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ORivL STEREOGNOSIS .AND 

SHORT-TERM MEMORY 

CHAPTER I 

INTRODUCTION 

Theoretical Considerations and Rationale 

Auditory, kinesthetic and tactile feedback are important aspects 

in prominent theories of speech production and speech learning. 

Fairbanks (1954) postulated what is now a classic model of speech 

production, presenting speech as a "servo-system" or c. "closed cycle 

system" in which the input is controlled by the output. In this 

system of speech control peripheral feedback information, consisting 

primarily of auditory anc including oral tactile and proprioceptive 

feedback, is the basis for adjustments of the motor output. 

Van Riper and Irwin (1958) discuss the process of speech learn

ing as involving peripheral feedback, first being a function of 

auditory controls and later being a function of kinesthetic and 

tactile feedback controls. McDonald (1964) suggests that before the 

young child can produce precise speech movements, he must learn to 

respond to patterns of sensation and to differentiate among these 

sensations, which include particularly auditory, proprioceptive and 

tactile inputs. Various phonetic contexts influence the articulatory 

movements associated with the production of a sound even though the 



differences in the acoustic signals resulting from these varied move

ments are not necessarily discerned by the listener. However, the 

different movements required for the production of a sound within 

each specific context do give rise to different tactile and proprio

ceptive oral sensations. McDonald stated that " . . . auditory feed

back alone would probably not be sufficient to develop and maintain..." 

the highly coordinated a.̂d intricate movements of speech (p. 92), 

The varied importanc:e attributed to specific feed'̂ ack channels 

in the hypothetical models of Fairbanks, Van Riper, and McDonald, 

apparently influenced the approaches developed by theŝ i investigators 

to speech therapy. While the traditional "Van Riper approach" em

ployed auditory feedback as the main technique for speech therapy, 

the McDonald approach emphasizes kinesthetic feedback and develops 

within the client an awareness of movements of articulation. Clearly, 

feedback considerations ?'.n speech production have played a central 

role in contemporary speech therapy. 

Some indirect evidence supportive of the closed-loop control in 

ongoing speech can also be detected in the modern coarticulation 

studies by Ohman (1965) regarding formant transition duration, and 

Kozhevnikov and Chistovitch (1965) regarding velocity of the lower 

lip closure. MacNeilage, Krones and Hanson (1970) provided supportive 

data on the basis of jaw movements necessary for the initiation of an 

utterance. Furthermore, oral sensation feedback has played a role in 

the development of the well known, though controversial, motor theory 



of speech perception (Llberman, 1957; Liberman, Cooper, Harris, and 

MacNeilage, 1963). This theory maintains that articulatory movements 

and their sensory effects mediate between the acoustic stimulus and 

the event we call perception. In other words, acoustic speech signals 

produced by a speaker result in covert articulatory responses in the 

listener. The listener's proprioceptive feedback of fhese movements 

provides for his ability to discriminate among the various speech 

sounds, 

The opposite possitility—that speech is produced entirely 

independently of peripheral oral sensory feedback (namely with an 

open-loop system)—seems to be quite unlikely for several reasons. 

First, we would expect r.o adverse effects upon articulation pro

ficiency resulting from desensitized oral structures. In addition, 

according to MacNeilage (1970) an open-loop system would require 

such a large number of pre-stored articulatory patterns (100,000) 

to render it insufficient. 

Recent studies have employed desensitization of the oral area 

in order to observe changes in articulatory behavior. McCroskey 

(1958), Gammon, Smith, Daniloff, and Kim (1971), and Putnam and 

Ringel (1972) have found that articulation errors increase with 

anesthetization. These sensory deprivation studies have offered 

direct support to the closed-loop theory of speech control and its 

relation to oral tactile feedback. However, several other investiga

tors stated that the articulatory changes in anesthetized conditions 

are largely nonphonemic in nature and thus rather minimal (Ringel 



and Steer, 1963; Schliesser and Coleman, 1968; and Scott and Ringel, 

1971) . They interpreted their findings as supporting the view that 

articulatory activity is dependent upon both open and closed loop 

components. For the basic manner gestures (e.g., palatal opening 

and closing, vocal tract configuration appropriate for vowels) the 

speech mechanism operate? in response to autonomous motor commands. 

Information from oral receptors is then called upon for the success

ful execution of refinemî .nts necessary for precise configurations 

in certain sounds. 

Inasmuch as tactile information is relevant to t\ e processes of 

normal speech and its pathology, oral sensory modaliti.es should be 

systematically explored. Indeed, various methods and stimulus types 

have been developed for the experimental investigation of oral sensa

tion and perception. Stimuli have included filaments, geometric forms, 

electricity, and vibrations, and have been used to study such abilities 

as two-point discrimination, texture discrimination, and oral stereog-

nosis (geometric shape and size recognition), the latter being the 

most frequently studied. Stereognosis in general is a common diag

nostic procedure for various neurological functions as it depends on 

certain discrimination abilities and central integrative processes. 

Thus, its application in the assessment of speech disorders seems 

logical. 

Shelton, Arndt, and Hetherington (1967) attempted to construct 

a standardized test of oral stereognosis which might be useful for 

http://modaliti.es


diagnostic purposes in speech pathology. The test co isisted of 

twenty plastic geometric forms which were placed in the subject's 

mouth. The subject had to match the form in his mouth to one of 

five pictorial representations of various forms. Thit> test was 

criticized primarily because it involved an inter-senrory task, 

that of oral-visual matching, rather than purely oral sensation. 

Therefore, Ringel, Burk, and Scott (1968) and Ringel, House, Burk, 

and Dolinsky (1970) reported a test of oral discrimination which 

eliminated the visual sensory modality and the absolute judgements 

required by the Shelton, Arndt, and Hetherington procedure. 

Essentially, the newer test is based on the method of pair 

comparisons and consists of the successive presentation of two plas

tic forms in the mouth with the subject identifying the forms as 

being "same" or "different". This test was found to be highly re

liable and to discriminate between normal speakers and individuals 

with defective speech, both children and adults (Ringel, Burk, and 

Scott, 1968; Ringel et. al., 1970; Andrews, 1973). Yet, the time 

delay between presentation of the two forms in each stimulus pair 

suggests the possibility that the test scores reflect not only the 

sensory-kinesthetic functions but also the subject's retention or 

short-term memory—a possibility recognized also by Arndt, Elbert, 

and Shelton (1970) and Ringel, et.al. (1970). Consequently, in an 

attempt to aid in the establishment of a standardized valid measure 

of oral perception, the purpose of the present study was to investi-



gate the relationship between oral stereognosis and short-term memory 

in normal speaking adults. 

Review of the Literature 

The scientific investigation of oral sensation and perception 

has included various aspects such as touch, pressure, two-point 

discrimination, kinesthesia and oral stereognosis. Because the 

present project deals with certain factors of form recDgnition in 

the mouth (also referred to as oral stereognosis), this review of 

the literature is aimed primarily at covering stereognostic research. 

As mentioned in the prev:..ous section, there have basically been two 

methods of testing oral stereognosis: 1) the original test developed 

by Shelton, Arndt, and Hetherington (1967), and 2) a more recent test 

developed by Ringel, Burk, and Scott (1968). The review will be pre

sented in relation to these tvjo methods. Test construction, variables 

influencing stereognosis, results for clinical groups tested, and 

criticisms of each procedure will be included. 

