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CHAPTER 1

INTRODUCTION AND STATEMENT OF THE PROBLEM

The activities through which a child comes to apprehend the world
about him are ¢f central interest to the educator. Bringing ordex and
meaning to the multitude of stimuli which continuously bombard one's
senses 18 undoubtedly a complex process. Certainly, it is an endeavor
in which all men are involved and in which each of us succedds to a
greater or lesser degree. .

From the wide range of stimulf in the surrounds, certain stimuli
are "selected" as sensory input, processed, organized, and stored for
later recall. Presumably this (sensory) datum is the raw material from
which our choices and decisions are made and upon which gsubssquent
action is based. At this point in our understanding of human develop-
.ment and functioning, few of the desiderata of the procesl vhich links
sensory input to decision-based action are known,

It is commonly held among cognitive theorilts that cntogorizltlon—-
classifying objects and events in terms of their identity or equiv-
alence with other objects and events--is at the heart of man's comparce
with his environment. Concept attainment, in which categorical distinc-
tions are made on the basis of appropriate defining characteristics or
attributes, van itself be described as a series of decisions (Bruner,
1966), decisions the making of which most certainly involves sensory
input and learning of one kind or another. According to Bruner, the
regularities in decisicn-making constitute a strategy for the:acquisi-
tion, retsantion, and utilization of information that sssures certsin
forms of outcome and prohibits others. Strategies, apparently, reflect
the demands of the situation in which the individual finds himself and
therefore can be expected to change with the conlequancos of bohnsior in
the particular situation. :

Hbile decision-making and learning, throuzh their roles in concept
attainment, can be seen to play an important pert in msn's efforts to
order the complexity of the environment, the voles of sensory input is
not so readily assessed. It has been suggested that the very youmg
child exhibits initial reliance on the proximal senses of taste and
touch with a gradual shift to the more distal senses of vidion and
audition as the child grows and matures. Regardless of the lack of
empirical support for this notion in its entirety, it geems clear that
/ndividuals, in our culture at least, do come to rely heavily om the
auditory and visual modalities for purposes of classifying the phenom-
enal array of objects and events in their world.

, According to the Tolwanian conception of leayning, as experience
accumulates in processing information through one or another sense
modality, expectancies develop regarding the uature and occurrenge of
objects and events. That is, anticipatory error associatsd with proc-
essing information attained via the given modality decreasas as experi-
ence through that modality fiacresses. Concomitantly, the child lesrns
that his categorizing decisions have certain consequences which he also
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comes o expect and which in turn affect his learning. As he learns to
expect thiooe conzequences he adjusts his behavior to fit his expectations.
Through time he learns the value of correct anticipation regarding his
sengory experience not only in terms of aurvival and the relative free-
dom from discomfort it provides, but also in terms of the payoff in our
culture associated with being “right". Socializing agents "pour on the
reinforcement coal" in relation to '"correct” and "incorrect' résponses.
The fact that what one socializiag agent regards as a correct response
ray, or may not, be regarded as a correct response by another, points up
the complex nature of ‘''correct"” anticipation and the likelihood of
variability of response potential from situation to situvatioh.-

Since in nature the usual state of affairs does not permit clasai-
fication on the basis of absolute certainty, much of the learning'that
is involved in man's attempts to appreh¢nd his world demands’ that he
assums & probabilistic approach to categorization. That is, since we
live in a probabilistically constrained world wherein few events’ are
associated vith probability 1.0, learning to anticipate outcomes, or
the relationship between antecedents and consequents, is essentiaily a
probabilistic matter. Even if it were not the case that the world is
probabilistically constrained, it is doubtful that man could or would
accurately take into account the number and nature of the relevant
antecedents associated with a particular evemt; so:that on any’ond
occasion, learning becomes a matter of sampliug the "available" stim-

- uli, and across situations, a matter of situvation sampling, ' In either
'case. this conception of learning is consistent with that set fdrth in
the branch of mathematical learning theory which is based on the aﬁsump-
tion that learning on any one trial is described by a'simple linedt trans-
formation of the response probabilities. Explanation of learning ac-
cording to these models is a matter of accounting for the learning pro-
ceas ovuy & period of time as the result of simple effects of vatiladles
operatisng oa single trials (Estes, in Marx, 1965)., In the Edtés $timu-
lus sampling model (Estes, in Koch, 1959) learning is representdd by
changes in the connections between response classes and stimulus slements;
and, leirning can occur only with respect to elemente mampled on any

“glven tvial, The stimulating situation amounts to a set of stimulus
alementi, ind effettive stimulation en any one trial is represeatéd by a
raddomly drawn subset of 2lements. All stimulus elements, it is assumed,
are equilly likely to be sampled, and the probability of a response at
any one time fs equal to the proportion of eleéements in the stimulus set
that ara connected to it. On any acquisition trial all stisulus ele-
ments sampled by the organism become connected to the response rein-
forced nn that trial. Accordingly, response probabilities wéuld be ex-
pected o change as learning proceeds; and to eventuelly ltabilllc at
aome asrmptotic level.

In highly developed cultures such as our own, where much of expec-
tation of learning of sign-significance is verbally mediated, correct
prediction related to auditory and visual events takes on special signi-
ficance; and in education, both forrmal and informal, training in auditory
and visual skills receives additional attention-<perhaps even to the
neglect of the other modalities., That is, since we tend to verbalize in
vocal o1 written form much, 1if -not mnst, of the information we attain
about tte world regardless of the particular sense through which it was

10



attained, it is expected that as a matter of course the auditory and
visual senses might receive more exercise--be more highly trained--thaa
the other senses. Achieving skill in "the three R's' of traditional
educaticn all but completely rests on the receiving, interpreting,
storing anl retrieving of auditory and/or visual material.

According to Gray and Wise (1959) the auditory and visual senses
receive greater emphasis than the more proximal senses for very concrete
reasons. Not only do they lend themaelves to distance reception and
consequently to stimulation of large nunbers of individuals simultane-
ously, they are also susceptible to technologic transmiscion which allows
for a semi-permanence in thoir effect--the sort achieved through record-
ing tapes, the written word, and the like. In addition, ths fine versus
gross distinctions possible in transmission and reception for these
modalities in all likelihood contribute ease of anticipation and reten-
tion of auditory and visual events. For these reasons alone it would
. appear that investigating the relationship of these two modalities to

the decisfon process may hold some significance Ser the fiold of educa-
tion. - .

