3 1 0 0 0 

d 
1 - 0 2 1 6 1 0 0 1 

e 
3 1 1 - 2 2 1 1 2 0 

g 
RESPONSE 0 4 10 0 - 1 4 79 0 4 

h 1 1 1 0 1 - 4 2 1 0 

n 1 8 0 1 1 - 1 0 1_ -L-. 
q 

.-L 
. 

0 0 0 2 0 0 -- 0 0 .-
r 4 1 1 3 2 3 6 2 -- 6 

t 0 1 2 0 0 4 2 1 1 -_ .. _- - '----- '--_ .. -_.-



- \ 

EXPERIMENT 1 

GROUP: Oral Deaf SEQUENCE LENGTH: 4 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e g h n q r t 

a - 2 5 2 4 3 2 5 3 4 

b 2 - 10 8 4 6 2 12 2 5 

d 3 8 - 1 4 5 6 6 2 0 

e 4 3 4 - 4 5 6 1 7 2 

g 
RESPONSE 4 5 8 1 - 7 8 44 3 4 _.-

h 1 5 3 0 3 - 5 1 2 0 

n 4 2 2 4 6 6 - 5 !-_L ~ 
q 2 7 2 0 10 1 2 - 0 3 

r 1 1 4 4 1 2 8 2 - 1 ._--
t 1 2 6 2 3 1 2 6 1 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 1 4 0 2 2 2 8 1 2 
---'---

b 1 - 2 2 7 2 1 10 1 1 
-

d 2 6 --- 0 1 2 0 2 1 1 
i-

e l 0 5 - 2 4 5 2 2 1 
-

g 2 0 3 0 - 5 8 43 1 2 
HESPONSE 

h 2 4 1 2 0 -- 6 1 2 2 

n 0 2 0 0 1 8 0- 1 2 0 -- ---
q 3 1 2 2 2 1 0 -- 0 0 

1-----

r 0 1 0 2 1 2 7 0 -- 0 

t 2 1 5 0 1 0 1 1 1 ---0- _._._--- _. '----



GROUP: Normal Hearing 

CRITERION: ORDERED BECALL 

A 

A -
B 4 

0 1 

E 6 

G 
. RESPONSE 4 

H Il 

N 4 

0. 3 

R 5 

T 2 

CRITERION: FREE RECALL 

A 

A -
B 1 

0 1 

E 3 

G 0 
RESPONSE 

H 2 

N 2 

0. o· 

.R 2 

T 0 

B 

4 

-
14 

13 

6 

3 

0 

7 

5 

7 

B 

0 

-
2 

6 

1 

0 

0 

2 

3 

2 

EXPERIMENT 1-

SEQUENCE LENGTH: 5 Letters 

CASE: Upper 

STIMULUS PRESENTED 
o E G H N 0. R T 

2 9 8 Il 3 ~ 1 1 

21 4 16 1 1 1 4 7 

- 4 15 a 1 6 1 3 

6 - 17 3 3 5 10 9 

Il 10 - 2 3 1 3 2 . 
0 4 2 - 3 3 2 1 

2 5 6 6 -- 2 2 1 -
3 1 3 a 1 --- 0 7 

-i-

3 9 5 2 1 2 -- 5 

10 9 3 1 2 1 3 -

STIMULUS PRESENTED 
o E G H N 0. R T 

1 5 2 3 a 2 a 1 

6 2 2 1 1 1 a 1 

- 2 3 a 1 2 a 4 

3 - 12 2 1 a a 5 

2 1 - :J. a a a a 

0 3 2 - 1 2 a 0 

5 3 5 1 - 1 1 a 

3 a 1 a a - a a 

3 2 3 a 2 a - 2 

5 4 2 a 1 0 1 -
" 



' ... 

