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INTRODUCTION AND OVERVIEW

This final report is arranged in three sections, each

addressing significant aspects of the subject matter impl ed by

the project's title, "Investigations of Cognitive Strategies and

Cognitive Flexibility in Hearing Impaired Children." The first

two sections report on experimental work from the cognitive

laboratory; the third section describes results from a large-

scale achievement testing study. The theme that unites the sec-

tions is that the nature ofea person's performance on tasks

involving information processing depends on the interactions of

that person's cognitive structures and strategies with the pro-

perties of the materials to be processed and the task demands.

In order to produce a satisfactory account of how deaf children's

performances on cognitive tasks differ from normal-hearing

children's, the relationships among these four variables must be

understood. Only after these relationships are understood can

professionals concerned with the education of deaf children hope

to devise educattonal strategies that mdet this population's spe-

cial cognitive needs.

Each:tif the sections of this report concentrates on dif-

ferent subsets of the variables listed above. The work reported

in Section A seeks to identify perceptual orientations or charac-

teristic structures of profoundly deaf children and to examine

the strategies used by_these children in the face of Changing
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task demands. Section B identifies fundamental structural dif

ferences between native, signing deaf individuals and hearing

individuals and manipulates experimental materials in order to

shed light on the reasons for these differences. Section C,

using achievement test results from a sample of more than 1,500

hearing impaired children and youth, deals with considerations of

how test materials and task demands interact with cognitive

structures.

The work reported in this final report represents the

efforts of a number of investigators affiliated with the

Gallaudet Research Institute. The primary investigators for the

work reported in Section A were Drs. Belmont (of the University

of Kansas Medical School), Bourgr and Karchmer. Se:tion B was

the work of Dr. Bourg. Dr. Allen was the major investigator for

the study reported in Section C. Dr. Karchmer provided overall

coordination of the entire project and Dr. Trybus was responsible

for administrative support. The significant contributions of

many others are recognized in the Acknowledgements that follows

Section C.
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Below are overviews of the three sections of this report:

Section A: Recall of Temporal/Spatial Incongruent Letter Strings
by Deaf and Hearing Children: A Test of Structural
Determinants of Memory Performance

This study of profoundly deaf children's spatial and tem-

poral orientations derived from the British work of O'Connor and

Hermelin. These investigators discovered that deaf children tend

to take a spatial orientation when attempting to memorize and

recall short sequences Of items such as digits or letters. In

contrast, they found that hearing children take a temporal orien-

tation. This striking difference in information processing was

viewed as reflecting fundamentally different cognitive structures,

but it was hypothesized that any limitations that might result

from one structure or the other could be overcome by deliberate

cognitive self-management or formal instruction. The present

study was designed to test this hypothesis.

The study included 16 profoundly deaf children resident at a

state school for the deaf, and 16 hearing children in a regular

public school. The groups were matched for chronological age at

approximately 11.5 years. All children received a three-part

computerized memory test in which they viewed sequences of let-

ters and then immediately reconstructed the order in which the

letters Appeared. Letters were presented in random order in four

separate windows such that the temporal and spatial orders were

thoroughly cofifused. Children reconstructed the presentation

3
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order by topching another randomized ordering of the same four,

letters presented as a single set in a second array of four win-
dows.

In the first part, the O'Connor and Hermelin findings were

confirmed: deaf children tended to reconstruct the letters' left-
h

to-right spatial Order, whereas the hearing children uniformly

reconstructed the temporal order. Also consistent with the

British work, a minority of the deaf children adopted the tem-

poral orientation.

As a test of adaptability, in Part II the children were
c

instructed to adopt the orientation they had not used in Part I.

Then, in Part III, all children were instructed to adopt boEh

orientations, one after the other. The findings for the

instructed trials were that hearing children suffered a dramatic

decrease in recall accuracy going into the non-preferred orien-

tation, but they rapidly adjusted to it with almost complete

recovery of recall accuracy. In contrast, the deaf children's

recall accuracy decreased somewhat less than the hearing

children's under the requirement to perform in alternative orien-

tation, but they were also slower to recover.

Of particular interest were the data on memory reconstruction

efficiency, which in this study was measured by response times.

The spatially oriented deaf children and the temporally oriented

hearing children showed practically identical recall efficiencies

whereas the temporally oriented deaf children were markedly

slower to execute their recall responses.



These findings suggest that profoundly deaf children at age

11 years are better adapted to the spatial orientation than to

the temporal, and that the minority of deaf children who spon-

taneously chose the temporal orientation may, in fact, have been

handicapped thereby.

Section B: American Sign Language and Stroop Interference

The complex spatial information required for the comprehen-

sion of American Sign Language (ASL) may provide an explanation

of why a majority of deaf students in the experiment reported in

Section A spontaneously chose to code the letter sequences using

the spatial information available in the display instead Of the

temporal information. The study reported in Section B addresses

the issue of spatial information processing in the comprehension

of ASL more directly using Stroop's (1935) color-word inter-

ference technique. When one is asked to name the ink color in

which a word naming a conflicting color is printed (e.g., the

word blue printed in red ink), the word meaning interferes with

one's ability to name the ink color. This study extended pre-

vious research (Bourg, 1980) which found that native deaf signers

experienced more interferene in a color-sign interference task

than did normally hearing English speakers in a color-word inter-

ference task. In the present study, deaf, native signers and

normally hearing English speakers who knew signs to some degree

were given color-sign and color-word interference tasks. Deaf

5
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subjects experienced more color-sign interference than did

hearing subjects while hearing subjects experienced more color-

word interference than did deaf subjects. These results imply

that there are different internal representations of sign and

word meaning and different ways of accessing that meaning for

deaf and hearing individuals.

Section C: Test Response Variations Between Hearing Impaired
and Hearing Students

Nine language arts test items drawn from a Rasch-based item

bank developed with large samples.of hearing students were admi-

nistered to a sample of 1,542 hearing impaired students located

in 39 educational programs in six states. Two different item

formats were used in administering the items to the students:

a) teacher-dictated and b) student-read. The resulting patterns

of responses to the test were analyzed to assess the degree to

which the skill continuum defined by the Rasch item difficulty

parameters for hearing students correctly predicted the ordering

of the p-values observed for the hearing impaired group. The

data were then factor-analyzed to determine whether or not there

was a format factor. The results indicated that the p-values for

the hearing impaired students were not .ordered the same as the
;

Rasch item dtfficulty parameters. Lar0 discrepancies on at

least two of the items were noted. The need for future research

both in the area of comparing skill hierarchies between hearing

and hearing impaired groups and in the area of exploring the role

of item format in text performance is discussed.
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SECTION A

RECALL OF TEMPORAL/SPATIAL INCONGRUENT LETTER STRINGS
BY DEAF AND HEARING CHILDREN: A TEST OF STRUCTURAL

DETERMINANTS OF MEMORY PERFORMANCE

Int'roduction

Flavell and Wellman's (1977) developmental 4rscheme portrays

memory performance as depending upon interactions among four

variables. Structures (capacities, perceptual orientations,

etc.) and strategies (attention, articulation, rehearsal,

recording, etc.) interact with properties of the test materials

(numerOsity, presentation rate, image-evoking potential,' meaning-

fulness,.etc.) and memory task demands (immediate vs. delayed

recall, recognition, partial recall, probed recall, etc.). The

success of the child's attempt to memorize depends largely upon

his knowledge of when his capacity limitations require capacity-

stretching strategies that capitalize upon memorable qualities of

the materials, yet also meet the task demands. Of the four

variftbles, task demand (recall requirement) is ordinarily the

only one mentioned to the child by the experimenter. The child's
/

.e

knowledge of the remaining terms is cAled his "metamémory'

(Brown, 1978; Flavell, 1976), and what he does with that

knowledge by way of selection, use, evaluation and revision of

strategies, is called his "executive function" or "self-

programming" (Belmont, 1978).

7
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It is generally.agreed that deficiencies of metamemory or

self-programming contribute importantly to normal children's

subadult memory perforulances. The most compelling demonstrations

have come in studies where high recall accuracy has been obtained

with instructed strategies that obviate the need and circumvent

the use of metamemory or self-programming on the part of the

child (see reviews by Belmont & Butterfield, 1977; Belmont,

1978). Very little is actually known, however, about how

superordinate knowledge and functions interact to produce the

child's spontaneous memory strategies, upon which his memory per-

formance ultimately depends. In this paper we will approach the

question by assuming that a child's initial attempt to deal with

a cognitive problem is conditioned by habitual modes of infor-

mation processing (i.e., metaknowledge). Such modes or orien-

tations will be viewed as structural properties of the system

that inform self-programming and are themselves changeable as a

result (Wilcox Si Katz, 1981). In order to test this assumption,

we must of course identify and 'closely attend to individual dif-

ferences in structure, yet such differences are not generally

recognized among children of normal intelligence. A special

opporkunity arises,..,a19wever, in the cognitive psychology of

4 itsdeafdesg: congenftatiy deaf children, having'by nature been

deprived 'of normal acoustic experience and vocal-acoustic articu-

latory functions, often spontaneously employ alternative strate-

gs that seem to reflect unique structural orientations.



Hung, Tzeng, and Warren (1981) studied characteristic struc-

tures of deaf children as these structures bear on reading anti
,other language functions. Stated briefly, their hypothesis was

that deaf children fare badly with written English because they

apply inappropriate strategies, and they do so because

appropriate ones require phonetic representations that are simply

tunavailable in the deaf children's cognitive structure.

Similar effects are seen in deaf children's deliberate

memorization of written materials. To control for possible meta-

memory or self-programming deficiencies, we used an instructed

manual articulation rehearsal strategy with deaf children, and a

formally identical vocal artidhlation strategy with hearing

children (Belmont, Karchmer & Pilkonis, 1976; Belmont &

Karchmer, 1978). Even after considerable imactice with the stra-

tegy and the materials, the deaf childrenvs recall of letters and

words was subnormal; yet with pictures of objects the groups were

.nearly equal, the advantage going if anything to the deaf

children. Aside from pointing to faulty reading as a metam-

nemonic complication for research on deaf children's memory (not

to mention the disastrous psycho-educational implications), thede

studies show that deaf and hearing children alike improve under

strategy instruction, thus confirmina superordinate deficiencids

in both groups. The studies also show that given adequate exter-

nal programming and congenial materials, deaf children's basic

memory structures, including primary (echo) memory and secondary

(rehearsal) memory, operate perfectly well. We may have some

9
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confidence, therefore, that future elaborations of these

children's subnormal memory performance will be related to meta-

memory or self-programming, with the problem of language com-

patibility falling cleerly into the metamemory domain.

A follow-up study was proposed by,Belmont and'Karchmer (1978)

as a test of the language interpretation. We suggested substi-

tuting pictures of fingerspelled letters for' the printed letters,

and then using the instructed strategy with deaf students vs.

hearing introductory students of sign.language. It seemed self-
)*

evident that the hearing students would then suffer the language-

based decoding handicap. .Hung et al. (1981) likewise favored a

"second language" interpretation of the deaf children's reading

performance, arriving at a production deficiency explanation.

They did not refer to executive functions or self-programming by

name, but certainly did by implication n t ir conclusion that .

deaf children's shifting approaches to wiitten vs. signed

material represents problem-solving, with a strong conkious com-

ponent to be found in their solutions for handling written

materials. It is:unknown whether or not there is also a

conscious (or At least deliberative) component in the superor-

dinate functions that lead to such solutions. Likewise, it is

unknown to what degree deaf people's.unique structures guide or

limit their ihformation-processing strategies generally.

Therefore, if we are to use deaf children as markers for studying

structural effects on memory performance, we will need to go

beyond simple comparisons of deaf vs. hearing children. We will

10



need to positively identify individuals within the deaf popula-

tion'whose initial structural orientations are clearly different
4g0.414

from hearing children's. The next step will be to challenge each

group to perform a task for which that group's particular struc-

tures are well-suited, and another task for which they will

likely be maladaptive. In its general outlinetithis is the

approach taken by O'Connor and Hermelin. The present study is

designed to improve upon their work by sharpening the iden-

tification of initial structures, and by molding the challenge

tasks to conform quite closely to those strucCures.

Identification of Initial Structures

Conrad (1970, 1972; Conrad & Rush, 1965) was concerned with

speech vs. non-speech and acoustic vs. visual strategies in

short-term memory,/(STM). He used acoustid errors vs. visual

errors to classify deaf and normal hearing children's STM coding

strategies for lists of letters. ,peaf children made many more

visual errors than acoustic, and hearing children made many more

acoustic errors than visual (Conrad, 1972; Wallace & Corballis,

1973). From an error-based articulation index, Conrad inferred

that the great majority of hearing children had used a vocal-

acoustic/articulation strategy. The majority of the deaf

children had apparently used non-acoUstic (perhaps visual)
1

coding, though other modes (e.g., dactylic.articulation) were

sometimes implicated as alternative or adjunct methods.. Conrad

concbcided that the deaf children's coding strategies are possibly

11
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hypervarilble, and in the main they are not similar to hearing

children's strategies. One clear indication of their adaptive

potential is seen in a subanalysis in which deaf and hearing

children were selected for their equal error rates on visually

confusing lists. On the acoustically confusing onest.the hearing

children in this subsample made 3.6 times.as many errors as the

deaf. If it is assumed that the deaf children's strategies

reflected their initial structures, it must be concluded that the

structures themselves are non-acoustic, probably visual, and

perhaps therefore spatially oriented.

Conrad's contemporaries in London came closer to identifying

deaf children's structures as they probed vision, auditioh,

space, and time. Their work is important not only because it

provides a model for prospective tests of the structure's rig-

idity and adaptive potential, but as well because it invites one

to think, rather more often and more critically ,than usual, about

the importance of self-programming in memory development. The

first few studies in the series will be reviewed in detail

because they are the basis of the present research.

In order to disentangle visual vs. auditory coding, O'Connor

and Hermelin (1972) serially presented three visual digits in

three different locations (left, middle or right box) to normaL

hearing controls vs. deaf children; and three aural digits in

three different locations (left, middle or right speaker) to nor-

mal sighted controls vs. blind children. The child's task was to'

report the middle digit. Stimulus presentation was managed such

12 .
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that the temporal middle digit was never seen or heard in the

spatial middle position. Given this largely ambiguous

temporal/spatial incongruity, the researchers noted that the

child's interpretation of "middle" might be conditioned by his

general orientation toward organizing sequential stimuli/ leading

him to report either the temporaf middle digit, ,the spatial or

perhaps even the numerical. In present terms, the test stands as

a diagnosis of structure, but for openers it does not seem to

stress the child's memory.

The results were simple enough: Test condition (visual vs.

aural) determined the outcome for control children (who were the

only ones tested under both conditions), and most children within

each group performed similarly. In the aural test, all save two

of the 10 blind and 10 control children consistently reported the

temporal middle digit. In the visual test, 9/10 of thelcontrols

and 7/10 of the deaf children consistently reported the spatial

middle. The errant 3/10 deaf children showed a unitary minority

approach: They reported the numerical middle digit, which

reflects an amusing strategy, certainly, but an inefficient one,

compared to the mindless alternative of fixing an eye upon the
k

(guaranteed) spatial middle box, ignoring surrounding digits

regardless of when they appeal, and then simply reporting the

spatial middle digit. It is unknown whether or not any of the

3/10 deaf arithmeticians had even considered, much less deliber-

ately rejected this simpler solution, but_in a later test devised
/WO

13
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specially for them in which digits were replaced by geometric

forms, all three children, like their peers, consistently

reported the spatial middle item.

In a second experiment, hearing children simultaneously saw

and heard the digits. They again reported the spatial middle on

almost 100% of the trials, but a fresh sample wlio were first

given the aural test and then the visual/aural test, over-

whelmingly reported the temporal middle, for which it seems the

initial aural test had securely biased them. Thus, test modality

and prior set were both totally effective determinants of hearing

children's expressed orientation, but bias was evidently stronger

than modality because (as a moment's thought reveals), the tem-

poral report must be more difficult to accomplish than the spa-

tial report ordinarily made in the visual or visual/aural test.
1
,At this early point, then, unbiased hearing children showed

zero tendency toward spontaneous temporal processing in the

visual or the visual/aural test; and the deaf children showed

somewhat more strategy variability than the controls, at least

until the deaf minority's specifically diagnosed numerical orien-

tation had been specifically thwarted by altering the nature of

the materials. The richness of the interaction between struc-

tural orientation, self-programming, materials and task demands_

is already clear. It also appears that under minimal information

processing demands (pre-cued single digit in a 3-digit format),

initial structure has some influence on problem solving, but it

is easily modified by recent experience.