Indidentally, it is interesting to note that in a study of prefer—
ences in cue-utilization, E, D. Adrian (1947), using a cortical mapping
technfique subsequent to stimulating different receptors, fouand that
cortical specializaticon for the integration of sensory cueu of the dif-
fesant senses varies frca species to species. Man, appareatly, has a
relatively high proportion of cortical cells given over to ths integra-
tion of visual and suditory cues, dogs to clfactory, and pigs to.tactile,

One interpretation of these findings is that man may rely -ota
heavily on the auditory and visuil senses in coming to apprehesd his
world. Does he rely equally on both? Do individual humane differ in
regarding to relying on one as pposed o the othex? 1f, in fact, they
do differ, then is this e difference thet makee ¢ difference? That is,
does the subject who is more efficient, say in processing information
vie a particular modality, make qualitatively or quantitatively differ-
ent predictions and decisions whon confronted with situstions that do
not allov him to process information (catsgorize) via his modality.of
"strength'? Is the fact that an individ~al makes fever errors in:
recalling a series of euditory cues in a simple sequencing tagk associ-
ated with relatively superior performance in an independent guditory
prediction-decision task as compared to his performance in a eimilar
visual task? Are higher dognitive proceiiees such as prediction and
choice differentially associated with auditory and visusl functioming in
the same individual; or, are such cognitivt proceeses channel-free?
These questions re-nin unanswvered.

The present study was designed to test some of these notions direct-
ly. The primary aim was to deteramine whather or not children vho perform
differentially on an independent set of nuditory and visual sequensing
tasks also perform differentially in eimple auditory and visusl decision
situations. The crucial question was this: Is there an effect of sense
modality fusctioning that is detecteble and significsat in the higher
cognitive processes of predicticn and decision? Im an sffoyt to ansver

11
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this question, it was intended that the choice behavior of elementary

achool children in a two-choice, uncertain-outcome situation involving

auditory and visual events be investigated. o L

To isolate and identify the role of sense wodality functiohing is
not a simple matter. A review of the literature failed to reveal a
single study directly concerncd with this issue. Twaditionslly, human
learning and decieion behavior have been studied independently in the
repetitive choice situation and without regard to the expected subjec-
tive value of the outcomes of a subject's choices to that subject.

' Sydney Siegel (1964) has extended the Estes probability modél of learning
to a decision-making theory of learning model in which an individual's
choice on any given trial of a secries of trials in a repetitive choice
situation is regarded as the result of the degree of belief [subjective

-probability) that a given event will occur plus the result of the utili-
ty (subjective value) associated with the event'as expected payoff. That
is, the basic theoretical hypothesis of the 'modéel is that on any given
trial the individual will choose '"as 1if" he is attempting to maximize
his subjectively expected utility. The Siegel model was used in the
pressnt study because of its approptiateness for investigating the rela-
tionship between sensory functioning end decision behlvior. :

« 4 . R 7]

Assuming that imposing meaning on the sensory stuff of the world
can be conceived of as a series of decisions which directly imvolve
probability learning, plus the fact that much of our learning’'is’ verbally
mediated, suggested that certain psycholinguistic abilities- that require
the ability to reproduce a sequence of sensory stimuli may be assoctated
in some important sense with senrory performance as well as with categor-
ization decisions. Individuals concerned with the area of educating and
treating exceprional children have long been interested’ in learning in
relation to sensory functioning; and the role of psycholinguistic abili-
ties looms large in the literature pertaining to the treining o2 cﬁildren
vith learning dieebilities.

In 1961 James J, McCarthy and Samval A. Kirk developed the !llinois
Test of Phycholinguistic Abilities (ITPA)., This test is a test of dif-
ferentisl language abilities which measures nine specific lanfuage func-
tions as well as yielding a total language age score. The abilities
measured involve two levels (representational and integrative), four
"channels”" (auditory, vocal, visusl, and motor), and five processes
{decoding, associaiion, encoding, automatic, and ssquentisl) of language
functioning. The ITPA manual (McCarthy and Kirk, 1961) states that
tests at the representational level tend to involve higher mental proc-
esses, while teste at the integrative level involve fairly basic processes.

The ITPA ie based on a psychological theory of language acquisition
snd uss, devsloped Ly C. R. Osgood as an extension of Clark Hull's learn-
ing theory. The test was standardized in 1960 on 700 children bstween
the ages of 2 and 9 years. The sample vas selected from school age child-
ren and their sidlings in Decatur, lllinois. The Decatur group was cho-
sen because of its close approximation to the social class distribution
of the state of Illinois. The standardization sample includee children
wvhose I.Q., according to the 1937 revision of the Stanford Binet, was

P
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between 80 and 120.

Children who were seriously sensorally or physically handicapped,
children of the Negroid race and children from parochiial schools were
excluded from the sample. The same numbet of male and female subjects
were included. Finally, children in whose homes a language.other than
English was regularly spoken were excluded. A complete discussion of
the constructfion, standardization, and characteristics of the 1TPA is
avallable in McCarthy and Kirk, 1963 (90 pages). Y

Following the standardization of the Illinois Test of Psycholinguis-
tic Abilities (McCarthy and Kirk, 1961) a rash of experiments appeared in
the literature relating sensory input (training in a giver sensory modal-
ity) to improving psycholinguidstic abilities in general (Kass, 1962;
Sutton, 1963; Hersch, 1964; Bateman, 1965; Meuller, 1964; Mauller and
Smith, 1964; McCarthy, 1964; Smith, 1962; Kirk and Rateman, 1962). In
1968 the test was revised by Kirk, McCarthy and Kirk.

In the present study two of the revised ITPA sul'-tests were used in
an effort to ldentify subjects who performed differentially with regard
to a specific set of auditory and visual stimuli--Sub-test #10 (Auditory
Sequential), which i{s judged by the authors to assess immediate auditory
memory and Sub-test #11 (Visual Sequential), judged to assess irmediate
visual memory. The overall stability relisdility and empirical validity
orkgivally established for these two sub-tests indicated that it would
be appropriate to use them for the purposes of this study. Information
on the characteristirs of the revieed test's standardization sample and
on the reliability of the ravisad form can be:found in a 1969 manual
{Paraskevopoulos and Xirk, 1969). Since the information available from
the revision, on the reliability of the two subtests, led 60 the sane
conclusion with regard to their appropriatemess for this study, it was
decided that the tests from the revised edition would ba used. It was
essential, however, tn establish stability coefficients for the age
group under consideration before proceeding with the study proper.

Bateman (1965), using these two tests as measures of awtomatic
sequential language abilities, separated a sample of first graders into
visual and suditory learners on the basis of the diacrepancy between
their auditory and visual scores. If a child's auditory memory langusge
age score exceeded his visual memory score by nine months or mors, he
was labelled an auditory learner; if the excess was less than nine months,
he was lsbelled a visual learner.

Whether Bateman's separation of auditory and visual learners is a
relisble and valdd one is difficult to say since she presents no data on
which this judgment could be made. The point of intersst regirding
Batemsn's study, however, was this: assuming subjects could be reliadly
separeted, do those identified as auditory subjects in terms of their
ability to perform on the ITPA sub-tests differ in their decision-making
strategies from those identified as visual subjects? Within the Siegel
framework it eesmed reasonable to ask: CGiven u Group of "auditory” {or
"viaual") subjects, does the situation factor of presentation of stimuli
to one or another sensory channel have associated positive or negstive

13
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utility for a given subject as reflected in his stable-state (asymptotic)
strategy?