The Original Tests 

Test Construction 

One of the earliest attempts to develop an oral sensory test 

was initiated by McDonald and Solomon (1962) after observing the 

difficulty experienced by cerebral palsied children in sensing saliva, 

lip closure, and mandibular positions. They devised an oral stereog

nostic test which consisted of five three-dimensional plastic forms 

(sphere, cube, pyramid, cross, cylinder). In a pilot study normal 



children as young as five years of age could differentiate these 

forms. 

Smith (1964) used the five forms developed by McDonald and 

Solomon, plus ten additional forms provided by the National Institute 

of Dental Research (NIDR). The procedures required thB subject to 

identify the form in his mouth by pointing to the same form in a 

visual display of a duplicate set. Administration of these 15 forms 

to 25 speech defective children indicated the need for a more dis

criminating test. Consequently, ten additional forms were provided 

by the National Institut-B of Dental Research, resulting in the twenty-

five item test shown in Figure 1. These twenty-five items, in total 

or in part, have been us 2d in all but one of the subsequent tests of 

oral stereognosis. 

A series of studies were then conducted by Sheltcn, Arndt, and 

Hetherington (1967) to develop a standardized test instrument for 

the identification of persons with oral-sensory deficits. In the 

first study, twenty subjects ranging in age from 21 to 42 years were 

orally presented with 20 NIDR plastic forms. Graphical tracings of 

all the forms were visually presented to each subject who had to 

match the form in his mouth to one of the tracings. Each form was 

left in the mouth for only ten seconds and the subject could examine 

the form tracings for one minute. Detailed analysis showed that the 

items presented a range of item difficulty and test scores approxi

mated a normal curve. 
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Figure 1: The 25-item stereognostic test 



In the second study a tracing of each form was presented to 17 

subjects. Following two seconds of visual inspection, each subject 

» 

was instructed to graphically reproduce the form. From the resultant 

17 drawings approximating each form the experimenters selected the 

four most unlike the ori;',inal shape. These four reproductions and 

the tracing of the original test item itself were displayed on a 

multiple choice card. This procedure was repeated for all of the 

20 forms. Next, twenty subjects ranging in age from 18 to 41 years 

were allov/ed to orally explore each form for ten seconds and to 

select one of the five drawings which they evaluated as most similar 

to the perceived test itam. Comparison of scores obtained in this 

and the previous study iadicated the task of matching the form x̂ /ith 

one of five similar pictoral representations was more difficult, than 

matching the form with one of 20 tracings of the 20 test items. 

Reliability data for this test were reported by several inves

tigators for various age levels (Aungst, 1965; Shelton, Arndt, and 

Hetherington, 1967; Arndt, Gauer, Shelton, Crary, and Chisum, 1970). 

These reliability data included test-retest, internal consistency, 

and split-half correlation measures. Reliability seemed to improve 

with subject age. While it is relatively low (.40 to .65) for young 

children between kindergarten and third grade, it is considerably 

higher for normal adults and reaches at times from .85 to .87. Even 

though the previous investigators considered the reliability to be 

reasonably satisfactory for research purposes with groups, it would 
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seem that a more reliabl? test instrument is desireable, particularly 

for children. 

From these initial experiments in oral form indentification, a 

general procedure of test administration has developed. The method 

involves the oral preseni.ation of a geometric form followed by the 

identification of the form through (a) selection of on a of several 

pictoral representations of various forms or all forms, or (b) selec

tion of the identical fo::m from a duplicate set. The following 

studies in this section have used this basic method with variations 

in the number of forms, multiple choice items, and visual displays. 

Therefore, only significant modifications of this procadure will be 

described here. 

Variables found to influence test results: 

1. Age 

Four studies have investigated the relationship between age and 

oral stereognostic skills. As mentioned earlier, McDonald and Solomon 

(1962) found that five year old normal children could correctly iden

tify the five forms used in their investigation. In 1967, McDonald 

and Aungst administered the 25-item test to 367 subjects ranging in 

age from 6 to 89 years. There was improvement in mean score with 

each consecutive age group from 6 years through the mid-teens. Per

formance then stabalized for groups between 15 and 31 years of age 

and markedly decreased for elderly adults between 52 and 89 years. 

Similar results were found by Shelton, Ajrndt, and Hetherington (1967) 
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who tested 26 first grade.rs, 66 third graders, and 10 graduate 

students. The subjects v̂ ere allowed to explore each of the 20 forms 

with no time limit. There was an increase in mean number of correct 

responses for each age gioup with highest scores made by the graduate 

students. Because of their low scores, it could be interpreted that 

many first graders were responding by chance. Arndt, et. al. (1970), 

administered the 20-item (NIDR) test to 90 subjects consisting of an 

equal number of first graders, third graders, and young adults between 

21 and 25 years of age. The forms were explored orally with no time 

limit imposed. Also in this study scores tended to improve signifi

cantly with age. 

2, Effects of Practice and Learning 

Contradictory reports are found in the literature related to 

learning. Mihacs (1964) administered the 25-item test to 20 university 

students with normal speech. First a visual matching test was given, 

followed by the test of oral stereognosis using a duplicate set of 

forms to elicit matching responses. Each subject was given the test 

twice, once with the palate covered with pink base wax and once with 

the palate uncovered. The test was administered in a counterbalanced 

order. Since order of test presentation did not significantly in

fluence test results, it was interpreted that learning did not occur 

from the first to the second testing. In a study similar in design, 

Hollingsworth (1964) compared form identification with the lips and 

on the tongue. The 25-item test was administered to 20 university 
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students with normal speech and dentition in counterbalanced order. 

Order of test presentation did not significantly influence results 

and, as in the previous study, it was interpreted that learning 

did not occur. 

Shelton, Arndt, and Hetherington (1967) examined the possibility 

of a learning effect in two groups of subjects. In the first study 

twenty adults (ages 21 to 42 years) were presented with each of the 

20 NIDR forms for ten seconds using a 20-item visual c.isplay. The 

test was given to each subject three times with a different random 

order of item presentation for each trial. Although subjects made 

higher scores with each successive trial, only between, trial one and 

trial two were scores significantly different. These results were 

interpreted as indicating that a learning effect occurred only be

tween the first two trials. In the second study, the 20-item test 

with a five-item multiple choice display was given to 66 third grade 

children. Scores on the first half of the test were compared with 

scores on the second half of the test. Differences were not statis

tically significant, suggesting that a learning effect did not occur 

for this group after one-half of the test had been administered, 

Test-retest procedures have also been applied to the study of 

learning by Kile (in Moser, LaGourgue, and Class, 1967) using adult 

normal speakers and persons with articulatory defects, administered 

the 20-item oral stereognostic test (with a 20-item matching task). 

No time limit was placed on oral manipulation of the forms. The 
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test was administered twice to each subject with a different random 

order of item presentation for each trial. Although scores improved 

somewhat on the second trial, no significant differences were reported. 