EXPEHIMENT 1. 
GROUP: Manua1 Deaf SEQUENCE LENGTH: 5 Letters 

CASE: Uppe.-=.r~ ______ _ 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

A B o E G H N Q R T 

A - 9 10 13 14 25 21 14 Il 15 
B 3 - Il 3 7 6 3 9 12 5 
0 2 9 -- 5 8 5 1 6 3 2 
E 20 3 3 - Il 14 19 7 12 13 
G 

RESPONSE 
10 10 10 9 - 17 Il 4 4 Il 

H 21 9 8 3 14 - Il 9 12 7 
N 8 3 5 10 12 10 - 5 5 15 

Q 14 5 5 4 15 5 6 - 8 8 
R 10 17 12 16 9 12 20 18 - 14 -- I-'-~ 
T 13 17 15 12 14 5 7 7 15 -

CR !TER 1 ON: FREE RECALL 
STIMULUS PRESENTED 

A B D E G H N Q R T 

A - 4 8 3 9 7 13 5 5 2 
-B 1 - 8 1 0 7 2 0 0 4 

0 0 5 - 1 l' 3 0 2 0 1 
E 3 5 7 - 9 4 3 3 3 1 
G 

RESPONSE 3 2 8 3 - 8 8 2 1 5 
H 5 3 9 4 5 - 10 2 3 1 
N 4, 4 8 1 5 3 - 2 0 1 
Q 1 1 7 1 4 0 2 -- 1 0 

,R 5 5 5 2 4 7 16 3 - 3 
--T 5 7 8 5 9 3 3 0 3 --



',;" 

EXPERIMENT .! . 

GROUP: Oral Deaf SEQUENCE LENGTH: 5 Letters 

CASE: Upper 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

A B D E G . H N Q R T 

A - 4 5 6 7 6 7 4 7 4 

B 4 - 7 6 1 6 2 6 9 3 
--

D 1 8 - 10 7 7 4 2 1 3 

E 7 6 Il - 8 Il 14 3 13 6 --
G 5 3 7 2 - 4 8 9 6· 9 

RESPONSE 
H 9 4 9 7 4 - 5 5 7 8 

N 3 6 5 6 9 6 - 4 5 2 

Q 2 7 5 2 2 2 6 - 3 10 

R 2 Il 6· 4 4 2 4 . 9 _o. 2 

T 4 2 7 9 5 7 5 6 8 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

A B D E G H N Q R T 

A - 6 4 0 4 3 4 2 2 5 

B 0 - 2 6 3 4 1 0 6 0 

D 2 2 - 3 9 2 5 3 2 0 

E 7 7 6 - 5 8 8 4 4 4 

C 
RESPONSE 

3 1 10 1 - 1 4 6 1 2 

H 4 9 4 1 2 - 4 4 2 2 

N 2 3 4 0 ·6 2 - 2 3 2 

Q 0 2 2 1 2 1 1 - 0 0 

.R 0 1 1 0 1 6 2 0 - 2 

T 2 0 4 2 3 1 6 3 6 -



.... 

EXPER 1 MENT !. 

GROUP: Normal Hearing SEQUENCE LENGTH: 5 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e· 9 h n q r t 

a - 1 4 4 6 4 2 3 2 1 

b 2 - 11 4 7 2 2 19 1 8 

d 0 4 - 4 20 0 1 3 1 5 

e 5 9 9 - 3 3 2 4 2 5 

9 
RESPONSE 

2 9 13 Il - 2 1 9 0 6 

h 6 0 0 5 3 - 5 2 2 0 

n 6 2 3 4 6 3 - 2 1 2 --
q 1 12 0 0 3 0 1 - 0 1 --
r 0 3· 1 1 0 2 0 1 - 8 

t 3 3 7 2 7 3 0 3 9 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 
r---

a - 0 2 1 3 2 0 3 2 2 
1--

b i - 3 2 4 0 0 25 0 3 

d 0 0 - 0 4 0 1 3 0 2 ._--r-
e 4 7 2 - 4 2 0 3 0 2 

.-

9 0 1 3 3 - 0 0 16 0 3 
RESPONSE --

h 5 1 0 2 0 - 0 1 1 0 
_.e.-

n 1 0 2 1 2 2 - 1 2 1 
-

q 1 8 1 0 1 0 0 - 0 0 
-:--

r 0 2 1 2 0 0 0 0 -- 0 

t 0 1 7 3 1 0 1 3 0 -.. _--.. - ----



.. , 

EXPEB.ltlENI.!. 