Certain létaraturs to ba describad below, leads one to expect that
childran do differ in their auditory end visusl skills {: procsseing
information and that deficits in learning via one or another modality is
susceptible to change. The literature is contradictory with regard to
whether or not there is interaction between a child's auditory and visual
learning ability and auditory versus visual modes of training. However,
at least some studies claim superiority for auditory processing regard-
less of tha child's pattern of strengths and deficits in learning via one
or the other modality. ,

In a study done by Hasterock (1964) regarding the ability of mental-~
ly retarded children 6b overcome learning disabilities in either the audi-
tory or visual sensory modality, as identified by scores on the ITPA, it
was concluded that at least for paired associates tasks the sense modal-
ity to which the material is presented makes a difference. Learning by
an audicory method for children of low auditory ability took over twice
as long to reach a proficiency criterion as did learning by a visual
method. For the children of low visual ability subjects made initial
large geins under both methods. For the visually poor group training by
the auditory sathod did not show a clear supericrity., After additional
training, auditory learning performance turned out to be superior and the
subjects showed a ''good" set toward auditory sense modality learning.

]

K:ss (1962) and Raymond (1955, cited in Hersch, 1964), found deficit
in sequential visual memewy for forms correlated with reading disability
in normal children. Goins (1958), on the other hadd, found no correla-
tion between the two, and in addition tachistescopic training of visual
semory for forms did not improve reading achievewent. Harris. (1961),
Gardner (1965), and Fernald (1943) report visusl memory to be improved by
kinesthetic methoda of one sort or another, whereas Herach (1964) found
that a kinesthetic mathod of teaching reading had a positive effect on
sequential visualizing ability only when the nature of the stictiulus or
response was shared by test and training procedure.

Batemaas (1965) found the auditory method of training first graders
to read to be superior regardless of the modality pattern used by the
child. Her findings are in agreement with others (Bleismer and Yerbor-
ough, 1965; Harris, 1965) who found no int¢eraction between subject
strength and deficit and method of training. Bleismer and Yarborough
also report superiority of an auditory method to that of visual for pur-
poses of teaching reading. )

The studies of Dateman and of Bleismer and Yarborough discussed
shove 3uggest that certain cognitive processes ars not channel-free

" processes and that information receiv 'd through tha auditory modality is

attainad, storad aud transformed for later recall in such a manner as to
somehow produce more efficient or "greater" learning than is achieved
when similar information is received through the visual channel. The
presant study vas designed to investigate the channel relatedness of
dacision-making in a probability learning situation. It was intended
that auditory versus visual assets and deficits be established, in a

14



sanple of elementary schoocl age children on the basis of the Visual and
Auditory Sequential tests of the ITPA, and Siegel's model of utility and
choire be used to determine stable-state strategies in a repetitive
choice situation involving the presentation of stimuli to the suditory
and visual modalities separately.

The Siegel model was regarded as the most appropriate model for this
study since not only is it applicable to any repetitive choice situation
but it predicts pre-asymptotic and asymptotic bshavior for individuals on
the basies of utility-relevant factors present in the given situation.
While Siegel admits that many utilities may obtain in any situation, his
model focuses on two major ones, namely: the utility of a‘eorrect choice
and the utility of variability. The former amounts to the satisfaction ‘
one derives from being correct plus that from any consequénees which fol-
dow from being correct, guch as some contingent payoff; the latter is the
satisfaction derived from varying one's chuices between the available
alternatives and is regarded by Siegel as the negative utility of Wwore-
dom. The utility of variability is of particular importance in a cthoice
situation which is monotonous for the subject.

In the model, the over-all utility of a given situation which is
expected to derive from' adopting a particular strategy S is assumed to be
thé sum of the expected utility of a correct chofce and the expected
utility of variability: E (Us) = E (Uc) + (Uv)

It follows from theé model that the total expected utility of .
strategy L (Us) can be modified erperiwentally by manipulating the con-
saquences of being correct by attaciinz additional utility to the choices
through monetary payoff, say, contingent upon correct responses. - Siegel
(1964) has shown that stable-state strategies more nearly approximate a
pure ltrltegy-choicn of the more frequently occurring event on all
trisls-—-uonder "payoff' conditions (e.g., 5¢ for a cbrrect responss),
"payoff loss" conditions (e.g., subject receives 5¢ for each correct
prediction and loses 5¢ for each incorrect prediction) than is the case
under a "no payoff" coni'ition. Similarly E (Us) can be madifidd by
manipulating factors associated with the utiliity of variability. Ome
such factor is monotony. Presumably in a situation which is monotonous
the tendency %o vary one's responces as a way of enriching (reducing
boredom in) the task or situation would also be high. Reduction:of mono-
tony and consequently reduction of the tendency to vary one's choices
can also be achieved through providing cognitive enrichment in the
stimulus situation, for example, by adding to the number of alterhatives
from axong which the subject must choose on any one trial, or by varying
the number of events that occur in ccnjunction, and so on. Enriching
the kinesthetic nature of the response, for example allowing thé subject
to move from one position to another in order to register hil prediction,
vould presumably have the same effect.

In other vordu. the total expected utility of a strltegy can be
modified by adding extiinsic payoff, or through introducing coganitive
and/or kinesthetic enrichment of the stimulus or response aspects of the
situatisn, It @an ba argued that the effect of such manipulation is to
increase the degree of involvement or investment of the subject in the
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task st hand.

The slaboration of the formula for calculating total expected util-
ity of a stratsgy:
k k
E(Ul) = E(UC) + E(UV) LR 3 31?1 '“1 +b X Pi (1 -Pi)
i=1 i=1

where k = number of alternatives

Ty = probability that choice of the ith e1ternntive wi11 be correct,

vhere 1 = ], 2, e o o k N
a; = marginal utility of correct choice of the ith Alternetive
p = marginal utility of choice variability ’
Py = stable-gtate probability that subject chooses iﬁh»tltercetive

implies that for a given stable state, Py value, any procedure which
reduces the marginal utility of & correct choice 8 (all else being
equal) increases the marginai utility of variability b. Therefore, if

8, is held constant experimentally, any decrease in b.should be reflected
in a higher stable-state strategy. It should be carefully noted that,
theoretically, "low b" situations are those in which the utility of var-
iability of the situation is low, despite trial to trial variabilicy.