Kile and Class (in Moser, LaGourgue, and Class, 1967) used three 

groups of normal speakers (18 to 35 years of age) who were presented 

with forms differing in size. One group was presented with the 

standard size forms, one group with forms 2/3 the standard size, and 

one group with forms 1/2 the standard size. Although scores differed 

significantly according to size, no significant difference was found 

between trials for any size, again suggesting that no learning effect 

had occurred. 

McDonald and Aungst (1967) devised a series of investigations to 

determine the effects of training on tests of oral stereognosis. 

Four groups, each consisting of 30 first and second grade students, 

were administered the 20-item form identification test. Fifteen 

children were then randomly selected from each group and received 

15 minutes of instruction. Training for Group I consisted of manual-

tactile experience with the forms. While one form was in the mouth, 

and identical form was placed in his hand, and the child was told 

that the items were alike, A second group was given simultaneous 

visual-oral experience. With a form in the mouth, the child was 

shown an identical form and instructed to note the similarities of 

the two forms. Group III received proprioceptive information about 

the forms, as each child traced a form identical to one in his mouth, 

and was instructed to think about how they were alike. Group IV was 
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given verbal descriptions of each item as it was placo.d in the mouth. 

Following this training the children (including those receiving no 

training) were again given the oral stereognosis test. Results in

dicated that except for the group receiving verbal def:criptions, all 

groups (those receiving instruction and those not receiving instruc

tion) improved in the number of correct responses for the second 

trial. It was concluded, therefore, that learning froB̂  first to 

second trial occurred, irrespective of previous training, 

3, Oral Structures Involved in Testing 

The number of correct form identifications appears to be depen

dent on the structures involved in form exploration, Mihacs (1964) 

investigated the effect of covering the hard palate or. the identifi

cation of 25 forms in the oral cavity. Twenty university students 

were each tested twice, once with the palate covered with pink base 

wax and once with the palate uncovered. Results of testing indicated 

that the means for the two conditions were equal and that covering 

the palate, therefore, had no effect on test results. 

Hollingsworth (1964) compared form identification on the tongue 

and lips of 20 university students. The number of correct responses 

when forms were identified by the tongue was significantly greater 

than when identified only by the lips. The tongue, therefore, appears 

to be an important structure in oral form recognition. 

4. The Time Factor 

The time allowed for oral form exploration is a methodological 
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variable of test administration which has been inconsistently con

trolled in past studies and which is of prime importance to the 

present investigation. Class (1956) placed no time limit on oral 

form manipulation, but recorded the time from oral presentation to 

identification of the form. In studies by Kile and LaiJourgue (in 

Moser, LaGourgue, and Class, 1967), and McDonald and Aungst (1967), 

subjects were instructed to take as much time as they n̂ eeded for 

item identification but no measure of response time Wc.s tabulated. 

Shelton, Arndt, and Hetherington (1967) limited intra-oral explora

tion to 10 seconds in two experiments, and to 15 seconds in a third 

investigation. Arndt, Gauer, and Shelton (1970) imposed no time 

limit on form exploration in their study. The results, of measurements 

of response time have generally indicated that speakers with decreased 

oral stereognostic abilities (persons with defective prticulation, 

stuttering, or cerebral palsy) tend to require more time for form 

identification compared to normal speakers, 

Other investigators also left the response time open but included 

specific instructions which could influence response delay. For 

example, Henkin(1970) told subjects that both speed and accuracy of 

response were important in the test of oral stereognosis. On the 

average, his patients with taste and olfactory abnormalities needed 

longer time to respond than did the normal subjects, Witkop, Baldizon, 

Castro, and Umana (1970), instructed their subjects that accuracy alone, 

not speed of response, was important. Again, pathological patients 

with Kwashiorkor syndrome required more time to manipulate the forms 
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before responding than did normal subjects, Witkop, et. al., also 

reported negative relationships between age and response time, i,e,, 

older children (14 to 15 years of age) used less time than the younger 

children (four to six years of age), 

Subjects were instructed to identify the forms as quickly and as 

accurately as possible in a study by Weinburg, Lyons, and Liss (1970), 

Mean response time for the oral stereognostic test was significantly 

shorter when the forms were first explored and identified in a manual 

test. Regardless of order of presentation of the oral and manual 

tasks, response time for the oral stereognostic test was significantly 

greater than for the manual test. For both tests, the mean response 

times for incorrect responses were generally longer than mean response 

times for correct identifications. No relationship was indicated be

tween chronological age and response time in this study. 

The only study systematically manipulating time of oral form 

exploration was conducted by Grong (1973), Normal children with no 

evidence of speech defects, neurological disorders, or auditory de

fects were divided into three groups, each differing in time allowed 

for oral form exploration (four, seven, and ten seconds), Although 

differences in scores among the three groups were not statistically 

significant, a trend of improved scores with increasing length of 

oral presentation was noted, the largest improvement occurring be

tween four and seven seconds. 
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Pathological groups tested 

Several investigators compared normal speakers with various 

groups of individuals having "functional" and/or organic speech 

impairments. The purpose of these studies has been to determine 

whether or not a relationship exists between oral stereognostic 

abilities and speech production; results, however, have been con

flicting. 

A relationship between articulation proficiency and oral form 

identification has been cemonstrated in two investigations. Four 

groups, each consisting of 20 adults, participated in a study con

ducted by Class (1956). These included individuals with cerebral 

palsy, articulation defects, stutterers, and normal speakers. Six 

geometric forms, each constructed in seven sizes (1/8', 3/16", 1/4", 

5/6", 3/8", 7/16" and 1/2"), were used as stimuli. The articulatory 

defective group scored significantly lower and took significantly 

more time to identify the forms than did the control groups of normal 

speakers. Results of testing the other groups will be presented in 

subsequent discussion, Weinburg, Liss and Hillis (1970) tested 34 

junior and senior high school students who were receiving speech 

therapy for defective production of the /r/ sound. Test results 

were compared with those of a control group of normal speakers and 

showed that the articulatory defective group scored significantly 

below the control group on the oral form identification test. 

Other investigators reported finding essentially no relationship 

between articulation and oral stereognostic skills, Aungst (1965), 



18 

using 40 kindergarteners and 40 first graders, gave all subjects the 

25-item oral form test, the McDonald Deep Test of Articulation for 

the sounds /s/, /r/, /I/, and /0/, and a rating of articulation skills 

in conversational speech. Only slight correlation (-.396 to .277) 

between articulatory proficiency and oral form recogni^iion was noted, 

although scores tended to improve when the /r/ and /0/ sounds were 

not in error. 

Kile (in Moser, LaGourgue, and Class, 1967) compared the oral 

stereognostic abilities of eight normal speaking adulti? with eight 

adults having articulation disorders. The subjects we.re first given 

a visual matching task wi th the 20-NIDR forms in which errors were 

corrected by the examiner. The oral stereognosis task was then pre

sented, employing a visual display of 20 forms to elicit responses. 

No significant differences were revealed between the two groups' per

formance on the oral form identification test. 