14



The next experiment shows that structure plays a heavier role

when information processing demand is increased. O'Connor and

Hermelin (1973a) again used 3-digit temporal/spatial incongruity, --T.-

but this time they required total free recall instead of middle-

item recall. Three digits were presented sequentially on three

screens, but never in the left-to-right or righ6-to-left oeder.

Hearing children were 90% accurate, deaf children 93%. In this

context of nearly error-free responding, the major discovery was

that 82% of the hearing children's correct responses reproduced

the digits' original temporal order, while 89% of the deaf,

children's correct responses reproduced the left-to-right spatial

order. The same children (11=10/group) were then given the same

test, but instead of free recall, the requirement was to choose

between two 3-digit displays presented simultaneously. One
t

display reproduced either the original temporal or the ddiriginal

left-to-right spatial order. The other was a random foil. The

child's choice was supposed to be "the one you have just seen."

Hearing children chose th6 temporal, alternative vs. the foil 71%

of the time, but ale spatial vs. the foil only 55V of the time

(where 50% was chance). The deaf children picked thetemporal

59%, the spatial 81%. This recognition test thus confirmed

(albeit at a somewhat lower level of within-group concordance)

the dominant orientations revealed by the recall test: In line

with the middle-digit study, the deaf children had attended pri-

marily to the digits' spatial order, regardless of temporal posi-

tion. The hearing children, however, had attended primarily to

15
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the temporal order, which exactly contradicts the middle-digit

demonstration of a 100% spatial response for hearing children

with the visual display.

Perhaps because of hearing children's spontaneous temporal/

spatial flexibility in the face of chnging response require-

ments, and perhaps as well because of the flexibility shown by

the 3/10 numerically oriented deaf children in the middle-digit

study, O'Connor and Rermelin concluded by speculating that all

subjects, deaf and hearing, had actually chosen rtheir response

orders, not in rigid adherence to any structural imperative, but
rather as elected strategies; and that they could, therefore,

"under appropriate conditions or instructions, be induced to use

their non-preferred strategy or ordering code even if less

efficiently" (1973a, pp. 342-343). This conclusion wast'ithe

foundation for all remaining studies in the series, and it is the

hypothesis to be tested in the present study. Regardless of

whether or not the hypothesis is ultimately confirmed, the evi-

dence in hand in 1973 could not support its sweeping generality

and optimistic psycho-educational implications. After all, no

strategy instruction had then been done in the experimental

context; indeed, none could have been done, because neither the

deaf nor the hearing children's actual strategies were known pre-

cisely enough to inform even a timid instructional effort.

Hence, crucial tests could not be made bedause, e.g., normally

hearing children could not be instructed to use deaf children's



pteferred strategies or ordering codes. Moreover, although

hearing children had shown wide variability in temporal/spatial

orientation, the deaf children had thus far shown only spatial or

other orientations under all conditions where.the choice of tem-

poral might have been made. This is not to say that he deaf

children's spatial responses were slavishly linked to coding

strategies mandated by an uncompromising structure. It is to

say, simply, that there was at the time no compelling evidence

for any other view.

Two options were open. The work could have.moved on to

discover the shapes of the children's strategies; then to mold,

instructional routines around them; then to directly induce

children to use preferred vs. non-preferred strategies; and

finally to compare their efficiencies. The alternative was to

continue to alter the experimental context (materials, recall

requirements, stimulus presentation schemes, etc.), whilst

depending on the children's self-programming to generate

appropriate strategy shifts,'and by that route, again, to compare

initial vs. modified strategy efficiencies. As it happens,

almost all subsequent work involved the experimental, rather than

,the instructional approach. As noted in the introduction;

instructional studies did, however, highlight the importance of

considering superordinate knowledge and functions as highly pro-

bable loci of deaf children's memory performance deficiencies.

O'Connor and Hermelin's follow-up work is best read from this

point of view.

17
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Testing the Structure

Given the suggestion that a spatial orientation is peculiar

to the deaf child, while the temporal belongs to the hearth,:

child, the later studies were all designed to stress these struc-

tures in one way or another. In Hermelin and O'Connor's (1973)

recognition work, the child's task was to decide on each trial

whether or not the order of a sequential comparison array was the

same as that of a sequential input array. Each child saw an

equal number of correct temporal (TE)I correct'spatial (SP) and

random comparison arrays. There were two (between-subject)

conditions: The input was presented in one window, while the

comparison was presented by the multi-window TE/SP incongruent

method; or vice versa. It was argued that if deaf children's

processing were dominated by the spatial orientation, then some

recoding (visualization?) of a one-window (necessarily temporal)

presentation would need to be done, either at the input or at the

comparison stage. The question was whether, and at which stage,

the deaf children would show a deficiency, given their presumably

weak temporal operations.

To guarantee the child's understanding of the task from the

outset, he was first shown cards on which were printed two pairs

of digits (e.g.', 7-2, or perhaps 6-3), and was asked in each case
7-2 3-6

to tell,whether the two pairs mere in the same order. This pre-

test is tbe,first such to appear in the literature. It is useful

because it permits the child to make crucial decisions without

18



recoding, and therefore stands as a non-biasing introduction to

the task. Hermelin and O'Connor also, for the first time with

their deaf subjects, did head-counts for SP vs. TE orientation:

A TE orientation was tallied if the child successfully recognized
\

at least twice as many TE arrayS as he did SP arrays; SP orien-

tation was tallied if the opposite. By these cciteria, only

3/40=8% of the hearing children, but 31/57=54% of the deaf

expressed the. SP orientation. Looking closer at the deaf sample, -

we see in Hermelin and O'Connor (1973; Table II), that 65% of the

younger deaf (CA=10.6), but only 48% of the older (1A=13.0) were

classified SP. Moreover, when the input display was TE/SP.

incongruent and the mcolaplison display was one-window temporal,

80% of the younger vs. only 36% of the older deaf were classified

SP (Fisher R=.040). In contrasti the two age groups were not

different (50% vs. 56% respectively) when the input was temporal

and ehe comparison was TE/SP incongruent. From this it appears

that the younger deaf children were generally more disposed to a

SP orientation, but at all ages the intersubject variability was

high. The study therefore did not confirm a unitary structure

within the deaf sample (though it did show a unitary TE structure

for hearing children).

It should be noted that although 54% of the deaf children

were classified SP, the classification required only that they

correctly recognize twice as many SP as TE comparison arrays. As

the choice was not between two alternatives (per O'Connor &

Hermelin, 1973a), but rather was same/different tor one display,

19
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it is possible for a conservative child to reject all non-SP com-

parison arrays and most of the SP's, yet still be classified SP.

In order to decide, therefore, whether the experimental manipula-

tion made a difference, it is not satisfactory merely to note how .

many children were classified SP or TE under each condition. It

would be necessary to report for each conditionc,the SP vs. TE

recognition scores for SP vs. TE oriented children. Unfortu-

nately, Hermelin and O'Connor (Table III) did not report or ana-

lyze hit rates for Condition x Item Tipe x Child's Structure, and

'to they did not strictly test the question of whether SP struc-

ture interferes with TE processing under any condition. The

failure to attend to individual differences within the deaf

sample is thus a major limitation of the study. It remained so

in those that followed.

O'Connor and Hermelin (1973b) increased the challenge to the

SP structure by forcing deaf vs. hearing children tb make tem-

poral judgments. Having seen 5 items TE/SP incongruent, they

saw two that had been TE adjacent in the list. The task was to

indicate which of those two had come first in time. The deaf

children on the average performed the TE judgment less accurately

than the hearing when the test materials were nonsense syllables,

but more accurately than the hearing when tested with pictures of

faces.00Connor and Hermelin viewed these results from a

strictly nomothetic perspective, concluding that the SP orien-

tation seen in the previous studies was "an elective strategy
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rather than an incapacity to appreciate temporal order" (1973b,

p. 441). This may be true, but the results as reported do not

force the conclusion: It was by then known to the researchers

(O'Connor, 1974) that going into th'e experiment, there was,almost

certainly a great deal of structural variability (SP vs. TE

orientation) within the deaf group (CA=12.8). perhaps, there-

fore, the deaf children's overall advantage with the pictures on

this TE judgment task was achieved by a subgroup of TE-oriented

childl. We are suggesting that a peeference pretest might have

yielded substantially important information about individual

differences; might indeed have shown that SF-oriented children

are in kact relatively *deficient (if not totally incapacitated)

in the TE stress test.

There is much more certainty about the question of 'deaf

children's nonverbal capacities (the other deaf structure).

O'Connor and Hermelin's (1973b) Groups x Materials interaction

nicely confirms the hearing and deaf groups' distinctive struc-

tures, and hence reinforces the theory of interactions between

structures and task variables as joint determinants of memory

performance. It should be noted, however, that theoconclusions

were based on a between-subjects manipulation of materials (in

this case, pictures vs. nonsense syllables). More liower would

have been achieved had the manipulation been done within-subjects

because, strictly speaking, strategy modification can be observed

only in a within-subjects design. We stress this point because

Hermelin and O'Connor (1975, p. 208), in their notes about the
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1973b study, concluded that "hearing as well as deaf children

showed considerable flexibility in using differently organized

displaysr"'" Since flexibility was not actually measured, and

since there was previous evidence !for cross-task biases operating

in similar (though simpler) situations, an evenly counterbalanced

within-subjects design, with a deaf vs. hearing;comparison, might

have led to less optimistic conclusions about deaf children's

strategy flexibility.

In the final two studies in the séries the hope was to

observe an advantage accruing to the deaf children's SP orien-

tation under a backward recall requirement. The hypothesis was

that the hearing, children's vocal/acoustic input's heavy TE com-

ponent would resist restructuring for reversed mitput, compared

with the deaf children's visual/spatial input's possibly bi-

directional readability. As in the other stress studies, TE vs.

SP orientation was not pretesEed, so individual differences were

again not analyzed. For the first time, however, the crucial

variable was handled within-subjects, so relative flexibility

could at least roughly be appraised. Hermelin and O'Connor

(1975) matched deaf children (CAu12.2) with hearing children

(CA=10.3) on the basis cf forward digit span. They then tested

reverse recall. Per the prediction, the deaf children as a group

were practically unaffected by the shift, whereas the hearing

lost more than a digit of span. O'Connor and Hermelin (1976)

confirmed the direction of these results with older deaf and

22

25

c.,



hearing children, both at about CA=14. The magnitude of the dif-,

ference was not as great as previously, however, and it appeared

primarily in a measure of item order errors, rather than.item

errors absolute. O'Connor and Hermelin interpreted this finding

according to the SP structure theory: Visual coding for the'deaf

children vs. sequential-associative coding for the hearing. We

note again that there was no pretest for initial structure, and

hence no possibility of interpreting the results as a structural

stress test.

Results from Other Laboratories

At least three studies have involved O'Connor and Hermelin's

(1973a) TE/S10,-incongruent recall orientation test. By Freeman's

(1975) counts, hearing children showed a decrease from 401 to 15%

SP orientation over the CA range 5 to 8, and an increase from 45%

to 80% TB over the same period. Freeman supposed that this nor-

mal developmental shift from SP to TE is mediated by increasfng

reliance on articulation, and he hypothesized that deaf children

go through a similar, but delayed and protracted development.

Hermelin and O'Connor's (1973) recognition results are the only

ones available to test Freeman's idea. They involve only two

CA's (10.6 vs. 14.0), but nevertheless tend to confirm the

hypothesis. Davidson and Klich (1980) used the recall task with

pictures of objects vs. the objects themselves to test the

hypothesis that cultural imperatives would maintain an SP orien-

tation in Australian desert aboriginal children. Using pictured

objects as stimuli, over the CA range 9.5 to 15.5 they found with
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pictures a sharp decrease in SP orientation from 56% to 18%, and

a shallow increase in TE from 33% to 45%. Using actual objects,

there was a shallow SP decrease (67% to 55%) but a sharp TE

increase (5% to 45%).. Rough as the quantitative aspects of the

Freeman and Davidson/Klich studies may be, they agree in showing

an almost total disappearance of SP orientation using ordinary

testing procedures; and for western childrent.Freeman's data

agree with O'Connor/Hermelin in showing that beyond CA=8 or 9,

the TE orientation is overwhelmingly dominant in hearing

children.

In tlie third study, Beck, Beck and Gironella (1977) directly

replicated O'Connor and Hermelin's (1973a) recall assessment

using hearing children at CA=8.4'and deaf ae CA=10.5. As

'expected, they found a 50% orientation among the deaf; but they

also found a 56% SP orientation among the hearing, which is'far

above all previous ipstimates for children at that age. They
tof

therefore tested a group of college students, for whom they

should surely obtain 100% TE orientation, but there were again

substantial SP counts (50%). Moreover, these were confirmed

withinsubjects using O'Connor and Hermelin's force-choice

recognition procedure. Beck et al.'s unique failure to confirm

the normal develoPmental trend toward a unitary TE orientation.is
k

inexplicable on procedural grounds. We note, however, that

contrary to their interpretation, the split results do not

suggest that TE and SP processesare equally available to every
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individual: In fact, no individual in their study showed a shift

from SP to TE or the reverse, and no stress tests were adminis-

tered.

Summary

Notwithstanding the rather untidycomplication introduced by

Beck et al. (1977), the literature points to twd mnemonically

important differences between deaf and hearing children's initfal

structures. First, deaf children are.greatly handicapped by

second-language inefficiencies, and so they produce,awkward strat-

egies for memorizing written materials. Second, perhaps con-

sequent bn the nature of their congenital disabilities or the

communication modes they use to circumment those disabilities, a

high proportion of deaf children are initially oriented toward

memory problems' spatiarfeaturese-while hearing children ini-

tially attend to their temporal features. Some tests have been

devised to determine whether or not these distinctive orien-

tations are importantly advantageous cm disadvantageous under

likely conditions. For technical reasons,.no clear results have

been obtained. The main such problem is a persistent failure bo

single out structural differences within the deaf group. A

second is the failure to use repeated-measures where they are

clearly called for. Aside from these problem6, no tests have

attempted to apply stress to structures in the context in which

they are initially identified, yet that would seem to be the most

direct approach to the question of structural influences on per-

formance.
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The present study was designed to meet all three of these

difficulties. In the first session, each deaf and hearing

child's initial structure was identified by requiring reconstruc-

tive recall of TB/SP incongruent letter strings presented at a

moderate rate. Each child's dominant reconstruction order (TE or

SP) was taken to reflect his initial structure, which was then

immediately stressed by requiring the child to produce the other

reconstruction order. In the second session, both orders were

again required, but the stress was adjusted by increasing stimu-

lus presentation rate following correct reconstructions, and

decreasing it following failures. This titration was meant to

determine thresholds of processing efficiency under structurally

congenial vs. antagonistic conditions.

Method

Subjects

There were two groups of 16 subjects, each containing eight

females and eight males. *One group comprised congenitally and

profoundly deaf children of mean chronological age (ah).11.13,

and mean unaided puretone hearing threshold=107.4 dB (ISO) in

the better ear. They were students at the Kansas State School

for the Deaf in Olathe, Kansas. The other group comprised

normal-hearing 6th graders (mean CA=11.75) at the Highlands

Elementary School in Fairway, Kansas.
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Stimuli

Each subject saw 87 test lists. Each list contained four

letters drawn from the 16 upper-case consonants matrixed in Table

1. The matrix confined close acoustic similarities to separate

Table 1. Letters Used as Test Stimuli

1 2 3 41BMJS
2 PNK X

3D R H W

4 GF LQ

columns (e.g., all "ay" to Col. 3; all "ee" to Col. 1, etc.). To

avoid potential acoustic confusions within lists and to assure

that all letters were seen before any was'repeated, thewzomputer

randomly sampled each column and each row once per list, and used

each column/row combination exactly once in each block of four

lists. It did this 30 times to create a sequence of 120 lists.

It created 10 such sequences, coded 0-9. The last digit of the)

subject's arbitrary, coded ID number determined which sequence he

received.