Suppose now, that we place an auditory subject in a situation in
which he is required to predict over a series of 200 trials, which of
two tonem will sound on each trial. The only information given to the
subject is that one and only one of the two events {(E,——low tone:or Ey—
high tone) will occur on any one trial. In fact, which event occurs is
randoaly determined and is therefore not dependent on the choice the
subject make:;,. Say that the experimenter has set the occurrence of
events? , at: E] occurs on 75% of the trials and E; occurs on 25X of
the. trials in every block of 20 triale;'ﬂ'1 = 75,7 5 = .25,

In a repetitive choice situation of this sort the subject ty=
pically begins by alternating his choices between the two alternatives.
As the "game" progresses he shifts his choice in light of the feedback
he receives pegarding the actual occurrence of events. Presumably the
subject entertains various hypotheses about the proportions in which the
events acutally occur. He must detect, store, and resall the information
necessary to maximire his winnings (satisfaction) in the given situation.
Over a pariod involving numerous trials he checks out (his) various hy-
potheses snd eliminates all but one hypothesis, namely: low tone comes
on in most of the trisls. He may even conclude '"the proportions in which
the events occur is roughly low tone 75% of the time and high tone 25%
of the time'".

" Since the occurrence of an event on any one trial is random the sub-
ject may (is likely to) conclude that in order to mamimize his winnings
he must choose the low tone on every trial. Subsequently he predicts
"low, low, low, etc". )

L
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It can be assumed that, as the trials accumulate, the likelihood

is high that the situation will become boring to him and conceivably
he ray ask himself whether cr not on any one trial he might "be lucky
enough" to out-guess the random machine and accurately predict the less
frequent event, thereby achieving satisfactory as well as relieving the
boredom. That is while the over-all utility of being correct is high,
the marginal utility of a correct response (average utility associated
with being correct on any one trial) may be small. One might expect,
therefore, that the subject may derive satisfaction from vary&n" is re-
sponses now and then. Since he has learned that the events actts y
occur in approximately a 75:25 split, it is assumed that the e!pdcted
satisfaction (payoff) based on having learned the proportions of decur-
rences will place a ceiling on the number of times he will vary (attempt
to predict the less frequent event) his responses. In other wotds, in
light of the information he possesses he would not drop below a matching
strategy of predicting the more frequent event in the actual proportion
(+75) in which it occurs. If the assumptions so far are correct, an ap-
propriate prediction would be that the auditory subject fn an auditory
situvation, as a function of becoming bored in an experiment that involves
many trials and no opportunity to introduce cognitive complexity or kin-
esthetic complexity into the situation except through choice of alterna-
tives, will in fact, vary his choices and not choose the more’ fr&quent
event on all occasions. This is znother way of saying' that ‘the'duditory

subject will stabilize at something greater than a matching lttntngy

and aomething less than a pure strategy--he will not choose = *

the more frequently occurring event on all trials but he will chodse it
on at least 75X of the trials in this manotondus‘auditoty'tifuht;ﬁ?.

Supposing, however, that the auditory subject is asked to petrform
in a visual situation in which he is required to ptedict whithdof' two
vilual eveats will occur on any one of a aeries of 200 triala, under the

W nadd "no payoff" conditions as were specified in the suditory
aituation. How might he perform now? Certainly it {s expected that he
would start out alternating his responses as before sinceé he has hbd
knowledge of how frequently the two events occur or which ' the more
frequent, nur consequently how he might maximize hib wvimninga’ or overall
satisfaction. We would assume that since he 1s an auditccy audbject in a
situation requiring him to process, store and retrieve information of a
visual nature, he i{s very apt to be less adept--he is apt to make more
faulty predictions and take, at least somewhat, longer to learn in which
proportions the two events actually occur. On thia basis, that is {f our
assumptions are true, the viaual si‘uation is likely to be ragarded as
a more challenging (cognitively complex) situation than vas the auditory
aituation—-the menotony of Bhe task will "make itself felt" much later,
if at all, and boredom will be minimized. Certainly the task ia not so
complex as to prohibit the subject from reaching the point at which he
will hypothesize "to maximize winnings one nmust select the more fre-
queatly occurzing event E, on all trials”. On the other haud, it seemed
reasonable to assume that he would make more errors in the procesa of
learning the event probabilities, he would therefore, stabilize his
choicea later in the series; but he would, not being as bored or being
more challenged, more nearly approximate a pure strategy in his atahle-
state choiced than he did in the auditory situation.
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Similarly, we would predict that the visual subject would more
nearly approximate a pure strategy in his stable-state choices in an
auditory situation than he would in the visual situation. It should be
nocted that one of the major assumptions on which these particular
pradictions for both auditory and visual subjects rested vas that. the
subjective satisfaction with being '"correct" is a factor which 1s constant
for the two modalities. That such an assumption may not be tenable was
necegsarily borne in mind when the empirical findings were interpreted.
Further, there are certain obvious problems associated with, identifying
visual and auditory subjects by means of measures reflecting mainly a
memory factor. Undoubtedly, more than atoring and recall is, involved in
processing information via any sensory channel. Any corrcspondence or
lack of same between the predicated and the observed wesults werc inter-
preted in the light of this limitation. e

Purpoge of the Study

The expresa purpose of the present study was to examine the rela-
tionship between sensory functioning of the auditory and visual modali-
ties and strategy behavior in a simple, controlled laboratoxy decision
situation. An effort was made to separate children age seven years
thwengh eight years three months into "auditory" and "visual' subjects
on the basis of their performance on two subtests of the Illipois Test
of Psycholinguistic Abilities and to determine whether or not these two
groups adopt different stable-state strategies in visual va, auditory
decision tasks. A secondary aim of the study was to examine the rela-
tive stability of the ITPA measures for the two modalities and to deter-
mine vhether or not the decision performance of the auditory and visual
subjects shifts under appropriate reinforcement conditionl., L

Siegel's mathematical model of utility thcoty was uaod to generate
the hypotheses and interpret the results. It was expected that th‘ data
from the study would incidentally provide a& substantial test of the
quantitative validity of the model with regard to tha utility of varia-
bility parameter. Conclusions of the study were established on the
baris of results for both learning and stable-stase, or alynptotic,
aspects of the tasks,
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Objectives of the Study

The objectives of the study were the following:

1.

2I

3.

4.

To determine whether or not children sre reliesbly separable
as visual or auditory subjects.

To determine whether or not children identified as auditory
or visual subjects on an independent measure exhibit signi-
ficantly different decision strategies (which will incident-
ally serve as a validation of the two ITPA subtests as an
inatrument useful for the purpose of identifying auditory
and visual modality strength).

To determine the degree of stability of the modality ’'type',
or of the superior performance modality, under conditions
of meaningful payoff (menetary reward) for correct parform-
ance in the less "strong' modality.

To test the quantitative validity of the model with regard
to the utility of variability parameter under different
monotony conditions.

In order to implement the above objectives the following specific
hypotheses were to be tested:

1.

I1.

111.

1V,

In the repetitive choice situation auditory and visual sub-
jects more nearly approximate a pure stable-state strategy
in a decision situation which requires prucessing infor-
mation via their weaker modality than in a decision situa-
tion which requires information processing via their modal-
ity of strength.