One hundred third grade children, fifteen of whom exhibited ar

ticulation defects, and one hundred normal speaking college age adults 

were subjects in an investigation by Arndt, Elbert, and Shelton (1970), 

The children were given the Templin-Darley Screening Test of articula

tion and an oral stereognosis test; the adults were administered only 

the oral form test. Test materials included the 20 NIDR forms, five 

three-dimensional forms developed by McDonald and Solomon (1962), and 

ten additional forms developed at the University of Kansas Medical 

Center (Arndt, et. al,, 1970). No significant relationship was found 

to exist between the number of articulation errors and performance 
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on the oral stereognosis test, nor was there any significant differ

ence in performance between groups with articulation defects and 

normal speakers, 

McDonald and Aungst (1970b) investigated the relationship be

tween oral stereognosis and the ability to produce abutting con

sonants, A shortened 10-item test of oral stereognosis (McDonald 

and Aungst, 1970a) and an articulation task involving production of 

abutting consonants was administered to fifty children at each grade 

level from kindergarten to third grade. No relationship was found 

between these two skills, 

Stereognostic abilities of clinical groups displaying speech 

and/or motor or sensory defects other than "functional" articulation 

disorders have also been investigated. In the study by Class (1956) 

described previously, the cerebral palsied group made significantly 

more form identification errors than did the other groups (articula

tory defective, stutterers, control group). The stutterers in this 

study scored significantly below the control group, but did not sig

nificantly differ from the articulatory defective group. Levin (1965) 

reported that aphasic patients produced three times as many errors 

than did normal individuals although the two groups made the same type 

of errors. Mason (1967), testing 42 patients with cleft palate, found 

no relation between oral stereognosis scores and type of cleft of 

surgical treatment. Although no control group was used in his study. 

Mason felt that the performance of the cleft palate patients was com

parable to that of normal speakers, 
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Form identification was one of several oral tests given to a 

group of athetoid children and adults (Solomon, 1965). Each subject 

was placed in one of four groups according to chewing ability and 

again according to drinking ability, prior to administering the 

Templin-Darley Test to a;3sess articulation. The five ihree-dimensional 

forms used by McDonald aad Solomon (1962) were stereogiostic test items. 

No time limit was placed on oral exploration and subjê its matched each 

object with one of a fiv^i-item multiple choice display, Stereognostic 

scores correlated rather positively with ratings of chawing ability 

(.81) and with ratings o: drinking ability (.75). A correlation of 

.70 between articulation and test performance also suggested a rela

tively close relationship between these skills, 

LaGourgue (in Moser, LaGourgue, and Class, 1967) compared oral 

form identification skills between subjects with defective hearing 

and subjects with defective vision. The deaf students received 

training in the oral method and could use some speech. The two 

groups were matched according to age, intelligence, and sex. The 

deaf students first matched the 20 NIDR forms visually while the 

blind subjects first matched the forms manually. Oral stereognostic 

testing revealed no significant difference in performance between 

the two groups, A third group, deaf students in "manual classes" 

were also tested. Again, no significant differences in test results 

were indicated among the three groups. 

Persons with various abnormalities in taste and olfaction asso

ciated with chronic diseases were compared with normal subjects in 
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oral form identification (Henkin, 1970) . Both groups were first 

given visual and manual matching tasks with the 20-item test. The 

experimental group required much more time to identify the forms on 

all tasks, and scores were significantly poorer than the scores of 

normals. 

Witkop, et, al. (1970), compared oral form identification in 

children who had recovered from Kwashiorkor, a protein deficiency, 

and normal subjects matched in age. The Kwashiorkor .-jroup made 

significantly more errors than the normal subjects. 

A somewhat differert approach can be observed in research con

ducted to determine the effects of experimentally induced sensory 

deprivation on oral stereognosis. Mason (1967), Thompson (1968), 

and Schliesser and Colen-an (1968) examined the effects of oral nerve 

block and/or topical anesthesia on form identification and reported 

that scores decreased with a sensory block. 

Criticism of the Test 

Early experiments with the testing method previously described 

yielded differences between normal individuals and various patho

logical groups that appeared to render external validity to the test. 

As additional contradictory and conflicting data followed, the assump

tion regarding validity was questioned. Although the nonstandardized 

administration procedures could be a contributing factor to the in

consistent results, it gradually became apparent that the basic 

methodology contaminates the function under study with other biological 
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functions. Aungst (1967), Ringel, Scott, and Burk (1968), and 

Wegener (19 66) stated that the inter-sensory matching tasks inherent 

in the test procedures, namely oral-visual or oral-manual matching, 

may influence test results. Accordingly, pure oral sensation was 

not isolated in previous experiments. Although some investigators 

(Kile, in Moser, LaGourgue, and Class, 1967; Henkin, 1970; and 

LaGourgue, in Moser, LaGourgue, and Class, 1967) firsu administered 

a visual or a manual matching test and eliminated subjects who did 

not meet certain criteria, the basic problem of multisensory inter

action remained, Ringel (1968) summarized the objectj.ons as follows: 

The potential problcims involved in tasks of intersensory 
matching would seem to place severe restrictions upon the 
information such oral form perception testing procedures 
might yield. For example, a patient who is "visually 
deficient" but "taccually normal" would exhibit poor 
oral sensory abilities if visual functioning were allowed 
to remain an integral part of the tactile matching task. 
This criticism becomes more pronounced if a traditional 
view of the speech servo-system is accepted. In such 
systems, visual process interaction with oral system 
tactile monitoring is not implied. It appears, therefore, 
that a test which attempts to provide information about 
the tactile modality must be limited primarily to that 
modality and not lend itself to sources of contamination 
by involving other sensory channels such as vision. 

The Alternate Test 

As a reaction to the criticisms of the original stereognostic 

test, a major new procedure of test administration was developed by 

Ringel, Burk, and Scott (1968) which eliminated the visual and manual 

sensory modalities and the absolute judgments required by the Shelton, 

Arndt, and Hetherington method (1967). Ten of the twenty NIDR forms 



23 

(Figure 2) were selected as test items to represent a range of item 

difficulty as reported by Moser, LaGourgue, and Class (1967). The 

ten forms were divided into four classes according to geometrical 

shape (triangle, rectangle, oval, and biconcave). Each form was 

paired with itself and with every other of the nine forms yielding 

a total of 55 pairs. In administering the test, the first form of 

each pair was placed in the mouth for approximately five seconds, 

Upon removal of the first form, its pair was immediately presented, 

again for five seconds. The subject then identified the forms as 

being "same" or "different". Throughout testing, sub:ects were 

prevented from seeing thci forms and from handling then, thus avoid

ing visual and manual perceptual cues. The division into shape cate

gories allowed for a more detailed data analysis in terms of total 

number of errors, between-class errors, and within-class errors. 

Pathological Groups Tested 

Only a small number of studies has been conducted with the newly 

developed technique. In their original report, Ringel, Burk, and 

Scott (1968) compared test results of 20 normal speaking adult sub

jects with test results of 27 articulatory defective ("functional" 

in nature) adult subjects. The articulatory disordered group was 

further divided into those with mild articulation and moderate ar

ticulation disorders. The mean number of errors for each group in

dicated that the total group as well as the subgroups of articulatory 

defective subjects made significantly more errors than the normal 
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CDODOD 

Figure 2. The geometric forms employed in the oral form 
discrimination test. 
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subjects. Furthermore, jhe group with moderate articulation disorders 

performed significantly below the group having only mild articulation 

disorders. A more detailed analysis of subjects' response patterns 

revealed the number of within-class errors made by all groups was 

significantly greater than the number of between-class errors. 

