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. ABSTRACT

The relationship between sensory integration an& intelleétual
level of functioning was examined in the present study. The integration
of infor&ation within (intra-modal) and across finter-modal) the
auditory, visual, and tact;al sensory modalities was investigated
for moderate and mildly retarded adults.

411 subjects were required to demonstrate criterion performance
on all intra-modal tasks, p;ior to the presentation of cross-modal
tasks. Intra-modal tasks consisted of the presentationm of a tactual-
tactual matching task, a visual-visual matching task, and an auditory-
auditory matching task. The order of presentation for the above intra-
modal matching tasks was determined randomly for all subjects.

The results for the intra-modal tasks showed that moderately
retarded subjects experienced considerably greater difficulty with
the tactual-tactual watching task, than their mildly retarded counter-
parts. On all remaining intra-modal matching tasks, the moderately
retarded groups performed as well ds the mildly retarded groups.

For the inter-modal presentatlons, an incomplete counter-
balancing design was ﬁsed to vary the presentations of the three
cross-modal tasks (auditory-visual; auditory-tactual; visual-tactual)
such that each subject was raﬁdomi§ asg;gned to one of three training
orders.

Inter-modal comparisons were thus obtalned through a serles

of analyses. The results of these analyses suggest that the mildly



retarded subjects consistently performed superior éo their moderately
retarded counterparts, on ali tasks. These results alsofshow that

the effects of intellectual level of functioning are not the same
across the three tasks used, with the visual-tactual (V-T) task
being the eaéiest initial task to master for both groups of subjects,
while the auditory-tactual (A-T) was the most difficult for these
grOups.

An examination of the separate sensory modalities su@gests
that all subjects experienced severe difficulty with the processing
of tactual informationu-This difficulty aﬁpeared considerably greater
within the moderately retarded subjects, and appeared to stem from

poor tactual discrimination or inputting rather than poor memory. .

-

The examination of sensory integration in terms of cross-

modal transfer effects also shows that the mildly retarded subjects

consistently performed superior to their moderately retarded ‘counter- =

parts. These superlor transfer of training effects wowld appear in
part due to better developed verbal skills by the mildly retarded
subjects. This was shown in_the data, wherein the use.of verbal
labels greatly enhanced the transfer of informa;ion across tasks;
i.e., information encoded verbally w;é recalled better, and resulted
in superior transfer, than in{prmation enco&éﬁ tactually or visually.
These results were discussed in terms of theories by Brown (1974)

LY

and Jarman (1979), as‘well as the Developmental Lag Theory as out-

lined by Clarke and Clarke (1975).-

L.
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. CHAPTER {
INTRODUCTION AND REVIEW OF THE LITERATURE )

The present study was carried Ouﬁ to examine sensory inteératioﬁ
abilities of moderate and mildly retafded adults. Senséry integration
as defined by Ayres (1974) refers to the central process of the braiﬁ,
wherein information received via pné-or m@re senses, is filtered, then
organized and synthesized so that it becomes useful for the development
and execution of the brain's function. This liason between the seunses
provides éan with a unified perspective of the exte;nal woéld. The
term intrasensory or within-modal integration is ;sed to refer to the
synthesis of information when stimulil gre received in one modality.
Thus, an individual might be presented with information in ome sensory
modality, and expeéted to relate this to other «dnformation presented
in éhe same modality (e.g., matching a picture of a dog to the writtén
word DOG). When information is received via different sensory modalities,
the synthesis of this information is refered to as intersensory. or
cross-modal inteé}aéion. In studying intersensory integratiom, the
subject would receive informatiot via one sensory modality (e.g., via
ﬁouch - feeling a spoon); he/she‘would then be expected to relate
this to information presented in one or wmore other modalities (e.g.,
th; visual picture of a spoonm, or the spoken word "SPOON").

Drader (1973) lists five techniques used to study sensory

integratioﬁ. These techniques include the method of‘equivalence,
3

conditioning procedures, cross-miodal learning and transfef, reaction

time methods, and conditional learning. Ome's.operational definition



of sensory integration, then would depend upon the type of test or
tgchnique uged. Using a cross-modal learning ard transfer approach,-
sensory integration might be defined by the ability of the particiéant
to match information ;crosé s&nsory modalities, as described above.

-

O0f specific interest however, is the individual's ability to transfer

o

informa:iﬂ?ﬁfg;eive&\fqpm traini?g*_;p_gs:ahlishingmuntrained liasons
across mod;%itieé. This\zﬁllif;/to transfer information received in

one modality;\;o.the solution of a.problem requiring the use of another
sensor?“modaliﬁy. is termed cross-modal transfer. Cross-modal learning
and transfer has been use; As'a measure of sensory integraéion in
geveral studies (e.g., Birch and Lefford, 1963; Blgnk; Altman and
Bridger, 1968; Blank and Bridger, 1966; O'Connor and Hermelin, 1961; '
Smith and Tunick, 1969). The degree or magnitude of this transfer has
been found to be dependent upon the phylogenetic level, the type of

task,|and in humans to the developmental level of functioning (Smith

and Tunick, 1969).

The Importance of Sensory Integration

u

Percepﬁually, several models can be examined in defining
strategic aéproaches to the anaiysis of’information. Shérrington's
(19515 overview of the evolution of nervous system orggpization provides
one guch strategy for analysis. He suggests that although one would .
expect tﬁe course of evoiution to have provided man with more waried

senge organs, for sharper perception of the world,'ghis has not happened.

Instead, the nervous system has developed in such a way as to bring

— L
et
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the five major senses into closer touch with one another. Thus, instead
of new senses, a better liason between the old senses, is what the

T e

developing nervous system has produg%dd
The above findings of compé%ative neurophysiology are mnot =

without gwpport from comparative psychology. Birch and Lefford (1966)

point out that as one ascends\Trom fish to yan in- the veytebrate

series,gghe unimodal sensory control of behaviér.cgmes to be superseded

by multimod;l or int;rsensory control mechanisms. Birch and Lefford (1966)

site the example of a study done by Abbot (1882)\wheréin a frog was incap-

able oE modifyiﬁg a viguélly determined response on the basis of inform-

ation obtained through pain sensation. In Abbot's séudy, the frog

continued to strike at a live fly imbedded on a post surrounded by

spikeé. Even though its tongue was being ripped to shréds with every

outthrust of its tongue, the f?oé continued its puréuit of the fly.

In this study, no integration of information appeared to be occur-

ing betgeen the visually determined response, and the tactual pain

stimulus.

Birch and Lefford (1966) discuss their own extension of the
' .
above study by Abbot. They found that they could inhibit the frog's
visually determined xresponse to the fly, by coating the fly with a
bitter subgtance tQuinine). It would appear therefore, that_fhe frog
is capable of integrating information présented gustatorily, but ;Bt
tactually in inhibiting a visually determined response., In contrast,

- a2 normal adult human would appear capable of integrating irformation

derived from all sense modalities.



Theories of intellectual and cognici;E\GeVelopméut (Hebb, 1949;
Hunt, 1961; Piaget, £963) have alsolstressed the importance of sensory
integration. Piaget (1963), for example,'argues'that‘cognitive devel-~
opment has its basis in the formation of new and higher orde; inter-
sensory co-ordinations of sensory-motor proéesses. He defines intelligence
in terms of an Yndividual's ability to cope by continuous organization
and re-organization of experience. Thus, the principle of adaptation
is central to his theory of cognitive development. Adaptation refers
éo a process of adjustment. It con;ists ofiCWo simultanecus and. comp-

11
lementary processes — assimilation and accomtodation. By assimilation,

'Piaget refers to the process of incorporating new information by

perceptually modifying its structure so that it firs into a pre-

conceived notion which the individual possesées. of- objects or the

»

world. Accomodation, on the other hahd, refers to the m&dification

of these preconceived ideas to fit the new informatfion. This dual
process of assimilat}ﬁn - accomodation enables the child to fomrm ghe
basic units of cognitive development, which Piaget calls schema or
schemata (pl.). The term schema is used to refer to a simple mental

image or pattern of action. It is a form of mental organization of

"sensory information which a person uses to interpret and understand

his enviromment. Thus, intersensory co-ordinations are fundamental
o the individual's development of cognitive structures.

In addition to the above theoretical emphasis of sensory
integration ;s it relastes to cognitive developmeﬁt, Sabatino (1968)

has stressed the importance of the integration of perceptual informstion



in learning..Sabaigno (19685 éuggests that information or stimulation{,.
begins as a sensory input. It is then coded neurﬁlly and transmitted
as percep ormation. Sabatino sees the integration of this
perceptual ipformation (from more than one source), and the memory
storage holding this information as funddmental to learning. Following
the integratioﬁ ayd categorization of the perceptual information, ‘
this information is relayed to higher cotrtical centers where language
is formed into symbolic conceptual units. These concepts provide .
the basis for the formation of additional language symbolsb In the
model proposed by Sabatinoﬁ,it is imperative that the higher co;tical
centers receive, associlate, and mediate the symbolic units in a
systematic mannexy. Failure to do this_because of & breakdown in éuy
one of the processes can result in inaccurate processing of the
information repeiveﬁ. Sabatino's model is of importance to the study
of sensory integration becagse it éuggests that a breakdown in the
integration of sensory information would result in the transmission
of inaccurate information to the higher centers, thus effecting the
formation of constructive symbolic units. Thus, in Sabatino's model,
as in the theories of intellectual develoPment, intersensory integration
appears to be’at the basis of higher cognitive functioning.

In thé gegdy of normal child development, it would ;ppear
that changes in the rel;tions among the gensory moaalities, similar
to those discus;;d abovz (Sherrington 1951), are characteristic

features of.ﬁhild development Qiarophetes, 1965). That 1is, in 1nfanﬁs

and in very fsung children, stimulation applied to the skin surface

“



‘appears to be far more pre 5 infnt 1n directing behavior, than info-

rmation presented visually of auditorily. As the child matures devel-
opmentally, audition and vision become the most impyrtant sensory
modalities for directing behavior (Birch and Lefford, 1966). By school
age (six to seven L'ears old}, the child’s experiences have equipped
him with well developed skills in integrating information within and
between the auditory and visual modalities (Muehl and Kr;menak, 1966).
Thusg, once\Ehe hierarchical shift from the wiscera to the teloreceptive
modalities has become established, an increased intersensory liason
appears to become developed. With these changes, the.child comes to

be dominated less by any single stimulus, and more by the inter -

relations among stimuli reaching him through different sense modalities.

Sensory Integration and Mental Retardation

The intermodality association diséussed above, appears ta
be .a process of pérticular academic importance, and one known to
b; frequently affected in individuals with developmental and neuro-
logical or learning disorders (Belmont, Birch and Karp, 1965; Brown,
1974; Davidson, Pine, Wiles-Kettermann and Appelle, 1980; Jones and’
Robinson, 1973; 0'Connor and Hermelin, 1978). Birch and Lefford (1963f
Suggest that a breakdown in intersemsory integration, or a failure
to establish such integration across sensory modalities, is fundamental
to mental retardation. This disability, they argue, manifests itself
as a deficit in the integration of information.preseﬁted crogss-modally

({.e., recognizing identical or analagous stimuli presented via different

™

l
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seﬁsory modalities)., Birch and Lefford (1963) however, loo%éd at -
sengory integration in normal children; and from this sam;;le,‘ they
generalized their results to developmentally retarded populations.
They argue from their results that cross-modal transfer dévelops with
age and experience in hﬁmans, and has little to do with intelligence
or!“mental age'. Their study however, fails to explore this hypothesis,
-and one can only assume f;om their conclusions tga; mildly, modefately
“and severely retarded persons of‘the same chronological age would
pe;gorm equaily well on a sensory integration task. Birch and Lefford
- {1966) elaborate on the above hypothesis. In this latter study, they
’fo;pare the performance of normal childrem with that of neurologically
.impaired ("brain-damaged") children. In this study, the "brain-damaged”
groups are composed of children with "retarded speech development',
several groups of unspecified mentally retarded children, a group
of epileptic children, and a group of cerebral-palsied children.
Unfortunately! go little informa;ion is given regardingyfhe nature
and severity of the "damage" in the brain damaged groups, that all
comparisons between groups, and subsequent conclusions must. remain
suggestive rather than definitive. The results of these studies she&\
very liCEIe insight on the effects of developmental retardation acrdss
levels of functioning. That is, if sensory integration is developmentally
linked in normal children, then this should be reflected as one goes
across levels of retardationm, linking sensory integration abilities

to mental ages or 1Q levels, rather than to chronélogical age.

Jones and Robinson (1973) attempted to compare the performances

2



af normal and mentally retarded children on sensory integration tasks.
In the Jones and Robinson study, the retarded subjects differed sig-
nificantly from their normal counterparts on intersensory (cross-
modal) integration tasks. Their results are discussed in terms of
the developmental model; that is, intersensory relations are more
complex and later developed capacities in normal c¢hildren, whereas
intrasensory capacities are less complex and earlier developed.~Thus,
: —
for the mentally retarded subjects, Jones and Robinson suggest that
intersensory motor pathways have either not been lﬁid down, or have
sﬁffered damage. Since the average mental age for the retarded children
in Jones and Robinson's study was Syears S‘months, the results would
appear to be consistent with the normal developmental trend, which |
shows developmental shifts. in the integration of information by age
6 to 7 years. Even the mental age matched group on norﬁal children
in the above study, experienced difficulty with cross-modal matching
conditions when the stimulus pregentation conditions were successive.
It would appear from this study, that the meptal age or developmental
readiness of the individual is more pertinent than the question of
"retardation" vs "normalicy” or "chronological age'.

The above view reéarding developmental readines; 1s supported
by the Developmental Lag Theory, as proposed and outlined by Clarke
and Clarke (1975) and by Zigler (1967; 1969). Thié theory nggests

_ that the cognitive development of méntally retarded persons appears

to be characterized by a slower progression through the same sequence

of cognitive stages as the non-retarded or "normal" person. It is

¥
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argued also that the "retarded" development is further characterized
by }ower limits to full development. Clarie and Clarke (1975) suggest
that the compar@son'of normal and sﬁbnormal development is analogous h
to that of normal and very superior. Thus, Zigler (1967) argues that
many of the reported differences in the performances on-norﬁal and
mentally retarded subjecté, matched for H.A;, can be attributed to
such variables as motiv&tion and experience, ratyer than to basic.
cognitive deficiencies. '

A though developmental readiness appears to determine the
individual's ability to integrate information within and between
sensory modalities, se#eral factors appear to influence this integration
Process in the developmentally recardéd. Studies by Zeaman and Hou;e
(1963) and Zeaman (1973),_in cdmparing persons of various levels
of retardation, have suggested that lower levei retarded persons

-

take longer to learn diacrimination taskas. They suggest that these

discrim}nation deficits in the retardcd subjects occur as a function
of atgéntional deficits. Zeamaﬁzqnd House (1963) empbasizelthat the
difference between high and low ievel groups lies inlhow many t;ials
they take before they start to show improvement (increases in correct
responding). Thus, rather.than show a slow and gradual acquisition

of a discrimination, ;he lower level (severely retarded) group appears
to show no increases in correct responding for several trials, and
then suddenly shows large increases in correct responding. This lgtter

1ncreasé is then at the game rate as normals. Thus, the ledrning

process of the subnormal individual follows all the normal stages,
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but considerably more slowly. Z in_and House (1963) conclude that
’ )

retarded peréons take longer periods of 7::: to learn,'because their

attention is not focused on the relevant s; but that once they
attend to a relevant cue, they can learn as fast as normal Iindividusls.
Lovaaa,'Koegel and Schreibman (1979) interpreted the above findiﬂgs

differently. Based oﬁ their own research with retarded and autistic
chiidrep, they suggest that the reason reCardgd individuals take

so long to attend to a relevant cue is that they are saﬁpling (respondihg
to) fewer cues at a time, as compared to normal subjects. Thus, they

are reducing the probabiliéy of including a relevant cue in gny.saﬁple,
while learners of higher functioning levels have a higher probability’

of attending to relevant cues. | .-

Zeaman and House (1979) in a revision of their earlier attention
theory discussed above, modified their selective "ofie-look" chatacteristic
to allow for "multibleilooking". Their revisions appear to support the
Lovaas, Koegel and Schreibman (1979) interpretatioﬁ, suggesting that

higher functioning mentally retarded subjects demonstrate both a

.- broader range of attention, sampling more dimensions per trial, and .

- .
.