In the repetitive choice situation auditory and visual sudb-
jects experience greater series unexpectedness in the pre-
asymptotic aspect of a decision task which involves
stimulus input via the weaker modality; that is, prior to
reaching an asymptote the subjects will accurately aantici-
pate the events on a greater proportion of the trials in
the decision task which involv~s input via the modality of
strengch and will therefore arrive at their asymptotic level
eazitée in the series.

In the repetitive choice situation auditory and visual sub-
jects in their pre-asymptotic performance under conditions
of risk (payoff-loss) in a decision task involving the
weaker modality, will perform in such a way as to more
nearly approximate their pre-asymptotic performance in a
dacision task involving the modality of strength under
conditions of no payoff; that is, providing monetary payoff-
loss for performance in the weaker modality task will shift
psrformance in that task, in terms of the number of pre-
asymptotic anticipatory errors, and therefore number of
trials required to reach an asymptote, in the direstion of
performance in the task involving the wmodality of strength.
In the repetitive choice situation auditory sand visual sub-
jects combined will exhibit stable-state strategies for
which the Siegel model will yic'd quantitativsly precise
prsdictions; that is, assuming the auditory and visual tasks

”
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to be alike in all utility-relevant sftuational features,
the model will accurately predict the stable-state strat-
egy behavior of the auditory and visual subjects (treated
s a single group) in the visual task from the observed
strategy of those same subjects in the auditory task, and
vice-versa. ‘ S
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CHAPTER II

DESIGN: SUBJECTS AND PROCEDURE

Subjects

The population sampled was children, age seven years to eight years,
three months, attending any of the five summer achool centers of District
4J fo the Eugene Public School System. It was the opinion of warious
administrators of the summer school program that the summer school popu-
lation was not a biased sample of the regular school population and that
the suamer school group was generally representative of a middleclass
socioeconomic level. In the population drawn from rhe five centers, 26
schools were represented. This representation was preserved in the final

sample.

Principals at the five centers were asked to identify all sevsn-
year-olds intending to enroll. The enrollment 1ists which had béan com-
piled in the spring as a means of anticipating summer school enrollment,
were made available to the investigator. Expected enrollees’' names were
not provided until the week before the session opened by three ¢of the
centers and midway into the first week by the two reamining centers. A
substantial number of children who had readhed eight years of age had
been included in the 1lists and since there was no way to detect at the
outset who these children were (exact ages were obtained from the parents
~at a later dage), the dample age range was erxpanded to include thildren
up to age eight years, three months. Age was estiuated from July first;
children whose birthday fell on or before the fifthenth of the month
were credited with the next highest month, those falling after the fif-~
teenth were not. Similarly, the original intent of goliciting the help
of teachers as well as using school records to eliminate children with
sensory handicap (despite corrective aids), known emotional disturbance,
deviant school achievement, or sub-normal intelligence had to be aban-
doned. The adainistrators of the centers maintained that ‘Ne records
from t e schools which the children regularly attended wers tiot avail-
able 6o the summer school staff and most of the teachers were ‘seeing their
class mesbers for the firat time. For this tTeason, werwere compelled to
rely more heavily on our own judgments plus, stetements of parénte as
the basis on which to exclude a child. After the study was in progress,
five children had to be eliminated and replaced, one on the bssis of a
neurological disorder, one on the basis of extreme emotionslity, snd the
third on the basis of malingering. 1In such cases the eupetinintnl treat-
sent that each of these children would have experienced was administered
to his veplacemsnt. One mother angrily withdrew her child frok the study,
on one nccasion he had been required to wait one whole hour fot the pro-
Ject cax to pick him up and on a second occasion, testing at the project
center was running lete and hc was returned home forty minutes lé¥e. A
"diplomatic" phone call from the investigator informing the mothet of .
this fact, resulted in the child being withdrawvn. The fifth child had
to be raplaced becsuse she insisted that the decision-machine operators

- were intentionally making her fail--that each time she made her prediction,
they would switch the outcome. It was necessary to spend sonsideradble
time with this child showing her the schedules of outcomes gnd oF da in

.
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an effort to convince her that ahe had not been foiled. She left the
testing center unconvinced. Eleven subjects were not included from the
outset on the basis that the pareats reported a visual, auditory, or
emovtional problem in their child.

As promptly as the names and addresses were obtained from the esum-
mer school center. the parxents of each child were sent a letter outlining
the investigation, explaining the purposes of the study, and requesting
perufasion for their child to participate. The letter also announced
to the parent Luat a phone call would follow to determine whather or not
the fimily understood the request and to answer any questions they might
have to ask the investigator. In every case, an effort was made to have
the plone call follow within forty-eight hours of the letter. The, let-
ter, the permission slip and the essentisls of the pione call sre in-
clude¢ in Appendix A, page 60, 61, and g2 respectively.

lhe co-operation of the parents was outstanding; only two mothere
refused permission outright, N> response was obtained to either the let-
ter o1 phone call on 23 Ss. Often, near the end of the project, & letter
stativg that the family had beea on vacation would be received aiong
with & request that their child be included in the atudy if it wers not
too lste. All in all, permission to participaste was obtained foy 283
children. Each letter had requested parents to include their. preferred
testing time (day and hour). A second phone call was.then made to the
parents to confirm the preferred hour ov to reschedule the child for
another testing time. The research co-ordinator for District 4§J Public
School System bad secured permlision for each child to be tested ¢n one
occasion (1/2 hour allotted) within school hours in the school setting.
The rest of the testing had to »e carried out in testing quarters pro-
- vided by the University, and involved transporting the children t¢ and
from their homes in specially insured University vehicles. . .

411 Ss for whom permisaion was obtlined (N = 283) were toqtqd at
least once with both the Visual and Auditory Memory Sequencing subtests
of the Illinois Tust of Psycholingudistic Abilities (ITPA) in {ts 1968
revised form, (Kirk, McCarthy, Kirk, 1968). The information gvailable
on the reliability of these revised tests is preseunted in Tahle 15,
Appendix A page 6€3. On the basis of this firet testing a tentative sep-
arstion of "auditory" versus 'visual" subjects was meds. F.om the 252
Ss who were successfully adminintered both sequence tests, Ss who ax-
hibited an.18 month discrepancy between their Auditory acd Visual
Langusge Age scores were regarded as having & sensory strenghkh. in favour
of the modality of the higher score. In all, 120 (s were identified as
either visuslly or auditorally Strong. Nineteen were qf the age group
7-0 through 7-3 and of those, eight were judged to be auditorally. strong,
11 visually. Forty-two fell into the 7-4 through 7-7 age ggoup, of which
18 were labelled auditorally strong and 25 labelled visually strong. In
the 7-8 through 7-11 age group, 37 were identified as having one or the
other modality superiority by the 18 month criteria; 19 of thege were
Judged ay..torally strong, 18 visually. The oldest group, &+0 through
8-3,,consisted of & total of 21 Ss with 11 auditorally and ten visauvally
superior discrepancies. These data are reported in Table 1, page 185.
Any S whose scores showed the 18 month discrepancy was iucluded in.a
group to be raotested with the ITPA Sequencial subtests in ordor to.
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TABLE I

SEPARATION OF ORIGINAL SAMPLE INTO "TENTATIVE" MODALITY
GROUPS ON THE BASIS OF ITPA.SEQUENCING SUB-TESTS
LANGUAGE AGE SCORE DISCREPANCIES

o w—

Sanple Age Groups

7-0:7-3 7-4:7-7 7-8:7-11 8-0:8-3 T
Sample .
Size
M 18 47 42 29 136
F. 16 38 . 42 20 116
T LT 85 84 49 252
Discrepant
Scores . L oa
AZ (V + 18) 8 18 19 11 66
vz (A + 18) 11 25 18 10 64
- T 19 43 37 21 120
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eatablish the reliability of the separation.