Similar results werê  reported in another study by Ringel, et, al, 

(1970), In this study, sixty children exhibiting funcuional articula

tion disorders and an identical number of control children matched in 

age and sex served as subjects. Twenty children of ths experimental 

group were considered to have a mild articulation defect, 20 to have 

a moderate defect, and 20 to have a severe defect. The articulatory 

defective group made more errors in form discrimination than did the 

control group and there was a tendency for the number 3f errors^ par

ticularly for the between-class type, to increase with the severity 

of the speech disorder. The level of accuracy of the children's 

responses was lower than the level of the adults studied by Ringel, 

Burk, and Scott (1968), supporting the previous conclusion that oral 

stereognosis skills improve as a function of age. 

Andrews (1973) gave the pair comparison oral stereognosis test 

to twenty subjects with left unilateral cleft of the lip and palate, 

eleven subjects with a cleft of the palate only, seven subjects with 

a bilateral cleft of the lip and palate, and one subject with a right 

unilateral cleft lip and palate. Control non-cleft subjects were 

matched in age. The mean number of total errors for the cleft group 

(10,5) was significantly greater than the mean number of errors for 
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the non-cleft group (7.3); the number of between-class errors also 

discriminated between ths two groups. Type of cleft did not seem 

to affect scores on testing. The cleft palate subjects' scores were 

also analyzed in relationship to articulation proficiency. Those 

individuals who made betx/een 0 and 16 errors on an articulation test 

made significantly less iorm discrimination errors than those subjects 

who made between 17 and 42 articulation errors. However, when the 

group of cleft palate subjects with the smaller number of articula

tion errors was compared with the non-cleft subjects, no significant 

difference between group;? was found on the oral stereognosis test. 

Andrews interpreted his results to indicate that reduced oral sensory 

skill may occur in conjunction with clefts of the lip and/or palate, 

and that this decreased sensory ability may be manifested in pobr 

articulation. 

Rosenbeck, Wertz, and Darley (1973) administered a modified 

version of the pair comparison test to 30 apraxic adults, 10 aphasic 

adults without apraxia, and 30 normal speaking adults. Eight items, 

rather than ten, were used as stimuli. The apraxic group was sig

nificantly inferior to the aphasic and normal groups on the oral 

form comparison test. The normal and aphasic groups, however, did 

not differ significantly from each other on this test, A positive 

relationship was found to exist between severity of apraxia and 

oral-sensory ability in that the more severe the apraxia the more 

profound was the perceptual deficit. 
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Test Reliability 

Test-retest reliability computed for ten stimulus pairs was 

reported in the first three studies described above. The same deci

sions were made on eight or more of the ten reliability check items 

by 76% and 71% of the normal and articulatory defectivs children, 

respectively, and by 100^ and 96% of the normal and articulatory 

defective adults, respectively (Ringel, et. al., 1970). Individuals 

with cleft palate had a mean number of 8,1 (out of 10) for test-retest 

agreements, The control group of normal speakers had a mean number 

of 8,6 correct agreements (Andrews, 1973). These experimenters con

cluded that the items generate a satisfactory level of response 

reliability since consistency varied only as a function of age and 

not as a function of articulatory proficiency. 

Criticisms of the Test 

Administration of the pair-comparison form discrimination test 

has revealed a trend for persons with various organic disorders and/or 

speech defects to perform at a level below subjects without these dis

orders. Although the problem of intersensory contamination was re

solved, the variable of short-term memory was introduced in that 

approximately five seconds intervene between the presentation of 

each stimulus pair. Test results may, therefore, be influenced by 

poor retention abilities rather than by reduced oral sensation. 

Summary 

The preceding review of the literature has illustrated several 
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variables which seem to influence test results. First, it is quite 

apparent that the tongue is the most important oral structure in 

form identification, while the lips and the palate play a relatively 

minor role in this function. Secondly, oral form identification 

appears to improve as a function of age until the mid-teens, remains 

stable in young adults, and decreases in elderly adults. Thirdly, 

although conflicting results were reported concerning the effect of 

learning and training, most of the available literature would seem 

to indicate that such an effect does not occur and that subject's 

familiarity with the test items does not significantly influence 

test results. Fourthly, stereognostic scores vary as a function of 

time of oral manipulation. Finally, oral form identification appears 

to be a promising tool for diagnostic purposes in speech pathology; 

however, in order to confirm the validity of the recent procedure 

and prior to the establishment of a standardized oral stereognosis 

test, the possible effect of short-term memory needs to be investi

gated. 

Statement of the Problem 

The purpose of the present investigation was to assess the in

fluence of short-term memory on the scores of paired stimuli oral 

stereognostic tests for normal adult speakers. The following speci

fic questions were asked: 

1, Are test scores influenced by the length of time lapsing between 

the presentation of the two forms in the pair-comparison test? 
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2. Does elimination of time interval between stimuli through simul

taneous presentation of forms influence test results? 



CHAPTER II • 

METHODS 

Description of Subjects 

A total of 120 females between the ages of 18 and 28 years 

served as subjects in the present investigation. This particular 

age range was chosen because it has been shown (McDonald and Aungst, 

1967) that ability to idiintify forms in the mouth remains stable in 

young adults. All subjects were students of Texas Tech University 

judged to have no speech defects of clinical significance, no defects 

of abnormalities in oral structures, who reported no history of motor 

or sensory difficulties or trauma, and who had no previous speech 

therapy. 

The 120 subjects were randomly divided into four groups of 30 

each, for the four experimental conditions employed in this study. 

The age range for Group I was 19 years 0 months to 23 years 10 months, 

with a mean age of 20 years 8 months. The age range of Group II was 

18 years 11 months to 23 years 11 months, with a mean age of 21 years 

5 months, The age range of Group III was 19 years 0 months to 24 

years 7 months, with a mean age of 21 years 0 months. The age range 

of Group IV was 18 years 2 months to 27 years 3 months, with a mean 

age of 20 years 1 month. 

30 
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Stimuli 

The test employed in this study—its development, validity and 

reliability—has already been described in the review of the litera

ture (pages 22-27) , The essentials and additional details of the 

test are summarized here. 

The stimulus materials consisted of ten of the available twenty 

NIDR plastic forms (Shelton, Arndt, and Hetherington, 1967), manu

factured by Wilk's Precision Instrument Company. The5;e same ten 

forms were used by Ringel, Burk, and Scott (1968) and Ringel, et. al. 

(1970), and included two triangular, three rectangular, three oval 

and two biconcave shapes. Forms in each geometric class differed in 

size. A wand was attached to each form to facilitate examiner han

dling of the items. For the purpose of testing, each of the ten 

forms was paired with each of the other nine forms anc with itself, 

yielding a total of 55 different stimulus pairs. Of l:hese pairs, 37 

were between-class comparisons (paired forms differing in shape), and 

18 were within-class comparisons (paired forms similar in the general 

geometric shape) . A graphical representation of the forms is dis

played in Figure 2, 

Procedure 

Using a table of random numbers, thirty different random orders 

were pre-determined for presenting the 55 stimulus pairs to the sub

jects. One of these thirty orders was then randomly assigned to 

each subject in each group. Each subject was seated blindfolded in 
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a chair and each form was placed in his mouth by the investigator. 