Apparatus

The computer was a 64K-byte Z80-based Exidy with two

Micropolis floppy disks, a 4-digit BCD-coded 100 cps hardware

clock, keyboard and two CRT monitors. The clock timed all inter-

vals and inter-response times. The subject viewed a 30-cm



Hitachi high-resolution b/w monitor. It was fitted with a 40 x

24 infra-red beam-grid invisible touch panel (Carroll mfg. Co.,

Champagne-Urbana, Illinois). The touch panel returned a unique

screen address (resolved to within 3.2 mm) whenever the subject

touchdd the screen (i.e., broke beams) with a finger. All

programming for stimulus presentation, data acquisitfon (response

location and inter-response times) and trial-by-trial response

scoring was done in BASIC, with calls to assembly-language

subroutines where speed was essential. This apparatus was

carried to the schools where testing was done.
0

The subject's monitor permanently displayed the 9-window

arrangement shown in Figure 1. Each window was 3.3 x 3.0 cm.

The letters were 1.0 x 1.7 cm, centered within each window. The

isolated center window was used to cue the child in the

instructed response conditions (see below) Figure 1 4ows the

1.5 x 0.5 cm word "STAR& that appeared at the bottom of the

screen at the beginning of each trial. -The subject initiated the

trial by touching START, which disappeared, to be followed by a

sequential display of four letters in the upper windows. The

offset of the last of these was followed immediately by a

simultaneous display of the same four letters in scrambled order

in the lower windows. By touching each of these four in turn,

the subject attempted to reconstruct their original order. Each

response immediately produced a small indicator above the window

just touched (Fig. 1 shows two such indicators). Three (3.0) sec

after the last response, the letters and indicators all vanished;

28



Figure 1. Subject's monitor (measured in cm). To initiate
trialt-subject touched START. Upper letters appeared
sequentially; then lower ones, simultaneously. Subject
touched lower letters in otder to reproduce upper letters' r
sequence. Dots above lower windows reminded subject of which
had been touched. Middle window cued force-response orders
during stress tests.
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the computer scored the responses and displayed the current and

accumulated results on the experimenter's monitor; saved on disk

the stimulus presentati6n information, response order, response

times (to .01 sec) and response scores (relative to the correct

temporal and spatial orders); then displayed "START" for the next

trial. Intertrial interval from last response to next START was

constant at 11.5 sec.

1

Stimulusl

Excepting practice trials, where stimulus presentation was

always left-to-right, neither that nor the right-to-left order

was ever used. This 1 ft 22 different TE/SP incongruent input

orders. One was discarded because it did not peemit adequate

separation of TE vs. SP responses. The remaining 21 were

marshalled into a fixed sequence to which 3 already-used input

orders were added with new output orders attached, to make up 24

unique input/output arrangements. For each such arrangement, the

correct spatial response order shared no more than two serial

positions with the correct temporal response order; and the

response letters faere displayed such that for neither the correct

spatial nor the correct temporal response would the child toucb

more than two windows that fell directly beneath those in which

'the letter had appeared at input. This was done to preclude

directly visualized delayed matching.
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Procedure

All children participated in two 30-minute sessions admin-

istered on separate dayp. Hearing children were, given oral

instructions. Deaf children were signed the instructions by a

native-signing deaf experimenter.

Session 1. There were 6 practice trials, followed by 40

free-response trials to establish the child's initial orientation

(TE vs. SP), followed by 10 forced-response trials in which the

child was instructed to respond in the mode opposite his initial

orientation.

Stimulus presentation rate for the practice trials is

discussed below. On each practice trial, the four letters were

presented sequentially from left-to-right so as to confound TE

and SP ordering. In addition, to make matters even easier, on

the first two practice trials the lett7e1:s appeared in a«phabetic

order. Figure 1,shows the letters as they appeared on the first
0

practice trial, while Table 2 shows all six practice trials.

Table 2. Input and response arrays for practice trials.
Inpat was serial left-to-right;,response letters
were presented simultaneously.

1 2 3

1.;

TRIAL

4 5 6

Input Array JKLM PDRS BDFG HNWX LFQG DHPK

Response Array JLMK Qms FGBD XNHW FGOL PDKH
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Instructions were brief, the critical 2assage telling the°

child to touch the letters in the bottom row of windows "in the

same way that you saw the letters appear".in the top row. This.

wording was chosen to avoid bias towards a particular orien---

tation. On the 'practice trials, the TE and the SP strategy

resulted in the same window response sequence. .A6 seen in Figure

1, the first practice trial's correct response.order was 1-4-2-3

(J-K-L-M). If the child did not respond correctly on a practice

trial, he was 'shown the correct response sequence. If he was

correct on more than 2 trials, or on the last 2 trials, practice

was terminated after 6 trials. Otherwise, all 6 lists were

repeated. No child failed criteri.on a second time through.

Following practice, the child was bold that the next 40 lists

would be similar, excepting that the stimulus letters would not

come on the left-to-right-order, but rather would skip 4round

(TE/SP incongruent). He was bold to respond, however, "in the

same way that you did during the practice." These 40 free-

response lists were run in two blocks .of 20, the distinction

being the input stimulus duration (SD). In the slow block, SD=

0.6 sec; in the fast SD=0.3 sec. 'In both, interstimulus inter-

val (ISI)=0.4 sec. Total stimulus presentation time for the

slow lists was (4 x 0.3) + (3 x 0.4) = 2.4 sec/list. For the

fast it was (4 x 0.6) + (3 x 0.4) = 3.6 sec/list. Half the

children received the slow block first, and half the fast.

Practice-trials were run at the rate scheduled for the child's

first block of free-response test trials.
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On each trial, the computer compared the child's response

order with each of the two possible correct response orders

(first-to-last TE vs. left-to-right SP). It assigned a score of

4 for a perfect match; 3 if three windows were touched correctly

one ri.ght after the other; 2 if only a pair were touched in

. correct order one right after the other; and 0 it,f none of these.

It then tabulated the SP and TE score for that.trial along with

those of all previous trialS and displayed an updated table on

the experimenter's monitor showing the number of trials on which

each score (4,3,2,0) had been achieved for each response type

(TE,SP).

Some overlap in trial counts could be achieved f9r scores

less than 4,, so only the numbers of.perfectly correct SP and TB

responses were t.onsidered in defining the child's initial orien-

tation.. Following the 40th free-response list, the exp4cimenter

noted whether the majority of 4's were for SP or TE responses.

All children showed a majority of one type,or the other, and that

majotity was taken to reflect the child's initial orientation (TE

or SP). He was required\on the last 10 trials of the session,

to adopt the alternative (5P or TB) response strategy. During

this forced-4esponse stress test, just after the child touched

START, a 1.0-sec cue appeared in the center isolated window. If

the required response order was left-td-right SP, the cue was an

arrow (Figure 1), If first-to-last TE\1 the cue was a clock.

- Following a 1.0-sec post-cue delay, the ietters were displayed at



the rate used in the second block of free-response lists. Thus,

half the children viewed the forced-response stress lists at the

fast rate, and half at the slow.

Session 2. There were 3 blocks of,trials. The first con-

tained 5 lists under the previoub session's stress requirement,

but at SD=0.6 sec, ISI=0.4 sec. The second.and)third blocks

each had 16 titration lists. Subjects were required to give SP

responses in one titration block, TE in the other. This variable

was crossed with the child's Session-1 initial orientation so

that half the children did the titration blocks in the stress-

nonstress order, and half in the reverse order.

Each titration block was begun at the fast rate (SD=0.3 sec;

ISI=0.4 sec). Following a perfectly correct response of the type

required in that block, the next trial's.SD and ISI were each

decsemented by 0.05 sec. An incorrect response'incremefted SD

and ISI by 0.05 sec. The shortest practical SD (due to video

refresh-time constraints) was 0.02 sec, so any SD decremented to'

0.00 was immediately reset to 0.02. Although SD=0.02, ISI=0.00

was (rarely) achieved in this study, no child correctly responded

even once at that rate, under either response requirement.

Results

Session 1

Recall Accuracy. Deaf and hearing children were classified

as having.either a TE or SP orientation depending on their per-

formance on the 40 free-response lists. An orientation was

determined if a child made at least twice as many perfectly
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correct responses in one response mode as in the other. .0n this

basis, all 16 hearing children had a TE orientation. Nine of the

16 deaf children (56%) were SP oriented (the deaf-SP group),

while the remaining 7 (44%) were TE oiiented (the deaf-TB group).

Our 0% SP orientation for the hearing group confirms Reeman'P

(1977) and all of Hermelin and O'Connor's very low estimates for):

hearing children 'age 11 years. Our 56% deaf-SP count is close to
0

the 60% figure inte2po1ated from Hermelin and O'Connor's (1973)

.recognition counts for young and old deaf children. It is also

close to Beck et al.'s (1977) 50% deaf-SP count for children a

year younger than ours, using an easier version of our task. %ur

44% deaf-TE count is close to Beck et al.'s 45% deaf-TE count.

By these comparisons the' study's replicative aspect is suf-

ficiently secure to warrant proceeding with elaborating analyses,

all of which are done below using hearing, deaf-SP and 6eaf-TE as

the grouping factor.

Table 3 shows the percentage of free-response trials on which

the hearing, deaf-TE and deaf-SP groups made correct TB, correct

Table 3. Percentages of Correct Responses and
Errors on Session 1 Free-response Trials

Response Type

N TE SP ERROR

Hearing(TE) 16 88 01 11

deaf-TE 7 35 04 61

deaf-SP 9 06 41 53
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SP or incorrect responses. The.deaf-TE and deaf-SP groups were

about equally accurate in their orientation.modes (35% and 41%,

respective:1.y), while the hearing were at least twice as accurate-,

at 88%. Tilese.orientation-mode scores were broken.down by fast

vs. slow N.ock for each subject. The.Group (3) x Rate (fast, .

slow) x Order (fast-first, slow-first) ANOVA (819P2V) confirmed

the Groups iin effect (F(2,26)=29.3, p. <.001). It Also netted a
r)Rate x Order interaction (F(1,26)=4.59-, p .05),. showing that CI

fast-first children were less accurate in their fast block (55%)

than in their slow (65%), and less accurate than the plow-first

children in their slow (65%) and fast (67%) blocks. No other

reliable mair/effett or interactions obtained in this analysis.

To determine how well each group stood up under stress, the %

trials-correct scores for the last 10 free-response trials

01-40) were pitted against those for the 10 forced-resivonse

trials (41-50). The hearing group dropped from 98% to 49%; the

deaf-TE from 40% to 27%; and the deaf-SP from 48% to 32%. The

Group (3) x Condition (free, forced) ANOVA confirmed the Group

main effect (F(2,29)=7.89, 2.01) and the interaction

(F(2,29)=4.08, 2<.05): The hearing children's 40% absolute

loss and 45% relative loss were both larger than the deaf groups'

losses, which ran about 14% absolute and, 32% relative.

On the chance that these differential losses reflected scale

effects unrelated to intrinsic group differences, the deaf

children with the highest orientation-mode scores were compared

with the hearing children who had the highest and lowest
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orientation-mode scores. Table 4 shows the top 4, top 6 and top

8 deaf children's accuracy on free and forced trials, and their

absolute and relative losses, as compared with the top 7 and bot-

tom 9 hearing children. All of.the estimated losses for deaf

Table 4. Sub-analysis of high-scoring deaf vs. high-and
low-scoring hearing children's free and forced-
respsonse trials (32-40 vs. 41-50) iecall accuracy .

(Session 1).

Free % Forced,% Ialsol.
Loss

Relative .

Loss

Deaf: highest 4 85 60 25 29
highest 6 77 50 27 35
highest 8 70 43 27 39

Hearing: highest 7 100 59 41 41
lowest 9 81 42 39 48

children are below those for hearing children, again suggesting

that the hearing children were harder hit by the stressw.test.

The final question was whether or not any group showed a recovery

within the stress test trias. All children were subscored for

the first and last 5 stress trialS (41-45 and 46-50). As a

control, the last two blocks of 5 free-response trials were also

examined. The only significant blocks effect on either the free-

response blocks dr the stress blocks was the hearing childrens'

increase from 39% to 60% going from the first ba the second

stress block (t(15)3.296, p(.01). Thus, the hearing children

alone showed reliable adaptation within Session l's stress test..
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Reaction Time. On each trial, four RTs were collected: RT-1

was measured from the last input-stimulus offset (i.e., the

response array onset) to the first window touch. RT-1 thus

reflects stimulus display organiza.tion and response execution

processes. RT-T2 was Irom the first window touch to the second,

and RT-3 was from the second to the third. RT-2 and RT-3 thus

relate to read-out from the internal organization of the'stimulus

display plus response execution. RT-4 was made to the last win-

dow remaining to be touched (i.e., the one that had no indicator

illuminated above it). RT-4 is thus probably an exclusionary

response time of little theoretical interest. It was not'con-

sidered in the analyses, although it is shown with the other RTs

in the following figures.

Each child's median RT-1, RT-2, RT-3, and RT-4 were computed

for his last 5 (or less, if he had fewcIr than 5) perfec;!ly

correct orientatkon-mode responses in the free-response test.

One deaf-TE child made only two such responses, so his RT's were

not included in the analysis. The group median RT's are pre-

sented in Figure 2.

A one-way ANOVA showed that the groups differed marginally on

RT-1 (F(2,28)=3.15, .102>.05. For RT-2 and RT-3, a Group (3)

x RT (2) ANOVA yielded a Group main effect (F(2,28)=6.19, 2.(401),

with the hearing and deaf-SP children responding faster than

the deaf-TE. The\RT-1 analysis suggests that response organiza,-

tion was more efficiently accomplished under the TE orientation

than under the SP (the hearing group tended to be faster than

3 7
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Figure 2 Response Times for Correct Orientation-Mode Responses on Free-Response
Trials, Session 1. DS = Spatially Oriented Deaf; DT = Temporally Oriented
Deaf; H = Hearing (Temporal).
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deaf-SP), but the RT-2, RT-3 analysis showed that once stimulus

organization was accomplished, these two groups had equally effi-

cient read-out; whereas the deaf-TE's TE-organized read-out was

relatively inefficient.

Too few deaf children gave enough perfectly correct forced

responses on the stress test to justify RT analyses. Of the 16

hearing children, 11 gave at least 3 correct orientation-mode

(TE) responses on the free-response test, and at least 3 forced-

mode (SP) responses on the stress test. Each of these subjects'

median RT's for the last 5 (ot fewer if there were less ehan 5)

perfectly correct responses was computed for each response type.

Figure 3 shows the group medians for these RT's. The only re-

liable difference between the TE and SP curves was at RT-1

(t(10)=2..56, 2(.05): For every child, the SP RT-1's were

longer than the TE RT-1's. It thUs appears that the sttess (SP)

response for hearing children resulte'd in less efficient response

organization; but once organized, the read-out was as efficient

as in free-response orientation-mode (TE) responding.

Session 2

Trials 1-5. The first 5 trials were run under the session 1

stress condition. Neither of the deaf groups' mean trials-

perfectly-recalled changed reliably between Session l's last 5

(stress) trials and this continuation of the stress test. Both

groups were close to 35% accurate, again leaving too few correct

trials for an RT analysis, but suggesting a recovery from the

first 5 stress trials of Session 1 (27%). This recovery was not
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Figure 3 Response Times for Correct Orientation-Mode Responses on Free-Response
Trials (TE) vs. Those for Correct Forced-Mode Responses on,Stress Test(SP). Hearing Children Only, Session 1.
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consistent across subjects, however (t(15)=1.19, 2<.20). Going

from Session l's last 5 to Session 2's first 5 trials, the

hearing group showed a nonsignificant increase in accuracy (from

60% to 70%). This continued the previous Session's trend towards

recovery, as was also reflected in RT-1 (but no other RT):, For

the 10 hearing subjects who made at least 3 corryect responses on

Session l's last 10 trials and Session 2's first 5, median RT-1

decreased from 140 zsec to 108 csec (t(9)=2.28, 1:1.05). Thus,

going into Session 2, the hearing children's previous stress-mode
lyRT-1 organizational deficiency was totally absent, and their

recall accuracy had climbed from 39% to 70% in the course of

only 15 trials (t(15)=5.17, 2(.001). Over thesame period, the

two deaf groups climbed from about 28% to about 35% recall

accuracy. The hearing vs. deaf groups respective stress-mode

endpoint performances (70% vs. 35%) may be compared with; their

respective Session-1 orientation-mode endpoint performances (87%

vs. 47%). The comparative recoveries (70/87=80% vs. 35/47=74%)

are similar, and the normal recovery represents significant move-

ment. At this point then, it is clear that whatever the stress-

induced insufficiencies experienced by the hearing children, they

were completely overcome in the RT analysis of perfectly recalled

displays, and were well on the way to being erased from the

accuracy record as well, all with only brief exposure to the

stress condition. It is only a little less clear that the deaf

children recovered, primarily because their_perfOrmance_was
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overall quite subnormal, but also because they had suffered rela-

tively less under stress. The titration trials were designed to

increase the burden of the stress test so as more clearly to

define the limits of deaf and hearing children's processing effi-

ciences.