2 more efficient capacity to direct this attention to the relevant

cues, than their lower mental age (M.A.) group. 45'

In,édﬁition_co the attentional component- discussed above, a
secoé& factor wﬂich appears to i;fluenqe sensory integration in the
mentally retAQAed. 15 verbal mediation. O'Connor and Hermelin (1963)
review evidence that éuggest; that the retarded indi{idual can carry

"out tasks very effiéiently where verbal coding is present. Thig factor

-
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of verbal coding or mediation is relevant to levels of retardation

in that verbal skills become less and less developed as one examines
N X .

progressively lower levels of retardation. Thus, just as vision

and audition become more prominent developmentally (re: sensory

integration) as the normal child approaches school age; similarly,

" the shift from visceral to auditory and visual integration appears
to influence the intersensory skills as o;e progresses from lower
to higher levels of intellectual functioning (i.e. levels of retard-

ation).

Sensory Integration: Cross-Modal Learning
and Subsequent Transfer of Training

-

iheorists such as Pilaget (1963) and Werner (1357) ha;e stressed
the developmental importance of children's ability to establish a;
internalized model of the infqrmat£on gvailabl; in the external world.
By nhture, the stuay of this'internal‘representation of information,
does not lend itself to objective measurement (Reegse, 1970). Never-
theless, the paradigm of cross-modal learning followed by subsequent
transfer appears to be one fruitful approach to this examination of
representational skills in cognitive development (Rose, Blank and
Bridger, 1972).

In the study of transfer, the subject is usually provided
with some form of initial training in a task or problem for which

he/she must make certzin responses to a set of experimental stimuli,

Following this training, the-subject is required to perform a second
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task, which may or may not resemble the first task in either or both
the type of respomnse demanded, and the stimuli used. Transfer therefore,
would be weasured by the differences‘iﬁ the rates of learning of the

two tasks (Hermelin and O'Connor, 1964)., A review of the literature
suggests that the term "cross-modal transfer" has been used to describe
at least three different experimental situations (0’ Connor and Hermeldn,
1971). These include: (a) cross-modal matching. In this procedure,

the subject is asked to explore or atterd to a sample stimulus through
one sensory‘modality (e.p. a;ditory), and then subsequently#ro select

a corresponding stimulus from among several cholce stimuli presented

in a.differ?nt modality (e.g. visioé). Studies by Sidman (Constantine
and Sidman, 1975i Sidman, 1971; Sidman and Cressoh, 1973; Sidman,
Cresson, and Willson-Hérris, 1974}, Pace (1970), and Spradlin (Spradlin
ard-Dixon, 1976 Gast, VanBiervliet, and Spradlin, 1979), have all
utilized the above cross-modal matching procedure to study tf&ngfer
effects across sensory modalities;'(h) A« second ;rocdaure often used

to study transfer, is cross-modal discrimination. In the cross-modal
\. :

discrimination procedure, two or more stimuli are presented and
discriminated in one- sensory modality, and irmediately afterwards
re-presented and discriminated in a second modality, Transfer 1in

this latter procedure is measured in terms of the effects of one
discrimination task upon the other. Tasks utilizing this transfer -
procedure can be found in studies by‘qumelin and O'Comnor (1961; \_,//
1964) and 0'Coaonor and Hermelin (1961). A third procedure or experimental

situation involves the transfer of a principle..In this situation,
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a discrimination based on a dimension or cue in one sensory modality

is transfered to a second modality using the same dimension or cue,

but in relation to different discriminative stimuli. 0'Connor and

-

Hetmelin (1971) for example, trained -groups of blind, normal, sub-
normal, and deaf children to discriminate between touch stimuli
(pressure to the palm of.the hand) lasting 6 seconds or 2 seconds.
They trained the chil&ren to emit appropriate motor responses to the
long and short stigulﬂs durations. Following m#stery of the matching
task, all subjecté.;ére glven transfer tasks wherein two signals of
the above durations, but different from the original stimuli were
used. The three transfer gtimulil used were: (})_pressure to the palm
delivered by a softer imstrument, (11) air-puffs to the palm, and

- r

(111) either sounds or lights (for the blind and deaf.subjects respectively)

Thus, t:e above study attempted to examine the‘trapsfer of a dimensiogé

discrimination or principlé across sets of stimuli and sensory modalitiéﬁL
It must be noted however, that the examination of sensory

integrétion skills should not be made on the basis of cross-modal

learning‘alone -1l.e. without comparison with relevant within-modal

learning (Bryant, 1968; Milner and Bryant, 1970). Studies by Bryant ~

(1968) and Milner and Bryant (1970) suggest éhat apparent developmental

changes (increagses ) in cross-modal perfo?mances can be attributed

to improved within modal discriminations rather than altered inter-

sengory relations. The study of sensory ingegration in the mentally

retarded must therefore 1ncorpofate levels of retardation in order

-

to more fully explore the developmental link. It must also incorporate
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both intra and inter-modal comparisons for a more Fhorough.investigation
of the deve&gpmental changes within each level of integratien. i}
Numerous studies have been carried out using within modal
and cross-modal learning tasks to examine transfer and sensory integration
abilities of normal, learning disabled, and menkally retarded subjects
(e.g. Davidson, Pine, Wiles~Kettenma§n, and Appelle, 198Qi\qones and
Roblnson, 1973; 0'Connor and Hermeliﬁ, 1971; 1974; Sidman, 1971;
Zung, 1971). The results of these studies will be discussed in terms
of (2) within vs cross-modal learning, (b) specificlmodalﬁty-comparisonss
and (c) the role of labelling and verbal mediation in the coding or
integration of sensory informationm.
(a) Within vs Cross-Modal Learning )
In within-modal learning tasks, an individual attempts to
match two stimuli presented to him in the same sensory modality,
this differs from crogs-modal learning, where the subject must match_.
two stimuli, each of which is presented in a different sense modality.
’Proponents of the developmental view suggest that increases in cross-
modal communications occur with age (e.g. Birch and Lefford, 1963;
Davidson, Pine, Wiles-Kettenmann and Appelle, 1980; Rose, Blank and
Bridger, 1972). These studies point oﬁt that the young neormal child
is largely dominated by the pefception or sensation of single stimuli.
fhe single stimuli domination undergoes a major change during the
third, fourth and fifth years of life, when a great deal of inter- N

sensory organization begins to develop (Abravanel, 1968). The fastest

rate of improvement appears to occur between the third and seventh year
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(McGhie, 1969), reaching fuli éevelopment by 11 yéars (Birch and
Lefford, 1963; 1966). :.. e

The above studies have been criticized, however, for failing
to provide an adequate experimental control for intramodal changes
éiso occuring with age (Bryant, i968). A study by Milner andoBryant
(1970), using children ages § to 7 years illustrates this problem.
In their study, Milner and Bryant (1970) examined the developmental

trend with respect to changes in intra and inter-modal matching. In

this study, the authors found that the older children made fewer

~
recognition errors (intra-modal matching) than the younger children.”,

They also found that visual-visual matching was superior to that of

all other matching conditions. Of particular importance, however,

-

-~

ie their finding that the children showed no significant improvement

with age in cross-modal as opposed to within modal matching. From

o
~

these résults, the authors conclude that'dgyégfpmental incregses in
the accuracy of cross-modal performance are a;trfbutablé to improved
intra-modal discriminations Father than to altered inter—SﬁPsory
relations. There appears to be some confounding, however, in Milner
and Bryant's (1970) study. That ;s, since all subjects performed

the visual-visual matching as reqﬁired, and since all cross~modal
tasks involved the tactual matchigé (e.g. visual-tactual ayd tactual-
visual matching), it would appear that the breakdowm lay in the
tactual discrimination rather than the cross—-modal component of the

task. This was supported by the poeor performance-of all subjects on -

the tactual-tactual within modal matching task in the study. The

-

o
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above criticism would appéar to be further supported by Jones and
Robinson's (1973) data with their mentally retarded subject sample}
Jones and Robinson's subjects performed equally poor on tactual-
tactual matching as épposed to croSSfmodal tactual-visual matching.
The approximate mental ages of the subjects was 5 years 10 months.
Furthermore, the data for the normgl subjects in the Jones and Robinson
(1973i study provides no supporﬁ for Milner and Br;;nt'é (1970) hypo-
thesis regarding intramodal discriminations controlling intermodal
- integration. The Age x.Modality interaction for the normal subjects
suggests'that there may also have been developmenialjgains in inter-
sensory integration (unrelated to intramodal diseriminations). In
both of the above studies, h;;ever, it remains ﬁnclear what the role
of intra~-modal learning is. To have fortified their position, the
above authors should have grained intramodal discriminatioﬁs, and
then tested for cross;ﬁodal carry~over (1f ahy).-This would have
allowed the authors cé have attributéd the experiepced dif?iculty
to -Inter or intra sensory relations rather than to particular task
complexity. - k

In studying cross-modal i gration in the meﬁtally retarded,

it would therefore appear imperative that one tontrol for’ poor within-

modal discrimination abiligdes. Such control allows the examiner to
5 'on the intersensory integration process without confounding
as a result of poor modality discriminatiomns. This control might

best be achieved by training intra-modal discriminations and matching

to criterion, prior to testing for cross-modal matching and transfer.

‘a
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This procedure would differ from those procedufes used in the above
studies in that all intramodal tasks would be presented and mastered
before cross-modal matching was attempted. This procedure would also
differ from the‘controls used by Milner and Bryant (1970) in tha

all subjects would be trained to criterion on all intramodal tasks,
and in this way, any inability to carry out c¢ross-modal tasks could .
not be attributable to the complexity of the particular stimeli
belng used.

Bryant's (1968) criticism, therefore appears to remain valid;
we cannot‘argue froP arrors in cross-modal learning directly to inter-
sensory brgakdown ;;thout comparisons with relevant withiﬁ-modal
learning tasks. This proposed progression would be consistent with
the developmental model in that cross-modal communication appears
to develop only after within-modal abilities are well developed.

Based on these similarities between Bryant's (1968) model, and the
developmental model, one would expect that the matching abilities

of mentally retarded persons would follow the above trend? showiug
faster acquisition'of within as opposed to cross-modal matchings,
particularly in individuals.of lower mental ages, who would be é;pected
to experience particular difficulty with cross-modal learning tasks.
This ﬁypoghesis has been confirmed in some studies (Birch and Belmont,
1964; Jones and Robinson, 1973; 0'Connor and Hermelin, 1971; Smith

and Tunick, 1969; Spradlin, Cotter and Baxley, 1973; Zung, 1971).

In these studies, the mentally retarded participants were either w

unable to perform the cross-modal matching task, or if Bpebifihally
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trained to perform a task, failed to ﬁransfer this information to
relgtéd tasks (e.g..Dixon and Spradlin, 1976; Spradlin, Cotfer and -
Baxley,-1973). -

The above inability to perform cross-modal integration of
information is not suppqrted in other studies using similar subjects
énd tasks (e.g. Sidman, 197i; Sidman and Cresson, 1973; Conroy, 1978).
Although not reported In the studies, the mental ages of the subjects
may have been an important v;£iable contributing to- this difference
in the reported results. A second variable appearing to influence the
test results, 1s the specific sensory modality or modalities involved
in the cross-modal and within-modal integration (matching) taéEs. Diff-
erences in within and cr?ss-modal integration might therefore stem from
poor coding and retention of information by one or both of the sénsory
modalities. This latter Gériaﬁle is discussed below.

(b) -Specific Modality Comparisons-

(1) Tactual Information '

Studies using normal and/or mentally retarded subjects suggest
that in both groups, the integration and utilization of information
presented tactually is much poorer than infermation presented non-~
tactually (Abravanel, 1973; Bryant and Raz, 1975; Davidson, Cambardella,
Stenerson and Carmey, 1974; Davidson, Pine, Wiles-Keftenmann and Appelle,
1980; Jones and Robimson, 1973; Pick, Pick and Thomas, 1966; Rose,
Blank and Bridger, 1972; Zung, 1971). These studies disagree, however,™
on the reason for‘this inferior integration of tactual Informatien.
Three of the major interpretations regarding the nature or origin

of this deficit are that it stems from (1) poor discrimination of
'h .
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tactual information (Bryant and Ra 1975; Smith and Tunick, 1969;
Zung, 1971); (ii) poor tactual inputting (Jones and Robinson, 1973);
and (iii) unstable tactual memory (Goodnow, 1971; Bqée, Blank and
Bridger, 1972; Davidson, Cambardella, Stenersonfand Carney, 1974).
Zung (1971) tested 20 institutionalized mentally retarded
individuals (mean CA= 17yea€2_4 Qonchs; mean MA = 8 years 2 months)
on a series of visual and tacéual matching tasks. The subjects were
required to find the form which was "the’same as" or "exactly like"
a standa;d. The standard and the four choice stimuli were presented
simultaneously either visually or tactually, intra-modally and inter-
modally. The results of this study indicate that the mentally retarded
sample experienced exceptional difficulty with the tactual disd%i;-
ination task used. In spite of this difficulty, though, all subjects
were able to carry out the cross;modal matching tasks to criterion.
These results providé NMttle support for Hermeliﬁ and 0'Connor's
(1961) data, which suggested that pentally retarded subjects do not
‘experience any greater difficulty in tactual-tactual matching as
opposed to visual-visual or visual-tactual matching; and that the
mentally retarded gfoup was In fact significantly better than the
normal group in matching through touch alone. Zung's (1971) results
vere later supported by Jones and Robinson (1973), who found that
both their mentally retarded and non-retarded subject samples exper-—
ienced considerably more ?ifficulty with tactual as opposed to visual

matching tasks.

Jones and Robinson (1973) iﬁberpreted this within-modal difficulty
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as poor tactual inputring across all groups within their Qtudy. They
argue however, that developmental increases in cross-modal matching

involve more than increasingly finer discriminations in the tactual

mode. They suggest that intersensory integration depends largely on

neuroanatomical linkages bgtween the various sensory areas, via the

motor cortex; and that it is this cross-modal link, as well as the

Y

withrin-modal discriminations which increase devel?pdbntally. The
processing and retention of ta;tual information, as well as the role
oﬁ the tactual modality in intersensory incegraéion has been examined
further in other studies (e.g. Bryant and ﬁa?. 1975; Davidéon,
Cambardella, Stenerson and Carney, 1974; Davidson, Pine, Wiles-
Kettenmann and Appelle, 1980; Rose, Blank and Bridger, 1972).

Rose, Blank and'B%idger (1972) testeé three year old children
on crossﬁmodal and intra-modal matching of shape and ‘textures. Three
"time" conditions of presentation were used in :hé study. These
included: (a) simultaneous presentation of shape and choice stimuli;
(b) successive presentation, wherein'the;ar£ay of choice stimuli
followed the sample stimulus immédiately after the sample was removed;
and (¢) a 15 second time delay between presehtations of the sample
stimulus and the corresponding array of choice stimuli. Four modal
conditions were also enmployed; twe intra-modal conditions (visual-

L:;)visual, and_tactual—éactual matching), and two inter or cross-modal
conditians (visual-tactual, and tactual-visual matching). Each subject
Tecelved a series of 15 problems (either 15 form or 15 texture problems)

in one of the four possible modaliry maﬁching conditions. The 15
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problems were divided such that five problems were assigned to each

of the three delay or time conditions. The results of the study
indicate that when no memory demands whatscever are made (simultaneous
matching), performance was equally good in all four modality conditions.
The imposition of a delay, however, resulted in a marked deterioration
of performance in all conditions involving a tactual component. The
authors conclude from these results that poor cross-modal learning

in children may be due primarily to difficulties in storing tactual

. information. The authors also argue that children's tactual perception
-4

is8 as good as their visual perception.

bne of the major criticisms of the above study however,
would be the encountering of a ceiling effect. The children in the
study made no errors whatsoever in any of the simultaneous tactual-

tactual and visual-tactual discriminations. It can be argued therefore,

that these diseriminations were far'!too easy to show any differences

between the tactual and visual senseymptflalities. Rose, Blank and

Bridger (1972) used three dimensional “ge ric shapes, and various

‘grades of sand paper, felt and fur as stimull. A more difficult

discrimination task, perhaps one composed of nonsense designs might
better detect differences betweenﬁtquch and vision. Jones and Robinson
(1973) showed.thié with their successive condition.