GROUP: Manua1 Deaf §.~~UENCE LENGTH: 5 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
?TIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 3 9 10 9 Il 24 6 8 6 

b 3 - 8 2 5 Il 1 9 5 6 

d 3 7 - 6 6 6 3 2 3 1 
-

e 19 6 10 - 9 7 19 6 10 6 

9 4 8 3 3 - 21 10 20 5 5 
RESPONSE 

h 13 16 12 3 8 - Il 6 6 4 

n Il 3 17 9 6 10 - 6 6 9 

q 6 9 4 2 13 3 6 -- 4 6 

r 7 13 13 14 8 Il 14 10 -- 5 

t 9 12 10 Il 7 8 2 6 8 ---- ---

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 
--1---

a - 4 5 1 3 5 7 2 4 2 
f--

b 2 - 2 0 1 3 2 0 0 0 

d 1 1 - 2 3 3 1 1 f-~ ~ 
e 4 4 4 - 6 1 13 3 2 4 1-. 

9 
RESPONSE 4 3 8 2 - 4 3 16 1 3 

h 3 6 6 0 2 -- 4 3 5 3 

n 2 2 9 0 3 6 - 1 1 1 -- -
.q 1 5 2 0 7 1 -~ 

--- 0 1 . - . 1-• 

r 

t 

4 6 6 3 5 5 13 5 -- 3 

G __ 3. -
7 4 4 3

L 
1 3 3 --

'---



EXPER 1 MENT .!. 

GROUP: Oral Deaf SEQUENCE LENGTH: 5 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED .. 

a b d e 9 h n q r t 

a -- 4 3 6 2 6 16 8 9 2 

b 4 - 13 4 4 Il 1 4 8 5 9 

d 4 8 - 1 4 9 2 5 3 3 -
e 15 12 9 - 9 7 13 3 Il 9 

9 6 1 .10 3 
RESPONSE 

- 2 1 24 5 6 

h 6 6 9 3 10 - 12 2 5 8 

n 4 5 3 6 9 7 - 4 4 4 

q 0 3 3 4 14 3 4 - 2 9 

r 4 6. 4 4 5 3. 6 3 - 4 

t 6 5 16 6 8 3 5 2 Il -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 1 3 2 1 3 7 3 7 3 

b 1 - 3 2 3 2 7 1 2 1 

d 6 1 .'- 1 6 2 0 2 1 2 

e 6 4 10 - 10 4 4 2 5 2 

9 
RESPONSE 

2 0 4 0 - 0 0 17 1 1 

h 2 7 4 2 6 -- 10 1 2 2 

n 0 3 2 1 6 3 - 1 2 1 

q 0 2 2 1 8 1 1 -- 0 4 1-

r 2 1 1 2 4 0 2 2 -- 0 

t 2 3 6 1 __ L--~_'-_ ·, 2 1 1 1 1 --
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APPENDIX C 

.. --
Summary of Ana1yses of Yariance (Experiment 1) 



.... 

Tab1e C:1 

Summary of Ana1ysis of Variance under Ordered 

Reca11 Criterion--using Four-1etter Sequences 

Source df Mean Sguare F 

Subjects (S) 

Case (C) 1 0.17 0.03 

Groups (G) 2 411.79 59 .. 21** 

Position (p) 3 57.10 49.58** 

S (G) 21 6.95 

CG 2 1.56 0.28 

CP 3 0.66 0.47 

GP 6 13.28 11.53** 

CS (G) 21 5.60 

SP (G) 63 1.15 

CGP 6 0.67 0.48 

CSP (G) 63 1.40 

** p < .01 



Table C: 2 

Summary of Analysis of Variance Under Free 

Recall Criterion--Using Four-letter Sequences 

Source gr Mean Sguare F 

Subjects (S) 