Titration Trials. Session 2's titration trials were distinc-

tive in two respects. (1) For the first time, all children were

instructed to perform the task both according ba their initial

free-response orientations, and according to the stress

orientation: A direct within-subjects instructed comparison.

(2). Recall accuracy determined stimulus presentation rate on

following trials: Correct responses led bo faster presentations;

errors led to slower. If recall accuracy was high in the early

trials, presentation was fast on the later ones. Since fast pre-

sentation was a second stress condition, high initial accuracy

would increase stress and hence would lead to lower accuracy

later on. Conversely, low initial accuracy would reduce stress,

and would therefore lead to higher accuracy. Since presentation

rate was adjusted on every trial, it would average out to be the

same for all children who achieved identical overall accuracy;

but consistently accurate performance early-on would lead to

faster presentation rates than inconsistent performance. On this

account, for each child, the fastest stimulus presentations at

which he made correct responses can be viewed as his best titra-

tion perfopriance. RT analysis should be most conclus.ive for

these optimum-rate trials.
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Figure 4 shows each group's overall recall accuracy (trials

correct) under each of the two response modes. For all groups

combined, TE (54%) was higher than SP (48%) (t(31)=2.55, p(.02).

The hearing vs. deaf difference was high ahd consistent, while

the two deaf groups were practically identical. 'In all further

analyses, the deaf groups have been combined, except when there

were reliable differences between them. -

Figure.5-shows the SP and TB blocks divided into their

first-8 vs. second-8 trials. Only under the TE mode did the

stress occasioned by high early recall (increased presentation

rate) result in later recall decrements. To check this, we con-

sia!red each child's item-presentation time (SW+ 151) for lists

correctly recalled. The medians of the three fastest presen-

tation times in the SP mode, and the three fastest in the TE mode

were taken to be the child's optimum presentation times. Three
,

deaf children were discarded from this analysis because they had

too few correct trials. For the remaining 13 deaf and all 16

hearing children, the medians of the optimum times are shown in

Table 5. The TE optima were reliably shorter than the SP for

both groups (Hearing: t(15)=3.33, 0.01; Deaf: t(12)=2.58,

0.05). The hearing group was faster under both modes (SP:

t(27)=3.21, 0.01; TB: t(27)=4.55, 0.001). Anotiher view of the

trials effect within modes is seen in Figure 5's comparison of SP

trials 1-8 vs. TE trials 1-8: TE performance is higher than, SP

on these.early trials, and this TE advantage is reliable for both

groups (Hearing: t(15)=3.88, 0.01; Deaf: t(13)=2.89, 0.02).
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Figure 4 Overall Accuracy under Spatial (SP) and Temporal (TE) Response Modes,
Session 2. H = Hearing; DS = Spatially Oriented Deaf; DT = Temporally
Oriented Deaf.
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Table 5. Optimum item-presentation times (sec) for each
group under each response mode (titration)

N SP TE.

Hearing: 16 .40 .22

Deaf: 13 .90 .70

To compare deaf vs. hearing recall efficiencies, each child's

median RT's were computed for his 3 optimum-presentation-rate

trials. Figure 6 shows the group median curves for each response

mode. For RT-1, the Groups' differences were not reliable for

either response mode. For the SP mode, the deaf-TE's-RT-2, RT-3

values were reliably higher than the other two groups. For the

TE mode the deaf-TE's RT-2, RT-3 was still higher than tiie

othersc but not reliably so. Thuse-under optimum conditions,

the only notabLe Groups effect is-for the SP-mode requirement,

for the deaf-TE children. Their read-out remaimd relatively

inefficient.

Our final question for the titration trials was whether or

not recall accuracy had suffered for any group as the-result of

lapses into alternate-mode responding. It might be predicted,

for example, that the deaf-SP children would occasionally yield

to their initial orientation, and hence give perfect SP responses

under the TE-mode requirement. In fact, they did this on 3.5% of

the TE trials, but this is not informative because the deaf-TE

did likewise on 3.6% of ,those same trials, and the hearing

children slipped on 2% of them. The other slip (perfect TE

recall on SP trials) was made by deaf-TE (9.8%), deaf-SP (8.3%)
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(Figure 6 Average Response Times for Each Subject's 3 Optimum Trials, Session 2. H = Hearing)
DT = Temporally Oriented Deaf; DS = SpatialtY Oriented Deaf.
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and hearing (2.3%). 4hus, the deaf groups were overall com-

parable, and made more slips than the hearing group. Since the

combined deaf group made more TE slips on SP trials (9.0%) than

SP slips on TE trials (3.5%), it appears that the TE orientation

had gained ascendency in the titration tests, regardless of ini-

tial orientation. The determining factor seems,to have been the

point in the titration trials (first vs. second block) where the

slips were made. For the combined deaf groups, 17/23=74% of

their TE slips on SP trials were made.when the SP trials were

given in the second block. For the hearing group, the figure was

5/6=83%. Similarly, for SP slips made on TE trials, 6/9=67% of

he deaf's and 3/5=60% of the hearing's occurred when the TE

trials came second. Overall, these figures show that 31/43=73%

of all slips were made in the block following that in which the

slip-mode was the required response; and this effect was somewhat

stronger in the SP block following the TE-mode requirement

(22/29=76%) than in the TE block following the SP-mode require-

ment (9/14=64%).

Discussion

The first part of this study was closely modeled after

O'Connor and Hermelin's foundation work on deaf children's spon-

taneous responding to temporal/spatial incongruent STM materials.

We found that all of the hearing children and 46% of the deaf

gave responses that tended to reflect the materials' temporal

(TE) aspect, while 56% of the deaf children responded to their

spatial (SP) aspect. These figures nicely match the foundation

results.

4 3
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The initial response modes may have been selected as deli-

berate decisions, or simply followed blind adherence to struc-

ture. Lacking evidence of choice, we have used "initial respons

orientations" as a neutral descriptive, rather than "preferences"

with its unsupportable impiiCation of executive cognition. As

far as we know, nobody has yet clearly demonstrated each.of the

two response modes (TE vs. SP) to deaf children; and then given

them a choice on which reasonably to assess their preferences.

Judging by our deaf children's errors and RT curves for the TE

and SP titration trials of Session 2, we suppose that on our

task, possibly all ould have responded in the TE mode had they

been given a choic at the end of Session 2.

This predicti n is made from two sorts of evidence. First,

a priori, one wou d expect children who were initially

TE-oriented (dea -TE) bo follow the same light when once again

free to respond Second, the deaf-TE's RT curves for the TE

response requirement indicated that their relad-out was more effi-

cient than for the SP reqUirement. Add to that their greater

recall accura y on the early TE trials vs. the early SP trials,

plus their a hievement of faster optimum stimulus presentation

times under TE than SP, and we are forced to conclude that they

found the task altogether easier than the SP task. That it

was easie is sufficient reason (under the principle of

least-ef ort) to assume that it would be preferred, given the

choice.

44



The deaf children who were initially oriented to the task's

SP f atures (deaf-SP) are only slightly more difficult to judge..

They boo recalled more accurately on the early TE trials vs. the

early SP trials, and their optimum stimulus presentation times on

TE trialsiwere, if anything faster than the deaf-TE's. What

troubles the analysis is their practically idenical RT curves

under SP and TB, from which it seems that their total recall

efforts were quite similar. If one assumes that this represents

overall greater-efficiency under TE because the presentation

times were faster, then all barriers fall away, and one concludes

(under the equal-effort-for-greater-payoff principle) that,

having had equal exposure to both tasks, the deaf-SP children

would also have opted for TE if given the choice.

We can now address this study's main point, which was bo

decide whether or not the structures that underlie deaf and

hearing children's untutored TE or SP orientations are strong

enough to deminish performance under antagonistic stress. The

answer is unequivocally yes. All groups, regardless of initial

orientation (and particularly the hearing group) immediately

showed lower recall accuracy when the stress test was introduced

in Session 1. Moreover, the hearing children's RT curves indi-

cated significantly increased difficulty in organizing their

recall responses, even when these responses were destined to be

.totally correct. We should not judge from these results,

however, that the immediate performance decrements observeclin

Session 1 have'any great practical significance, because the
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weight of subsequent findings points to extremely raPid 'recovery

by all groups. Indeed, on thefirst18 trials of Session 2's

second titiation block, both deaf groups' recall accuracies were

equal to their Session-1 pre-stress levels, and the hearing

children (whose high accuracy produced extraordinarustress under

titration) were nevertheless within 10% of their pre-stress

accuraci level. These recoveiies by all groups point to highly

maleable structures, in view .of'which we may return to examine

O'Connor and Hermelin's (1973a, pp. 342-343) ppeculation that all

subjects, deaf,and hearing, could "under appropriate conditions

or instruction, be induced to use their non-preferred strategy or

ordering code even if less efficiently." Our direct test of this

id a, although the only one done tci Cate, nevertheless fully

substantiates O'Connor and Hermelin's hypothesis (excepting

perhaps its,last four words).
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SECTION B

AMERICAN SIGN LANGUAGE AND STRCOP INTERFERENCE

Introduction

Only recently has American Sign Language (ASL) come under the

scrutiny of psychologists and linguists. ASL, the fourth most

frequently used language in the U.S. (Mayberry, 1978), is a

nonphonetic, visual/kinetic natural language which exhibits

complex structural properties of aural/vocal-natural languages on

both lexical and sentential levels (e.g., Stokoe, 1960; Stokoe,

Casterline, & Croneberg, 1965; Klima & Bellugi, 1979; Siple,

1978; Battison, 1978; Liddell, Note 1). Because different modal-

ities are used for the cOmprehension and production of ASL

(visual, kinetic) and English (aural, vocal) and becausetASL is a

nonphonetic language, questions have arisen concerning differen-

tial hemispheric involvement in the early stages of perception of

ASL. Differential patterns of cerebral asymmetry for nonphonetic

languages such as ASL for phoneUc languages such as English

would suggest unique processing requirements for the two classes

of languages. For example, an ASL sign may require a greater

degree of spatial and configurational processing (and, therefore,

greater right hemisphere processing) than an English word. The

complex spatial information processing required for comprehension



of ASL may provide an explanation of why a majority of deaf sub-

jects in the experiment reported above spontaneously chose to

code the letter sequences using the spatial information available

in the display instead of the temporal information.

This experiment examined some hemispheric processing require-

ments of ASL signs in congentially deaf native signers using an

ASL version of Stroop's (1935) color-word interference task. The

t classic Stroop effect is slower naming of ink color when the ink

appears in a color word whose referent conflicts with the ink

color (e.g., the word RED printed in green ink) than when the ink

appears in a neutral color patch such as a rectangle or a random

geometric shape. The color word produ,-..es interference in the ink

color naming task. This interference, produced by the automatic

semantic processing of the color word, has been attributed to

both input, or perceptual, and output, or response, comcletition

sources.

A Stroop task was initially chosen for this experiment in

part because of the recent finding of greater Stroop interference

for Chinese ideographs than for English words (Biederman & Tsao,

1979). The authors' speculativnterpretation of these results

suggests that the greater Stroop interference for Chinese may be

attributable to the increased load on right hemisphere processing

of both the ideographic symbol and the color. This interpreta-

tion is based on an inference from evidencc that recognition of

Japanese ideographs (Kanji) is lateralized in the right

hemisphere while recognition of Japanese phonetic symbols

51

59



(Hatakana & Hirakana) is lateralized in the left hemisphere.

Likewise, it has been shown that information about color is pro-

cessed with a right hemisphere advantage.

An analogous situation seems to hold between ASL and Japanese

ideographs in that there is evidence for a right hemisphere

involvement in the processing of ASL signs (e.gr, Poizner & Lane,

1979). Following Biederman & Taso (1979), one would predict

greater Color-sign interference in native signers of ASL than

color-word interference in native speakers of English if. this
-

effect is attributable to the nonphonetic and configurational

properties of ASL signs and Chinese ideographs. In an experimeni
/

similar to the Biederman & Tsao study, Bourg (1980) reported /

greater Stroop interference for native ASL signers to ASL Stroop
/

stimuli than for English speakers to English'Stroop stimuli.

Bourg (1980) failed to demonstrate conc usively that this effect

was attributable to a greater right 66misphere processing load,

however.

Before reporting the present experiment, relevant studies in

the three areas that impacted the development of the experimental

hypotheses will be reviewed. The linguistic structure of ASL and

the hemispheric laterality literature will be reviewed briefly

including a more detailed review of the ASL laterality litera-

ture. Finally, the Stroop phenomenon and the various models pro-

posed to explain it will be discussed.
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Some,Linguistic and Cognitive Aspects of ASL

In the first linguistic analysis of ASL, Stokoe (1960)
(-)

described a sign (lexical unit) of ASL as a unitary motoric act

comprised of three aspects: (1) location of articulation of a-

sign with respect to the signer's body (called tab by Stokoe),

(2) the handshape(s) used in forming the sign (called dez by

Stokoe) and (3) the movement used to produce the sign (called sig

by Stokoe)-. Stokoe, et al. (1965) presented the more than 2000

manual signs in A Dictionary of American Sign Language using

these three aspects with 12 places of articulation, 19 handshapes

and 24 movements. Since Stokoe's work, linguists have proposed

changes to that analysis; these changes have been of degree, not

kind. Battison (1974), for example, has proposed a fourth

aspect, hand orientation, in order to distinguish between certain

minimal parts of signs.

Nonmanual signals also play an important role in ASL.

Liddell (1977) Argued that standardited facial expressions can

determine lexical and phrasal scope in ASL. RECENTLY and JUST

RECENTLY, for example, are distinguished by a tilted head and

more exaggerated facial expression while the manual components

are identical. Likewise, head position and facial expression

mark negation and, according to Liddell, certain clausal bound-

aries and interrogatives. Baker & Padden (1978) analyzed eye

blinks in dyadic communication and found that eyeblinks tend to

occur systematically in both signer and receiver near, or at,

what seem to be clausal and constituent boundaries.
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One of the interesting aspects of ASL signs that most hearing

people who have attempted to learn ASL note is the high degree of

isomorphism between signs and their referents. ASL is highly

iconic relative to, say, English. Evidence from the historical

changes in signs suggests that a sign, when first introduced to

the language, may be highly iconic, or representational with

respect to its referent, but that the sign, in time, tends to

become more arbitrary and abstract with respect to that referent

(Frishberg, 1975). The rules of sign formation and change seem

to act to constrain or modify the evolving sign as dictated by

the permissible values of sign formation parameters discussed

above (Klima & Bellugi, 1979). Iconic elements clearly are still

incorporated in signs, however, and it may be these iconic ele-

ments that make signs (not sign languages) easier to learn than

words (Brown, Note 2). Also, Schwam (1980) attribOted the

finding that deaf children comprehend the highly iconic sign LESS

earlier than the more abstract Sign MORE to that sign's iconi-

city. This represents a reversal of the pattern of acquisition

of MORE and LESS in English (Donaldson & Balfour, 1968).

Both short- and long-term memory experiment results for

ASL signs parallel those for English words. Bellugi & Siple

(1974) and Bellugi, Klima & Siple (1975) have demonstrated pri-

macy and recency effects in free recall of signs. STM recall

errors ,tended to be instrusions or substitutions of particular

values of a single aspect (either location, place of articulation

54 62



or movement) of the presented signs suggesting "phonological"

representation of signs in STM analogous to the phonological

coding of words in STM (Crowder, 1976).. Siple, Fischer & Bellugi

(1977) reported that, in final free recall, semantically related

signs clustered together suggesting similar patterns of LTM

coding for ASL and oral languages.

Rates of speaking and signing differ in interesting ways with

signs taking longer to produce than words. Grosjean (1979) and

Bellugi & Fischer (1972) reported that the mean duration of signs

is about twice that of words. While individual signs take longer

to produce, however, propositions are transmitted at the same

rate in ASL and English (Bellugi & Fischer, 1972): This longer

duration of signs may have important implications for the latera-

lity of ASL to be discussed below following a brief review of

hemispheric asymmetry literature.