Bryant and Raz (1975)\attempted to explore the difference
between visual-and tactual peréeption of shape in young children
(mean chronological age of 4 years). Using the same modality m#tching

conditions as Rose, Blank and Bridger (1972), Bryant and Raz (1975)



22

employed nongense shapes. In addition to the four modality matching
conditions, a second variable introduced in the task was "type" of
discrimination. Two types of discriminations were required bf all
subjects: (a) dissimilar, in which one of the two choice stimuli
had straight edges, the other with curved edges; and (b) similar,
in which both choice stimuli had either ‘straight or curved edges.
Five of the ten trial presentations for each modalitf matching Eondition,
involved one type of discrimination, while the gther five trial
presentations employed the other type of discrimination. The results .
of the study suggest that with both types of discrimination, all
children made more errors in the three conditions involving tactual
information (tactual-tactual, visual-tactual.and tactual-visual
matching} than in the non-tactual, purely visual condition (visual-
visual matching). The results, however, failed to show the predicted
difference between similar and dissimilar discriminations. The authors
conclude that young childféﬁ do find it more diffiecult to discriminate
many shapes by touch than by vision; and that this difficulﬁy is one
o —_—
of dissrimination at the sensory level, rather than a retention
diffiéulty associated with poor tactual coding of informatrion. One
criticism of this study is that tactual discriminations wvere particularly
hampered in that the subjects could only use one hand to manipulate
a stimulus (e.g., the right hand ﬁiéht be used to feel the sample
stimulus, while the left hand alternately felt the two choice \gtimuli
i%’a tactual-tactual matching task). Based on hypétheses and findings

by Hebb (1949) and Jones (1972), 1t can be argued that tactual perception,

[y
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and subsequent sensory integration is greatly hampered by restricting
voluntary movement exploration. Jones (1972) has shown that such
restriction of voluntary exploration affects not only tactnal‘dis-
criminations, but also visual recognition of shapes. This might
"account for the results reported by Bryant and Raz (1975).

Davidson, Cambardella, Stenerson and Carnmey (1974) allo;ed
their subjects to manipulate the tactual stimuli with both hands.

In all cases, the subject was required to hold the object down with
P )

th#\zon-preferf;d hand while exploring the object with the dominant
hand. Their subjects were children whose ages were S‘yeafs and 11
years. Thelr stimuli were nonsense designs, and theif modality
matching conditions were identicel to those described in the Bryant
lﬁdfknz (1975) study (i.e., visval-visual, tactual-tactual, visual-
tactual, and tactual-visual matching?. The mode of presentation,
however, was very different fromfthat described by Bryant and Raz
(1975). Davidson, Cambardella, Stenerson and Carney (1974) presented
the sample stimulus for four seconds. The métching tasks were thus
of a delayed-matching type. Furthermore, Davidson, Cambardella,
Stenerson and Carney (1974) varied the number of choice stimuli
available for comparison. For each modality group (across ages)

five subjects matched a sample stimulus to a comparison array of

one stimulus (i.e., a same/or different task):; five children matched
a sample stimulus to a comparison array of three stimuli:; and five

children matched a sample stimulus to an array of five choice stimuli.

The results of this study suggest that under increasing memory demands
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(i.e., delays), matching within and across visual and tactual modalities
improves gradually with age, The results also show significantly
larger decrements in per;ormance, with increasing memory demands
of tasks involving a tactual component. These results would appear
to support those reported by Rose, Blank and Bridger (1972). Thus,
Davidson; Cambardella, Stenerson and Carmey (1974) conclude that
the lack of a significant difference between intra and cross-modal
.\tactual matching lends support to Rose, Blank and Bridger's (1972)
plevious argumenté that matching deficits in children stem from
poor retention of tactual Information, rather than from poor dis-
crimination as suggested by éryant and Raz (1975), o; from poor
intersensorf integration and tactual inputting suggested by Birch
and Lefford (1963) and Jones and Robinson (1973).

(11) Visual Information

Studies ptilizing visual information in comparison with
tactual information, in most cases'report superior visual iﬁtra-
modal matching performance, regardless of the ages of the children
and handicapped adults used (Bryant and Raz, 1975; Davidson, Cambardella,
Stenerson and Carmey, 1974;- Davidson, Pine, Wiles-Kettenmann, and
Appelle, 1980; Rose, Blank and Bridger, 1972). This superior integration
of purely visual information has been discussed in terms of several
differenﬁ hypotheses. Posner (1967) for e;ample, has suggested that
visual memory may have access to a central processing capacity, which

does not appear to be available to kinesthetic memory.

Blank, Altman and Bridger (1968) and later Davidson, Cambardella,
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Stenerson and Carmey (1974) discussed the performance of their subjects
on intra-modal visual tasks in terms of the over-learned properties

of the visual modality. This overlearned characteristic has been

argued on the premise tﬁat developmentally, the first symbolic

functions develop on the basis of visual imagﬁsy (Piaget, 1965).

The child or adult therefore, ha; had more practice in the representation
and integration of wisual information as compared to non-visual (e.g,

ta ) information. The greater number of errors reported across
studies, in the visual-tactual matching Conditions, relative to those

_/‘
errors In the visual—visual,dghditions (e.g., in Bryant and Raz, 1975;

r
Davidson, Cambardella, Sccnérson and Carney, 1974; Davidson, Pine,
Wiles-Kettenmann and Appelle, 1980; Jones and Rofinson, 1973; Rose,
Blank and Bridger, 1972; Zung, 1971), however, appear to suggest

that the image formed from the visual sample may be sketchy or incom-
plete to form a match, when this information must be coupled with
that from a different sensory modality (tactual)i Thus, the image

or information extracted from a visual sample may only be sufficient
for a match when the choice information is in the same or original

¢ -~

modality.

Goodnow (1971) has proposed an alternate hypothesis to that
of imagery discussed above. Goodnow (197i) suggests that‘the retention
of the original visual information may be weakened by the need to
switch one's attention from the visual gfimulus preoperties, to the

task of transforming this information from one sensory modality to

another. This hypothesis, however, has never been verified or supported,
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'} and would appear to require further research.

A similar explanation to that of G;odnow (1971) has been
.proposed by Blank, Altman and Bridger (1968) to explain the greater
difficulty experienced in cross-modal matching tasks as opposed to
purely visual tasks. Blank, Altman and Bridger (1968) suggest that
the visual modality is prepotent.so that its stimulus impact tends
to suppress the influence of any information gained iﬁ/other modalities.

(11i) Auditory Information

Whereas visual matching requires that am individual orders
and relates graphic or visual patterns spatially, auditory matching
usually requires that the subjéct order and rela;e sound patterns
organized on a temporal basis (Muelh and Kremenack, 1966). In thelr
study, Muelh and Kremenack (1966) found audiéory-auditory matching
considerably more difficult than either visual-visual matching or
auditory-~visual and visuaf&auditory cross-modal matching. The subjects'

task in the study was to determine whether two sets of auditory

stimulil were tife same or different. The auditory sounds used corr-

Ll n

- esponded to "dots" and "dashes'. The authors discuss their ;esults

in terms of tﬁe subjects' ability or inability to supp;y verbal labels

to material presentéd auditorily, visually and cross-modglly. One
planation for the poor auditbryuauditory matching performance may

be that the unfamiliar auditory sounds may have produced "interference"

within the auditory modality, resulting in the subjects' reduced

capability to generate verbal labels. One criticism of the Muelh

and Kremenack (1966) study is that the auditégszauditory task was
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not a 'matching" task, but rather a discrimination task, and in

this way quite different from the remaining tasks. Perhaps this
characteristic of éhe ‘auditory~-verbal moaality, where 'matching"

by nature involves pairing a verballlabel with an auditory stimulus,
is the feature which should have received further attention in
Muelh and Kremenack's (1966) study. Thus, to propéfly study auditory
matching, the authors should have efther presente§ auditory sounds
and required the subjects to actively match other auditory sounds

: to these, or have required the subjects to match auditery sounds
wicth spoken 1abels.

Intra-modal auditory matching has thus received very little
attention in the sensory integration literature. Much of the emphasis
- has been placed on the auditory-visual matching, particularly as
this relates to reading in normal and developmentally rétarded child- -
ren and adults (Constantine and Sidman, 1975; Kahn and Birch, 1968;
Sidman, 1971; Sidman and Cresson, 1973). It is argued that reading
can be broken down in terms of auditory-visual integration competence,
and that a breakdown in this crosé—modal matching ability results in
marked reading disabilities (Birch and Belmont, 1964; Muelh and
Kremenack, 1966). Considerable emphasis has also been prlaced on the
role of the auditory modality in providing or training thé subject
to generate and use verbal labels in sensory integration tasks. This
dimension of the auditory modality and its role in labelling and
verbal meaiation will be discussed further inrthe following section

of this paper.

-t
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(c) The Role of Verbal Labelling and Vérbal Mediation

0'Connor and Hermelin (1963) use the term "coding" to refer
to the translation of information from one semsory modality to another.
In their earlier work (Hermelin and O'Conmor, 1961; O'Connor and
Hermelin, 1961; O'Connor and Hermelin, 1963), they suggested. that
this verbal component served as the nucleus of croés-modal intégration.
That is, in that cross-modal transfer is believed to develop with
age (Birch and Lefford, 1963),-0'Connor and Hérmelin (1963) suggested
that verbal mediation, which develops concurrently, is the, necessary \\
componené for coding to occur. O'Connor and Hermelin (1963) seem
to have based chh of their view on the earlier work of Luria (1961)
in which verbal mediation was seen as facllitating coding. They also
review evidence (Hermelin and O'Connor, 1961) suggesting that mentally
retarded persons perform very well in cross-modal learning tasks,
when verbal coding is built into the task; and that when such coding
is absent, performance deteriorates significantly.

In their st#dy, Hermeli; and O'Connor (1961)”compared normal
and developmentally retarde& children in visual and tactual cross-
modal and within-modal matehing of 10 Russian or Greek letters. In
this study, subjects were presented with five test stimuli in succ-
egsion. Following the presentation of the test stimull, the subjects

received recognition trials during which the five test stimuli, "and

-~
-

five new stimuli were randomly presented. The task was to say whether
or not each stimulus had been paxrt of the original series. The results

of this study showed that the normal subjects were superior to the’
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mentally retarded group in visual recognition, and in both cross-’
modal matching conditions. Nevertheless, the retardedhsubjects were
significantly better in matching by touch glone. These results

support their initial hypothesis that verbal labels (coding) facilitate
cross-modal learning and transfer in the retarded. That is, Hermelin
'and 0'Connor (1961) argue that once the opportunity to use verbal
labelé is removed (as in the above study), cross-modal matching
performance deteriorates, becoming very poor compared to the perfor-
mance of normal subjects matched for mentél age (MA). |

In a similar study, 0'Connor and Hermglin (1961), presented
a group of mentally retarded subjects with simple line drawings of
common objects. The squects were required to recognize stimulil
presented earlier. The results of the stpdy suggest that when the
subjects had to provide verbal labgls for the pictures, recognition
was facilitated as compared to recognition of earlier pictures or
words alonme. This study appeared to strengthen the authors’ position
that verbal labels enhance coding, and subsequently facilitate cross-
modgl integration and learﬁing. Later,‘however, Hermelin and 0'Connor
(1964) rejected this hypothesis.

In thie later study by Hermelin anE\B‘Eaﬂﬁﬁf—1196&), the
subjects differed in their verbal abilities, but not in their ability
to transfer information from vision to touch and visa versa. This
latter study,‘however, was_exgmining vigual~-tactual matching across
levels of verbal abilities in subjects; whereas the earlier work

(0'Connor and Hermelin, 1961; Hermelin and O'Comnor, 1961) examined.
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auditory-visual as well as visual-visual and auditory-spoken matching.
'Thus,-because of the variation in the sensory_tasks used, 1£ wéuld
.appear difficult to reject the hypothesis regarding the role of verbél
labelling, based soley on the data froﬁ-Hérmelin and O'Connor's
'(1965?‘study. The (1964) study by Hermelin and O'Connor also fails

to control for the e&fects of intra-modal learning.

0'Connor and Hermelin (1971) extended their earlier studies.

In this study, they taught groups of blind, non-retarded, mentally
reéarded, and deaf children to discriminﬁte between tactual stimuli
(pressuge to the palm of-tﬁe hand). lasting either six seconds or two
seconds. Following mastery of this discrimination, all subjects were
presented with a tranéfer task either within-modally (i.e., a different
_tactual task - e.g., air puffs ?b the palm of the hand) or cross-
modally (light or soﬁnd of the above durationsg). The results of the
study concur with those of Hermélin and O'Ceanor (;?6&). That ié,
although-most subjects could verbalize the solution to the initial
task, they.could not transfer this information.td other modalities.
Furthermore, the absence of speech appeared to cause no ‘special
problems, since the deaf.performed—as well as, and better than other
éronps on the transfer tasks. These results are also consistent with
those of Bryant (1967) wherein verbal labelli?g appeared to affect.
inftial learning, but not subsequent transfer. Bryant (1967) con-
cluded»;ha; verbal labelling improves recall in subnormal children,
but npt recognition; whereas it seems to improve both ;ecall anh

~

recognition in normal childfen.
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The above results reéarding the role of verbal coding are
not supported in a study by Conroy (1978). In thi; study, Conroy
examined the role of verbal”and kinesthetic rehearsal on serial
recall and modality transfer tasks. His subjects consisted of retarded
children (Ca= 122 months; IQ= 70.6) and adolescents (CA= 163 months;
IQ= 68.8). In the study, an equal number of children and adolescents
were randomly assigned to one of three treatment conditions: (a)
verbal rehearsal, wherein subjects were prompted to verbally label
the stimuli as they were pre;ented; (b) kinesthetic rehearsal, wheré
the subjects were promp;ed’to trace with their finger the visual
- designs presented; (c) no rehearsal, this latter group being the
control‘group. All subjects received each of three training tasks
" in a counterbalanced order. The training tasks con;isted of (1) easily
labelled pictures of common household objects; (i1) easily traced
pictures qf'nohsense figures; and (111) easily labelled and easily
tfaéed‘pic;ures of common geometric shapes. This latter task was
used és the transfer test. Thus, seven visual stimull were successively
presented for bfief ipspection (2.5 seconds) on all trials, then
laid down, face down. Following the seventh stimulus, the experimenter
presented the sample or probe Stimulus,land thelsubject'was Tequired
to point to the card with "this picture on'the front". The results
of Conroy's (1978) study suggest that the re-coding of visually

presented information in a second sensory modality system E:TE{:—/)

cross-modal integration) strengthens visual recall. That is, both

the recall of informa;{on, and the transfer of learned information
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to a new task were superior for the gr&ups recoding informatian
as oppoéed to thg control .group which received only visual infor-
mation. This study, however, fai;s to provide evidence or data
regarding recoding and cross-modal transfer, since all tasks,
including the "transfer" task were visual.

It would appear therefore, that verbal labelling affects
initial learning, and improves recall on intra-modal mat;hing
tasks. There is some question however, as to the effects of verﬁal
labelling on recogﬁition and subsequent transfer, both intra-

‘ modally and inter-medally. Sidmen and his collegues (Sidman, 1971;
Sidman and Cresson, 1973; Sidman, Cresson and w1lson—Mofris, 1974)
have examined this role of verbal labelling, on the establishment
of cross-modal integration (auditory-visual equivalences), and
cross-modal'pransfer, with moderately and severely retarded
subjects.

In the crpss-méaal tasks used by Sidman (1971), he
argues that the aim of maéching is to establish a cross-modal
equivalence such that each class member of one modality (e.g., a
visual class member) becomes equivaient to, and thus leads to the
' sélecfion of a corresponding class member from a second sensory
modality (e.é:, a corresponding auditory class member). It is -this
equivalence which Jones and Rsbinson (1973) refer to as "inter-
sensory liason”. In his study, Sidman (1971) haénbroken down a
sightgd reading task into auditory-visual equivalences (Figure 1

contains a schematic summary of Sidman's experiment). A 17 year
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Schematic summary of the experiment

by Sidman (1971). The S began the experiment knowing I and
V. Afcrer being taught equivalence II, 5 was able to do III,

IV, and VI.



34

cld, moderately retarded boy was used in t£;2L§Eé;y. The boy came
to the study able to match picture choices to spoken word samples.
The boy was also capable of naring ;ach picture sample provided.
It would appear therefore, that the subject was able to provite
verbal labels for all visu§1 “picture" stimuli. Siﬁman (19%1)
examined whether teaching the boy to matgh printed word choices
(visual) to spoken word samples (verbal labels) would transfer
the training effects to other within;modal and c¢ross-modal match-
ing tasks (i.e., improving the ability to match picture choices
to printed word éamplés). These results would appear to be consist-
ent with those of 0'Connor and Bermelin (1961), in that they suggest
thaf the ability to match picture choices to printed word samples
probably emerged since the printed word samples and the picture
cholces became equivalent to each other, because. each, independently
had become equiva}ent to the same: spoken sample ~ verbal coding as
a mediating link between classes of visual information. Sidman (1971)
questions, however, whether this naming by the subject does in fact
play a2 major rele in simultaneous cross-modal matching, and whether
the subject is capable of establishing the absve link_without actively
verbalizing.