Subjects in Group I were simultaneously presented with the two forms 

of each pair, and were allowed to orally explore the forms for seven 

seconds. Upon removal cf the forms, subjects were requested to in

dicate whether the forms were the same or different. For Groups II, 

III, and IV, the forms in each pair were presented to the subjects 

one at a time and each subject was allowed to explore each form for 

a period of seven seconds, The time interval between presentation 

of the two forms was fiva seconds for Group II, 10 seconds for 

Group III, and 30 seconds for Group IV, After the second form was 

removed, subjects were asked to indicate whether the stimuli were 

"same" or "different". Two Time-O-Lite electrical clocks (Model 

LP-69 with footpedals LPFS, and Model GR-72) were used to control 

timing, 

Subjects were given the following instructions: 

Group I; You are participating in a research project 
dealing with oral sensation. During the testing you 
will be blindfolded. When I say "open", open your 
mouth. The forms are attached to a wand or stick. 
Pay attention only to the form at the end of the wand, 
not to the wand itself. Once the forms are in your 
mouth, you may move them around in your mouth in any 
way, as long as you don't use your hands or touch the 
forms with your hands. Your task is to tell me if 
the forms are the same or different. 

Groups II. Ill, and IV; You are participating in a 
research project dealing with oral sensation. During 
the testing, you will be blindfolded, \\hen I say, 
"open", open your mouth. I will put one form in your 
mouth. The forms are attached to a wand or stick. 
Pay attention only to the form at the end of the wand, 
not to the wand itself. Once the form is in your 

file:////hen
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mouth, you may move it around in your mouth in any 
way, as long as you do not touch the forms with your 
hands. After a short time, I will take the form out 
of your mouth, wait a few seconds, and put a second 
form in, which you may also move in your mouth. 
When I take it out, tell me if the forms were the 
same or different. 

An example of the sheet used to record responses may le found in 

Appendix A, 

Subject Reliability 

Ten stimulus pairs ^̂ ere selected at random for e^ch subject, 

from the original 55 to serve as reliability check stimuli, and were 

presented for the second time after the presentation c-f the 55 test 

items. The number of times the subject made the same decision when 

the pairs were presented the second time (i.e., the number of test-

retest agreements) was regarded as a useful description of test 

reliability. This particular reliability procedure was selected 

(1) because the subjects' responses consisted of "same" and "differ

ent" type answers and (2) in order to compare subject reliability in 

the present study with results of past investigations which used the 

same procedures. 

The mean number of test-retest agreements was 8.10 for Group I, 

9.26 for Group II, 9,30 for Group III, and 9.67 for Group IV. The 

same decisions were made on 8 or more of the 10 reliability check 

items by 70%, 97%, 97%, and 100% of the subjects in Groups I through 

IV, respectively. These reliability figures are comparable to and 

even higher than reliability data reported in past investigations 
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(Ringel, et, al,, 1970; Andrews, 1973), and were regarded as satis

factory for research purposes with groups. 

Data Analysis 

The total number of error judgements was determined for each 

subject. That figure was also broken down into the number of 

within-class errors and the number of between-class errors, A 

simple randomized analysis of variance design (Lindquist, 1956) 

was employed to test the overall hypothesis that the '̂ our groups' 

means on each of these three measures (total, between-class, and 

within-class errors) wer^ equal. Where a significant F ratio was 

found, a "critical difference" (Lindquist, 1956, p, 93) was calcu

lated in order to determine which individual pairs of means were 

significantly different. In all cases the .05 level of confidence 

was used to determine significance of difference. 



CHAPTER III 

RESULTS 

The individual test results for all 120 subjects are presented 

in Appendix B. The mean number and standard deviation:5 of total 

errors, within- and between-class errors for each of the four experi

mental groups are present.ed in Table 1, 

TABLE 1 

THE MEAN NUMBER AND STANDARD DEVIATIONS (SD) 
OF TOTAL ERROB.S, WITHIN- AND BETWEEN-CLASS 
ERRORS FOR THE FOUR EXPERIMENTAL GROUPS 

Error Type Group I Group II Group III Group IV 
Mean SD Mean SD Mean SD Mean SD 

Total Errors 10,67 5,36 4,80 2.61 5.43 2.35 4.43 1.90 

Within-Class 
Errors 5.10 2.16 3.73 1.52 4.53 1,65 4.03 1.54 

Between-Class 
Errors 5.57 3.91 1,07 1.80 0.90 1.43 0,40 0.76 

Several major trends are indicated from these data. First, the 

means of Group II (five second interval). Group III (ten second in

terval), and Group IV (thirty second interval) are essentially 

similar for each of the three measures. It would appear, therefore, 

35 
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that increase in time ir.terval between presentation of the paired 

stimuli is not associated with substantial increases in the fre

quency of error responses. Secondly, for each of the three measures, 

a marked increase in the mean number of errors was noted when Group 

I was compared with each of the other three groups. Ihis would seem 

to suggest that eliminating the time interval by simultaneous pre

sentation of the paired forms adversely affects stereognostic scores. 

Indeed, the statistical tests basically supported these observations. 

Analysis of variance for the four group means for the total number of 

errors yielded a significant F ratio of 22.62. The ciitical differ

ence of 1,21 detected significant difference between the mean of 

Group I and each of the other three groups. No significant differ

ences were detected among Groups II, III, and IV. Differences be

tween the same groups were detected in the analysis ol between-class 

errors, with an F ratio of 28.48 and a critical difference of .88. 

A significant F ratio of 3.44 was obtained for the mean number of 

within-class errors, A critical difference of ,63 detected signifi

cant differences only between Groups I and II, I and IV, and II and 

III, Summaries of the analyses of variance may be found in Appendix 

C, and summaries of the critical difference tests in Appendix D, 

The third major trend is a gradual increase in the ratio of 

within-class errors to between-class errors from approximately 3:1 

in Group I to approximately 4:1 in Group III, to approximately 10:1 

in Group IV, Finally, while in Groups II, III, and IV, the frequency 
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of within-class errors was considerably higher than the frequency of 

between-class errors, in Group I the frequency of these two errors 

was approximately equal. 

Another interesting observation may be made on the variability 

of subject responses. Although the proportion of the 'standard 

deviation to the magnitude of the mean is quite similar for all 

groups in total and withr.n-class errors, the absolute value of the 

standard deviation of Group I is larger than that of the other three 

groups on all three measures. Thus condition I results in larger 

variability across all three measures. This may be attributed in 

part to the extreme behavior of two subjects who made 23 and 27 errors 

The case is different in between-class errors where the proportion of 

the standard deviation to the mean increases; in fact, in Groups II 

through IV, the value of the standard deviation is eve.i larger than 

the value of the mean, and in Group I it is very close to the mean. 

The between-class comparisons are the major contributors to the 

response variability of total errors in Groups I and II, 

Finally, we noticed that two pairs of forms, 9-10 and 1-2 (refer 

to Figure 2 for identification) presented a source of error to almost 

all subjects. Pair 5-8 was frequently missed by Group I. 