A cecond, and in some cases third phone call, was nads to the
parents at this poiat, to set up and/or confixm an appointmeni for
a second testing. Cooperation from the parents remained at a very high
level. All retests were carried out between ten and 14 daye of the
initiel test date. Four graduate students administered the ITPA sub-
tests with the stipulation that all testers administer to spproximately
the saze number of children. Each tester had administered the test at
least 15 times before proceeding with the actual data collection. It
should be noted here that only the two subtests used in separating the
S8 was sdministered, this fact in itself makes the collection of reli-
ability data rather imp-vtant.

Pearson Product-Moment Correlations were run on a total of 120
sets of raw scores, 56 sets of which had been identified as raflecting
children with superior periormance in the auditory modality, and 64
superior in the visual. The test-retest data yielded a coefficient
of .55 for the Visual-Memeory Sequencing Test and one 8f .91 for the
Auditory-Memory Sequencing Teat. Theee test-rekastsdata are included
in Appandix A, Teble 16, pages 64-70, It was decided at the outset
that unless the test-retest correlation coeffieients reached at least
«85 the intended comparison of auditory vs. visual performers could
not be carried out. 1t was concluded that the coeffinient of .55 does
not allow for reliable separation of auditory or visual Ss on the basis
of comparatively superior functioning. T.e original focus of the etudy,
a comparison of superior auditory vs. superior visual performers' (as
iden’ "fied on the ITPA Sequencing Tests) strategy behavior in a specific
deciegion task had to be abandondd. The investigation froa this point
forvard essentially became & within-auditory-modality comparison. High
and lov auditory performers identified by their pesrformance on the ITPA
Sequencing subtests were compared in an auditory decision task. The
hypotheses were revised to accommodate the change and sre stated below
in their revised form. -

In the papetitive choice situatiom:

1. subjects, for whom an auditory decision task represents proces-
sing information via a weak modality, will more nearly approxi-
mate a4 pure stable-atate atrategy than will subjects for whom the
task represents information processing via a strong (auditory)
wmodality,

II. subjects, for whom the auditory decision task requires pcoces-
sing informatfon via a weak (auditory) modality, experience
greater serfies unexpectedriess in the pre-asymptotic aspect of a
decision task than do Ss for whom the task requries information
processing via a strong (auditory) modality; that is, piicr to
reaching an asymptote, the subjects for whom the task involves
stimulus input to a strong modality, will accurately anticipate
a grester proportion of the events and will therefore arrive at
their asyaptotdc level earlier in the sevies;
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II1. subjects, for whom the auditory decision task rep.esents proces-
sing information via a weak modality and, who are required to
perform under conditions of risk (payoff-loss), will, in their
pre-asymptotic performance, perform in such a way as to more
nearly approximate the pre-asymptotic performance oj Ss for whom
the task represents processing via a strong modality and who are
perfeyming under no-payoff conditions; that is, providing mone-
tary payoff-loss to Ss for whom information has been presented
to a weak auditory modality, will shift performance in terms of
pre-asymptotic errors, in the direction of the performance ex-
hibited by Ss for whom the task represents processing information
{n a strong modality under no-payoff;

IV. high and low auditory subjecta will exhibit stable-state strate-
gles for which the Siegel Model will yield quantitatively precise
predictions; that is, assuming the auditory and visual tasks to
be alike in all utility-relevant situational features, the model
will accurately predict the stable-state strategy behavior of
the high and low auditory Ss (treated as a single group) in the
auifitory task from the observed strategy of those same subjects
in the visual task. .

The sample was 're-opened" to include all of the original Ss for
whom we had received participation permission and for vhom we had ITPA
Auditory Sequencing scores. High vs, low auaitory sequencera were
identified in terms of Language Age scores obtained on the first testing
with the ITPA Auditory-Merory Sequencing subtest. It is recommended
by the authots of the 1TPA 1968 revision that investigators not use
Language Age scores when comparing across modality parformance, but
Language Age Scores ara regarded as appropriate for maklng within-
modality comparisons. .

The original pool of Ss tested were separated into sub-groups ac-
cording to ITPA norm groups established by 4 month age periods. 1In the
age group 7-0 through 7-3, 34 Ss were tested; in the group 7-4 through
7-7, 85 Ss were tested; in the group 7-8 through 7-11, 84 Ss were tasted;

and in the group 8-0 through 8-3, 49 Ss were tested. In all, a totai of
136 males and 116 females were tested. Mean Auditory Language Age and
standard deviation by age group from youngest to oldest, for the overall,
for males, and for females respectively were: for 7-0 through 7-3, Xs
were 87.618, M 83.167, F 92.625; SDs were 20.15, M 22,13, P 16.26; for
7-4 through 7-7, Xs were 84.338, M 85,787, F 82.657; SDs were 19.31,
M 18.51, I' 20.12; for 7-8 through 7-11, Xs were 87.893, | 88,143, F 87.643;
SDs were 19.02, M 19.14, F 18.90; finally for the 8-0 through 8-3 age
group the Xs were 86.816, M 83.379 and F 91,800; the SDs were 20.47,
M 20,78, and F 18.94. These data are displayed in Table 2, page 18.