Sidman, Cresson and Wilson-Morris (1974) attempted to answer
this question regarding the role of active naming by the subject.
They chose to do this by restricting any sample naming by the subject

during training. Twe severely retarded subjects, ages 14 and 18 years
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were ugsed in the étudy. The subjects.were taught to match picture
choices to spoken word samples, and printed word cﬁoices to picture
samples. Followigg the mastery of the above tasks, Sidman, Cresson <
and Willson-Morris (1974) tested the subjects' ability to match
printed word choices to spoken word samples, and oral naming of
printed word samples. The results of this study suggest that the
Eubjects' naming skills did not appear to mediate the emergence of
cross-modal matching (i.e. the ability to match p?inted word choices
to samples spoken), since this reading skill emerged uithout active
sample naming by either subject. Thus, it would appear that the
response coding which mediated the link between sensory wmodalities
in’ the above s:udy,‘was independent of oral naming. The question
still remaiﬁs —‘what 1s the role of oral naming by the subject?
Based on the above results, and those reported by 0'Connor and Hermelin
(1971), verbal coding appears to function independent of the subject’s
oral naming or vérbalization. Although* these two studies agree on
this point, they appear to show conflicting results regarding the
role of verbal labelling on cross-modal matching.

The results reported in the Sidman (1971; 1973; 1974) and
Conroy (1978) studies provide repeated conflicting evidence to those
of O'Connor and Hermelin (1971) and Bryant (1967) regarding the role
of verbal labelling on subsequent transfer. One reason for this
conflict may be that the modality matching tasks used in the 0O'Connor
and Hermelin (1971) study were delayed matching task, and although

the subjects could verbalize the solution, they were not transferring



this information to other modalities over a delayed interval. This
is in fact similar to the performance of Conroy's (1978) control
group, wherein delayed visual-visual matching was very poor, even
though ali'subjects were familiar with the names of the common house-~
hold objects, they did not appear to utilize this information. In

the Conroy (1978) study, therefore, active verbal labelling by tﬁe
subjects served to bridge the time delay by providing verbal links
across bits of*visual information, thus facilitating §13u31 memoTYy.
This hypothesis was reinforced in a Stud& by Constantine and Sidman
(1975).

Constantine and Sidman (1975) found that although their
subjects. were able to‘berform simultaneous matching accurately (i.e.,
when the sample pictures remained available for comparison once the
choice stimuli were presented), their performance on a delayed
matching to sample task was very poor. During the delayed matching
task, the sample pictures were removed four to 12 seconds before
the choice stimuli were pre;ented. Although the subjects (four severely
retarded maies. ages 17 to 22 vears) could name each picture, it
would appe;r that they were not applying their naming skills to the
visually delayed matching task. In the second experiment conducted ’
by Constantine‘apd Sidman (1975), the subjects were instructed to
name each picture‘sample during the matching task. This naming resulted
in greater accuracy 1n.the delayed matching of picture samples to -
picturé choices. Thus, although active naming by tﬂe subject (i.e.,

generating verbal labels) does not appear to be essential for cross-

AJ
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modak(I;:Zération (Sidman, Cresson and Willson-Morris, 1974}, it
does'appear to play a major role in the delayed matching, wherein

naming and remémbering names during a delay are necessary skills.

Spacific Issles

[y

In summary, the issues of particular interest” in the present
_study relate to : (a) the relationship between intellectual level -

of fqnctioning and sensory integration abilities of mentally retarded
" adults. Thét is, although cross-modal performance among mentally ’
retarded adult; has been investigated in several studies reviewed
earlier in this chapter, the failure to include appropriate controls
for intellectual functioning (level of retardation) or intra-sensory
skills makes these results difficult to interpget. Comparisﬁns to

date have focused on normal vs retarded samples, retarded vs autistic
groups, and normal vs autistic<%s sengsory impaired (deaf or blind
subje;ts). One major disadvantage to this format is that the mentally
recarded or subnormal;groups vary so‘dramatically across studies,
making comparisons and conclusions impossible. That is, mean ment§i
ages of retarded subjects used across studies have varied from 5.2
vears (Hermelin and OHConnor..1961) to 8.6 years.(Zung, 1961). But
there has been little attempt to vary these mental ages syéteﬁatically
across levels of retardation within the same study. Such a variation
should provide greater ins:l!.ght into the intersensory integration
process ;cross not only lé;ered mental ages, but also across levels

i

of retardation (i.e. lowered mental age combined with adult level
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transfer experience gained from transfer processes earlier in life).

(b) The second issue of inte;est arising from the étudies
reviewed, relates to the role of intra-sensory integration abilities
in the sensory integration process. That is, the inclusion qg both
intra-sensory and inter-sens;ry integration tasks allows for the
control of poor discrimination abilities at an\intra-sensory level.
This in turnd allows the study to focus on the intersensory integration
process without confounding as a result of poor modality digscrimination.
Furthermore, by training to criterion in t:t intra-modal césks, the
inability or difficulty experiénced by the subjects in carrying out
intersensory integration tasks, cannot be attributed to the c;mplexitﬁ
of the particular stimuli being used.

{c) A third issue of interest resulting from the earlier
studies reviewed herein, relates to the modality matching tasks
themselves - i.e., tactngl vs auditory vs visual on an in;ra-modal
level, and auditqry-visual,-auditory—tactual. and visual-tactual i
on an inter-modal level. There remain diverse oPinions on the impor-
tance, and easy of mastery of fmformation presented #ia the different
sense modalities (e.g. the Montessori approach wherein it is believed
that touch teach the other senses, to hypotheses by Posner, (1957)
who suggests that visual memory is superior to tactaul memory, and
thus visual information is easier and more readily processed than
ta;tual information). The present study attempts to compare the above

sense modalities both within and across two levels of mental retardation.

It also examines various intermodal pairings of the above three sense
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modalities (i.e., auditory-visual ...etc) in terms of intersensory
integrétion. .

(d) The fourth issue to be examined in the present study
was that of cross-modal transfer. The preceeding literature review
has examined cfoss—modal tfansfer in terms of the sense modalities
involved (i.e., transfer of information received in gne sense mod-
ality to the solution or processing of information received in a
second moda;ify). The issue of transfer - under vhat conditions it
occurs,.trans%er effects across different groups of tasks...ete
appears to remain' unresolved, and confounded b; additional variables
(i.e. simultaneous vs delayed matching; variatidns in tasks, ranging'
from familiar objects as used by Blank, Altman and Bridger (1968),
to nonsense designs and the Russian alphabet as stimull (ﬁermelin
and q'Connor, 1961). The studies reviewed seem to_attach particular
importance to verbal labels and the labelling process, in cross-
modal transfer, élthough this issue itself also apfears unresolved..
The issue of verbal lébels and thelr relation t; sensory Iintegration
in the mentally reta{ged would appear particularly importgnt in
relation to.intellectual level of functioning, in that vefbal skills
appear to be less developed as one goes from mild to moderhte levels
of intellectual development. This would suggest that verbal Yab lling
or coding might be'a skill less developed or frequently used among
lower functioning mentally retarded persons.

Thus, the present research was carried cut.to investigate

the above issues regarding tri-modal sensory integration in moderate

.
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and mild%y retardeﬁ adults. Specifically, the hypotheses arising
from the above issues, and subsequently examined in the present study,
can be summarized as follows:

Hypotheses:

1. Retardation Trends:

(a) There is a significant overall difference in total errors
<

to criterion when comparing the performance of mederate and mildly retarded
s;bjects on cross—modal matching. Both éroups should be able to complete

the tasks because of their levels of functioning (i.e., the tasks chosen are
within the abilities of both moderate and mildly retarded adults); but

the miidly retarded group should perform significantly better than the
moderately retarded group because of greater proficiency with verbal

labels, and because of their higher developmental functioning, which

has been hypothesized to correlate highly with.intersensory organization
(McGhie, 1970).

(b) There is a significan: difference in the overall rate of
acquisition of sensory integration tasks (trials to criterion) between
the moderately and milaly retarded groups. This difference shguld follow
the direction of the results reported by Zeaman and House (1963; 1979)
and Py Lovaas, Koegel and Schreibman (1979) in that mildly retarded
Subjécts should tend to focus on the relevant dimensions more readily,

tending to show faster acquisition on ipitial trials.

s

2. Sensory Integration: ~
- (S
A. Intra and Inter-Sensory Examinations and Comparisons.

(a) There is mo difference between the moderate and mildly
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re;arded groups in intra-modal performance. This would be consistent
with the results of Birch and Lefford (1963) ard Davidson, Pine,
Wiles-Kettenmann and Appelle (1980) wherein y;ung children and
developmentally handicapped persons of low mental ages (less than
five years) are largely dominated by the perception or sensatlon
of single stimuli, and that intersensory organizatioﬁ does not become
fully established until the age of 11 yéars (Hcghiezb;970). Thus,
because of the levels of retardation and the chrbnolog{cal ages of
the subjects used in the present study, all subjects should be
capable of completing all intra-modal tasks with little or no diff-
iculry. i

(b) There is a significant difference in the ability of all
subjects to perform intra vs inter-modal integration tdsks, with
‘intra-modal tasks-being completed.with fewer errors. Thi;lwould 5e
consistent with results reported by Bryant (1968) and &théfs {Jones
and Robinson, 1973; Zung, 1971), which suggest that the matching
abilities of the mentally retarded persons follow a developmental
trend showing faster acquisition of intra as opposed to inter or
cross-modal matchings, particularly in subjects of lower mental
ages, who would be expected to experience particular difficulty

with cross-modal (inter-modal) learning tasks.

B. Sensory Modalities.

(3) The difference in the overall rate of acquisition of
tasks between moderate and mildly retarded subjects (hypothesis 1b)

across both intra and fnter-modal tasks, will depend on the specific



42

sensor} modalities involved. That is, from the studies reviewed
earlier, there would appear to be consisténtly poq;Jperformance by
mentally refarded persons, in tasks involving tactual di;crimination
or memory (Jones and Robinson, 1973; Bryant and Raz, 1975; Zung,
1971). There also.appears to be considerable information regarding
the superior integration of visual and verbal information as opposed
to tactual information (Bryant and Raz, 1975; Davidsénj Cambardella,
Stenersoﬁ and éarney, 1974).

C. Cross-Modal Transfer

(2) There is no difference in the aﬁount of overall transfer
across modaiity integration tasks for the tﬁo levels of retardation.
That is, there ;hould be no difference in the number of errors on
"final tasks', the third task in each condition, committed by mod-
erately vs mildly retarded subjects. These results would be consist-
ent with beb's (1948) view that adults will have already gained
maximum benefit from transfer early ;n life, in that téansfer seems
to be a2 function of early development. That is, task complexity
seems to be the major wvariable effecting transfer, and once this is
overcome by performance to criterion and familiarity with all the
relevant dimensions from preceeding tasks, transfer effects should
be equal across levels of retardation on the final task.

(b) Transfer, measyred in terms qf total errors on a ''sub-
sequent” task, should be greatest (i.e., étwest errors) in tasks

preceeded by modality integration tasks Iinvolving the audiiory modality.



43

These results would be consistent with those reported by Sidman (1971)
apd Constantine and Sidman (1975) wherein verbal rehearsal or “"pre-
training" enhances transfer of information when 2 delay is imposed
across tasks. These results would also reflect earlier results and
hypotheses regaz&ing the role of verbal labelling or coding (e.g.,

Luria, 1961; and 0'Connor and Hermelin, 1963}.



. "3;- ~
- SN v
./ : :
CHAPTER I1I1
’ METHOD
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Subjects. Sixty mentally retarg;éhadults, thirty moderately

retarded (Wechsler Adult Iqtelligence Scale 1I.Q. in the range from .

46 to 50; mean I1.Q.= 45.3; S:D.= 3:1; standard Qeviations from the norm

= 3), and thirty mildly retarﬁed (W.A.L.S. I.Q. in the range from 51 to

65; mean I.Q.= 60.9; S.D.= 3.4; standard deviation f;om the norm = 2},

took part in the present study. All subjects were. resiidents of the Rideau
Regional Center at the time‘of the study. Tﬁe length of institutionalization
varied E;ross subjécts; from five to 15 years in length, with a'hgan leﬁgth

N,
of stay oﬁiziz-years for the moderately retarded group and 8.5 years for the

mildly retarded group (S.D.s = 3.6 and 3 respectively).| The mean chron-

" -
ological ages of the subjects ranged from 18 years 2 moh;h o 40 years

5 manths_1 with al% subjecfs being residents of adult wardsz’fhé mean
chronoloékcal age of the mod;rately retarded subjects was 27 years 9

months ($.D.= 6.1), while the mean chroﬁological age of the mildly .
retarded group was 27 years 10 ménths ($.D.= 9.2).uBoth groups were
composed of equal numbers of male and female subjects; that is, both
groups‘consisted of 23 male and §even female participants. The subjects
were selected by screening the }esident files. No individuals with recorded
evi&ence of brain damage was considered for the present study. Furthermore,
all subjects were free from any obvious sensory or motor deficits (e.g. .

Down's Syndrome individuals were excluded because of obvious speech

limitations due to enlarged tongue) which mjght~—tikerfere with their
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ﬁerformance on the various tasks. No subject selected for the study was
—_— ' 3 )

excluded for any reason; nor did any of the subjects drop out from the

study once invoived, although they were free to leave:

Equipment and Materials. The stimuli used in the present study con-

sisted of eight novel shapes, and eight pseudo-words (i.e. non-words judged
to sound like real words by a random sample of moderate and mildly retarded
adults). The eight pseudo words chosen for the present study were selected

as follows:'(i) a brief 10 to 15 minuté conversation was taped with 10

mildly retarded persons, each seen separately. All individuals weré asked the
same question, "I'd like you to tell me some of the things you did today.
beginning from the\time you got up." (b) From the above conversations, a

list of 50 words used by the parcicipanté was constructed. The list consisted
of .the 50 most commonly used nouns (nouns used by two. or moré participants).
Each word was then phonetically modified so as to sound similar to the real
word (e.g., the word RUG became WUG). (c) This list of 50 pseudo-words was
then presented to 10 moderately retarded persons with the statement: "I am
going to read a list of words, and I want you to tell me if any of these
sound like real words or real things you know". The participaﬂts were
encouraged to select pseudo—words sounding like common nouns. (d) From

the responses of the 10 moderately retarded participants, a list of eight
commonly chosen pseudo-words was randomly selected. This latter selection
was done by writing the names of the 17 words selected by all moderé;ely
retarded participants as sounding "real", on individual sheets of paber.

-The folded papers were then mixed in a container,’and the eight pseudo-

words to be used were thus selected.
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The novel shapes were constructed by using small wooden
cubes, each side measuring 2 centimeters (cm). Each novel shape con-
sisted of eight'zubes glued togethef. For all shapes, six cubes were
joined vertically. The position of the remaining two cubes varied
for each design, thus differentiating one shape from another. The
eight shaﬂes used in the present study are shown in Figure 2,

fhe novel wooded stimull were presented visually and/or
tactually on-a raised wooden tray/box. The dimemsions for the raised
wooden tray/box afe included in Figure 3. Blindfolds were used by
all subjects for the tactual presentations (i.e., the taétual—

tactual matching condition described below). All auditory stimuli

{pseudo~words) were presented via a portable cassette tape recorder.

' The order of presentation of the auditory stimull was randomly deter-

mined for each auditory con@ition.‘:hus, for the auditory~auditory -
(auditory equivalence) matching condition, the order of presenéation
for the auditory stimuli was determined by draﬁing individually
folded pieces of paper with stimulus names on them - one pseudo
word on each folded paper. The order of presentation for the remain-
ing auditory conditions (auditory-visual, and auditory-tactual) were
determined by repeating the above randomization procedure for each
condition. The order of presentation of stimuli within each conditien,
however, was the same for all subjects.

Design. During Session 1 (day 1) the present study involved a

mixed design, with two between and cne ﬁithin subject factor. Thus,
3
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\
“Cool" "Tuee "Poon" "TafE"
"Bors! "Hug" ' "Mil‘g;" "pam"

Fig. 2. 1Illustrated above are the eight novel forms used in the
present experiment. Under each form is listed the pseudo-word paired with
each form for all auditory tasks.
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Fig.3. Display tray/box used in the present study. The
sample stimulus was suspended from the upper central region of the
display board, while the choice stimuli were either suspended above
each arm hole, or positioned inside the box so as to be felt but not
seen by the participant.