Hemispheric Laterality

Much research suggests that language functions are

lateralized in the left hemisphere and visuospatial functions in

the right (See Milner (1974) for a review). It is well known

that left hemisphere lesions produce various types of aphasia

(Geschwind, 1970; Zangwill, 1960). Right hemisphere lesions have

produced visuospatial impairment (e.g., discrminiation of

geometric forms) and degraded musical ability (Lansdell, 1968;

Milner, 1971). Split-brain patients have also shown similar pat-

terns of defects (Gazzaniga, 1970; Nebes, 1974). These patients

were able to name objects presented tactually or visually only if_
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the information were presented to the left hemisphere (i.e.,

right or right visual field); these same patients identified the

objects via a nonverbal response, however, when the i-formation

was presented to the right hemisphere. On the other hand, spiit-

brain patients are better at manipulating and perceiving spatial

relationships in the right hemisphere than the feft.

Neurologically normal subjects show similar asymmetry pat-

terns. Auditory perception of phonemes, nonsense syllables and

words is known to have a right ear/left hemisphere advantage in

dichotic listening tasks (e.g., Kimura, 1966; Studdert-Kennedy &

.Shankweiler, 1970; Schwartz & Tallal, 1980) Perception of musi-

'cal melodies, however, has shown a left ear advantage (Kimura,

1964, 1973a). Visual perception of language also bas

demonstrated a left hemisphere advantage (LHA). Tachistoscop-

ically presented words and letters are better and more quickiy

identified in the right visual field (RVF) than the left visual

field (LVF) (e.g., Hines, 1976; Bryden, 1965); word/non-word

decisions are better made in the RVF (Leiber, 1976).

Tasks requiring visuospatial processing have shown LVF

advantages. Random geometric shapes are better identified and

classified in the LVF (Hellige & Cox, 1976; Simion, Bagnara,

Bisiacchi, Roncato & Umilta, 1980). Kimura (1966) reported a LVF

advantage in a dot enumeration task, and Rizzolotti, Umilta &

Berlucchi (1971) and St. John (Note 3) found LVF advantages for

face recognition. Finally, using Posner's (1969) same/different

paradigm for physical and name matching between two letters,
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several investigators have found LVF advantages for physical

identity matches requiring visuospatial processing and RVF advan-

tages for name identity matches requiring language processing

(Davis & Schmitt 1973; Geffen, Bradshaw & Nettleton, 1972;

Umilta, Sava & Salmaso, 1980). These effects tend to be found

for "same" responses only, however. ,

Interpretations of data like the above vary. Liberman

(1974), for example, has attributed left hemisphere specializa-

tion to speech functions and right hemisphere specialization to

non-speech functions. By demonstrating a right ear advantage for

melody recognition by musically experienced listeners, Bever

Chiarello (1974) argued that hemisphere specialization is more

general than Liberman's speech/non-speech distinction; that is,

they argue that the left hemisphere is specialized for analytic

processing while the right hemisphere is specialized for; holistic

processing. Analytic or holistic processing required in a task

is dependent on an individual's task-related experience. Left

hemisphere advantages for language processing and right

hemisphere advantages for visuospatial processing, therefore, are

consequences of the analytical/holistic distinction. Kimura .

(1973b,c, 1976) proposed that the left hemisphere is specialized

for skilled motor and temporal sequencing activities of which

speech production and perception is just one such activity.

Laterality Studies of ASL. There are a few laterality

studies of ASL, with most laterality-research on the deaf using

English stimuli or ASL hand-shapes used in the manual alphabet

-
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(e.g.: Phippard, 1977). The cerebral laterality literature for

sign language that does exist, however, provides conflicting evi-

dence for both left and right hemisphere lateralization as well

as no lateralization for the perception of AST; signs. The

balance seems to be tipped slightly towards a right hemisphere

advantage for sign perception, however.

McKeever, Hoemann, Florian & VanDeventer (1976) pre-

sented English letters and words and line drawrngs of ASL

handshapes and signs in four recognition tasks to congentially

deaf signers and to hearing subjects0who knew AS&. The hearing

subjects showed the usual RVF advantage to the Englistil stimuli in

two of three tasks while the deaf subjects showed RVF advantade

in one of three tasks. Both gEbups showed minimal LVF advantages

for the ASL handshapes and signs.

Manning, Goble, Markman and LaBreche (1976) predented

line drawings of signs, English words and geometric shapes bila-

terally to both hearing and deaf subjects. A left hemisphere

advantage (LHA) .--spercent correct recognition -- was found for

the English words for both hearing and deaf subjects. No

hemispheric advantage was found for the line drawings of signs

when the subjects responded by signing the sign stimulus back to

the experimenter (Experiment 1). However, when deaf subjects

were presented with still photographs of signs and responded by

pointing to a drawing of the referent of the sign stimulus among

several distractor items on a choice board (Experiment 2), a
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a
right hemisphere advant4ge (RHA) was reported. Manning et al.

argue that the task in Experiment 2 required deeper semantic pro-

cessing of the stimuli than the task in Experiment 1 and claim

that a RHA does exist for the perception of signd because of the,

spatial processing required by ASL signs. .

o Lubert (cited in Poizner & Lane, 1979) 'tachistoscopically
0

presented congentially deaf and hearing subjects English letters,

photographs of ASL sWns and manual alphabet handshapes and a dot

enumeration task. Deaf and hearing subjects demonstratO a LVF

advantage for the signs, but no lateral differsIces to the other

stimuli. Because hearing subjects did not show the usual RVF

advantage for English material, these data are difficult to

C) interpret.

Poizner & Lane (1979) and Poizner, Battison, & Lane

(1979) also reported a RHA for the recognition of signs: Poizner

& Lane (1979) showed a RHA (RT to a target digit) for still pho-

tographs of ASL hancis of the digits 7 and 9 (signs for numbers

require no moticm) and no hemispheric advantage:for arabic

digits. Hearing controls also showed a RHA for ASL digits and a

LHA for arabic digits,. While the deaf and hearing subjects

showed the same patterns of asymmetry, the authors argue that the

deaf subjects treated the ASL digits linguistically because (1)

deaf subjects' RTs to the ASL digits were shorter than the

hearing subjects' RTs, (2) deaf subjects responded faster to the

ASL digits than to the non-ASL hands while the revers was true

r '*rrrrrr.4

59

6



for the hearing subjects, and (3) deaf subjects showed a LVF

advantage to both ASL digit targets while the hearing subjects

did not.

Poizner et al. (1979) reported a LVF advantage (percent

correct identification) for deaf sdidects to statically pre-
)

sented, bilaterally symmetric signS that could be identified by

place of articulation and handshape alone. These sub"jects,

however, showed ckly a small: nonsignificant LVF advantage for

laterally symmetric signs presented witAty7eir characteristic
t

movement. In the study, movement was- simulAted by copying three

still photographs of a sign (one still from the beginning of the

sign, one from the middle, and one from the end-of the movement)

to three frames of 8mm movie film for tachistoscopic presen-
tation. Subjects mentally filled in the movement as in apparent

1motion phenomena. Twenty signs were presented in this manner, f-
t%

and the subject's task was to report (sign) back the sign that

was just presented. It is not clear how sign-like these-stiMuli

appeared. The task was difficult, however, as ,indicatO by per-
':

cent correct identification-scores of about 52%. Poiiner et al.

suggest that the finding of no laterality effectS with the moving

signs is a result of both right hemisphere visuospatial pro-

cessing and left hemisphere-sequential
movement processing.

(Varga-Khadem (Mote 4) also reported no hemispheric advantage for

recognition of.signs presented with simulated movement.]
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,
The general conclusion of the two Poizner studies is that

statically presented signs are processed in the right hemisphere

because the spatial processing required for these stimuli overrides

the language processing but that moving signs require both spa-
^........

tial and language processing and therefore do not show any

hemispheric advantage (Poizner, et al., 1979).

However, Poizner awl his associates have not clearly deve-

loped their distinction between spatial and language processing.

In their first experiment (Poizner & Lane, 1979), they argue that

the deaf subjects treated the stimuli (ASL digits) as linguistic

stimuli but that the spatial processing required of these

linguistic stimuli predominate over language processing. This

argument assumes contradictorily that the ASL stimuli are being

treated both linguistically and nonlinguistically. Also, because
, Iboth deaf and hearing subjects showed similar patterns of asym-

metry to words and statically presented signs, they concluded

there was no cause to propose two "language centers" for ASL and

English. Yet, it is argued that the signs, which are processed

with a RHA, are treated linguistically by the ASL group.

Another interpretation of these data suggests that

linguistic input requires differential processing depending on

whether it is phonetic (and therefore sequentill) or nonphonetic

(visuospatial) with phonetic input requiring more left hemisphere

processing and nonphonetic input requiring more right hemisphere
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processing. This interpretation places the,source of differen-

tial right and left hemisphere processing on the physical dharac-

teristics of the stimulus not the fact of the stimulus being

language Jr non-langqage. This is a position consonant with that

of Kimura's. Other nonphonetic language stimuli have elicited

right hemisphere processing advantages. Nonphonetic Japanese

ideographs, Kanji, have shown a LVF advantage in visual recogni-

tion (Hatta, 1977), while the phonetic Japanese symbpls for

syllables, Katakana and Hirakana, have shown RV? recognition

advantages (Sasanuma, Itoh, Mori, & Kobayashi, 1977; Hatta,

1976).

An interesting aspect of the Poizner et al. data reported

in Poi-zner & Battison (1980) is that signs which naturally incor-

, porate more complex movement tended to show a smaller LVF advan-
(

tage than signs which incorporate less complex movement: This

'finding was true of signs presented statically or with simulated

movement, indicatirg that subjects are perhaps Mentally

reconstructing the movement in the statically presented signs.

This suggests that the left hemisphere becomes more involved in

sign processing the more complex the motor activity. Perhaps

related to this is a recent report of a smaller right ear/left

hemisphere recognition advantage for synthetic stop consonants

when the formant transition between the noise burst and steady

state components is synthetically lengthened (Schwartz & Tallal,

1980). This reduction in the rate of acoustic change decreased

the usual symmetry in speech perception. So, perception of a
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more omplex sequential motor event occurring rapidly in time

require ,elatively greater left hemisphere involvement as does

perception of a more rapidly changing acoustic event. With this

in mind, the fact that the duiation of signs is about twice the

duration of words (and thus slower rates of change in movement

compared to rates of acoustic change) may also dontribute to less

left hemisphere and greater right hemisphere nvo1vinent in sign

perception overall.

Not all the experimental data indicate a LVF advantage or

no visual field advantage for sign perception. Neville & Bellugi

(1978) reported a RVF recognition advantage for line drawings of

signs using a unilteral presentation, but no one visual field

advantage when the same signs were presented bilaterally.

Virostek & Cutting (1979) found a small, but reliable, RVF advan-
1

tage for recognition of ASL handshapes. These are the dinly

experimental data which show a left hemisphere advantage for sign

perception, at least when using a static pres?ntation of the

stimuli.

Stroop Interference Studies

Since its first report in the literature (Stroop, 1935),

literally hundreds of studies of various aspects of the Stroop

phenomenon hays been published (see Jensen & Rohwer (1966) and

Dyer (1973) for reviews). A recent literature search of

Psychological Abstracts resulted in a compilation of over 150
e
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studies published since 1967 which either investigated the

Stroop phenomenon directly or used a Stroop task methodologi-

cally. Only those studies directly relevant to the experiment

conducted here will be considered.

As was stated above, the classic Stroop interference effect
,

is relatively slower color naming when the color appears as the

print of a color word printed in a color that conflicts with the

referent of the color term, than when the color appears in a

neutral color patch. For example, the color red is more dif-

ficult to name when it appears in th word GREEN than when it

appears in a semantically neutral color patch such as a colored

disk. Traditionally, the task is presented on a series of stimu-

lus cards. One card consists of a number of color words printed

in conflicting colors,_another card consists of a number of
,

neutral color patches, and a third card consists of a number of

color words printed in black. Each card has the same number of

items, so it is possible to time a subject on how long he takes

to name the colors of all the items or read all the words on each

stimulus card. Stroop interference is measured as the difference

in the time for responding to the neutral color patch card and

the time for responding to the colored word card. With this pre

sentation method, subjects generally take 50% - 100% longer to

name the colors on the colored word card than on the neutral

patch card (Dyer, 1973). Reading time for either the black print

color word card or the colored,color word card is consistently

shorter than color naming time for the neutral patch card. Thus,

1---
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there is a marked asymmetry in the Strooi: phenomenon in that the

word interferes with color naming yet the color produces negli-

gible or no interference in the reading task.

Stroop interference has been produced in tasks using many

alternate presentation procedUres including individual stimulus

presentation (e.g., Hock & Egeth, 1970; Seymour, 1977; Hintzman,

Carre, Eskridge, Owens, Shaff & Sparks, 1972) using verbal (e.g.,

Stirling, 1979), manual button press (e.g., Pritchatt, 1968;

Schmit & Davis, 1974; Simon & Sudalaimuthu, 1979) and manual card

sorting responses (e.g., Triesman & Fearnley, 1969; Morton,

1969). These alternate procedures, however, generally result in

less interference than the traditional card presentation/verbal

response procedure. When the presentation method involves indi-

vidual stimuli and keypress response, a sizeable "reverse Stroop"

effect has been reported; that is, the ink color in the word stim-

kc,,,,, uli interferes with a subject's ability to respond to the word

(Schmit & Davis, 1974; Simon & Sudalaimuthu, 1979; Warren &

Marsh, 1978) and this reverse Stroop interference is of approxi-

mately the same magnitude as the Stroop interference. In addi-

tion, the advantage of reading times over color naming times with

a verbal response is r.it found with the keypress response.

Three other theoretically important aspects of the Stroop

phenomenon should also be mentioned. First, it has been shown

that words semantically related to color words (e.g., blood, sky,

Spring) also produce interference in color naming (Rlein, 1964;

65



Harrison & Boese, 1976; Seymour, 1977). Second, Stroop stimuli

where the color word and ink color are congruent tend to produce

faster ink color naming times than neutral color patch stimuli

(Hintzman et al., 1972; Dyer, 1973). Third, amount of inter-

ference can be experimentally controlled by speeding or slowing

the processing of each dimension of a Stroop stimulus. Gumenik &
,

Glass (1970) found that by degrading the word information, in'a

Stroop stimulus, color naming interference was reduced. In a

spatial analog of the Stroop task, Palef &Olsen (1975) found

that by biasing spatial cues the spatial dimension of the stimu-

lus interfered with reading and vice versa.

Various models have been proposed to explain the locus of the

interference effects in the Stroop task. These models all tend'

to be variants of-two classes of models. One class assumes the

source of interference occurs at output and is due to response

competition between the irrelevant (word) and relevant (ink

color) dimensions of the stimulus (Morton, 1969). A second class

of models assumes that interference occurs at the input stages of

processing where the irrelevant aspect of the stimulus (the word)

slows the formation of a perceptual (Hock & Egeth, 1970) or

conceptual/semantic (Seymour, 1977) code in memory. These two

types of models will be discussed briefly below.

Output Interference Models. The response competition models

can be nicely illustrated using Morton's (1969) logogen model.

In this model, activation of a logogen causes a verbal response

production "program" to be inserted in a response buffer which
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stores only one response program at a time. Both word and color

stimulus dimensions are processed in parallel. Because reading

normally occurs faster than color naming (Fraisse, 1969), the

irrelevant word response program is inserted into the buffer

first. When the color response program arrives, the buffer is

full and the response is delayed. When the colbr response arrives

first (cf. Gumenik & Glass, 1970), the word dimension should not

interfere. A problem with the model is in explaining how the

fast-arriving word response programs are suppressed and removed

from the response buffer (Stirling, 1979). Also, there is no

straight forward way to account for the facilitation effect when

the word and ink color are congruent. Since Morton's logogen

model deals with verbal responses, it also has a problem in

accounting for Stroop interference in manual key press response

task unless it is assumed that these responses are verbally

mediated or that a logogen-like system exists for nonverbal

responses.

Input Interference Models. Using a Sternberg (1969) para-
o

digm, Hock & Egeth (1970) found that response times to classify

the ink color of color words, verbs or a string of Xs as a member

of the positive set of color names varied linearly with set size.