To determine whather or not any of the groups were different, t-tests
and F ratios were run on the extreme groups. The youngest and oldest
female subjects did not differ from each other nor from their male age-
mpates in neither central tendency nor variability., However, they were
found to differ in central tendency from a compositecof all other groups
(X = 85,513 and 8 = 19,50) from whose varlance their variance did not
differ significantly, The critical t.025 value was 1.96; the obtained ¢t
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TABLE 2

MEAN AND STANDARD DEVIATION FOR THE ORIGINAL POOL OF Ss
BASED ON THE AUDITORY SEQUENCING TEST SCGRES EXPRESSED
* IN LANGUAGE AGE FOR SEPARATE AGE GROUPS

Age -
Group N X X2 Z SD
7-0 M 18 1497 133317 83.167 22.13
through F 16 1482 141498 92,625 16,26
7-3 T 3% 2979 274815 87.618 20.15
7-4 M 47 4032 361998" 85.787 18.51
through F 38 3141 © 275013 82,657 20,12
7-7 T 85 7173 637011 84,388 19.31
' d
" 7-8 M 42 3702 341694 88.143 19.14
through F 42 3681 337617 87.643 18,19
7-11 T 84 7383 679311 87.893 19,02
8-0 M 29 2418 214128 83,379 20,78
through F 20 1836 175716 91,500 18,94
8-3 T 49 4254 389844 _ 86.816 20,47
6T 252 21,789 1,980,981 - 86,464 19.25
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between the means was 2.022. Because this female subgroup differemce
existed, it was necessary to select high and low performers from this
group sepsrated from thosa of all other subgroups combined. Beparste
cenfidence intervsls vere establiphed for ths mean of ssch of ths two
groups; one, for children aged 7-0 through B8-3 combined, exc'uding the
females from the 7-0 through 7-3 and 8-0 through 8-3 age groups, and
one for the mean of these twc female age groups combined. Tha confi-
dence intervsl for the larger group with a = .05 wvas C (82.083¢M <
88.943) = .90, The confidence interval for the deviant female age
groups at .05 was C (84.40 < M<99,94) = ,90 (Walker and Lev, page 149).
An attempt was made to draw the sample of Ss so that low auditory Ss
would be thcse whose mcores fell one standard deviation or more below
the lower limit of ihe relevant confidence interval, and so that high
auditory Se would be those whose scores fell one standard deviation
above the upper limit of that interval. Recall that 3 = 19.50 for the
larger group and 17.81 for the deviant females. Rounded, the upper
limit for low performcrs was set at 63 for the larger group and the
lover limit for the high performers was set at 108; while the upper
limit Jor the deviant females for low performers was set at 67 and the
lower limit for high performers set ac 117. These limits could not be
held to, however, since they yvielded only 53 low performers (32 males,
21 females) and 43 high performers (22 males, 21 females). The test of
the hypotheses required 50 low performers and 30 high performers, con-
sequently the upper limit of low performers had to be extended upwsrd
to 78 in order to get the required number of four additional females.
As. it happens the four females were pulled (via a random number table)
from the deviant female group. Their scores were 72, 78, 78, and 78.
The three Ss thet had to be added for high performers were females and
wvere drawn from the deviant female group siso. Their scores were 111,
111, and 114. At the time the original Ss were drawn, six replacements
were drawn for each sex group within the high and low performers. The
sanple (N = 80) was then randomly assigned to the four hypotheses with
the one stipulation thet an equal number of boys and girls within high
and low ITPA performance groups be assigned to the hypotheses as re-
quired. The data for hypotheses I and II were collected on the same

40 Ss. The mean fuditory-Memory Sequencing scores and the standard de-
viation for each sex-group within the high and low performers was cal-
culsted:. the high female group, sho had a mean CA of 91.3 months had a
mean LA score of 116.70, (s = 9.90); the high male group, with a mean
CA of 92.6 months, had a mean LA score of 116.10, (s = 7.11); the over-
all La mean for high performers with mean CA of 91.90 is 116.40, (s =
8.62 months). In contrast the low perforwars group assigned to the test
of hypotheses I and II is composed of a female group with mean CA of
93.0 and mean LA of 61.80, (8 = 6i74); a mean of 62.4, (s = 3,23) was
found for low male performers (CA = 93.0); and an overall mean CA of
93.0 with overall mean auditory Language Age of 62.1, (s = 5.29).

By design the 20 Ss assigned to hypotnesis III were sll from the
low Language Age pool. The ten low males had a mean chronological age
of 91.9 months, and a mean auditory Language Age of 61.8 moaths, (s =
6.74). The ten lov females had a mean CA of 91.5 months, snd s mesn
LA of 63.9 months. The oversll mean CA was 91.70 and the xean lA vas
62.85 months, (@ = 5.55). Finally, of the 20 Ss assigned to ths test

. of hypothesis IV, the high females hsxd a mesn CA of 92.2 and thsir mean

2’7
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Language Age was 117.60, (s = 9.37). The high males had a mean CA of
92.5 with a mean LA of 121.20. The low Ss had a mean CA of 90.15, a LA
<t 61.50, (8 = 4.36) with mean low male CA of 89.5, mean LA-of 60.0

(s = 5.92) and low female mean CA of 90.8, with mean LA of 63.0, these
data are summarized in Table 3, page 21.

The individual Auditory-Memory Sequencing scores are displayed by
hypothesis along with other identifying information (summer school and
regular school, time tested, tester and child's code in Table 17, Appene
dix A, pages 71 through:74, .

Procedure

The experimental situation designed to test the hypotheses was a
variant of that developed by Humphreys (1939) which has been' typically
used to study human learning in the repetitive choice situation., In
all tests, save the quantitative test of Siegel's decision model, the
type of stimulus event upon which the subject was required to base his
chofices was auditory; in the quan:itative test an additional condition
involving a visual stimulus was included. In the auditory deciesion task
the child was required to predict (choose) which of two tones would oc-
cur, & steady tone or a pulsing tone. In the visual decision situation
the child was rsquired to choose between two visudl stimuli, a ateady or
flashing red light. In either task, thes set up was such that one of the
two events occurred more frequently than the other. The auditory task
in all tests involved a 75:25 event split. The visual task involved a
65:35 split. Expcpt vhere required as part of the experimental tests
(test of Hypothesis III) all Ss were run under a no-payoff coandition in
both tasks. That is, the experimenter did not offer any specific.reward
for a correct tesponse, since it was expected that. reward in such a
simple task may mask differences between the usual teandencies of high
and low performers. It was further assumed that, on the average, child-
rer. in our culture are adequately motivated toward "being right" or 'cor-
rect" to try to do well in this situation. Individual differences in
motivation were assumed to be controlled through randem assignment of the
Ss to the various experimental conditions. In this experimental situa-
tion, a correct response is defined as one wherein the S predicts
{choos®s) the event which actually occurs on a given trial. The situa-
tion can be depicted as follows:

(1) (2) (3) %)
Trial Onsat Subject Predicts Event Occurs Consequences
Signal 1light comes on Event #£). Event #1 (feedback)

or or right
Event #2 Ewent #2 or
wrong

The experimertal apparatus used for all tests was the same; namely,
a black galvanized-tin box, thirty inches high and eighteen inches wide
which has two lights, attached in a shield at the top, designed to flood
the entire front panel of the box to signal the onset of a trisl.. An
opaque glass window, two and & half inches in diameter, is centered four
inches from the top of the box. A red plaatiz shield is attached to the
window on the inside, behind vhich a five watt light bulb is mounted.
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TABLF. 3