,
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level of retardation (mild vs moderate range of intellectﬁal devel-

opment, represented by 2 and 3 standard deviations below the norm,

and determined by scores on the Wechsler Adult Intelligence Scale),

- .

and order of‘presentation of the stimulus modalixyzéfnditions, were
used to study between subject wvariability; while stimulus modality
(visual-visual matching, auditory-auditory matching, and tactual-
tactuél matching) determined the three levels of the Qithin subject
variability. K
During Session 2 (the following day), a similar design was

used, with two between (level of functioning and order of presentation)
and ome within (stimulus modality, consisting of ;uditory—visual
matching, visual-tactual matching, and auditory-tactual matchingj
subject factor. Sinte cne of the aims of the present sfudy was to |
_examine sensory integration in térms of transfer of fraining effects,
the second between subject factor (order of ﬁresencatioﬁ) was created
by randomly assigniné all subjects to one of ‘the three orders of cross-
modal presentations. Thié randomization was carried out by drawing
folded slips of paper from a container; each slip of paper contained:
one of the three orders represented by Cl,‘Cz, and C3 in Table 1.

One slip of paper corresponding to an order of presentation was

drawn for each subject, with a2 maximum of 20 subjects (10 moderately
and 10 mildly retarded) assigned to any cne c;ndition. Only three
orders of presentation were incorporated, and an incomplete coﬁnte;—
balancing desién was used, since (a) all possible ordexrs of presentation

were not of interest to the present study, and (b) a sufficient subject
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sample was not available for complete counterbalancing. Nevertheless, -
to fulfill the requirements of an incomplete counterbalancing design
as outlined by McGuigan (1968), each subject received each treatment
or task once, and only once; and each treatment occured an equal
number of times (onc;) during each session.

Procedure. Experimental sessions were conducted in a vacant room
in Stormont House - a ward area where the subjects resided. Appropfiate
verbal feedback ("Good! That's right'") was given only on correct -
.trials, with no tangible reinforcers being given during the testing
proéedures. A mometary Incentive of $1.00 was given to all subjects
lat ;he end of a%l testing. All subjects were informed at the begin-
ning of the study that the money would be given, only if he/she
pa;ﬁicipated in the entire experiment (two sessions'over successive
days). All subjects received six'matching tasks. The six matching"

- tagsks were presented over the twg‘session period. That is, the
three intra—qodal matching tasks were p}esented to mastery to a
criterion of 16 comsecutively correct responses, du;ing Séssion 1.
The three cross-modal matching tasks were presented during Session
2, one day later.

One of the primary intereégé of the present study was cross-—
modal integration, and the transfer of training effects involved therein.
Thus, ;he within-modal matching tasks (i.e., visual-visual matching,
auditory—agditory matching, and tactual—tacﬁuai matching) were coﬁpleéed
first, to insure that ail subjects coulé.digtinguish (a) the spoken
stimuli from each other, (b) the visual stimuli from each other, and

o g

S
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(c) tﬁe ractual stimuli from each other. The aim of the above testing was

to eliminate poor discrimiﬁation of stimuli. Ihis permitted the examination

of the étimulus-response relations which comprise the cross-modal matchiné
tasks. fhe prior intra-modal testing would thus provide the controls out-
lined by Bryant (1968). The order of presentation of the within-modal
matching tasks was randomly.depermined for all subjects. This was done by’
drawing (selecting) on og‘Fhe six orders writtén on individualiy folded

sheets of paper. Thus, fivelSubjects received each of the six different orders
(i.e., ;isual—visual matching fellowed by auditory—au&itory matching followed

by tactual-tactual matching...ete). In this way, the' order of within

modality matching was completely counterbalanced.

Session 1. Within-Modal Matching Tasks.
(a) Visual-Visual Matching. The subject was .presented with a sample
form in the upper central display region of the raised wooden tray. He/She

was then required to visually examine and touch (but not tactually explore)

. .

the sample form. No fixed time limit was imposed regarding how long the subject
wag required to examine or Lo take before toucﬁing the sample. The combined
requireme?t of-visual examination and touch was used as an indicator of

the subjects's attention to the sample stimulus. After the subject thad

touched the sample form to indicate that he/she had attended to it, two
choice stimuli were presented. The choice stimuli werq_presenced on the display

tray, below the sample stimulus (which remained present throughout the trial),

and with one choice stimulus to either side (both left and right sides)
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of the sample. For all trials, only one of the cholce stimull corres-
ponded to the sample stimulus. The location of the correct choice
stimulus was randomized using folded slips of paper, as outlined
earlier, Similarly, with the eight forﬁs used, a different form

was used as a sample stimulus for each trial within an eight trial
block; the order of presentation of sample forms being determined
r;ndomly as outlined above. Thus, for each block of eight trials,

each form was used as a sample stimulus, and the location of the

s
correct choice form varied equally, appearing four times to the

left side, and four times to the right side on the display tray.

The choice pairs were also randomly determined by selecting the
"correct” choice and randomly drawing one other choice from seven
folded slips of paper representing the remaining sever forms. The
only'restriction imposed was that no choice form coulé be used on
more than two comsecutive trials. For all trials, the sample stimulus
remained presgnt for visual comparisorn while the cgoice stimuli were
also present. Theisubject was required to respond by pointing to

the corréct choice. For all érials, the subject was permitted only
one response. Each trial was followed by én inter-trial interval

of approximately five seconds. The criterion for mastery or com-
pletion of the visual-visual testing, as well as all within-modal
matching tasks, was 16 consecutively correct matchings (i.e., two
correct matchings of each of the eight stimuli). Following the mast-
ery of one within-modal matching task, the subject-procgeded to the

remazining within-modal matching tasks. e
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& (b) Auditory-Auditory (Equivalence) Matching. During

the auditory-auditory or auditory-equivalence matching task, the
subject was presented with two auditory stimull (via = portab;e
cassette tape recorder) for each trial (e.g., the spoken pseudo--
words “BOTS", "éOOL“). The inter-stimulus gap between the two words
was one second; the gap between the pairs of words, since the word
pairs we}g repegted twice, was three secénds. For some trials ihe
wofd ﬁairs were diffe;ent from each other (e.g., "BOTS?, "GOOL") ;

fo; other trials the pairs were identical (e.g., "BOTS", “BOTS™).

The order of presentation of "same" and "different" pairs was.randomly
determined using fo}ded slips of paper as outlined earlier. To assist
the subject in attending to each spoken word, the experimenter always

—_—
asked "Ready?" prior to each pseudo-word presentation. The subject was

—_
reqﬁired to respond appropriately ("Ready") before the word pairs were
presented and repeated. Following the second.presentation, the subject
wés required to state ghether the auditorily presented pseudo-word
pairs were the same or different from each other. Appropriate verbal
feedback was provided following each correct response ("Good..., that's
right"); with no feedback being given for incorrect responses. Immed-
iately following the experimenter's verbal feedback, the next trial
began as outlinéd above, with an intér—ﬁrial interval qf approximately
five seconds between trials.

(¢) Tactual-Tactual Matching. The subject was réquiréd to

match a choice object from a two choice array, to a sample stimulus

presented simultareously. Thus, the subject, while blindfolded, was

2
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presented with a novel form (sample) which he/she had to carefully feel
with both hands. Following the subject's tactual exploration of the sample,
he/she was required go feel the two choice stimuli, and respond by hold-

ing up the choice stimulus which corresponded to the sample. The subject
iwas permitted to re-examine the sample stimulus Fhroughouﬁ the trial. For
this matching task, the choic; stimuli were placed on the surface of the
display tray, below and to either side of the sample stimulus (as with the
visual-visual Iintra-modal maEbhing task). On all trials, the subject's hands
were guided by the examiner to the sample form, and to the choice forms. The
subject was required to use both hands to feel the sample form, but'only one
hand to feel each choice form (tﬁe left hand on one choice form, and the
'right hand on the other choice form). As with the visual;visual matching
task, the location of the correct choice was randomly determined across each
block of eigﬁt trials. The correct choice was placed on the left side 50%

of the time, and on the right side the remaining 50% of the trials. The
randomization procedures used were identical teo those described in the
vigual-visual matching task. The criterion for completion of the tactual-
tactual matching task was 16 consecutively correct trials (i.e. two correct
matchings of each of the eight sample stimuli). As with all tasks, an inter-

trial ﬁn;erval of five seconds was used,

Session 2. (next day). Cross-Modal Matching Tasks.

. Followinsthe mastery (i.e., criterion performance) of all

three within-modal matching tasks, subjects were tested for cross-modal
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integration and subsequent transfer effects. All subjects were tegted_
on three matching conditions; these conditions are described below.

As mentioned, incomplete counterbalancing was used to determine the
order of presentation of thexthree cross-modal matching tasks. Thus,

20 subjects (10 moderately retarded and 10 mildly retarded) each
received the auditory-visual matching task first, followed by the
auditoryvtgctual, and visual-tactual matching tasks, A second group

of similar residents (10 moderately and 10 mildly retarded adults)
recei;ed the auditory-tactual task fir#t, followed by the auditory-
visual and then the visual-tactual matching tasks, A third group of

20 mentally retarded adults (10 moderately and 10 mildly retarded
subject;) received the visual-tactual matching "task first, followed

by the auditory-visual task, and finally the auditory-tactual mftching
task. In this way, each cross-modal matching task was presented in

the first position omnce. The ;emaining orders were such that the effects
of verbal laﬁelling on subsequent tasks could most closely be examined.
That is, conditions C1 and C2 (L.e. A-V followed by A-T followed by

V-T; and A-T followed by A-V followed by V-T) involved a complete

COunterbalancing of the auditory—visual and auditory-tactual components,'

for examining trausfer effects from training in each of these pairs

on a subsequent commor visual-tactual matching task. Similarly, con-
ditions C2 and C3 (i.e., A-T followed by A-V followed by V-T; and V=T
followed by A~V followed by A-T) involved a similar éomparison of |
transfer effects from training .on auditory-tactual and visual-tactual

matching tasks, on a subsequent common auditory-visual matching task.
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The testing procedures for all cross-medal matching tasks
were similar to those used in the intra-modal matching tasks. That is,
appropriate verbal feedback was given on all correct responses only;‘
and a similar presentation and matching-to-sample format was also )
adoptgd.

(a) Auditory-Visual Hatc@ing. For the auditory-visual
matching task, the subject was required to match visually presented
choice stimuli to auditorily presented samﬁie stimuli. Thus, an
auditory stimulus_ga pseudo-word) was presented via a portable cassette
tape recordqr, and repeated until the subjec; responded by selecting one.
of two choice stimuli. As with the auditory-auditory matching task,
the inter-stimulus gap was one second. The subject was required to
point to the choice stim;lds corresponding tco the auditory sample.

.AS in session one, a two;choice stimulus array was used, with -forms

being suspended on the display tray; these were presented simultaneously
with the auditory sample stimulus. As in all tasks, an inter-trial inter-
val of approximately five seconds was used, with the subject being
permitted only one response pér trial. Furthermore, in spite of the
"repeated" auditory stimulus within each trial, every trial consisted

of the sampie stimulus presentation, the subject's response to this
repeated sample stimulus, and the subsequent verbal feedback (on cor-
rect responses) provided by the examiner.

(b) Auditory-Tactual Matchipg;“ The subject was required
to match tactually presented choice stimuli to auditorily presented

sample stimulil. As in the above auditory-visual matching condition,
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the'gubject was presgented with a tape recording of a pseuao-word

(e.g. "Wug"), while seated at a table and facing the raised wooden
tray/box hbusing the ;hoice stimuii. During all trials, the subjec£'s
hands weré inside the designated slots at the base of the raised

wooden tray/box, with one hand in each slot:‘follo ﬁfﬁéyaSSpmptiop

of this positiom, two wpodeﬁ choice stimuli were in Adnced - one

, —

under each kand, while the verbal’stimulus was simuz§2320usly presented.
Thefword was repeated twi;e, or until the subjecﬁ reépon ed by holding

up the.taétually presented choice object. (novel form). At no time was

a subject permitted to look inside the slots to visually examine the
choice objectst The subject was required teo feel the forms while 1i;ten—
ing to the auditorily presented sample stimulus. All subjects were
instructed to respond by holding up the choice form corresponding to

the sawple stimulus. The verbally preseated pseudo-words, and the position .
.of the "correct choice scimulusﬂ,wére determined randomly, similar to the ?&
within;modal matching tasks, witﬁ-each word being presented once for each
block of eight trials, and no wor_d being presented over two su;:cessive }
trials. As for all matching tasks, the ériterion for complethn\gas.lﬁ
consecutively correct trials (i.e., two comsecutively correct matchings
fbr each of the eigﬁf auditory-tactual pairingé).:

(c¢) Visual-Tactual Matching: During the visual-tactual v

matching task, the subject was presented with a novel’

. ” - .
L - . ' i
/o > &
>
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tactuaiiy) as a sign that he/she was ;ttending to it. Upon touching

thé s;mple stimulus lightly, the subject was required to insert his/
her hands into the slozé at thé base of éhe wooden tray/box, and to
feel the two choice stimuli therein. Tﬁe subject was required to feél
the two cﬁoice stimuli, one in e€ach hand, and indicate his/her response
(selection) by hq;ding up the choice stimulus (inside the box) corres-
ponding to the sample Suspended on ‘the front of the apparatus. The

two choice stimuli were thus presented simultaﬁeously with the visual
'sample stimulﬁs. Furthermore, the two choice stimuli were placed inl
side the_apparatué, and therefore mot visible to the subject. The above

.

proceduré allowed the subject to tactually explore the choice stimuli

while simultaneou;y being able to visually examine the sample stimulus. -
For all trials, the éubject was pérmitted only one ré%pgnse._
An inter-trial interval of approxiﬁhtely five seconds was used fo?nﬁll
conditio.r}s. Each trial consiét,ed of a sample stimulus preéentati@c?:e

éubject's_respod%e to that sample stimulus, and the subsequent verbal}

feedback provided by the examiner (on correct trials only, with no

s "
feedback being provided following incorrect responses). On correct
. ’ ]
/ .
trials, the“subsequent trial proceeded following the usual five second
inter-trial ‘interval. -
N ‘\‘/ -
o-/ ¢
' S
. . J NS
\ R



CHAPTER IIX

_ RESULTS

-

Overall Group Comparisoms. A Groups (2) x Tasks (2)

analysis of variance (ANOVA) was performed on the overall total

.

errors to criterion. The mean number of errors to criterion. for

all tasks (intra-medal and inter-modal) performed by the moderate

: ané\mildly retarded groups were 10.5 and 4.7 respectively. The

Group effects, F (1, 58) = 126.1, p < .01, indicate that as the
level of intellectual functioning of the subjects within these
groups decreased from mild to moderéte (from two standard deviations
below the norm to th?ee standard deviationé below the norm), the
mean number of errors increased. The sﬁmma:y for this ANOVA is
shown in Table 2. Within this same analysis, a sigg}ficant fasks
effect was obtained, F (1, 58) = 1033.5, p < .01 . An inspection of
the means (errors to critérion) for intra-modal and inter-modal -
tasks (0.4 and 14.8 respectively), suggests that inter or croés-
modal matching tasks proved considerably more difficult than intra-
modal matching tasks. The Groups x Tasks interaction alse proved

to be é significant source of variance within the above analysis,

F (1,58) = 135.9, p < .01 . Figure 4 shows the mean number of

- errors as a function of the intellectual level of functicning

(Groups) for ingra and inter-modal matching tasks. This Groups x

Tasks interaction qualifies the main effects due to the Groups

I
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Mean Number of Errors
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A=A Mean number of errors
by mild m.r. groups

29- o=0 Mean number of errors
by moderate m.r. groups

18-
165
14-
12+

10-
(9.2)

; (0.64)

Intra Inter
Tasks
Fig. 4. Mean number of errors for intra and gnter
modal matching tasks as a function of moderate and_mi%ﬂ\iizi?s

of intellectual functMoning. ST

i



" functioning decreases from mild to moderate across grou
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-

-~

and Tasks sources of variance. This interaction Suggests'that the
-~ .

effect of intellectual level of functioning upon a subject's per-

.'ferﬁance, is not the same within intra and inter-modal matching tasks.

f
An inspection of Figure 4 suggests that the moderate ane/g;ld1§/retarded

gIroups performed similarly on the intra-modal tasks, but that on the
P

inter-modal tasks, the moderately retarded group performed signif-

icantly poorer. ; . .

<
Intra-Modal Matching Comparisoms. A Groups (2) x Tasks (3)

A

analysis of variance Ges carried out on the total errers to criterion ®
for all intra-modal matching tasks across moderate and mild levels

of intellectual functioning (GrOups) The summary for this ANOVA

is shown in Table 3. The mean numberuof errors to crit’rion for the
moderate and mildly retarded groups within the intra-modal matching
tasks were .64 and .06 respectively. Comsistent with the above over-
all group comparisons, the Groupe effects for intra-modal comparisons,
F (1, 58) = 14.2, p < .01, suggest that as the level of intellectual

, the mean

number of errors to criterion incregges significantly.

!