They found intercept effects of type of verbal material with

color words causing slower color naming, but no interaction of

set size and type of interfering stimulus. Using Sternberg's

reasoning, they interpreted the intercept effect to mean that

color words influence the encoeing of the ink color; that is, the
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source of interference in their task was perceptual conflict at

encoding time. As with the logogen response competition model,

this model cannot readily explain the facilitation (ffect of

congruent Stroop stimuli. If thd.,semantic information in the

word interferes with the encoding of the ink color, 'then this

interference should occur when a semantically r'elated, but

congruent, word appears in the stimulus. This model has also

been criticized for the interpretation of a lack of an inter-

fering verbal material x set size interaction as indicating no

response effects and (2) for the fact that covert color naming

may be taking place in the task (Dalrymple-Alford & Azkoul, 1972;

Dyer, 1973).

Another input interference model is Seymour's (1977) concep-

tual encoding model. Seymour (1973, 1977) views a conceptual

code as a group or cluster of semantic features (cf. Clark, &

Chase, 1972); semantically related items will thus access concep-

tual codes with common features. In the Stroop task, retrieval

of a single conceptual code (the color name code) must occur so

that this code can be converted into a response code (Morton's

response program) via the logogen system that can generate the

naming response. According to this model, Stroop interference

occurs because two corneptual codes are retrieved (color word

code and color name code) which overlap to a large degree and it

takes time to distinguish them. Stroop interference is realized

in the time it takes to distinguish the two codes so that a

single code can be retrieved and converted into a response. The
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model does not describe the process of distinguishing the codes.

ThUs, interference does not occur at stimulus registration time,

/but rather at a stage of retrieving the proper conceptual code

fram memory. This model explains that the facilitation of a

congruent Stroop stimulus produced.in color naming is due to the

fact that both the word and the color dimensions of the stimulus

access the same conceptual codes facilitating the retrieval of

that code. Seymour argues that the traditional form of the

Stnoop task cannot, in principle, distinguish between encoding

and response competition effects because "there is almost always

a confounding of possible effects of the distractor word on

encoding and response processes. If, for example, the word RED

is printed in green ink, an incongruity exists both with respect

to encoding of the color green and with respeq,t to production of

the vocal response 'green'" (Seymour, 1977, p.245). So, Seymour

argues, in order to distinguish between response and perceptual

competition models, a task must be devised that allows for a

respcmse which is neither the ink color nor the lexical item in a

Stroop-like stimulus.

Olne of his experimental tasks required subjects to name the

season of the year associated with the ink color in which a

seasom was printed (the direct analog of the traditional Stroop

task). In another task, subjects were required to name the

seasom opposite tothe one associated with the ink color of a

season name (e.g., the word SUMMER printed in green ink - green
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was previously shown to be associated with Spring - would require

the response "autumn"). In the first task, .typical Stroop

results were found: season naming based on ink color of a season

name was faster if the season and ink color were congruent than

if the season conflicted with the ink color. In the task which

required a response of the season name opposite the season asso-

ciated with the word color, responses were faster to stimuli in

which the word and color dimensions were congruent than to stim-

uli in which the dimensions conflicted; that is, the "autumn"

response to SPRING in green ink was faster than the "autumn"

response to AUTUMN in green ink. The conceptual encoding model

predicts this because the congruent stimuli access the same con-

ceptual code thus facilitating its retrieval and conversion to

the appropriate response. A response competition model would

predict the opposite result because the interfering word (e.g.,

AUTUMN) corresponds to the required response.

A recent study involving a literal Stroop task (Simon &

Sudalaimuthu, 1979) reported a similar result where a response

opposite to the color was required: in a two-color (red, green)

two-response Stroop task, subjects were faster at responding

"green" to RED in red ink than to GREEN In red ink. The same was

true for analogous "red" responses. Clark & Brownell (1975) also

reported results consistent with a perceptual conflict model in a

spatial analog of a Stroop task.

Stirling (1979) suggested Seymour's methodology may be con-

cealing response competition effects. In Seymour's exPeriments,
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an irrelevant season name opposite the ink color (e.g., AUTUMN in

green ink), produced more interference than a season name chrono-

logically before or after the seasons associated with the ink

color. This is also the task which provides evidence supportin

the conceptual encoding model. StiLling argued that the semantic

oppositeness effect in Seymour's data may hide any resonse com-

petition effectd in this task. Stirling's (1979) study attempted

to test the conceptual encoding model using stimuli and responses

that were semantically uniel'ated. Subjects learned arbitrary

verbal letter name responses to colors. The color dimension of

the Stroop Stimulus appeared in (1) a string of 4 identical let-

ters congruent with the color (e.g., Ds in red ink when "D" is

the response to red) (2) a string of incongruent letters, (3)

congruent color words (e.g., green in red ink), (4) incongruent
a

color words and (5) a neutral color patch consisting of'string of,

4 plus signs. The results suggest both conceptual encoding and

response competition effects. Response competition effects can

be seen in that responses were faster to congruent letter strings

than responses to incongruent letter strings. Conceptual

encoding effects were noted by the finding that responses to

congruent color name stimuli were faster than responses to

incongruent color name stimuli.

All the above studies taken together suggest both perceptual

or input (including Seymour's conceptual encoding model) com-

petition and response or output competition sources of inter-

ference in Stroop and Stroop-like tasks. A complete model of
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Stroop interference must accommodate possibilities of both types

of interference. None of the models discussed above addresses

' the finding that manual keypress responses to colors in the\

\Stroop task result in less interference than verbal responses.

'Also, manual keypress responses result in more reverse Stroop

interference (Simon & Sudalaimuthu, 1979) than 'Verbal responses.1

Findings of relatively redUCed interference for button press
\

responses may suggest that overt response competition is the

single largest source of interference in the traditional Stroop

task'. In the manual button press response Stroop tasks, response

competition sources of interference are reduced or eliminated
,

altogether to the extent that covert verbal mediation does not

occur during the task.
;

Another important point here is that Seymour (1977) nd Simon

& Sudalaimuthu (1979) did not use neutral color atch ning
\

times as a baseline from which to assess interference., These

studies u\sed HT to congruently colored color words as the base-

line. (mixed presentation of these stimuli with the qtroop stimuli

prevented a simple reading strategy). So, the "interference"
,

consists of both conflicting color-word,Interference and

consonant color-word facilitation.

Hemisphere Specific Stroop_Effects. Dyer (1973) suggested

that the Stroop task may prove a useful tool in analyzing func-

tional cerebral asymmetry. Assuming more efficient language pro-

cessing in the left hemisphere (RVF), greater interference should

occur for a Stroop stimulus presented to the RVF because the
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'relatively quickly. Dyer & Harker (reported in Dyer, 1973) pre-

sented subjects vertically printed Stroop stimuli to the right

//and left visual fields and found no differential RT Stroop

effects in the two visual fields. The stimuli were printed ve

tically to reduce variabililty in the horizontal visual angle

subtended by the color words. This presentation method, however,

would also seem to_make the color words more difficult to read,

mWhich would in turn serve to reduce the interfering effect of the

word dimension of the Stroop stimulus. Tsao, Feustel & Soseos

(1979), who replicated the Dyer & Harker study, using vertically

printed Stroop stimuli, found a greater error rate in the RVF

than the LVF for Stroop stimuli, but no differences in reaction

time. This study also reports a RVF advantage on the reading

portion of the task. Both studies required verbal responses.

Using a keypress reslionse, Warren & Marsh ti978) also reported no

visual field differences in the portion of their experiment which

represented a standard Stroop task.

Schmit & Davis (1974) did find hemispheric reaction tme
effects in a three-color Stroop task. In this experiment sub-

jects responded to congruent and non-congruent Stroop stimuli by

pressing one of three keys associated with a given color with

either their right or left hands. In the color response con-

dition, subjects responding with their right hand experienced

equal amounts of interference to Stroop stimuli in the left and

right visual fields. Subjects responding with their left hands,
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however, showed negligible interference to,Stroop stimuli in the
.

LVF; but they also showed interference comparable to the right

hand respAders to stimuli in the RVF. In the color word

response condition, both right and left hand respomiers

experienced greater reverse Stroop interference to stimuli pre-

sented in the RVF. Overall, color responses shiowed 1,7F advan-

tage and color word responses a RVF advantage.

This finding of LVF advantage for color and RVF advantage for

words is consonant with the general model of functional asymmetry

with language processing the left hemisphere and visuospatial

(including color) processing in the right. Moreovsr, the finaing

of negligible Stroop interference in the LVF for left hand

responders suggests that when the relevant color dimension pro-

cessing and resopnse organization can occur without the necessary

invo/vement of the left hemisphere, the word dimension tmocessing

does not take place fast enough to interfere with the color pro-

cessing and response organization. This may only be the case,

however, because color word responses were slower overall than

color responses; in fact, the mean color word RT tor the fastest

stimulus condition was slower than the mean color RT for the

slowest stimulus condition. Right hand responders experienced

equal amounts of interference in both visual fields. The left

hemisphere is responsible for response organization for these

subjects, and presumably the necessary involvement of the left

hemisphere allows the color word processing to interfere with the

color processing.
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An extension of Schmit & Davis' reasoning would also suggest

that a verbal response which should always require left hemisphere

involvement would increase the amount of interference for the

left hand responders to Stroop stimuli in the LVF. If their

reasoning_is correct, then this may serve as an explanation for

the lack of differential RT Stroop effects in die Tsao et al.

(1979) study which used a verbal response. By the same account,

ho4,ver, Tsao et al.'s error rate findings become hard to

explain. Also in this vein, subjeCts in Warren*& Marsh,(1978)

responded by pressing keys with both hands. Assuming the

reliability of Schmit & Davis' response hand effect, the two hand

response in the Warren & Marsh study may contribute to the esult

of no differenial interference in the visual fields. The

response hand effect would also su5gest that covert verbal

medation was not taking place in the Schmit & Davis study'for

the color response and, therefore, the interference occurs at

input stages of processing.

One final study to be reported here did not evaluate

hemispheric differences for Stroop stimuli directly, but its find-

ings are interpreted in terms of differential hemispheric pro-

cessing. liederman & Tsao (1979) frwid greater interference

'Using a traditional form of a Stroop task for Chinese Stroop stim-

u1,1. and native Chinese speakers than for English stimuli and

English speakers. The authors speculate that the greater inter-
,

ference for Chinese is attributable to greater input,sources of

interference caused by right hemisphere processing of the irrele-
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vant ideograph and color. Color information has shown a rig:It

hemisphere processing advantage in hue discrimination tasks

(Davidoff, 1976; Pennal, 1977; Hannay, 1979) and color iden-

tification tasks (Schmit & Davis, 1974; Pirot, Pulton & Sutker,

1977). A RHA for Chinese ideographs is inferred from the evi-_
0dence for a RHA for Japanese Kanji discussed above.

In the Biederman & Tsao study, Chinese subjects experienced

196 msec' per item greater interference than the English subjects.

Compared with other studies demonstrating Stroop effects attribu-

table to input sources of interference, this effect is quite

large. Other studies using verbal responses Seroop input Inter-

ference effects of 30-70 msec. So even if input interference for

Chinese subjects were twice that of input interference for

English subjects, the magnitude of the effect reported by

Biederman & Tsao is still very large.

! There is a possioility of relatively greater response coin-
!

petition sources of interference for the Chinese subjects. The

subjects in the experiment scanned the stimulus card from top to

bottom starting with the left most column (Biederman, Note 5).

The vertical scanning required by the task more closely approxi-

mates normal reading for the Chinese than the English subjects

and may put the Chinese subjects in more of a "reading mode" than

the English subjects which may in turn lead to more response com-

petition.

Bourg (1980) replicated the Biederman & Tsao (1979) study with

congenitally, profolndly deaf native ASL signers in an ASL version
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of a traditional Stroop task. Deaf subjects were shown sign-
\

pictures of ASL color signs where the outline of the hand was

drawn in a conflicting ink color. With these stimuli, the deaf

subjects experienced more interference to the ASL Stroop stimuli

than monolingual English speakers did to a.similarly

English Stroop task. i

A weakness in both the Bourg (1980) and Biederman & Tsao

(1979) papers is that each language group only performed the task

in their preferred kanguage (ASL, Chinese, or English). A better

study would be one in which both language groups performed the

Stroop task in both languages This study, of course, assumes

that subjects have used the nonpreferred language to some degree.

This study would allow direct comparisons of the amounts of ASL

and English Stroop interference in both deaf and hearing sub-

jects. Previous studies of bilingual Stroop interferen&

(Preston & Lambert, 1969) have shown that the dominant or pre-

ferred language produces more interference than the second or

nonpreferred language in bilinguals. Also, bilinguals as a group

show less interference overall than monolinguals.

The present study gave ASL and English Stroop tasks to

congentially, profoundly deaf native signers whose first laaguage

was ASL and to English speakers with varying degrees of knowledge

of total communication, but not ASL. The Stroop stimuli were

presented to the right and left visual fields so that hemispheric

processing effects could be assessed. One prediction is that the.40g

deaf subjects will experience more interference to the ASL Stroop
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task than the hearing subjects, while the hearing subjects will

experience more interference to the English Stroop task than the

deaf subjects. Moreover, subjects in each group should show more

interference to the preferred language Stroop task than to the

nonpreferred language task.

The hearing subjects also show a similar paptern of ,:esults.

in the English Stroop task as was reported in the Schmit & Davis

(1974) stUdy; that is, color naming should have an overall advan-

tage when the color stimuli are presented to the LVF. Likewise,

word naming should have an RVF advantage. Deaf subjects should

also have an LVF advantage in the color naming task, and they

should have an LVF advantage in the sign naming task if signs

are processed with a right hemisphere advantage.

Method

Subjects
;

The Deaf group comprised 16 congenitally deaf adults, 3 males

and 13 females ranging in age from 18 to 27 with a mean age of

21. All subjects learned ASL as their first language, had two

deaf parents, attended residential (manual) schools for the deaf

and used ASL as their preferred mode of communication. Hearing

loss resulting from hereditary deafness Is usually peripheral in

nature (Fraser, 1SiO) and is not associated with other neurologi-

cal impairment. All subjects were faculty, staff, or students at

Gallaudet College.

The hearing group comprised 16 normally heating, English

monolingual adults, 7 males and 9 females, who ranged in age from
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23 to 40 (mean age 32) and were not familiar with ASL. These

sUbjects were all staff or faculty members at Gallaudet College

who signed and comprehended various forms of total communication

but yet did not sign or comprehend ASL. All subjects reported

having normal eyesight in each eye (corrected in some cases) and

normal color vision. All- tubiects-vere---determiriedto--be

righthanded by self report and by responses to 10 questions

extracted from the Edinburgh Handedness Inventory (Oldfield,

1971). Subjects performed at least'9 of the 10 queried motor

activities with their right hand. Eighteen subjects were paid

participants in the experiment; the remaining 14 were volunteers.

In the experiment, Stroop stimuli were constructed using the

colors red and orange. Choide of colors was constrained by ASL
1

color signs. In ASL there are three basic color terms: RED,

BLACK and WHITE (ASL color signs and English color words will be

typed in all.caps). Other color signs are loan signs (Stokoe,

Note 6) which consist of the handshape of the letter in the

manual alphabet that corresponds to the first letter of the

English color term. YELLOW, GREEN, BLUE, and PURPLE are signed

with the appLopriate manual alphabet handshape for the active

hand (right hand for right handed signers) which is oscillated at

the side of the body at shoulder height. PINK is distinguished

from PURPLE by moving the location of the "P" hand from the side

of the body to near.the mouth at the midline of the body. ORANGE

is signed with a repeated squeezed and relaxed fist near the
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mouth at the midline of the body. re-TE0 not a basic color term,

but rather a polysemous sign whose first meaning is the fruit

(Stokoe, Note 6). The basic color sign RED is made with an

extended index finger moving downward at the lips.

The stimuli were 35mm slides of the words or sign pictures

RED and ORANGE drawn in red and orange ink resulting in 4

possible stimulus combinations for the words (2 words by 2

colors) and 8 possible stimulus combinations for the signs (2

signs x 2 colors x left/right-handed signer). The sign pictures

of the right-handed signs are shown in Figure 1. Only the

outline of the hand was drawn in colored ink with the remainder

of.the diawing in black ink. Each sign and word was printed on

white paper. The stimuli were then photographed in a black

construction paper frame in order to reduce the total amount of

light on the projection screen. Thus, a stimulus slide appeared

to a subject as a dark field with the stimulus appearing within a

smaller white field. This white field subtended 12.5 deg of

horizontal visual angle and-4. deg of vertical visual angle.