Case (C) 1 1.22 0.30 

Groups (G) 2 176.55 29.54** 

Position (p) 3 29.51 30.78** 

S (G) 21 5.96 

CG 2 4.85 1.18 

CP 3 0.34 0.32 

GP 6 6.69 6.98** 

CS (G) 21 4.10 

SP (G) 63 0.95 

CGP 6 1 .. 18 1.12 

CSP (G) 63 1.06 

** p < .01 



Tab1e C:3 

Summary of Ana1ysis of Variance under Ordered 

Reca11 Criterion--using Five-letter Sequences 

Sou~ df Mean Sguare F 

Subjects (S) 

Case (C) 1 7.23 0068 

Groups (G) 2 529.91 35.51** 

Position (p) 4 59.59 40.62** 

S (G) 21 14.92 

CG 2 14.41 1.35 

CP 4 1.97 0.72 

GP 8 42.43 28.93** 

CS (G) 21 10.66 

SP (G) 84 1.47 

CGP 8 0.36 0.13 

CSP (G) 82 2.71 

** p < .01 



.;" 

Table C:4 

Summary of Ana1ysis of Variance Under Free 

Reca11 Criterion--Using Five-1etter Sequences 

Source &f. Mean Sguare F 

Subjects (5) 

Case (C) 1 1.30 0.24 

Groups (G) 2 871.83 43.57** 

Position (p) 4 59.60 12.33** 

S (G) 21 210.08 

CG 2 19.55 1.80 

CP 4 4.61 0.66 

GP 8 151.50 15.67** 

CS (G) 21 114.33 

SP (G) 84 101.48 

CGP 8 7024 0.52 

CSP (G) 84 147.54 

** p < .01 



APPENDIX D 

Confusion Matrices (Experiment 2) 



EXPERLMENT ! 

GROUP: Manual Deaf SEqUENCE LENGTH :._5_L_e_t_te_r_s __ 

CASE: Upper 

CRITERION: OROERED RECALL 
ST 1 t-1ULUS PRESENTED 

A B o E G H N Q R T 

A - 1 3 1 4 2 6 2 2 0 

B 0 - -13 0 5 2 2 0 6 5 

0 1 4 - 1 8 8 3 2 2 0 

E 5 2 0 - 2 3 1 0 2 2 

G 5 
. RESPONSE 

8 9 0 - 5 8 8 2 3 

H 2 2 5 0 1 - 4 0 '] 1 J 

N 6 8 5 1 12 13 - 3 4 4 

Q 4 0 5 0 4 1 2 - 3 1 

R 4 3 6 3 1 0 3 2 - 4 

T 1 3 3 2 1 3 2 1 3 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

A B o E G H N Q R T 
-' 