A comparison of the mean (erre;s'to cri eriou)uforrche .

g

threé\intra—modal matching tasks (yvisual-visual = .02} auditory-

1 A transformation ( Y X + 1 ) of the raw data for intra-modal tasks

was carried out due to skewed distributionms resulting from the predominance
of 0 error score. The F ratios from a Groups {2) x Tasks (3) ANOVA carried
out on the transformed data were essentially the~same as those for raw
scores; hence, all further analyses were carried out on raw scores only.

-
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auditory = .16; and tactual-tactual = .S?) for all subjects, was
carried out, suggesting that the source of rariance representing the

difference between these means yielded a significant Tasks effect,

F (2, 116) = 12,7, p < .01 . This difference due to Tasks, nnd the
'significant main effect dne to the Groups (moderate vs mild retard-
ation) source of variance, are qualified by the significant Croups x *
- Tasks interaction, F (2, 116) = 7.9, p < .0l. This interaction suggests
that the effects of intellectual functioning are not the same across
the three intra-modal tasks. An inspection of the means suggests

that this interaction resulted from the great difficulty experienced

-

with the tactual~tactual problems, particularly by the moderately

retarded group.
A comparison of the mean errors for~the visual-visual,
- " R .

auvditory-auditory, and tactual-tactual intra-modal tasks across’
moderate and wild“levels of retardation was carried out using the
5nhq§n's Multiple Range Test. All comparisons of the highest mean
for total errcrs (1.6 for the tactual—tactual matching task by
moderately retarded subjects) with other means were found to yield _ (//
significant differences (p < .01). None of the remaining comparisons

of means ylelded significant differences (p > .05). These results
would‘indicate-that the tactual-tactual matching task for the mod-

erntely retarded parficipants was the most difficult as measured by

tqtal errors to criterion; none of the remaining'tasks‘differed in
- terms of difficul.ty as measured by tq_tai errors to criterion.

Inter-Modal Matching Comparisons. A Groups (2) x Order (3)




&

analysis of variance was performed for.the total errors 2 to criterion
for all inter-modal matching tasks. There was a éignificant main
effect for Groups, F (1, 36) = 10.3, p < .01 . The'means (mean number
of efrors) for the moderate and mildly retarded groups were 20.3

and 9.2 respectively. Within the above ANOVA, =a significant Order
effect was also obtained, f (2, 36) = 3.4, p < .05. An inspection

of the means (errors to criterion) for Order conditionq~(12.8, 15.9,
and 15.5 for Cl’ CZ’ and C3 respectively), suggests that the three
orders varied in difficulty, with condition C1 resulting in the

fewest number of errors.

The remaining comparisogs that might be dome by including

a Tasks factor in the-above analysis of variance are inappropriate
because of the incomplete counterbalahcing of tasks within Orders
of Presentation for inter-modal tasks! Since a limited number of

sultable participants were available for the study, an incomplete
. .

counterbalancing(ﬁgiig? was incorpgfated to examine only those cross-
-

modal.orders of {nterest to the present study. However, in order to

-

make a varfety of other comparisons, Levene's Test for Homogeneity

s carried out! to insure that the sample variande of

the three grders selected, did not differ marked

from\equality. Table 4 conta¥ys a s Ty Jf the Levene Test.

2 sepétate Croups (2) x Ordep (3) OVA was also carried out on the
trials tS‘las; error for all™int adal matching tasks. These results
were found to correlate very highly with those for errors. Herce, the
results for errors will be presented throughout this study.

—_
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i
It was possible to compare'the relative difficulty of the
three inter-modal tasks fg;leach intellectually impaired group by_
an analysis of Problem rjgg¥formance, which was not iﬁfluénced by
Order effects. Thus, a Groups (25 x Tasks (3) analysis of variance
was carried out to compare the three c¢ross—modal tasks (A-V, A-T,
and V-T) wheq each?was-gifsenteq as Task or Problem 1, across the
moderate and mild levels of~functiouing. The mean number of errors
for fhe moderate and mildly retarded groups was 37.2 and 17;7 respect-
ively. The significant Groups effect, F (1, 54) = 147.5,‘p < .01,
: »
shows that the source of varilance representing the difference between %
the group means was significant. These results are consistent with

all similar comparisons of moderate and mildly retarded groups within

the present study. The summary for the above ANOVA is shown in Table

'5. Within this ANOVA, a significant Tasks effect, F (2, 54)%= 221.4,

p < .01, was also obtained. The significant main effects for Tasks, -

[y

suggests that the three crosstmodal matching tasks used (A-V, A-T, ' -

and V-T), differed significapnfly from each other in terms of diff-

" iculty measured by total errors. A visual Inspection of the means

for these tasks‘would suggest that the auditory-tactual matching
task was the most difficult of the three taskéf\A Groups x Tasks
interaction within the above analysis was also found to be signif- N
icant, F (2, 54) = 16.4, p < .01, Figure 5 shows the mean number of |

errors for the cross-modal t cross moderate and mild levels of

retardation. This Groups x Tasks interaction qualifies the main effects

due to each of these variables. inspection of the means (errors
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60+
. - (57.5) A-A_Me%? number of errors
55 = for- mild m.r. groups
_ 0—0 Mean number of errors

504 for moderate m.r. groups
: (46.7) -
45+ 7

40

354

30+ -

-2
25+
(22.7)

204

15+

10~ -

) (7.43

5+ .
0 (0.7)
T ) | . 1
A=V A-T U v-T

Tasks

Fig. 5. Mean number of errors for cross-modal (
matching tasks as a function of moderate and mild levels
oﬁ(mental retardation.
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to criterion)lfor tgé‘three cros;-modal matching tasks across éhe

mild and moderate levels of functioning suggest that the effects of
intellectual level of functioning are not the same across the three
tasks (A~V, A-T, and V-T). This inspection would ‘suggest that the
particular ease of the V-T matching task for both groups was primarily

e

responsible for this interactionm.
To determine differences between means, a Duncansg Mﬁltiple
Range Test was carrieé ouf on the means for all 1nitial tasks (A-V,
\\"\a,:f-T’ and V-T) for moderate.an& mild levels of functioning. These means
- "-for the A—V, A-T and V-T tasks when each of these was presented first
were: 46.7, 57.5, 7.4, 22.7, 29.9 fid 0.7 tespectively for moderate
and mild levels of retardation. All comparisons of the highest mean
for total eréors (57.5 for A-T moderafk) with other means were found )
to yield significant ‘differences (p < .05). Similarly, all comparisons
oé tasks within and across the moderaté and mildly retarded groups
" were also found to differ significantly (p < .OSj. These results

. 2
would suggest that the visual-tactual task was the easiest initi

]

-

task for both the moderate and mildly retarded groups; while the

+ -

auditory-tactual task was the most difficult £or~both?groups..c
P .

Sensory Integration and Cross-Modal Transfer. Since one

of .the purposes of the present study was to examine semsory integratiom
SN .
in terms of cross-modal transfer effects for the above or&hrs, across
levels of intellectual functioning, separate analyses of variance

" were carried out for each of the three cross-modal matching tasks.

To facilitate some of these analyses, levels of the Order of Presentation’

2B

A . | 5‘,{*'
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variable w;re collapsed from three levels (i;elg the task being

- . \ -
presented first, second, or thfrd), to two 1evel§\fi.e., the task

being presented first, as oppbs%gﬁto the task bein£\$yeceeded by
other tasks). In all cases wherein the above levels kere éollapsed,

analyses of variance for unequal cell distributions were carried out.

{(a) Visual-Tactual Analyses. A Groups (2) [x Ordér of

' R
Presentation (2) analy$is of variance was carried out for the total

er O criterion for the visual-tactual matchimg thk. The mean

number of rrors to criterion for the mildly and moder&tely retarded

groups werg 0.4 and 3.9 respectively. From Table 6 it may be seen s

-

that the sburce of variance representing the difference between the

group meahs.yieldea a significant F, F (1, 56) = 27.7, p .01 .

Within this same analysis, the means {mean number of err¢gts) for

were 4.1 and 1.2{ for the

.,v.

variance represent@ng the differehce between means,- showed
the Order of Presentation effects to be significant F (1, 56) = 12, 1,

p «'.01. Figure:6 shows the mean number of errors as a function of

- mild and moderate levels of functioning when the visual—tactual

-

matching task was presented first (V-T-1) and when it was preceeded ., .
. ‘ ] Y . :
by other tasks (V-T-P). Within Egagqgnve analysis, a significant
. L) oo
Groups x Order of Presentation interaction:was found, F jl, 56) = 8.9,

. o S - s
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Mean Numbep of Errors '
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A-A Mean number of errors
- by mild m.r. groups
0—0 Mean number of errors
by moderate m.r. groups

(2.2)

N\

vV-T-1 v-T-PF
Tasks

4
Fig. 6. Mean number of errors for the V-T task
when presented first (V-T-1) vs when preceeded by other
tasks (V-T-P), as a function of moderate and mild levels
of retardation. . 4

-
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o < .01. This interaction qualifies the main effects for the level
of functioning (Groups) and Order of Presentation sources of variance.
An inspection of Figure 6 suggests that the interaction resulted

- -

from ‘the particular ease of the second task (V-T-P).

As a result of the above Groups x Order of Presentation
iﬁteréctio , a series of t-tests were carried out to clarify the
interaction. The mean number of errors within the uﬁ%ﬁ ievel of

functiofRing for V-T-1 was 0.7; when
ta;k was pg;:;;EZ@ by other tasks (

for the mildl

1e visual-tactual matching

T-P), the mean number of errors

retarded group was 0. Tson of these means

indicates that\ they do not differ si pifi' ntly (p > .05). The mean

errors for conditions V-T-1 and V-T-P within the moderate level of
functioning were 7.4 and 2.2 respectively: A comparison of these
means using a t-test, showed them to differ significantly, t = 3.3,

df = 28, p < .0l. Similarly, 2ll comparisons of V-T-1 and V-T-P

.
acroip—iﬁzgggggtual levels of functierfing were significant, p < .05.

! .
;y The wvisual-tactual mgéhhin task was preceeded by two

different training or presentafion procedures. In condition C1

. -
(see Table 3), the visual-tdctual matching task was preceeded by
training in auditory-visual matching (A-V) followed by training

in auditory-tactual (A-T) matching. This order was reversed for

L3

condition Cz; whereinﬂfggﬂszghaldtactual (V-T) task was preceeded

Ly

by training in A-T flollowed by trafhing in A-V matching. Thus, a -

Groups -(2) x-Order gf Presentation (2) x Tasks (2) analysis of

~

- h! \
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variance was carried out on total erfors for A-V and A-

~——

PAN

tasks within Order conditions C1 and EE} for modera

retarded‘g;gizf. Of particular interest within thig analysis was

and mildly

-

the transfer og training effects for the Order of entari¢n cond-

itions €, vs C, (i.e., A=V followed by A-T v& A-T folloél y A-V)

on the common subsequent V-T matching task. From Table 7 it may be

seen that ihﬁ\gain effects for Groups, for Order of Presentation,

and for Tasks were all found ﬁo be significant; hat is, F (1, 36) =
B 126.2, p < .01; F (1, 36) = 10.5, p < .01; ;nd F (3, 36) = 1618.3,

p < .01, respectively for‘ﬁroups, Order of Presentations and Tasks
sources of variance. The Tasks x Order interaction for the above
> .
analysis was also found“No be significant, F (1, 36) = 27.8, p < .01,
L=

This Tasks x Order interac®on qualifies the main effects for the

’

// ' . Tasks and Order sources of variance, suggesting that the effects of
- a task are not the same across the two Orders of Presentation. The

above results would suggest that trangfer of training effects are

—"

not the same for Order conditionms

<

1 and C2, when the are

identical but their Order of Presentation varies. An igspection

‘of the means (52'1(323_4'9 for first and second tasks presented

to moderately retarded subjects; 267 and 0.7 for similar tasks

given to mildly retarded subjectsT\sdggésts that the interaction

resulted from the particular ease of the second task (transfer of

N
\
training). . B

\
\ -
. Since the A-V and A-T training orders were found to differ 4
. \

A
\

Tl

%ﬂ

A
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-
significantly acron conditions C1 and CZ’ a t-test was carried out

comparing the meats for the V-T task in EERQFtions C1 and Cé of the

moderately retarded)group. This test was carried out to provide infor-

-

" mation regarding transfer of training effects of different A-V, A-T

pretraining on subsequent V-T tasks. The mean number of errors for

the V-T tasks in.conditions C1 and Cz'of.the moderately retarded

group were 1.2 and 3.1 respectively. A comparison of these means

yielded a t which was not significant at the réquired probability

evel, £ = 2, df= 18, p > .05. A visual e:;amiriion of the mean

¢ ) .
errors for V-T tasks in conditions C 'ani;92 of the mildly retarded

1

group (0.3 and 0.3 respectively), shows these mean$ to be identical,

and thus indicate no difference in the amount of transfer of training

N

for conditions C; and C, of the mildly fetardeﬂ group.

(b) Auditory-Tactual Analysis. A Groups (2) x Order (2)
~

. .
analysis of varianc; for unequal cell distributions was carried out

. .
for the audit fiﬁééffgfi\(A—T) inter-modal matching task. The mean

number,éf errors to criterion for the mildly and moderately retarded

-
-

groups was .6 and 23.9 respectively. From Table 8 it ﬁgg be seen

difference between these

that the serce of variance representi

means yleldéd az significant F; thht is, F {1, 56)

137.6, p < .01. l
The Order effects within the above analysis were algo found to be '
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number of errors was 43.5. A significan%‘Groups.x Order interactio

was also reported in the above ANOVA, F (1, 36) = 37.1, p < .01:

Figure 7 shows the mean number of errors as a function of the mild
and moderate levels of inteilectual functioning, for A-T-1 and A-T-P.
A series of t-tests were conducted to clarify the source of
the above interaction. The mead number of errors to criterion within
the mild group for A-T-1 was 29.6. The mean (mean number of efrors)

for A-T-P within the mild group was l.l. A comparison of the latter

two meays, using a t-test, showed” them to differ significantly, t =

12,6, @f = 28, p < .01. Similarly, comparisons were carried out for

A-T-1 gnd A-T-P within the moderate group. The mean number of errors

orted forf T-1 and A~T-P within the moderate level of functioning
. )
(’7bere 57.5 and 7.2 respectively. A comparison of these means u\ing a
t-test showed them to differ significantly, t = 18.7, df = 28, pN¢ .01l.

All remaining comparisons of A-T-1 and A-T-P across Groups ‘flevels|

. o -
of functioning) showed the means toﬁgéffer significant%} {p < .01).

(c) Auditory-Visual Analyses. A Groups (2) x}Order (2)
analysis of variance was carried out to examiné_Order‘of Preséntation
effects across.moderate and mildly retarded groups, for the auditowy-

visual-(V—T) matching tasks. The mean number of errors for the mildly

and moderately retarded groups were 16.7 and 33.0 respectively. From

it can be seen that the Groups effects were found to be sig-

L d

=
Ri{icant, F (1, 56) = 17.7, p < .0l. Within this analysis, the mean

-

number of errors for A-V-1 and A-V~P were 34.7 and 19.9 }espectively.

" ' \

AL oy S
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4-A Mean number of errors
by mild m.r groups

0=0 Mean number of errors
by moderate M.R. groups
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' A-T-1 //R—T—P
s N

¢ ‘ . Tasks
| f )
. Fig. 7. Mean number of errors for A-T matching task®
] "when presented first. (A-T-1) as opposed to when it was preceeded
r— / , by other tasks (A-T-P), for moderate and mild levels of

\h;)} ' retardatlon
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[

™ The source of variance representing the difference between these

means yielded a ‘significant Order effect, F &, 56) = 11.6, p < .01.

]

Figure 8 p?ovides a graphic display of the mean number of errors
across the moderate and mild Groups for A-V-1 and A-V-P. The Groupij‘,
Order interaction fo? the above conditions was found to be not signif--
icant, F (1, 56) = 1.8, p > .05. As a result of this lack of signif-
icant interaction, no Eﬁz:;ér_tesgg'fo; simple effects were conduc;éﬁ‘u
with the above groups. ‘) . ~

T.he._a.bove auditory-visual task was iately preceeded b
by the A-T matching task on some occasio;s (in condition_Cz), and ’
by the V-T-matching task on other occasions (in condition C3): Thus,

a Duncan's Multiple Range test was carried out to examine and compare

the mean errors for the auditory-visual tasks in conditioms 02 and C
. S

3

across moderate and mild levels of functioning. The mean number of
errors to criterion for the auditory-visual matching tasks (A-V)

wvhen it was preceeded by the auditory-tactual (A-T) matching task,

was b.6 ard 0.8 fespectively for the.moderate and mildly retarded 4

" groups. A comparison of these means using a Duncan's Multiple Range
-

test showed them not to differ significantly at the required probability

- level (p > ,05). When the A-V matching task was preceeded .by the visual-

tactual (V-T) matching task, the mean number of errors to criterion
for the moderate and mildly retarded groups was &7.7 and 26.6 respect-

ively. A comparison of these latter means for the A-V tasks, using

a Duncan's Multiple Range ;est,ishowed them to differ significantly .