RED ORANGE

Figure 1. Two Experimental Sign Line Drawings



For the siqns, the midline of the signer's face was centered

4.1 deg from central fixation with the sign itself (as measured

from shoulder to shoulder) subtending 3.2 deg of visual angle.

The words were also centered 4.1 deg from central fixation; the

word RED was 1.4 deg wide and ORANGE was 3.2 deg wide. A slide

of a black dot (.1 deg in dxdmeter) centered inithe white field

served as the fixation point for the word and sign stimuli.

Design and Procedure

Each subject was administered 4 tasks: (1) color naming of

the ink in which the color signs were drawn; (2) color naming of

the ink in which the color words were drawn; (3) sign naming of

the colored signs; and (4) word naming of the colored words.

Task 1 (the ASL color naming Condition) consisted of 64 ran-

domized trials. These trials were 4 repetitions of the 16 stimu-

lus combinations (i.e., 2 colors x 2 lexical items x

left/right-handed signer x 2 visual fields). Thus, half the

trials presented stimuli with consonant color and lexical infor-

mation (non-Stroop stimuli) and half presented stimuli with

conflicting color and lexical information (Stroop stimuli). Task

2 (the English color naming condition) also consisted of 64

trials; 8 repetitions of the 8 stimulus combinations (2 words x 2

colors x 2 visual fields). Half the trials presented Stroop

stimuli and half presented nonStroop stimuli. Tasks 3 and 4 also

consisted of 64 trials and used the same stimuli of tasks 1 and 2

respectively. In tasks 3 and 4, however, subjects ignored the

ink color and natied the sign or word.



In all tasks, stimuli were projected on a high luminance,

daylight projection screen 7' from the subject who was seated in

a 5' x 11' dimly lit anechoic chamber. The subject sat-at a table

in front of the screen with his head positioned on a chin rest.

The subject maintained this position through each task. A trial

consisted of the fixation dot (which served aska fixation dot and

as a warning of the next trial) presented for 2 sec followed by a

190 msec duration stimulus slide. Slide as quickly as possible

while minimizing errors. RT was measured to the nearest msec

from the onset of the ,stimulus slide. Response feedback was pro-

vided immediately after the subject responded.

Task order was completely counterbalanced across subjects

with the one constraint that tasks involving the same stimuli

(either English or ASL) would always occur together. Thus, both

tasks involving the ASL stimuli would always precede orlfollow

the English stimuli tasks. Each subject performed each task

once. Half the subjects in each group responded with their right

hand, half with their left. The subject responded by pressing

one of two buttons on an answer box placed in front of him with

either the middle or index finger of the assigned hand. Response

to finger assignment was fully counterbalanced across subjects.

Deaf subjects viewed a videotape of the experimental instructions

presented in ASL; hearing subjects read the instructions.

Slide projector and tachistoscopic shutter operation, and

response feedback were controlled by a PDP-8 minicomputer. The

subject's responses and RTs were stored on the computer's disk
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for later analysis. Before the first task, subjects were admin-

istered a block of 16 color naming practice trials consisting of

8 sign stimuli and 8 word stimuli so that they would be familiar

with the color discrimination and the response apparatus.

Results

Reaction Time

Median RTs for correct trials were computed for each subject

for each visual field/response combination for each task. The

signer handedness variable was ignored in the computation of the

median RTs in the ASL tasks. Color naming and sign/word naming

tasks were analyzed separately.

Most subjects reported that the colors red and orange were

difficult to distinguish, particularly in the context of the sign

RED. The sign picture RED allowed for the least color content of

all the stimuli. When Stroop interference is analyzed as the

difference in RT between Stroop stimuli and nonStroop stimuli,

the sign RED had no interfering effect for either the deaf or

hearing groups. The deaf group's mean RT to the color red in the

sign RED, a nonStroop stimulus, was 896 msec and the RT to orange

in the sign RED, a Stroop stimulus, was 808 msec. The heariag

group's mean RTs for those two stimuli were 863 msec and 846 msec

respectively. Thus, color naming RTs to a Stroop stimulus whose

sign was RED were shorter than RTs to a nonStroop stimulus whose

sign was RED. It seems clear that this negative Stroop inter-

ference for stimuli with the sign RED is a result of subjects'

inability to distinguish red and orange in the sign RED and not
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due to a cognitive varilble of.interest to this experiment. For

the color naming tasks, RTs to Stroop and nonStroop stimuli with

the sign and word ORANGE only were analyzed.

The color naming RTs were analyzed in a Group x Response Hand

x Task x Stimulus Type (Stroop, nonStroop) x Visual Field ANOVA.

As shown in Table 1, both groups experienced substantial amounts

of Stroop interference in both tasks as indicated by an overall

effect of Stimulus Type (F(1c28)=69.17, p(.001). More important,

however, is the presence of a Group x Task x Stimulus Tyee

interaction (F(1,28)=6.40, p(.05). As can be seen from Table 1,

hearing subjects experienced more interference to English stimuli

(Stroop-nonStroop = 270 msec)than did deaf subjects (184 msec).

Deaf subjects, on the other hand, experienced more interference

to the ASL stimuli (126 msec) than did hearing subjects (94

msec).

Table 1. Coloring Naming RTs (msecs)

Hearin4 Deaf

X
s

ASL ENG ASL ENG
Stroop 776 972 822 823
NonStroop 682 702 696 639
Stroop - NonStroop 94 270 126 184

4
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Both deaf and hearing groups experienced more/interference to

English stimuli than to ASL stimuli as indicated by a Task x

Stimulus Type interaction (F(1,28)=20.06, p<.001). Table 2 shows

the Response Hand x Stimulus Type interaction (F(1,28)=6.18,

p(.05): the righthand responders suffered more interference than

the lefthand respondars.
0

Table 2. Response Hand x StimuluType RTs (msecs)

Right Left

Stroop 861 835
NonStroop 643 717

/to There was no main effect of visual field in this analysis. A

Group x Visual Field interaction did obtain, however,

(F(1,28)=6.40 p<.05). Table 3 shows that the deaf subjects had

a 43 msec LVF advantage in color naming while the hearing sub:-

jects had a,a3 msec RVF advantage. This interacticn was not pre-

dicted in th t it was expected that all subjects would show a wir

advantage for olor identification. The only other effect in

this ANOVA wJaResonse Hand x Task x Stimulus Type x Visual

Field interaction (F(1,28)=5.52, pi.05). We have no ready expla-

nation for this interaction.

Table 3. Group x Visual Field Color Naming RTs (usecs)

LVF RVF

Hearing 723 767 /

Deaf 799 766 ,/
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A Group x Response Hand x Task x Stimulus Type x Response

(red, orange) x Visual Fie d ANOVA was performed on the word and

sign naming tasks. Ttis analysis revealed a Stimulus Type main

effect (F1,28)=13.84, (.01) with nonStroop stimuli taking less

time to identify (60 msec) than Stroop stimuli (619 msec).
/Notice that this r verse Stroop interference is much smaller in

magnitude than t e Stroop interference reported above. A Task

main effect al o obtained (F(1,28)=39.04, p(.001) with ASL sign

naming (655 sec) taking about 90 msec longer per item than

English wo d naming (565 msec).

Ta

LVF RVF

/

e 4. Group x Response Hand x Visual Vield RTs (nsecs)

////

Hearing-right 630 662
Hearing-left 631 621
Deaf-right 568 558
Deaf-left 607 601

Table 4 shows the Group x Response Hand x Visual Field

interaction (F(1,28)=4.35, p(4.35). Notice from Table 4 that the

hearing, righthand responders had a 32 msec LVf advantage while

all other groups had a small RVF advantage. The only other

significant effect in this analysis was a Response Hand x Task x

Response x Visual Field interaction (F(1,28)=7.95, p(.01).
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Percent Correct

Percent correct scores were computed for each visual

field/response combination for each subject. As in the RT

analyses, the signer handedness variable was ignored in the com-

putations. Color naming and sign/word naming tasks were analyzed

separately.

Table 5. Task x Stimulus Type Percent Correct Scores

ENG ASL

Stroop 65 84 75
NonStroop 96 94 95

82 89

The color naming percent correct scores were analyzed in a

Group x Response) Hand x Task x Stimulus Type x Visual Field

ANOVA. A Stroop effect was evidenced in the percent correct data

in that subjects performed better (95%) on the nonStroop stimuli

than on the Stro6 stimUli (75%) (F(1,28)=100.41, pi.001). Table
1

5 shows that theiEnglish Stimuli caused more interference than

the ASL stimuli as indicated by a Task x Stimulus Type interac- /

tion (f(1,28)=14 20, pi.01). This result parallels the RT data

i

in that, overall both groups of subjects suffered more inter-

ference to the Ezi)glish stimuli. There is no evidence in the er-
i

cent correct data, however, that the deaf subjects showed mo e

interference to the ASL stimuli than did the hearing subjec s;
1

the Group x Task:x Stimulus Type interaction for the perce t
,

correct scores was not significant (F(1,28)=1.07, p).3). /The

only other efZect in this analysis was a Stimulus Type x 'Visual

/
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I

Field interaction (F(1,28)=7.35, p<.05) which is shown in

Table 6. As can be seen in Table 6, subjectsexperience more

interference to stimWA presented to the LVF than to the RVF.

1

i

Table 6. Stimulus TyPe x Visual Field (% Correct)

LVF RVF

troop 79
NonStroop 98 93

v

The word and sign task percent correct data were analyzed in

a Group x Response Hand x Task x Stimulus Type x 115/sponse x

/

Visual Field ANOVA. The only reliable effect in this analysis is

a Task x Response interaction (F(1,281745.78, p(.0 ) shown in

Table 7. Subjects had the most difficulty in naming the sign RED
-,

compared to the other 3 lexical items in the task, although this

is a small effect.

Table 7. Task x Response -- Word/Sign Naming (% Correct)

11G ASL

RED 98 95
ORANGE 98 9g

-.1
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Discussion

The major finding of the experiment is that both deaf sub-

jects whose first language is ASL and hearing subjects who are

not ASL bilinguals, but who know signs to some degree,

experienced Stroop interference for both English and ASL, More

importantly, however, the deaf subjects experiered more inter-

ference to the ASL-,,::Sqmuli than did'the hearing subjects in the

experiment. This suggests that the deaf subjects have a dif-

ferent and pore complex representation of sign meaning than the

hearing subjects and -th4t, the deaf subjects have faster access to

that mqaning. Thus, the signs had a greater interfering,effect

in the olor naming task. For the deaf subjects, the semantic

analysis of the sign stimuli is more of an automatic process than

for the hearing 'subjects. The fact that the hearing subjects

suffered less interference to the sign stimuli suggests that they

could suppress the meaning of the sign more easily than the deaf

subjects.

The fact that normal-hearing subjects experienced signifi-

cant interference to the ASL Stroop stimuli suggests that they

were processing the meaning of the signs, however. The reduced

interference for the ASL subjects with the !SL stimuli is-don-

sistent with other bilingual versiong of:the Stroop task.

Preston & Lambert (1969) reported that for a Stroop task in a

given language (e.g., French), native speakers experienced more

interference than speakers who had learned that language as a

second language.
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One major area where the present study is inconsistent with

other bilingual Stroop research is that the deaf subjects

experienced more interference to the English Stroop stimuli than

to ASL stimuli. Preston & Lambert (1969) showed that Stroop stim-

uli in Csubect's native language' porduce more interference than

second language Stroop stimuli. For this reasorf, the deaf sub-

jectschad been expected to show more interference to the ASL

stimuli than the English stimuli. A possible explanation of why

the ASL subjects did not show more interference to the ASL sti-

muli than to the English stimuli is that signs do not naturally

occur as static pictures (i.e., there is no natural ASL

orthography). This is not the case for English. Thus, the signs

had less interfering power for the deaf subjects thil the words

because of the relatively unnatural presentation mode of the.

signs. It is remarkable, in fact, that statically presented sign

pictures had the consistent interfering effect they did.

The visual field variable had little effect on the color

naming or woid/sign naming times or the accuracy of iden-

tification for either the deaf or hearing subjects. Word naming

did not show the typical aght visual *field (left hemisphere)

processing. 6dvantage; Or did sign naming show a visual field

processing advantage. In the case of word naming, the two stim-

uli (the words RED and ORANGE) could be distinguished by word

length alone. Word recognition based on length alone requires

visuospatial processing, a right hemishphere activity. Several

subjects reported that they relied on the length information for

90
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the word naming task. Using colors of simi.lar hue in the color

naming tasks may have forced subjects into an analytical process-,

ing mode (i.e., left hemisphere processing) to distinguish the

colors; this would account for the-lack of a left visual field

(right hemisphere) processing advantage for color naming.

The lack of clear visual field differencesoin the processing

of signs, words, and colors does not detract from the study's

basic finding, however. The demonstration of greater inter-

ference to ASL Stroop stimuli by native ASL signer§ than by

hearing, native English speakers who learned to sign later in

life is encouraging in itself. Further investigation of'the pre-

cise locus of this effect is warranted.
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SECTION C

TEST RESPONSE VARIATIONS BETWEEN
HEARING IMPAIRED AND HEARING STUDENTS

Introduction

Educators of hearing impaired students have strongly urgea

the development of achievement tests which accommodate the
A.,

students' special needs and, simultaneously, provide scores which

can-be compared to those obtained by hearing students. Compar-
.

ability has been most frequently achieved ,through the use of
-

norm-referenced standardized tests. For'example, a special edi- \

1\tion for hearing impaired students of the Stanford Achievement
t)

Test (SAT-HI) is in widespread use. Since it has been standard-

ized with groups of hearing and hearing impaired students, the

SAT-HI enables educators to cOmpare the overall achievement pat-

terns of their students with those shown by hearing students

(Trybus & Karchmer, 1977). Additionally, much of the research

that has been published pertaining to the achievement levels of

hearing impaired students has used data from large-scale admin-

istrations of the SAT-HT (Allen & Karchmer, 1981; Jensema, 1975;

Ries, Trybus, Sepielli, & Buchanan, 1973; Trybus & Jensema, 1976;

Trybus & Karchmer, 1977). The use of norm-referenced test

materials, however, is not the only way to achieve comparability.

Tests developed using latent trait models of assessment provide
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educators with alternatives. Such tests purport to be sample-

free; with the tests, itam score information is used to estimate

student ability directly (Rasch, 1960; Wright & Stone, 1979).

The use of latent trait models offers possibilities to educa-

tors of hearing impaired students who desire test score infor-

mation about which unambiguous statements can be made regarding

the achievement levels of their students. Additionally, the

methods used to study item responses and to assemble tests which

s

yield response patterns that fit latent trait models offer test

developers the means by which they can determine whether or not

skills do indeed develop simi:I.arly with hearing and hearing

impaired populations.

The current study examines the item resppnses of hearing

impaired students to a small set of items selected from a speci-

-fic skill continuum. The items have teen calibrated with a Rasch

procedure and have been selected to represent a wide range of

abilities. Rasch calibration involves placing student ability

estimates and item difficulty estimates on the same scale. The

alibration previously had been carried out on large samples of

hearing children. This study assesses the validity of the

resulting Rasch difficulty parameters when they are applied to

the test results of hearing impaired students.

The analysis focuses on two issues. The first pertains to

the order of difficulty of the items. To assure comparability,

it must be shown that any skill continuum which has been defined
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for hearing students is also appropriate for hearing impaired

students. That is, it must be demonstrated that the item

difficulty-student ability calibration for hearing impaired stu-

dents produces the same Rasch scale as does the calibration for

hearing students. Evidence related to this issue will be ex-

plored.

The second issue pertains to item format. The manner in

which a test item is presented to and comprehended by -the stu-

dents is a significant issue in all test development. This is

especially crucial for hearing impaired students who, as a group,

are well known to have limited English language and reading abi-

lities. A test format which requires hearing impaired students

to read, understand, and answer test items on their own, as

opposed to one in which the test items are dictated to the-stu-

dents, may introduce a factor in the assessment process that is

not present for hearing students. This study explores whether

such a factor is indeed present when the set of items are admin-

istered.