A - 0 3 2 1 1 2 0 1 2 

B 0 - 1 0 0 0 0 0 2 2 

0 2 1 - 0 0 0 0 0 0 0 

E 9 0 2 - 1 0 2 0 0 0 

G 1 0 3 0 - 3 1 0 0 1 
RESPONSE 

H 0 0 0 0 0 - 0 0 0 1 

N 1 1 4 0 2 16 - 0 2 1 

Q O· 0 2 0 1 0 0 - 0 0 
-

.R 2 0 1 0 0 1 1 0 - 1 

T 0 1 0 2 0 0 0 0 1 -



GROUP: Oral Deaf 

CRITERION: ORDERED RECALL 

A B 

A - 10 

B 4 -
0 1 15 

E 6 5 

G 
. RESPONSE 

8 2 

H Il 8 

N 0 0 

Q 6 3 

R 9 2 

T 5 8 

CRITERION: FREE RECALL 

A B 

A - 2 

B 2 -
0 2 5 

E 2 1 

G 2 1 
RESPONSE 

H 4 6 

N 0 0 

Q 0 0 

.R 4 3 

T 1 4 

EXPERIMCNT ~ 

SEQUENCE LENGTH: 5 Letters 

CASE: Upper 

STIMULUS PRESENTED 
o E G H N Q R T 

'--
6 7 9 4 6 13 1 6 

17 3 5 6 6 10 15 1 

- 8 17 9 1 2 6 7 

13 - 8 7 14 6 9 14 

9 8 - 3 2 4 4 Il - :---------
9 6 6 - 15 6 8 3 

6 4 8 6 - 1 3 4 

6 4 6 4 5 -- 4 4 .-
9 6 7 8 7 8 - 2 

8 2 7 5 6 5 6 -
-

STIMULUS PRESENTED 
o E G H N Q R T 

3 2 0 4 3 5 3 3 

5 2 3 1 2· 1 4 2 

- 1 9 0 0 6 3 6 

7 - Il 6 6 2 5 5 

6 2 - 1 2 0 0 7 
--

2 2 2 - 10 1 0 0 

4 0 2 2 - 0 0 0 

3 2 1 2 0 - 2 1 

2 1 2 1 8 0 - 0 
--

6 3 5 0 5 1 2 -



EXP ER 1 t-1ENT ! 

GROUP: Man ua1 Deaf SEQUE~CE LENGTH: 5 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 2 0 1 2 3 7 1 5 3 

b 1 - 2 0 1 1 4 0 3 0 0 

d 1 0 - 0 0 2 0 0 0 0 

e 0 0 0 - 0 3 1 1 0 1 

9 0 1 1 1 - 2 0 32 1 4 
RESPONSE 

h 2 4 0 0 2 - 1 2 1 2 

n 4 1 1 2 1 3 - 3 1 6 
1---

q 3 1 1 n 17 0 2 - 1 1 v 
-- --

r 3 1. 1 1 0 3 2 2 - 1 
1---

t 0 1 1 1 3 2 4 1 3 -_. 
-

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 
-

a - 2 0 3 0 0 4 0 1 2 

b 0 - 0 0 2 1 1 0 0 1 

d 1 0 -- 0 0 0 0 1 1 0 

e 0 0 0 - 0 1 1 1 0 0 
--

9 0 0 2 0 - 1 0 22 0 0 
RESPONSE -

h 0 1 1 0 1 - 0 0 0 1 

n 0 1 2 0 1 6 - 1 2 2 
- --'---. 

q 0 0 0 0 3 0 0 --- 0 0 
--- _.- .-

r 1 0 0 1 0 3 1 0 -- 0 
-

t 1 1 1 0 0 2 2 0 1 ----- _._---. __ -_.1.-..-



'\ 

EXP ER 1 t-1EIiI 1-

§ROUP: Oral Deaf SEQUENCE LENGTH: 5 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a -- 3 4 6 5 Il la 3 8 7 

b 5 - 9 2 3 8 2 3 6 5 

d 2 7 - 1 8 4 2 2 3 8 

e 8 Il la - Il 3 Il la 12 8 

9 14 6 la 5 - 6 1 26 8 7 
RESPONSE 

h 4 6 8 4 7 - la 3 6 7 

n 9 1 4 2 13 7 - 9 6 4 

q 4 3 6 5 9 4 3 - 4 5 

r 7 8 3 4 5 7 8 6 -- 5 

t 2 4 17 8 la 9 7 4 la --

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 
,----

a - 2 4 a 2 4 4 3 3 0 
r-' 

b 1 - 7 0 2 0 0 2 0 5 --
d 1 3 - 0 4 2 1 0 2 0 

e 1 6 8 - 9 1 2 2 2 7 

9 5 1 3 0 - 2 0 16 0 6 
FJ:~PONSE 

h 1 5 3 0 1 -- 4 1 0 3 

n 1 a 1 0 1 5 - 2 3 2 

.q 1 0 4 0 3 1 0 -- 1 1 

r 0 3 1 4 0 0 6 0 -- 0 

-
t 1 1 7 5 6 4 0 1 5 --

----'--. '---- '------- --



';" 