(p < .05). Similarly, all remaining comparisons of A-V tasks within

.l
.

)

W

&
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A-A Mean number of errors
. ’ by mild m.r. groups
\:;,ﬁ; 0-0 Mean number of errors
by moderate m.Tr. groups
50~ - )
‘ T (46.7)
45-
40- ’
35-
30- .
-(26.2)
25- : .
(22.7)
20-] ' i B
15-

/ ?(13:7)&

AV-1 A-y-P
.Tasks -

i Fig. 8. Mean number of. errors for the A-V matchinglr
condition when this was the first task presented (A-V-1) as ' ,f'
opposed to when it was preceeded by other tasks (ArV-P),_for'

moderate and mild levels of retardation.
. a



and across the moderate and mild levels of functioning were also

found to be significant (p < .05). The means representing ‘the errors
across the moderate and mild kevels of functioning, for the different .

Orders of Presentation {(i.e., A;¥ preceeded by A-T; A-V ;r%éeeded by

V-T), are,shown in Figure 9. N

- 4

"The above results would suggest that the A-T matching task

prodﬁced superior transfer of training effects on the shbsequént

A-V task, as compared to the V-T matching task. Furthermore, these '

resules d aPpear to be consistent across both the moderate and

mild leveds of functioning.

-

(d) Overall Transfer. To compare overall transfer effects

ACTOSS lgvéls of‘functioning for the three Orders of Presentation

used in the present st;dx (Cl, C2’ and C3)? a final Groups (2) x

Order of Presentatiom (3) analysis of variance was carried out;:The
mean number of errors for the final tasks in co%ditions Cl; sz and

C3 across all levels of fu;::;?ping were: &;8: 1.7, §nd“5.4 resPeéF_
ively. From Table 10 it may be seenq}hat a comparisoi 5?iggg§e méaﬁs
suggests the source of variante representing the difference

betweery these means yielded a significant é, F (2, 54) = 15.9, p < .dl.

Furthermore, as in all previous analyses, the source of variance
. 4

representing thé difference between Group means, was significant,
&

F (1, S4) = 29.3, p < .0l. The significant Groups x Order of Pres-
' entation interaction within this -amalysis, F (2, S&f‘= 8.3, p < .05,

4 [}

however, qualifies- all main effects. Thus, t-tests were carried out

to compare individual Group means within each of the moderate and

‘7
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mild group

W,

Q
moderate group
~
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50-
)
45 _ : 47.7 .
@ 40-
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Fig? 9. Mean number of errors for the!A-V matching
task when this was preceeded by the A-T matching task as
oppoged to when 1t was preceeded by the V-T matching task,
for goderate and mild levels of retardation.
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mi}d levels of functioning.

The'heag number of errors for the final tasks®within the
moderate level of functioning were: l.;,‘B.l, and 9.2_for conditions
Cl’ C2, and C3 respecpively.lA,comparison of the mean number of errors
fér the final tasks in conditions C1 and C3 (3.1 and 9.2) yieldeﬁ a
significant dif'ference, t = 3.2, df = 18, p < .05). All remaining
comparisons were not significant at the required level of probability
(p > .05). §imilarly,.all comparisons of the final tasks within the
mild range of functioning were found-sp yield t scores which were.
not significant at the reqﬁired probability level (p > .05).'Thesé\\
latter results would suggest that all Orders of Presentation wi£hin/ﬁ
the mild range, §ielded similar amounts of transfer to final tasks,
-whereas 'in the moderate range, the C3 condition resulted in the least

overall transfer to the final task; conditions C, and C, producing

1

similar transfer of training effects.
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) \\ CHAPTER IV

. . DISCUSSION®

The major purposes of the present study were: (a) to examine

the - relationship between intellettual level ofWfunctioning, and sensory

-+ integration abilities of moderate and mildly retarded adults; (b} to

¢larify the role of intra-modal integration in the overall sensory, integ-

%

ration process; (c) to compare modality discriminat135 and matching

-

abilities within and across selected levels of intell
and specific to the three sensory modalities used - i.e., information
presented visually, auditorily 3, and tactually; (d) to expand on the

role of verbal labelling in the cross-modal transfer of sensory informacion.

(a) Leved of Functioning and Senscry Integration

The present study is unique in that it proQides a comparison
of sensory integration skills acros; levels %f intellectual functianing.
Prior studies have chosen to focus on compariseons of normal and sénsory
or developmentally impaired groups. The groups of developmentally handi-
capped subjects of these prior.studies have usually consisted of subjects
combined across several levels of functioning (retardation). "

The results of the present study.suggest that intellectual

level of functioning greatly affects the ability of the adult subject

-_
N

h!

3 The auditory task in the current study was more heavily weighted ve%bally
an in other studies (e.g., Hermelin and O'Connor, 1971; Jarman, 1979),

in the auditory stimuli used were sounds or tonesy In the present

, the auditory task could be viewed largely as a vérbal conditiofi,

J ' ,
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- all across intra 4nd inter-modal tasks, than their moderately retarded

~"groups (af/ééll as mildly retarded subjects) mastered al

/
N .

e

f/ . : b
to perform_both in:ra-modalﬁagg/intér-modal matching tasks. That is,

- N

mildly retarded subjects recorded significantly fewer errors over-

coufggzgg{ts. Nevertheless, in spite of requiring more trials to

attain cfiterion performance, all subjects in the moderately retarded
3\

recelved. These latter results would appear to support_
mental Lag Theory as outlined by Clarke and Clarke (1975 and by
Zigler (1969). '

The Developmental Lag Theory suggests that cogniti;e devel-
opment in the mentally retarded person, is characterized by a slower
progfession through the same sequences of cognitive stages as the
normal or h%gher functioning individ;al, but by fewer units to
maximuﬁ:development. Thus, one would expect that the performance
of the moderately and mildly retarded subjects should varf:markedly
only with respect to this "slower progressiqn" or more trials and
errors to criéerion. The above results also appear to égpport the
findings of Zeaman and House (1963; 1979) wherein the difference
between the higher and lower functioning subject samples, was seen
in the number of trials required before iﬁprovement in‘performénce
(number of correct responses) began. Zeaman and House (1963) attrib-
ute thelr findings to an attentional deficit which appears to become
more pronounced across lowered levels of intellectual and cognitive

development. They suggest that retarded persons are not focusing on

the relevant stimulus dimensions. Well, Lorch and Anderson (1980)
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‘ have chosen to view this attentional issue in terms of distractability.

They suggest from their findings that this distractability is related

to cognitive development. Thus, it would ébpear that the'DevelopmentaI

Lag Theary, and the Attentional Theories are in many ways compatible,

in that each suggests that in the development of the retarded person,
-5(\_1 - .

as in normal development, the.individual must learn to attend to the

relevant stimulus dimensions.

Due to the varying sénsory nature of the stimulus‘ﬁiménsions
in the present study (aud£tory stimuli; visual stimuli, and tactual
stimuli), it was imperative that the subjects were- able to'selgct
and attend to the relevant stimulus dim;naidns across the different
sensory modélities. However, since the reported difference between
the moderafe and mildly retarded groups in the present study appearéd
most spééific to the tacgéal modality, it would appea; that attention
to the relevant stimulus éimensidns was most impaired during the

tactual matching tasks. These results would support Jarman's (19791/

\

hypothesis that sensory integration may be viewed as "modality

specific” in early develcpmental years ~ 1.e., each sensory modality

¥‘~—a\&i:ing erarate qualities and capabilities, with cognitive development

: Fﬁi@bk a process of increasing intersensory organization. Jarman (1979)

~

~3

~

suggests that this integration of information changes to a 'non-
modal" processing at a later point (approximately 7 vyears of age),
as part of a co;;itive - developmental shift.

A breakdown "of the variance (total errors to criterion for .

moderately and miidly retarded groups) in terms of intra and inter-
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modal comparisons, as well as a further breakdown in teérms of
separate sensory modalities involved, appear to provide some explan-
ation for the large differences in the performances of the moderate

and mildly retarded adult suﬁject samples.

(b) The Role of Intra-Modal Matching in Sensory Integration

All subjects within the present study were required to
master all intra-modal matching tasks to a criterion of 16 consec-
utively correct responses. This was done both to examine intra-
modal integration of sensory information, but alsc to examine inter-
modal performance once all subjects had been equated on intra-modal
tasks. It‘was hypothesized in.Chapter I that because of the nature.
of the présent tasks, and the levels of functioning and chronoclog-
ical ages of the subjects, no difference should be reported in the
performance of the moderate and mildly retarded subjects on the
inFra—modal tasks. The results, however do not support this null
hypothesis. Upon closer examination §f the results, it would appear
that the difference in the performanées of the moderate and mildly
|fetarded subjects within-intra-modal tasks, is due to the extreme
difficuity experienced bg the moderately reEarded subjects on the
tactual—tactuai.matching Qask. These results reflect similar results
reported by Jones, and Robinson (1973), by Bryant and Raz (1975);
and by Zung (1971). "

Milner and Bryant (1970) had suggested that the developmental

increases in the accuracy of subjects' cross—modal performance must
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be attributable to intra-modai discriminations rather than to altered
inter-sensory relations aleone. The results of the‘bresent study,
however, do not support the hypothesis by Milner and Bryant (1570).'
The presént results suggestﬁthat even after all subjects are equated
in terms of their performance on intra-modal matching tasks, moderaté
and mildly ret;rded subjects continued to differ very significantly
in their performance on cross-modal matching tasks. These results
would. suggest that cross-modal relations remain to be learned in
addition to, if not independent of intra-modal relations. This latter
hypothesis would appear to receive considerable sgupport from the
results of the study by Jones and Robinson (1973).

In the Jones and Robinson (1973) study, the Age x Modality
interaction suggests that the developmental gaing in intersensory
integration were made by the subjects, unrelated to intra-modal
discriminations. This would thus suggest that intra-modal and inter-
modal integration'of information ;ppears to involve seperate processes.
That 1s, intra-modal learning appears to involve the mastery and
utilization of concepts such as "the same as" and "‘different from";
it involves equivalence judgements. and thus basic discrimination
skills on a single modality or sensory level. Inter-modal integration
involves the above processes, but also the ability bf the individual
to equate or associate information across modalities -.i.e., info-
rmation not involving identical units or elements of information.

The establishment of these processes appears to relate to_cognitive

1
development (Abravanel, 1968: DPavidson, Pine, Wiles-Kettemmann and



94

Appelle, 1980). One explanation therefore, for the apparent discrep-
ancies between the Milner and Bryant (1970) study, and the present
study, would be that the subjects in the Milner and Bryént (1970)

+

study ranged in ages from 5 years to 7 years; whereas the subjects
in the presgnt study were all adults with estimated mental ages of 8
to 12 years. Thus, it might be suggested that for the 5 to 7 year age
group, most developmental changes occur in the intra-modal relations:
In the 8 to 12 year group, however, most intra-modal relations are
eétablished, and inter;modal relations remain most outstanding.

This above hypothesis would be very consistent with the
cognitive — developmental shift period proposed by White (1963).
In this latter shift period (from ages 5 to 7 years), information .
processing shif&s from being modality speéific (i.e., intersensory
organization consisting of separate qualities and capabilities for
each sensory modality) to being noa-modal spedific {(i.e., all modalities
processing information with similar capabilities, and with language
serving to integrate them). This "shift" concept is also supported
by the work of Jarman (1979) described earlier. The performance of
the moderate and mildly retarded subjects in the present study
reflect this latter shift; that is, intra-modal or modality specific
relations appear well established, and resulted in significantly
fewer errors and trials to criterion, than the matching tasks
requiring the establishment of inter-modal relations. These results

would also be consistent with the normal developmental trend des-

cribed by Abravanel (1968) and McCGhie (1970), which suggest that a
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+
great deal of intersensory organization begins to develop betweeﬁ
the ages of 3 to 7 years, and reaches full maturlty only by 11

-

years of age ( Birch and Lefford, 1967).

(¢) Sensory Modalities - A Comparison and Analysis

Tasks requiring the processing of information within and
across three sensory modalities were used in the present study.
- These modalities were the auditory, wvisual and tactual sensory
modalities. From the results of the present study, it would appear
that the source of variance representing the 'different sensory
modalities, produced a significant effect on the dependent measures
used (i.e., total errors and trials to criterion). That is, consis-
tant with earlier studies by Jones and ﬁobihson (1973), Byrant and
Raz (1975}, and Davidson, Cambardella, Stenerson and Carney (1974),
tasks involving tactual matching were considerably more difficult
than auditory or visual matching tasks = particularly for the mod-
erately retarded subjects. Most moderately retarded sngects had
to be verbally prompted; h;wever their explorations seemed to be
meaningless during the inifial trials. That 1s, the motions of ex-
ploration were present, but appeared to be largely random motions.
Furthermore, for most moderately retarded subjects, iﬁ spite of
earlier tactual-tactual training (matching), the s@bjects seemed
to require several trials before they began to utilize this, tactual oy
information on the inter or cross-modal matching trials. These resuifgf

would appear to reflect a "learning - to - learn" phase, not unlike
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that proposed by Zeaman and House (1863), or Lovaas, Kéegel :ﬁd
Schreibman (1979). Ig was suggested above, however, that the presenz‘
resulté reflect a sensory specific lag ratherlthan a "general"
-attentional deficit proposed’ by Zeaman and House.(1963?. or a
dimension selection deficit discussed by Lovaas, Koegel and’ Schreibman
(l§79). That is, the rgsults of ﬁhe intrafmodal matching tasks
within the present study, appear to refléct poor sensory (tactual)
development, and thus a regsulting impairqént or lag in the subjectsn
attention ko relevant tactual stimulus dimen%ions. This latger
attentional-specific model is suggested in place;of the Zeaman and
House (1963) general attentiomal deficit, since a&L subjects com—
pleted all no;-tactua; intra-modal tasks with very few errors.

An éxamina:ion of the- performance 0f the moderately retarded
subjects, shows that on the intra-modal matching tasks, their tact-
ual -tactual mafcﬁing prerformance differed significantly from their o
performance on.the visual-visual or auditory-equivalence matching
tasks, in terms of toéal errors to criterion. The above observations
regarding the tactual exploration by the moderately retarded subjects,
algng with the fact that all trials involved simultaneous batching,
and thus little or no memory component, lends strong support to the
hypothesis that poor performances by subjects on the intra-modal,
tactual matching task, stems from either poor discrimination of
tactual information and/or poor tactual inputting, rather than un-
stable tactual memory as suggested by Davidson, Cambardella. Stenerson,

and Carney (1974). These resubts would thus support earlier studies
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by Bryant and Raz‘(l975), Smith and Tunick (1969), and by Zung (197l).
These studies interpret tﬁeir ?iudlngs regarding the tactual matching
tasks, as steming from poor ractual diécrimination Jones and Robinson
(1973) offer a similar explanation, choosing however to refer to the -
poor tactual performance as steming froh poor tactual inputting, Thé
fact that the mildly retarded subjects experienced no particular
difficulty with“the tactual-tactual matching task as compared with
other intra-modalvmatching tasks, suggests ghat the'tfc:ual discrim-
ination skills may be related to the level of cognitive development

. —

of the individual.

| The abo;e results would support the ea;lier work of Baumeister
(1967) who suggested that as mental deficieﬁcfrbecomes more severe,
one can expect a proéressiv terioration of many normal motor
skills. Thus, the taétual npﬁtting theory of Jones and Robinson
(1973) would appear particularly relevant, in light of the apparent
deterioration of motor skills, proposed.by Baumeister (1967} and

l supported by the results of the present study. Thus, motor skills

\\‘developmeut appears to be of particular importance to sensory -
integration, particularly with respect to the procgssing of tactual
information. Jones (1972) has suggested that sensory integration
depends on neurocanatomical links between the different 8ensory areas
via the motor cortex. Furthermore, Baumeister, Hawkins and Holland
(1966) have suggested that in spite of 'a progressive deterioration

of many normal motor skills across lower levels of mental retardation,

for many of these skills, practice improves performance dramatically.
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This trend is reflected in tactual components of tasks used in the

present study, and the tactual discriﬁination skills of the subjects,
particularly the moderately retarded subjects pﬁrticipating in the '
study. The performance of thgrmoderately retarded subjects on the
tactual (motor) tasks was initiall;'very poor, but improwved with

practige. Althodgh the Othﬁi tagsks followed this same trend, the

tactual tasks involving manual exploration and subsequent discrim-

-

inations, appeared to provide significantly greater difficulty, as
reflected in both the trials and errors to criterion, but also by
the-overt problem solving behavior of these subjects. That.is, the
moderately retarded subjects were not able to utilize this tactual : -
information as readily as Fheir nildly retarded countérparts, exper—
iencing some apparent confusion witﬁ'ft. However, similar to the - "
Baumeister, Haukins and Holland (}966) results, the subjects iq‘the
present study demonstrated the same ability to acquire this motor

) skill (tactual exploration and discrimination) with practice.