Method

Description of the sample

The sample was comprised of 1542 students from 39 different

special educational programs tor hearing impaired students in SiY

different states. Students in the sample ranged in age from 7 to

18, with 24% of the sample in the 6 to 9 year old age group, 29%

in the 10 to 13 ye r.old age group, and '47% in the 14 to 18 year
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old age group. The larger percentage in the older group reflects

the fact that this group is larger in the U.S. population of deaf

students due to an epidemic of rubella in 1964-65. This epidemic

resulted in a dramatic increase in the number Of deaf students

born during that year. The students in the sample attended dif-

ferent types of educational programs, includineintegrated public

school programs (76%) and residential and day school programs fox

the hearing impaired (24%). The students came from various eth-

nic backgrounds, including whites (53%), blacks (18%), and

Spanish-Americans (29%). Forty-nine percent of the sample had

profound losses (>90 dB in the better ear), 25% had severe losses

(between 70 and 90 dB) and 26% had less than severe losses

((70dB).

The programs from which the students were drawn particfpated

in a large pilot test project in which four levels of a compre-

hensive Rasch-based language arts test were administered to

hearing impaired students.

Description of the instrument

The instrument was designed to serve as a screening test in

conjunction with the four levels of the actual tests given. The

tests were publishedby the Los Angeles County Test Development

Center (LACTDC)1. In the procedures typically used with this

test, hearing students are assigned to the appropriate test level'

on the basis of their grade in school; kindergartners receive

Level 1, first and second graders receive Level 2, etc. With
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hearing impaired students, such a procedure is not advisable,

since the relationship between their grade and skill levels is

not the same as it is with hearing §tudents (Trybus & Karchmer,

1977). Thus, a nine-item screening test was develoged specifi-

cally for this project by LACTDC with items drawn frjom the same

item domain used to create the published tests! Rasch item dif-
, .

ficulty parameters for seven of the nine items were established NN,

thrcugh their prior administration to hearing students. DA to

itembank deficiencies in the extremely low ability range,

however, the two easiest items in the test were taken from a dif-

ferent item bank and thus the parameters provided for these items

were estimates and their standard errors were unavailable. Tbe

nine items appear as an appendix.

Testing procedures

The tests were administered in the students' normal classroom

environments. Test booklets and teacher instruction sheets were

distributed to all of the classroom teachers whose classes par-

ticipated in the study. The instructions urged that the testing

be carried out in the manner that was customary for that program,

using the communication mode that was typically employed in daily

instruction
. The tests were administered ordinarily by the

students' classroom teachers. In some programs, however, school

psychologists, diagnosticians, on itinerant teachers administered

the tests.
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The screening tests themselves contained items administered

in two different formats. Items 1 through 6 on the test were

dictated to the students in the students' typical communication

mode. Items 7 through 9 required the students to read and

comprehend them on their own. These different formats were
k

representative of formats used in the larger test battery, in

which the higher levels require students to readsand comprehend

the items on their own, while the lower levels do not.

Analysis

Item Difficulties

Table 1 presents both the Rasch item difficulty parameters

based on samples of hearing students in grades K through 4 and

the proportions of correct reeponses on each item for the hearing

impaired students in,the current sample. The standard errors for

the Rasch parameters and the ranks of the item difficultiei for

the hearing impaired sample are also given.

For hearing impaired students, Item 2 is not the second

easiest item. Even though the Rasch parameters for Items 1 and 2

are estimates, it is clear that these items are similar in dif-

ficulty, with item difficulty parameters of -7.56 and -7.52,
,

respectively. Item 3 is much more difficult with an.item dif-

ficulty parameter of -4.47. For hearing impaired students, a

different pattern can be noted: 80% of the students in the
\
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hearing impaired sample answered Item 3 correctly, while only 62%

answered Item 2 correctly. In fact, Item 2 is the fourth most

difficult item for hearing impaired students.

Item 8 is another highly discrepant item, showing a propor-

tion correct at chance level for hearing impaired students.

Twenty-five percent fewer hearing impaiied students answered Item

8 correctly than answered any other item correctly, indicating

that it was, by far, the most difficult item.

Table 2 displays the correlations between the items and total

score. While Items 1 through 6 (the teacher-dictated items) show

fairly high correlations with the total score, Items 7 through 9

(the student-read items) do not. Item 8 has an especially low

correlation with the total raw score. To the extent that the

total score represents a more valid measure of student ability in

this area than do the individual item scores, the dictated items

are More valid than are the student-read items.

Factor Analysis

An important assumption of the Rasch model is that a set of

items, in order to be considered a valid measure of a certain

skill or trait level, should be explainable in terms of a single

factor. explore whether this assumption was satisfied,*the

data were factor analyzed. Table 3 presents the results of this

nalysis using a principal components solution. This table

reveals t-hat the communalities for some of the items are quite

low, i.ef a large proportion of variance of these items is
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unexplainable by either of the two factors that were generated.

This is especially true for Items 2, 8, and 9. For Item 2 over

70% of the variance is unique to the item. For Items 8 and 9,

over 80% Of the variances are unique.

There is some evidence that the second factot -ht be impor-

tant. The eigenvalues show that 20% of the total item variance

accounted for by the first two factors can be attributed to the

second factbr. (Twenty percent is the ratio of .57, the eigen-

value for the second factor, to 2.85, "the sum of both eigen-

values.)

-To interpret the second factor, the principal components

solution was rotated using Varimax rotation. This rotational

procedure was selected to maximize each item's loading on only

one of the two factors (Nie, Hull, Jenkins, Steinbrenner, VBent,

1975). The results of this rotation appear in Table 4.

Items 7 and 8 showed the highest correlations with the second
,

factor. Indeed, the rotation yielded, for Item 8, a .00 loading

on the first factor. Item 8 requires student to select the

response waited, as opposed to in the theater, movie, and

chuckling when asked to choose the best word or group of words to
0

complete the sentence, "The audience The

pattern of errors for Item 8 reveals that 46% of the students

responded in the theater to this item. Additionally, tbe data

showed that only 38% of the students who scored 8 out of 9 on the

test got Item 8 correct. These students, who were able to answer
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p all other items correctly, were misled by the foil in which J:here

was an obvious association between audience and theater. Item 7

is also highly representative of Factor 2 with a .63_loading.

For Item 7, students were required to respond august, as opposed

to dinner, holiday, or church when asked which of the set of

words should be capitalized.

Items 7 and 8 measure different skills (Capitalization and

Sentence Completion), yet they both have high loadings on the

second factor. Items I through 6 were dictated to the students

while Itemg 7 through 9 required students to read and respond on

their own. Perhaps the reading requirement constitutes the

second factor. If so, then it is a bit perplexing why Item 9

(which tests alphabetization skills) does notMvve a high loading

on the second factor since'it, along with Items 7 and 8, required

that students respond without teacher assistance.

It is possible that Item 9 does not require the same'degree

of reading skill as do Items 7 and 8; Item 9 requires students to

respond fact, as opposed to feet, fear, or fable when asked which

of the four words would come immediately after the word face in

alphabetical order. For hearing impaired students, Item 9 was

the easiest of tLe three student-read items. Perhaps some stu-

dent.s selected the correct answer without reading and

understanding the intent of the question simply because fact

bears the closest graphemic similarity to face which appears in
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quotation marks in the item itring. This explanation is specula-

tive, but would account for the low communality of Item 9 and the

unexpected higher proportion of students answering Item 9

correctly.

It is interesting also to note that Item 2, which requires-no

reading, had a .33 loading on the second factor: Students are

required to respond by marking a picture of a shoe as opposed to

pictures of a box of popcorn, a candy cane, or a lollipop when

asked which picture does not belong with a picture of an ice

cream cone. This item, which is very easy for hearing students,

is the fourth most difficult item for hearing impaired students.

Reading ability is therefore not the only Underlying component

which describes the second factor. The data suggest that the

ability to place objects into categories and make judgments

regarding category membership is also a component.

Discussion

In situations where tests, which have been developed through

Rasch modelling procedures with hearing stu'dents, are given to

hearing impaired students, much attention needs to be directed at

both the specification of the skill and the format of the items.

The analyses performed in this study show that the items, when

ordered by difficulty level for hearing impaired students, imply
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a different sequence of skill development than do the Rasch dif-
,

ficulty parameters for hearing students. Other evidence shows

that a factor can be extracted which may relate significantly to

item fC.kfmat.

One of the major advantages of the Rasch model is that

inferences canipe made about a student's ability to perform cer-
,

tain tasks without assessing those tasks directly. For example,

it can be assumed that students who can perform 2-digit multipli-

cation can also perforM 1-digit addition and subtraction. Such

inference are only valid in cases where there is confidence

related to the sequencing of the skill devel'4fient. The current

study has sown that.such confidence is questionble when skills

,and.traits defined for hearing students are assessed for hearing

impaired students using Rasch item difficulty parameters deve-
9

loped for the hearing grouP.'

Hearing impaired students had a difficult time with the cate-

gorization task in Item 2. Likewise, high scorers on the test

were as easily misled as low scorers into choosing in the theater

as the best response for "The audience ----" in a sentence

completion task,(Item 8). :Et is not the purpose of this.paper to

propose theoretical statements about the cognitive development of

hearing impaired students which would lead to the pattern of

responses'evidenced by the current data set. However, it seems

clear that the effective testing of hearing impaired students in

various achievement areas is dependent upon a better

understanding the development of their cognitive abilities.
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The second issue addressed by the study, that of item format,

is also crucial. Two different item formats were used in the

current set of items. In one format students were requirel to

read and answer the items without teadher assistance. In the

other format, the test administrators dictate'd the iEem instruc-

tions to the students, who then selected the cdrrect answer. In

typical standardized testiag situations, teachers do.not dictat
S.

item instructions to students. Thus there may be a paradox with

reipect to the comparability of the test results between-hearing

and hearing.impaired students. To maintain comparability testing

procedures often insist that hearing impaired students read and

interpret on their own those items which their hearing counter-'

Parts have had to read and interpret. The current data show that

this requirement may undermine rather than kacilitate compar-

ability. If the development of reading skill.lags behind the:

development of the skill that is being assessed, then it is

possible that stUdents will be unfairly assessed when reqdired to

read items on their own.

The data did not conclusively indicate a reading format fac-

tor, however. 'Item 9 posed less of a problem for hearing impaired

students and correlated with the second factor to a much less

degree than did the other student-read items. It was suggested

above that some hearing impaired students may have overcome a

lack of reading skill in this item by focusing on the formal

similarities between fact and face. Much research is needed
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which explores the possible strategies that individuals use in

responding to test items. When lack of reading skill precludes

the full understanding of an item, it is probable that students

adopt strategies which systematically influence their chances ot

geCting the item correct.

Item format and skill sequence have been discussed as if they
0

hda independent effects on the observed pattern,of test results.

Of course they interact, and it is riot totAlly clear from'the

data when item formatting problems have produced the observed

results and when skill specification problems have. Item 2, for

example, may have been the fourth most difficult item because of

its format and not because hearing impaired students3have

problems with categorization tAsks ner se. Indeed, item for-
_

matting itselE could explain the discrepancy between the order of

Rasch item difficulty parameters and the observed problems.

However, the need for extreme care in defining appropriate skill

hierarchies for hearing impaired students is not negated by that

possibility.

Comparability of test results is obviously desirable from an

educator's poiot of view. The current study has explored a set

of test data and has identified factors which can mitigate

against compaability. Vast amounts oE research are needed in

both areas discussed: skill specification and item format.

Ironically, "comparable" item formats may not prove to be "same"

formats, and skill continuums may need to be redefined for

hearing impaired students.
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Footnotes

1. The tests are now part of a battery of tests known as the

System for Comprehensive Assessment of Learning Experiences

(SCALE), published by Intran Corporation, Winneapolis, Minnesota.
%ow.

2. Not all programs for the hearing impaired use the same com-

munication mode. Some programs emphasize the use of speech

reading and speech production in the instructional setting.

Other programs use sign language methods in conjunction with

speech.
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Dictated items

TABLE 1

Comparison of Rasch Item Difficulty
Patameters Determined for Hearing
Students and Proportion Correct
for Hearing Impaired Students

Prop.
Rasch Correct Item &ff.

Difficulty for HI rank for
Parameters S.E. ii=1447 HI

1. Letter Recognition -7.56 .96 1
2. Compare/Contrast -7.52 .62
3. Sentence Completion -4.47 .147 .80 3
4. Plural Forms -3.91 .249 .82 2
5. Punctuation -3.04 .033 .79 4
6. Apostrophe -2.00 .029 .67

Student Read Items

7. Capitalization -1.87 .059 .43 8
8. Sentence Completion -0.78 .098 .24 9
9. Alphabetizing -0.23 .078 .50 7

*Parameters for Items 1 and 2 are estiamtes; they wre drawn from a dif-
ferent item bank from which the other items were drawn. Standard
errors are not available.
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TABLE 2

Item to Total Score Correlations

Item

1. Letter Recognition .73

2. Compare/Contrast .57

3. Sentence Completion .71

4. Plurl Forms .61

5. Punctuation .72

6. Apostrophe .64

7. Capitalization .51

8. Sentence Completion .29

9. Alphabetization .37
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TABLE 3

Factor Matrix-Using Principal Components Solution

1.

2.

3.

4.

5.

6.

7.

8.

9.

Item

Letter Recognition

Compare/Contrast
,

Sentence-Completion

Pural Forms

Punctuation.

Apostrophe

Capitalization

Sentence Completion

Alphabetization

Eigenvalues

Factor 1

.45

.52

.63

.53

.64

.59

.46

.22

.33

2.28

Factor

-.40

.08

-.08

-.16

-.11

.03

.46

.37

.11

.57

2 Communality

.36

.28

.40

.30

.42

.35

.42

.19

14 .12
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TABLE 4

Factor Matrix-Using Varimax Rotation

Item Factor i Factor 2

1. Letter Recognition .56 -.12

2. Compare/Contrast .41 .33

3. Sentence Completion .59 .24

4. Pural Forms .54 .12

r
,,. Punctuation .61 .22

6. Apostrophe .50 .32

7. Capitalization .17 .63

8. Sentence Completion .00 .43

9. Alo,habetization .23 .26



Appendix

Locator Test of Language Arts

(Note: Teacher-read directions appear in italics.)

Omen your test: .1229..k Al the boIS with a star in the ozrnar2 Ent
Yalr pericit'Lln the circle under the Ricture Qf a book.z Eill in
the, p±rclez UsIrk atl mar answera thix. wy ia=k that thia ia
unozcstooa.-+

Eind agmbec i.z Lojak ak the lettera.: Eind

Eind ntambQr
the pigtacea in
in the girglel

dnaa

1 rs I o

Look at the athture in the gitcle.' Now. .kook

jhe
iLe bg; nilIntaeaCCI:sdig!rgd=an!

iQkI

not gsz Itith the Pl_Qt.Ura ili jj giggle2111

2

Efnd num6er a,: Read the sentence and find the riglali

3
Please place books here.

0 your
0 grow
0 far
0 yes
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d

4

Find ung)er L Egad tha b:atda in tha tar.: which liQcd mama man
thingai il tha atudent daea aat a tucL y.Lhih vord
peans ingrg tban orm thinpr);

4

bed book ball birds
0 0 0 00

(.)

Find nmnber Read tha santanc, hppl at thq 'bnx with tha
pictures; Phich one &saes pt the: end Qf kbe atntance?

A

Mother gent to the store

A

nnd numt.er'Gc Reed ti-1 gghteice.: 1:12Qk at thg w.azda undaz tht
sentencex. ilhich word is 04ht?,

The tr ;lire
of rain.

aat to.postpone the garx. because

0 diti'nt
0 diezet
0 dIdat
0 client
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Tiun the
Mfltalf
lahm you
1 cannot

Daggz FQE ngmbers LILt. and 2.4 "Sagi dirPctiena fQ
inci tind thR Light aaavat.1 Dun the test baahlet gmer.

tiaialaz It yQg K1Q LlQt kau a QrsL hip it and ge QnL
bglS you fj thue anY gmeafi2na2 YQII may hegin.

7

spLY-4-10-4444444.444-11444-44**44444444441

*Tim i.-Fxr Wata ITD5 An TO BB READ tcy TIE. =DENT 403
sih

*ANSWERED WITHCUTTEACha ASSISTANCE.

icA-ickkirir****-frir********-infric****-

hhich word Should be capitalized?

0) Co dinner

C) holiday

C) church
c) august

Choose the bcst word or group of uords for this sentence.

Th: mujLzce 4

o In the theater
Oi.alted
o rovie
0 chuckling

hhich word would come imediatelv
after the word "face in

ajrhabrilmil order?

ofea
C) fact

C) fear

C) fable
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