EXPER 1 MENT ~ 

GROUP: Manual Deaf SEQUENCE LENGTH: 4 Letters 

CASE: Upper 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

A B o E G H N Q R T 

A - 0 0 0 0 2 0 0 0 0 

B 0 - 0 1 0 1 0 0 1 1 

0 0 0 - 0 1 0 1 0 1 0 

E 0 0 0 - 0 1 0 0 0 0 
--

G 1 0 1 0 - 1 0 0 0 0 
. RESPONSE 

H 0 2 0 0 1 - 3 0 0 0 

N 0 0 1 0 0 0 - 0 0 0 
-

Q 0 0 0 0 0 0 0 - 1 0 

R 0 1 1 0 0 0 0 1 - 0 

T 0 0 1 0 0 0 3 0 0 -
--, 

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

A B o E G H N Q R T 

A - 0 0 0 0 3 0 0 0 0 

B 0 - 0 0 0 1 0 0 0 0 

0 0 0 - 0 0 0 0 0 0 0 

E 0 0 0 - 0 2 0 0 0 0 

G 
RESPONSE 

1 0 0 0 - 0 0 0 0 0 

H 0 2 0 0 0 - 4 0 0 0 

N 0 0 0 0 • 0 0 - 0 0 0 
0. 

Q 0 0 0 0 0 0 0 - 0 0 

.R 0 0 0 0 0 0 0 0 -- 0 

T 0 0 2 1 0 0 3 0 0 -



EXP ER 1 MENT ~ 

GROUP: Oral Deaf SEQUENCE LENGTH: 4 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

---a--- b - ------. d e g h n q 
- --_.~--

r t 

a -- 5 1 2 5 5 7 2 2 2 

b 3 - 4 3 2 1 1 0 3 2 

d 1 7 - 0 5 1 5 2 1 2 

e 4 3 5 - 0 2 2 2 0 3 

g 4 4 3 1 - 1 0 3 2 2 
RESPONSE 

h 3 1 6 0 0 - 7 1 5 3 

n 4 1 3 0 5 6 - 1 0 0 

q 0 2 2 0 6 0 1 - 0 2 

r 1 6 2 0 2 4 3 2 - 0 

t 4 3 2 3 3 2 1 2 3 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e g h n q r t 

a - 3 4 0 2 0 0 0 0 1 

b 0 - 0 1 1 0 0 0 1 1 

d 1 .3 ."- 0 3 1 0 0 0 0 

e 1 0 0 - 4 0 1 0 0 1 

g 0 2 2 0 - 0 2 0 0 3 
RESPONSE 

h 0 1 2 0 0 -- 4 0 1 0 

n 1 1 0 1 1 0 -- 1 1 0 

q 0 0 0 0 2 0 1 -- 0 0 

r 1 3 0 0 0 2 1 0 -- 0 

t 2 4 3 1 1 1 0 0 2 --
--'----



' .. ' 

EXPERIMENT ! 

GROUP: Manua1 Deaf SEqUENCE LENGTH: 4 Letters 

CASE: Lower 

CRITERION: OROEREO RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 1 0 3 2 4 4 2 2 2 

b 2 - 10 1 2 4 2 7 2 3 

d 1 12 - 5 4 2 1 2 0 1 

e 1 0 5 - 1 3 3 1 0 0 

9 0 3 9 1 - 6 1 Il 1 1 
RESPONSE 

h 1 3 6 1 6 - 2 0 5 Il 

n 3 2 2 2 1 2 - 2 2 5 

q 3 8 1 1 5 2 2 - 1 1 

.. 
1 3 1 1 0 0 5 2 4 - 4 

t 3 1 3 1 2 Il 6 1 2 -

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 0 2 1 1 1 0 0 0 0 

b 0 r-- 3 0 0 2 2 0 1 0 

d 0 0 - 0 1 0 0 1 0 0 

e 0 0 0 - 1 0 0 0 1 1 

9 0 1 2 0 - 0 0 8 0 0 
RESPONSE 

h 1 1 1 1 0 -- 1 0 0 0 

n 0 1 0 0 0 1 - 0 0 1 

q 0 0 0 0 1 2 0 -- 0 0 

r 0 1 1 0 0 1 1 0 -- 1 

t 1 1 2 1 0 1 0 0 0 -



EXP ER 1 MENT l. 