(d) Senmsory Modalities and Cross-Modal “Matching

An examination of the results for both the moderate and

mildly retarded subjects on intér or cross-mo?al matching tasks
invelving a tactual component, sth a trend similar to that described
above. That i3, on thé visuai-tactual matching task, the mildlyl
retarded subjects appeared to experieﬁce no particular difficulty
with this matchiﬁé; regardless of whether the visual-tactual task

was presented first, or was preceeded by other matching tasks. In
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‘both conditions, visual-tactual matching was very easy for the mildiy
" retarded subjects. For the moderately retarded subjeets, however,
a significant difference in the number of errors to criterion was
reported, when the wvisual-tactual matcping ta§£ was presented firsc,
as opposed to when it was preceeded by other matching tasks. Thus,
the moderately fetarded subjects continued to experience difficulty
with the utilization Lf'tactual inf%rmation during the visual-tact-
ual cross-modal éatching és they did for the tactual-~tactual int;Q-
wmodal matching: witﬁ tﬁig difficulty being particularly great when
the visual-tactual matching task was presented firét. These results
would appear to pe consistent with tﬁe above intra-modal matching
test‘results in suggesting a particularly'ﬁﬁngthy learning-to-
learn_phase for the moderately retarded subjects in the discrimin-
at;on of tactual information (as compared to the performance of the
mildly retarded subjects on the same task). As with the tactual-
tactual intr#-modal matching task, the visuél-tactual cross-modal
matching task placed very little memory demands on the individual,
siﬁce_dll ;r;als involved the simultaneous presentation of saﬁple
and choice stimuli,

Of particular interest during the visuél—tactual matching
task, was the behavior of the moderately retarded subjects. The o
moderately retarded subjects tended to clese their eyes followi;;
the visual./examination of the sample stimulus, and during the tact-

P >

ual e%plofation of the choice stimuli. it_would appear from thisg
T~ ‘ .- - A

behavior that the subjects were experiencing considerable visual

T
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interf;rence during the matching; to the point where they were
unable to pe;form both visual énd tactual examinations simultaneously.
This hypothesis was further reinforced by the initial behavior of

: -
most moderately retarded subjects who made-several‘attempts during
the first eight trials to visually see the hidden ghdice (tactual)
stimuli. In spité of tactually exploring the choice’ stimuli, the
moderately retarded subjects‘abpeared frustrated on these initial
trlals, at being able to see the sample stimulus, but apparently
being unable to process or use the tactual information from the
choice stimuli. This behavior and hypothesis would §é‘consistent
with Jones and Robimson's (1973) interpreration of their subjects’'
poor performance on their tactual matching tasks. Jones-and Robin;on
(1973) attribute the poor performance of both the retarded and che
pon-retarded subject samples within their study, to poor tactual
inputting. It would appear from the present study that this poor
tactugl inputting may have been as a result of visual interference,
since most moderately retarded sgbjects utilized an eye-closing
strategy to successfully perform the vigual-tactual matching task.-
That is, it ﬁan be argued from this data, that the visual interfer-
ence was inhibiting sensory input a?'the tactual level, and that
once this interference was reﬁoved'(by cloéing one's eyes), the
subject became able to focus on the mental images of the sample
stimulus, and the tactual information from the cholce stimuli, and
ian this way'procéed with the required discrim?;ations and subsequent

cross-modal associations. This latter explanation is reported by

=

A ]

&
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Rose, Blank and-s?iagér (1975} and by 0'Connor and Hermelin (1978).

. Rose, Blank and Bridger (1975) discuss the retention of
visual informétion in terms of "visual images". They suggest that
the subject forms images of the visually presented stimuli. This
hypothesis would appear consistent with the behavier displa&ed by
the modérately retarded subjects in the preseni study - 1.e., closing
their eyes following the visual edamination of the sample stimulus,

and attempting to focus on this "image” that Rose, Blank and Bridger

9=(1975) discuss, while exploring the tactually*ﬁreseuted choice stimuli.

Rose, Blgnk and Bridger (1975) go on to discuss their results which

suggest that this "visual image" may be incomplete in some way, and

therefore only sufficien; when matching Qithin the original ?odality .

is required (e.g., visual-visual matching). Therefore, when the

stimulus is re-presented in.a different podality (e.g. from 2 vis-

ual sample to tactual choices), the image would be incomplete and

insufficient for a match, thus providing some of the frustrated

behavior exhibited (e.g. attempting to look in the apparatus' slots K

to see the tactual stimuli) during the tactual cross-modal matching. \
O'Connor and Hergeiin (1978) suggest. that : (a) sensory

codes determine the manner in which data is structured; and (b) the

processing modality might not be the same as the stimulus modality.

Thus, in the present study, it can be argued that although the stim-

ulus modality was touch, the subjects attempted to re-code this info-

rmation via mental (visual) images representing the tactual information,

thus facilitating the proceséiné of the information through the recoded
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and better established modality.

(e) Transfer Effects Across Sensory Modalities

It would appear from the present study, that not only is tact- ;
ual inputting particularly poor within the moderately retarded participants,
but that the storage of tactual information appears to be 5usceptiblT;:2\\
Jvery rapid decay. This can be_seen from the poor performance of the mod-~ “_—__
erately retarded subjects on the_visual-tactual matching task, when th{s
was the first cross-modal matching task provided, and was thus presenfed
within 24 hours of the tactual-tactual intra-modal matching task. This
hypothesis is further reinforced by the data from the drders 6f Presentgtion
q and C2 for both the moderate and mildly retarded groups. These results
would support the hypothesis suggesting that the storage of tactual information
is subject to rapid decay, since transfer was greatest in the visual-tactual
matching task most <losely preceded by a tactual matching task. These results
would also lend support to the hypotheses proposed by Davidsdn, Cambardella,
Stenerson gnd Carney (1974), by Posner (19%67), and by Rose, Blank and
Bridger (1975), which sugéest that tactual retention of information is
often very poor, especially when compared to the retention of visual or
auditory information. Thus, it would appear that tactual information
presents several difficulties for the moderately retarded pérson, both
iﬁ terms of inputting and in terms of memory or storage for later utilization
or inteération. The_perforéance of the mildly retarded subjects on the

tactual-tactual and visual-visual matching tasks also lends further support

to the hypothesis that tactual development is related to cognitive development.



~N

103

The above results regarding Subjects’ performances’on the -
. /

& : .
ditory-tactual matdhing tasks also reflect the transfer of inform—

-

ation acress matching tysks. Tﬁat is, both moderate and mildly retarded
subjects éppeared to be utilizing information received in the "preceding"
tasks, to carry out auditory-tactoa (A-T-P) matching, with very few
errors to criterion. These results would be consistent with those
reported by Sidman and Cresson (1973), wherein learned equivalenceé
of spoken (dictated) words to pictures and to printed words transferred
to the purely visual equivalences oflprinted words to pictures.

The effects of Fhe third cross-modal matching task, the auditory-
visual matching task, we¥e also examined across all conditions for mod-

erate and mildly retarded groups. An examination of this data reveals

g

that the subjects in both groups (mild and mgdqrately retarded) experienced
considerably greater-difficulty with the aud%"ry-visual matching task
.when this task was preceded by the visual-tactual matching task as

opposed to the'auditory—tactual matching task. That is, the presentation

" of the auditory-tactual maééhing task resulted iu\iggnificantly greater

rransfer effects to the subsequent auditory-visual matching task, than

/
]

the preéentation of the visual-tactual task onmchié\same auditory-visual
trask. These results would_sdpport earlier %i;dings of Conroy (1978),
Ettinger (1968) and O'Connor and Hermelin (1963), where it was reported
that thé vse of verbal labels greatly enhanced the transfer of ingormation
across tasks. Presumably, these labels serve as internally generated cues

for the reconstruction of visual and tactual information {Brown, 1974;

Conroy, 1978). It would appear from these results of the present studw,

»
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that inforﬁation encoded verbally (in verbal or échiic mehory) is
recalled better, and thus results in superier transfer, than information
which is encodéd tactually or visually. These results would furthef b
support the hypotheses proposed by Davidson, Cambérdella, Stenerson
and Carney (1974), and by Posner (1967) which suggest that tactual
retentidﬁﬁé% information i; often éitremely poor in comparison to
‘the retention of visual or auditory information. The present results
would also support earlier findings by Conrad {1972) which suggest
_that visually presented information must be encoded.auditorily in
shopt term memory before it can be used by the individu;l. Thus, in = \\\\‘
the present study, the auditory-tactual matchihg task lea to superior ‘
transfer on the subsequent auditory-visual matching task, since the
subjects were able to‘make use of common verbal labels or'cgggﬁ
learned in the prgceding (auditory-tactual) matching task. In the -
visual-tactual matching task, however, the subjects were required
to re-code the visually presented information auditorily during the
matching task; and they were required to make use of this recoded
information on the subsequent auditory-visual matching ﬁask.

It was hypothesized earlier, that no differerice would be
found in the overall transfer effects across Easks for the moderate

and mildly retarded groups, as measured by total errors to criterion

on the final tasks. This hypothesis of "no difference” was not supported.
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by the present results. It was found that the mildly Efgé}ded sub~
jects consistently made better use of previous training in transfér-
ring learned equivalenceé to the final tasks. Consistent with Hebb's
(}948) ﬁypoﬁhesis of‘maxim&m benefit of transfer being a function of.
early development, all subjects did digplay excellent transfer of
frgining effects;qwith correct responding on.the initial eight trials
for ;anh of the final tasks ranging from 702 to 100%Z. Task complexity,
the major variable described by Hebb (1948) to effect tramsfer,
appearéd to be at the basis of the above differenée in the perform-
ance of the moderate and mildly retarded subjects; That is, the
above difference between the groups appeared to be most directly
attributable to the poor performance of the moderately retarded
subjects bn cZe final auditory-tactual matching task, wherein the
mean number of errors to criterion was 9.2, significantly higher
,/éhan all other mean errors for fimal tasks. It would appear therefore,
that in spite of che:verbal labels available, the addition of the
tactual informatioﬁ resulted in a "confusion' effect, as compared
‘with the visual information which seemed to compliment and enhance
the effectiveness of the verbal information (labels).

The above cross-modal confusion was experienced largély by
the moderately retﬁrded group, as compared to the mildly retarded
subjects who appeared to better utiiize verbal labels. These results
would support Jarman's (1979) hypothesis suggesting that language

becomes more predominant in integrating a single type of information-

processing common to all modalities.
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Suggestions For Future kesearch

In light of the findings of the present study{ future research
in the study of sénsory integration and phé_mentally retarded, should
focus on the effects of verbal label tfalning (i.e., training in the
generation and utilization of verbal labels), and movement training.
Since a sensory lag specific to the tacrual modaiity was felt to
create an imbalance across modalities, this.appeafed to create an
apparent breakdown in the sensory integration process, as described
by Jones and Robinson (1973). Thus, attempting to bring the sensory
modalities in balance via the above pre-training, should enhance the
exchange and transfer of information across modalities. Perhaps an
initial comparison using familiar objects or stimuli would provide
a gtarting point to Se followed by training in the utilization of
verbal cues or labels, and extensive motor-training of the variety
utilized by'Ayres (1972). It would appear that these latter forms of:
training should enhance sensory integration and thus cognitive devel-
opment.

Fur;hermore. comparisons of cbgnitive-developmental deficits
and sen;ory deficits in the study of sensory integration, appear to
provide avenues for further understanding of the "re-coding” process
outlined by O'Connor and Hérmelin_(1978), and discussed herein. Thus,
future research should incorporate sensory-impaired comparison groups

(e.g., blind or hearing impaired subjects), in addition to different

levels of developmentally handicapped subjects.
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SUMMARY

The present study was carried out to examine sensory-
integration skills of moderate and mildly retarded adults. Thirty
moderate and thirty mildly retarded subjects participated in the
study. All subjects received both intra-modal and inter-modal match-
ing tasks, in an effort to compare the difficulty of each of these
types of tasks, as well as to clarify the gelatiomship between |

intra and inter-medal integration abilities; particularly with respect

‘to the role of intra-modal integration in the overall sensory

integration process. For intfa-modal matching, three tasks were
used, each specific to one sensory modality. The three matching
tasks used were: visual-visual matching, auditory-auditory matching,
and tactual-tactual matching. The presentation of thése tasks was
randomly determined, with equal numbers of subjects within each
condition. . |

For inter-modal matching conditions, three orders'ofl
presentation were uséd to examine transfer of training effect;

across the moderate and mild ranges of mental retardation. The

. role of verbal labelling and tactual discrimination were of partic-

ular interest herein. Thus, the three cross-modal matching tasks

3 seleEEéd,were: auditory-visual matching (A-V), auditory-tactual

matching (A-T), and visual-tactual matching (V-T). The three
presentation orders of Interest, subsequently selected were:

-



108

(1) A-V followed by A-T, followed by V-T; (ii) A-T, followed by
A-V, followed by V-T; and (iii) V-T, followed by A-V, followed by
A-T, |

The results of the study clearly indicated consistently -
superior performance (aslmeasuféd by both trials and errors to .-
criterion, with analyses performed ﬁn raw data as well as on the
transformed data: ¥ X+1 ) on both intra and inter-modal matching
tasks, by miidly re;arded subjects, as compared to thelr moderately
retarded counterparts. These results were discussed in terms of a
Developmental Lag Theory, as well as Jarﬁan'é (1979) and White's
(1965) models of modality specific vs non-modal processing, as this
relapes‘to a cognitive-developmental shift. That is, it is argued
along the lines of the Developmental Lag Theory, that cognitive
development in the moderately retarded person is characterized by
a slower progression through the same sequences of cognitive stages
as the mildly retarded, or higher functioning individual, but with
lower units to maximumr development.

The supe;ior performance of the mildly retarded subjects
over the moderately retarded subjécts, for intra-modal tasks was
restricted to the tactual-tactual matching task. With respect to
the role of intra-modal integration, the resulis of the present

study suggest that the inter-modalﬁfelations remain to be learned

1
B

- - \
in addition to, if not independent of intra-modal relations. These

results do not appear to support an earlier hypothesis by Milner



-

109

and Bryant (1970) suggesting that developmental increases in the
accuracy of 2 subject s cross-modal performance must be attributed
to intra—modal discriminations rather than altered inter—modal
relations alone.

The results of the present study were also discussed in
terms of the ability of the above subject samples to process infor-
mation presented via the three different sensory modalities (auditory,
visual and tactual). Consistent with earlier studies discugsed in

Chapter 1 of this text, tasks involving tactual matching were more

‘difficult than auditory or visual matching tasks - particularly for

the moderately retarded subjects. These tactual matching results

" appear to be related to poor tactual inputting. The moderately

retarded subjects seemed to require several trials before learning
how to classify or interpret the tactual information; and it was
argued that much of this initial difficulty occured at a semsory
level. That is, the performance and behavior of the moderately .
retarded subjects during initial tactual matching tasks, seemed

to reflect poor sensory (tactual) development, and thus a resd?&ing
impairment or lag in the subject's attention to relevant tactual

stimulus dimensions.

Tn addition to the poor tactual inmputting, I1f was felt
that the storage of tactual information appeared td be susceptible
to very rapid decay. Conmsequently, transfer of training appears

pooreét in tasks preceeded by tactual matching tasks. Trausfer

4
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effects appear to be greatest in those tasks preceeded by verbal
labelling tasks (tasks providing auditory or verbal labels) These
result; were discussed in terms cf ceding, and the re—organization

or translatioa of information presented in other modalities, Adnto verbal
codes. . - -

Suggestions and recommendation; for future research were
outlined. Ewphasis for this research was placed on verbal label 0
training, and movément training; particularly as this relates to
the applied work of Ayres (1972) and Kephart (1960) . Suggestions
_were also made with respect to further exploratioms and comparisons
cf cognitive-dev;lgpmental deficits, and sensory deficits (e.g.
incorporating mentally retarded subjects, hearing impaired subjects,
and bli;d gubjects) as these effect sensory integration. ..~

Récommenaations for the applications of these findings
for training the mentally retarded were outlined also. It was felt
to be imperative that movement, motor and tactile tralning programs
bé established, and used in conjunction Qith other kirnds of educational

and training programs.
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