CHAPTER IV 

DISCUSSION AND SUMMARY 

The possibility that measurements of pure oral stereognostic 

skills using the pair-comparison test are contaminated by short-term 

memory was suggested by past researchers (Arndt, Elbert, and Shelton, 

1970, and Ringel et, al., 1970). This issue was investigated here 

by comparing scores of normal speakers on the pair-coirparison oral 

stereognostic test with varying time intervals betweer the presenta

tion of the paired stimuli. Significant differences in scores were 

not indicated between groups with five, ten, and thirtiy second time 

intervals, which would seem to indicate that short-term memory is 

not relevant to stereognostic scores, adding validity to the test 

suggested by Ringel, Burk, and Scott (1968). Significant differences 

were not indicated when scores were further analyzed in terms of 

within- and between-class errors. The above first-glance conclusion 

that short-term memory is not relevant to test scores receives 

further support from the fact that eliminating the time interval 

between presentation of the paired stimuli, and, therefore, also 

eliminating short-term memory requirements, results in a substantial 

increase rather than the expected decrease in number of errors on 

the test. The only instance where the statistical analysis suggested 

an effect of short-term memory on test scores was detected between 

38 
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Groups II (five second interval) and III (ten second interval) on 

within-class errors. However, the meaningfulness of this statistical 

significance is questionable because Group IV (thirty second interval) 

performed even better than Group III (ten second interval). 

Some evidence that the initial conclusion may be partially due 

to an artifact of the statistical treatment of the data is reflected 

by the increased ratio of within- to between-class errors associated 

with increasing time interval. It is interesting to note that in 

both the present and past investigations, when the paired stimuli 

were presented successively, the number of within-class errors always 

exceeded the number of between-class errors. However, the between-

class comparisons have been considered more important in discriminat

ing between various speech defective groups. That this type of.error 

nearly disappeared when more "resting time" was allowed between stim

uli may indicate its special vulnerability to perceptual interference 

of one form upon the other in the conventional pair-comparison test. 

The fact that a substantial increase in the number of between-class 

errors (to surpass the number of within-class errors) occurred in 

the simultaneous presentation condition (Group I) strongly supports 

this hypothesis. Consequently, the conclusion should be modified 

to tentatively state that although time delay of stimulus presentation 

(in conditions II through IV) is by and large irrelevant to the abso

lute frequency of test errors, it does influence the internal patterns 

of subjects' responses. Whether the element operating here is short-

term memory, perceptual interference, or something else, remains 
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unknown at the present. Future refinements of oral stereognosis 

tests for research or clinical applications should not fail to re

consider these intricacies. 

Several other factors may be considered to explain the fact that 

the influence of short-tarm memory may have avoided detection in the 

statistical treatment of test scores for Groups II through IV, Be

cause the stimulus forms were conventional shapes and, therefore, 

could be easily assigned a verbal label (oval, rectangular, etc.), 

the name rather than the tactile sensation may have served as the 

referent for comparison. In such a situation practice time with the 

first stimulus item would increase with increase in time interval 

between the two forms, i,e,, the verbal label could be repeated 

until the second item was presented. In a way, it would appear, that 

the successive presentation task introduces a new type of potential 

contamination to the discrimination skills, namely the subject's 

ability or readiness to ascribe linguistic labels to the forms. 

Thus retention may not be a crucial factor in scores for stereognos

tic testing involving these stimulus items; rather, memory may be 

enhanced by the naming process. This would be particularly true 

for the between-class comparisons where only shape discrimination, 

not size, is involved. Indeed this prediction seems to be reflected 

in the tendency for the number of between-class errors to decrease 

as the time interval increases from Group II through IV. The possible 

contamination of between-class errors by labeling is certainly worthy 

of further consideration as these errors have been most important in 
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discriminating between various speech defective groups. It may be 

that stimulus items of nonsense shapes are more desireable for test 

stimuli, as they would be less likely to be assigned a verbal label. 

Finally, a point of caution is to be made regarding short-term 

memory and oral stereognosis in that the subjects used in the pre

sent study were considered to be of average or above average intel

ligence. Although no information was found in the literature regard

ing the relation of intelligence and stereognostic scores, the pos

sibility of such a relation should not be ruled out for the lower 

intelligence levels. 

A drastic control o." the short-term memory factor to its com

plete elimination was employed in this study by the simultaneous 

presentation of the paired stimuli. As mentioned earlier, this, re

sulted in substantial increase in errors produced by subjects, notably 

in between-class errors. This was explained by perceptual interfer

ence of one form upon the other. However, the outstanding scores of 

Group I could also be explained by the lack of sufficient oral ex

ploration time. Clearly, the seven seconds allowed for manipulation 

of the forms in the simultaneous presentation condition is less than 

the seven seconds allowed for the manipulation of each form in the 

successive presentation method. If much of the tactile information 

is received from the relatively narrow surface of the anterior area 

of the tongue, crowding of the oral cavity in relation to the size 

of the forms may be offered as one explanation for the low stereognos

tic scores made by subjects in this group. The apparent restricted 
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manipulation during simultaneous presentation of the two forms which 

yields lower stereognostic scores would perhaps also suggest the 

importance of kinesthetic (as opposed to tactile) feedback in oral 

sensation. 

There are several good reasons to justify explor: ng the simul

taneous presentation procedure in future tests of ora.'. discrimination: 

1, The larger number of overall errors obtained with the simultaneous 

presentation procedure mirrors a wider distribution o.: subjects and 

perhaps permits a finer grading of oral stereognostic skills compared 

to the successive presentation procedure where almost all subjects 

perform near the ceiling. 

2, The number of between-class errors made by subjecf.s increases 

with the simultaneous presentation procedure; because this type-of 

error has been considered more discriminating among various clinical 

groups, a test instrument more sensitive to this type error is de

sired. 

3, The simultaneous presentation procedure eliminates the variable 

of short-term memory through the elimination of the time interval 

between the presentation of test items, 

4, The simultaneous presentation test procedure eliminates the use 

of multi-sensory modalities involved in previous tests. 

Summary 

The purpose of the present investigation was to assess the in

fluence of short-term memory on oral form discrimination test scores 
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for normal adult speakers. Four groups each consisting of thirty 

female subjects were administered a 55-item pair-comparison test. 

Subjects in Group I were presented with the two plastic geometric 

forms of each pair simultaneously, while Groups II through IV 

explored the forms in the conventional successive presentation 

method. The time interval between the presentation of the two forms 

was varied for Groups II through IV (five seconds for Group II, ten 

seconds for Group III, and thirty seconds for Group IV). The means 

of the four experimental groups were compared through analysis of 

variance for each of three measures: total number, botween-class, 

and within-class errors. 

The principal results of this study are as follow: 

1. On the average, Group I was found to score significantly 

higher than each of the other three groups in all three types of 

errors, 

2. The means of Group II, Group III, and Group IV were essen

tially similar for each of the three measures (except for one 

significant difference between Group II and III on within-class 

errors.) 

3. A trend was noted for a gradual increase in the ratio of 

within-class errors to between-class errors corresponding to increas

ing time interval between presentation of the tv70 forms for Groups 

II through IV. 