GROUP: Oral Deaf SEQUENCE LENGTH: 4 Letters 

CASE: Lower 

CRITERION: ORDERED RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 2 4 5 6 4 3 0 4 0 

b 2 - 20 1 5 1 2 5 2 3 

d 1 13 - 2 4 6 4 6 2 1 

e 8 2 3 - 1 5 2 1 4 5 

9 3 5 8 1 - 3 4 35 0 7 
RESPONSE 

h 5 3 4 0 3 - 7 2 2 0 

n 2 0 2 3 2 12 - 2 5 3 

q 2 1 5 1 5 2 2 - 0 1 

r 3. 4 2 3 1 6 6 1 - 0 

t 2 5 4 1 3 4 3 4 2 -
.-

CRITERION: FREE RECALL 
STIMULUS PRESENTED 

a b d e 9 h n q r t 

a - 0 4 4 2 2 2 1 2 0 

0 ·1 - 3 0 3 6 0 2 0 0 

d 1 3 - 0 1 0 0 3 2 1 

e 2 4 4 - 1 1 .3 1 1 3 

9 1 3 5 1 - 3 1 32 1 2 
RESPONSE 

h 0 1 0 0 0 -- 1 0 0 1 

n 1 0 1 1 0 4 -- 0 1 0 
.1--

q 1 ·2 0 0 1 0 0 -- 0 0 

r 0 0 1 1 1 1 3 0 -- 1 

t 0 1 3 1 2 2 2 1 4 -_. __ .-



APPENDIX. E 

Summary of Ana1ysis of Variance 

(Experiment 2 ) 

, -1 



Tab1e E:1 

Summary of Ana1ysis of Variance Under Ordered 

Reca11 Criterion--Using Four-1etter Sequences 

Source df 

Subjects (s) 

Case (C) 1 

Groups (G) 1 

Position 

S (G) 

CG 

CP 

GP 

CS (G) 

SP (G) 

CGP 

CSP (G) 

(p) 3 

16 

1 

3 

3 

16 

48 

3 

48 

* p < .05 

** p < .01 

Mean Sguare F 

95.06 7.87* 

172.62 12.20** 

7.35 15.15** 

14.15 

0.34 0.03 

1.70 2.96 

0.41 0.85 

12.08 

0.48 

0.88 1.54 

0.57 



,.' 

Table E: 2 

Summary of Ana1ysis of Variance Under Free 

Recal1 Criterion--Using Four-1etter Sequences 

Source gf Mean Sguare F 

Subjects (S) 

Case (C) 1 12.48 3.13 

Groups (G) 1 58.01 22.87** 

Position (p) 3 0.43 2.63 

S (G) 16 2.54 

CG 1 7.65 1.92 

CP 3 0.19 0.09 

GP 3 0.34 2.09 
CS (G) 16 3.98 
SP (G) 48 0.16 

CGP 3 0.73 0.04 
CSP (G) 48 0.18 

** p < .01 

;\ 



Tab1e E: 3 

Summary of Ana1ysis of Variance Under Ordered 

Reca11 Criterion--Using Five-1etter Sequences 

Source ~ Mean Sguare F 

Subjects (S) 

Case (C) 1 9.04 0.60 

Groups (G) 1 972.23 67.15** 

Position (p) 4 14.19 12.30** 

5 (G) 16 14.48 

CG 1 7.88 0.52 

CP 4 1.92 1.79 

GP 4 2.25 1.94 

CS (G) 16 15.15 

SP (G) 64 1.15 

CGP 4 4.12 3.84 

CSP (G) 64 1.07 

** p < .01 



Tab1.e E:4 

Summary of Ana1ysis of Variance Under Free 

Reca11 Criterion--Using Five-1.etter Sequences 

Source Sf Mean Sguare F 

Subjects (S) 

Case (C) 1 5.03 0.40 

Groups (G) 1 530.77 70.10** 

Position (p) 4 0.93 2.08 

S (G) 16 7.57 

CG 1 . 0.87 0.07 

CP 4 0.34 0.71 

GP 4 0.84 1.87 

cs (G) 1.6 1.2.58 

SP (G) 64 0.45 

CGP 4 0.49 1.01 

CSP (G) 64 0.48 

** p < .01 



APPENDIX F 

Summary of Confusion Matrices 

(Experiments 1 and 2) 