Results and suggestions for future research were discussed. 
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APPENDIX A 

DATA SIIHET 

GROUP 1 I I I I I IV 
SUBJECT UM.-Et 
DATE OF BIRTM: 
AGE: YRS. KOS. 
DATE OF TESTING: 

EXAMINER: DENISE CAVANESS, B . S . 
SUPERVISOR: EHUD YAIRI, P h . D . 

TIV£ BETV'/EEN PRESENTATION: 
NO. CORRECT: 
NO. INCORRECT: 

INCOSRtCT V.Î EN FORVS ARE SIMILAR: 
INCORRECT WHEN F0R.V5 ARE DIFFERENT: 
INCORRECT (BETWEEN CLASS DIFFERENCES)! 
INCORRECT (IVITHIN CLASS DIFFERENCES): 

NO. 
NO. 
NO. 
NO. 
% SUBJECT RELIABILITY: 

RANDOM 
NUfJSBERS 

' START: 
Pane-
Line-
Column 

1 
2 
3 

. 'l 
, 5 

6 
- V 
. 8 

9 
10 
11 
12 
13 
K. 

ir> 
16 
17 
18 
19 
20 
21 
22 
23 
24 

. 2b 
26 
27 . 

. 2« 
29 

. 30 

CORR. 
+ 

INCCRR. 
0 

• 

RANDOM 
NUMBERS 

31 
32 
33 
3A 
2b 
?.•:> 
37 
?S 
39 
^0 
'•a 
1'̂  
A 2 
44 
/;;> 
Ah 
Al 
40 
A^ 
'.:iO 

i)l 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
6:-' 
'*j 3 

64 
o5 

CORR. 
+ 

INCORR. 

0 

1 

i 
1 
1 
1 

i 
1 

RANDOM 

NUJ.'i3ERS 

66 
67 
6f< 
69 
70 
71 
7? 

1 -,., 

74 
75 
76 
77 
7a 
79 
flO 
ft) 
J!2 
r.3 
04 
c5 
f:6 
B7 
f.;-! 
R9 
ciO 
91 
f)9 

03 
04 
0--, 

06 
07 
C)Q 

11 OQ 

111 no 

CORi. 
+ 

INCORR. 
0 

» 

1 

1 

1 
1 

1 
' 

( 

> 
1 1 

1 

Line through dupHcate number, only first used. 



^•^^•^^f^ 

APPENDIX B 

FREQUENCY OF EACH ERROR TYPE FOR INDIVIDUAL 

SUBJECTS IN EACH OF THE 

FOUR EXPERIMENTAL GROUPS 
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GROUP I 

SIMULTANEOUS PRESENTATION OF THE 
PAIRED STIMULUS ITEMS 

Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Total Errors 

15 
8 
6 
15 
4 
10 
10 
7 
13 
14 
7 
9 
2 
23 
13 
14 
12 
27 
8 
11 
12 
9 
14 
15 
1 
9 
10 
8 
5 
9 

Between-Class 
Errors 

9 
2 
3 
8 
1 
6 
7 
1 
10 
6 
3 
5 
1 
15 
5 
8 
3 
18 
3 
4 
10 
3 
7 
12 
0 
4 
5 
3 
1 
4 

Within-Class 
Errors 

6 
6 
3 
7 
3 
4 
3 
6 
3 
8 
4 
4 
1 
8 
8 
6 
9 
9 
5 
7 
2 
6 
7 
3 
1 
5 
5 
5 
4 
5 
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GROUP II 

FIVE SECOND INTERVAL BETWEEN PRESENTATION 
OF THE PAIRED STIMULUS ITEMS 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Total Errors 

5 
3 
5 
2 
2 
3 
2 
4 
5 
9 
5 
3 
2 
4 
5 
2 
5 
9 
5 
6 
5 
4 
6 
12 
3 
10 
2 
5 
7 
4 

Between-Class 
Errors 

3 
0 
1 
0 
0 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
4 
0 
0 
0 
0 
1 
5 
0 
7 
0 
1 
5 
1 

Within-Class 
Errors 

2 
3 
4 
2 
2 
2 
2 
4 
4 
8 . 
4 
3 
2 
4 
5 
2 
4 
5 
5 
6 
5 
4 
5 
7 
3 
3 
2 
4 
2 
3 
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GROUP III 

TEN SECOND INTERVAL BETWEEN PRESENTATION 
OF THE PAIRED STIMULUS ITEMS 

Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Total Errors 

6 
9 
4 
10 
3 
1 
4 
5 
7 
3 
3 
6 
10 
3 
7 
5 
5 
7 
6 
10 
6 
3 
5 
5 
9 
3 
5 
4 
3 
6 

Be tween-Clas s 
Errors 

2 
3 
1 
5 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
1 
1 
0 
5 
3 
0 
0 
0 
3 
0 
0 
0 
0 
0 

Within-Class 
Errors 

4 
6 
3 
5 
3 
1 
4 
5 
6 
3 
3 
6 
10 
3 
5 
5 
4 
6 
6 
5 
3 
3 
5 
5 
6 
3 
5 
4 
3 
6 
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GROUP IV 

THIRTY SECOND INTERVAL BETWEEN PRESENTATION 
OF THE PAIRED STIMULUS ITEMS 

Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Total Errors 

4 
4 
3 
2 
5 
4 
3 
3 
6 
3 
7 
5 
5 
8 
6 
2 
10 
5 
5 
4 
4 
6 
3 
3 
3 
3 
8 
4 
2 
3 

Between-Class 
Errors 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
1 
2 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

Within-Class 
Errors 

3 
4 
3 
2 
5 
4 
3 
3 
6 
3 
5 
4 
5 
7 
4 
2 
9 
5 
5 
3 
4 
6 
3 
3 
3 
3 
5 
4 
2 
3 
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APPENDIX C • 

SUMMARY TABLE OF ANALYSIS OF VARIANCE FOR THE 
THREE TEST MEASURES: TOTAL, 

BETWEEN- AND WITHIN-CLASS ERRORS 

Source SS df M/s 

Total Errors 

Between Groups 
Within Groups 

Total 

Between-Class Errors 

Between Groups 
Within Groups 

Total 

Within-Class Errors 

Between Groups 
Within Groups 

Total 

766.47 
1310.53 
2077.00 

520.834 
707.13 
1227.96 

32.30 
363.00 
395.30 

3 
116 
119 

3 
116 
119 

3 
116 
119 

255.49 
11.30 

173.611 
6.09 

10.76 
3.129 

*Signifleant at the 5% level. 

22.62* 

28.48* 

3.44* 



APPENDIX D • 

SUMMARY TABLE OF CRITICAL DIFFERENCE TESTS 
FOR THE THREE TEST MEASURES: 

TOTAL, BETW^.EN- AND WITHIN-CLASS ERRORS 

Group II Group III Group IV 

57 

Total Errors 

Group I 
Group II 
Group III 

5.867* 

Critical Difference=l.205 

5.234* 
.633 

6.234* 
.367 

1.000 

Between-Class Errors 

Group I 
Group II 
Group III 

4.500* 4.667* 
.167 

Critical Difference= .882 

5.167* 
.667 
.500 

Within-Class Errors 

Group I 
Group II 
Group III 

1.367* .567 
.800* 

Critical Difference= .6331 

1.067* 
.300 
.500 

*Significant at the 5% level of confidence 