Summary of Product Moment Correlations for Both Free and Ordered Recall 

(Experiment 1) 

Key Upper Diagonal: Free Recall 

Lower Il Ordered Recall 
~~ 



HEARING MANUAL DEAF ORAL DEAF 
,,- --..~ ~ 

~ ~ <.rt <.rt ~ ~ ~ <.rt ~ ~ <.rt <.rt 
c::l 1:'"' c::l 1:'"' 1:'"' 1:'"' 1:'"' c::l 1:'"' 

4U .Z5 .15 .19 .23 .28 .01 .18 -.04 .21 .27 .28 4U 

HEARING ~ 4L 
.52 .09 .26 .21 .13 .02 .05 -.01 .12 .30 .18 4L 

SU .41 054 .18 .11 -.08 .28 .11 .34 -.11 .12 .22 SU 

5L .. 29 .57 .43 .13 .41 -.10 .16 -.03 .55 .08 .27 5L 

4U .08 .. 15 .05 -.02 .29 .. 42 .53 .36 .24 .23 .32 4U 

MANUAL )4L -,-03 .04 .. 02 .36 .10 .05 .56 .02 .88 .20 .55 4L 

DEAF sU -.15 -.13 .16 .06 .33 .30 .50 .51 .06 .17 .21 SU ~: 

5L -.05 .09 .13 .23 .31 .41 .66 .38 .50 .34 .48 5L 

4U .06 .04 .33 .07 .23 -.01 .39 .27 .04 .13 .14 4U 

ORAL ) 4L .03 .13 .04 049 .01 .85 .18 .38 .02 .18 .55 4L 

DEAF ( SU -.06 .21 .14 .13 -.05 .13 .25 .32 .07 .16 .38 sU 

5L .08 .14 .20 .34 .02 .51 .35 .47 .05 .56 .38 5L 

.J. 



MANU AL 

DEAF 

ORAL 

DEAF 

~ jj., 

~ ~ ;::l < 
~ ~ ~ 

~ 0 ~ 
~ 

~ ...:1 ~ ...:1 ;::l 
li") ~ 1.1"') 

4U .08 .38 -.03 .13 .01 -.09 

4L .06 .00 .72 .11 .77 .07 

sU .05 .20 .18 .00 .07 .03 

5L .09 .38 .19 -.08 .87 -.12 

4U .13 .20 .32 .12 -.04 .38 

4L .05 .46 .48 .66 .29 .00 

su .11 .15 .13 -.10 .29 .22 

5L -.03 .27 .23 .53 .32 .50 .18 

Summary of Product Moment Correlations,Ordered 

and Free Recal1 Criterion (Experiment 2) 

Key: Upper Diagonal: Free Recall 
Lower n Ordered Recal1 

.. \ 

...:1 
li") 

.11 

.53 

013 

.36 

.21 

.63 

.52 
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APPENDIX G 

Facial Recognition Stimu1i 

(Experiment 3) 

Index 

G:1 Inspection Series--Ma1e Stimu1i 

G:2 Test Series--Ma1e Stimu1i 

G:3 Inspection Series--Fema1e Stimu1i 

G:4 Test Series--Fema1e Stimu1i 

G:5 Inspection Series--Ma1e & Fema1e Stimu1i 

G:6 Test Series--Ma1e & Fema1e Stimu1i 
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APPENDIX H 

Summary of Ana1ysis of Variance (Experiment 3) 



Source 

Subjects 

Groups 

Faces 

S (G) 

G x F 

SF (G) 

Tab1e H:1 

Summary of Ana1ysis of Variance 

for Facia1 Recognition Task 

.s!f Mean Sguare 

2 10.03 

2 2.33 

27 3.15 

4 2.02 

54 0.42 

** p < .01 

F 2,27 p < .05 = 3.35 

F 

3.19 N.S. 

5.29 ** 
7 .. 46 ** 
4 .. 77 ** 