AUDLTORY SEQUENTIAL LANGUAGE AGE AND CA STATUS CF

SUBJEGIS ASSIGNED TO THE FOUR HYPOTHESES

I wnguage iseﬁ

: . CA®
Group N Hean Mean » 8
Hy. 1&2 a N .
High Auditory Females 10 91,30 116.70 9.90
High Auditory Males 10 92,60 116.10 7.11
Total High Auditory Ss 20 91.90 116,40 8.62
Low Auditory Pemales 9 93,00 61.80 6.74
Low Auditory Males 10 93.00 62.40 3.23
Total Low Auditory Ss 19 93.00 62,10 5.29
Hy. 3
Low Auditory Females 10 91.50 63.90 - 4,36
Lov Auditory Males 10 91.90 61.80 6.74
Total Low Auditory Ss 20 91,70 . 62.85 . 5.55
Hy. 4 . »
High Auditory Fewales 5 92,20 117.60 9.37
High Auditory Msles 5 92,50 122.20 10.75
Total Righ Auditory Ss 10 92,35 119,40 10.06
Low Auditory Females 5 90.80 63.00 8.75
Low Auditory Males 5 89.50 60,00 5.92
Total Low Auditory Ss 10 90,15 . 61,50 7.34
®* Age Scores in Months
(N 29
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Slightly below, a three inch speaker is mounted through which the audi-
tory signals are automatically emitted. The heart of the electric systenm
coneists of a single cycle industrial timer that activates a series of
five (5) cam operated switches. The timer completes one revoluticn each
time the "cycle-start' switch is depressed, During each revolution the
five cam operated switches activate the various functions in sequence.
Tae functions (visual-audio, pulse-continuous) are selecteded in advance
by manually presetting two toggle-switches. All centrols ¢o operate the
system are located on the rear panel and include indicator lights to
alert the operator to pre-get the functions for the next cycle and to
atart the cycle. It was necessary to butld (sand use) two event machines
in order to test the Ss in the allotted time.

In both the auditory and visual task the steady signal duration
is constant et two and one-juarter seconds. The automatic timar also
insures consiatency in both the steady and pulsing signals from trial to
trial and subject to subject. The pudsing signal consists of three dis-
tinctly separate pulses of sound or light depending upon whather the
task is auditery or visual. The duration of the pulses is three-fourths
seconds each separated by a one-fourth second interval. Efforts were
wmade to keep extraneous stimulation to a minimum during the tests. At
the outset each S was tested on the apparatus in order to determine
whether or not he could make the necessary sensory discriminations. Sub-
Jjects were admitted to the experiment on that basis and no distinction
vas made for the S between these 'practice” trials and the real task.

The formal characteristics of this study can be described as
followe: In a simple prediction task, marginal utility of a correct re-
sponse is assumed to be constant over the two conditione of stimuli being
presented visually or duditorally; whereas, marginal utility of choice
variability fis assumed to vary within the situations for the auditorally
strong and auditorally weak performers. The other independent variables
which sre identified in the model and which were held constant within
all experiments are: the number of alternatives (K = 2), and tha avent
probahilities (Wl - .75,1f2 = ,25 in the auditory situstion sadT. = .65,
T, = .35 in the visual sitiation). Random selaction and assigamefit of
the Ss was employed to control for individual differences in relevant
variables such as motivation, intelligence, sensory acuity and the like,
as well as for order and practice effects.

The decision-making situation, the S seated in front of the
decision box is instructed by E, as follows "(child's name), today I
want you to play a game with me. This i3 (Ez's name). She 1s going to
operate the game machine. See this lictle speakerl (El points to the
indow

aplakerl)? After this signal light comes on, (22 turns on flcod light
window
with cther switches in neutral position) like this, (pause)

a tone w11l come through the speaker Sometimes it will aoundl three
la red light will glash in the wincow. flash!

times, sometimes it will soundl once. (E2 starts cycle with switch on

flash
'Pulse'). This 1s what it is like when it

sounds
flashes

three timss,
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(Pause) (E, waits for cycle to finish and starts new cycle on "change'
signal. fs {8 what it 18 like when i¢ sound once. (Pause) (E;
flast.es
at finish of cycle, gwitches on flood 1light witi other switches in neu-
trsl position to signal the onset of a new trial). Each time this
light comes on, I want you to tell me as quickly as you can, what you
think will heppen and I'll write it down here. If you think it will
sound three times, say 'three'. If you think it will sound once,
flash flash
say 'one'. Do you understand? (If S says no, repeat directions from
'Each time....etc.) ''Now remember, when you see this light (E; turms
on Signal Light) you have to tell me whether you *iink it will be one
or whether you think it will be three. Tty to be right as often as you
can. All right, let's begin."

Each S had three randomly generated test trials before the series
proper began, but there was no distin~tion made for the S between the
test trials and the actual sequence. Only one S had difficulty with
the directions; this S had epilepsy and had to be replaced, -

The order in which the two events occurred from trial to. trial
was random with two restrictions: (1) in no instance was the more
frequent event allowed to occur more than aix times in succesasion, snd
(2) the event probability distribution (usually 75:25) was maintained
within each 20 trial block. In all hypotheses, except hypothesis 1V,
each S undarwer.t 200 trials in the auditory decision situation and the
stable-state waa designated as the last block of 20 trials (trials i81-
200). In the fourth hypothesis the Ss were exposed to 160 trials only
and the stuble-state was designated as trials 141-160 fnclusive. The
reasoning behind shortening the test rests in the possibility that 400
trials under a no-payoff regine may have pushed the concept of a monot-
onous tssk to the point where subject loss would have been overvhelming.

The Ss, who were randomly drawn and assigned to each treatment to
counter-balance any within-task stimulus preferences, were requived to
perform individually, vhether in the auditory or visual task. Which
event became the more frequent event (i.e., pulsing or steady signal)
was randomly determined through a coin toss procedure. The stipulation
was imposed that equal numbers of high and low auditory Ss nxpcrience
each.

In an attempt to minimize unnecessary problens of scheduling, a
set of orders was established befor:s hand for each of the Ss (i.e.,
for numbers 1 ¢o 80), so that availability of an S for testing deter-
mined wvhich aumber with fta predetermined order set he received. To
control for possible systematic effects arising out of accidental fea-
tures of any particular random ceries, six different randoam series, fecur
in whichw; = .75, two in which Ty = .63 were generated and equal nun-
bers of Ss from the high and low groups were assigred each series. The
Ss' choice or prediction was recorded for each trial, in all cases, on
@ record sheet beneath the record of the actual event. The actual
event record allowed for ease of scoring as well as a helpful check
againat errors _n case the machine operator pregented the series inac-
curately.
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In order to obtain data for the test of hypothesis I and II, the
frequency with which 40 randomly assigned Ss, twenty High Auditory-
Memory Sequencers (HAMS) and twenty Low Auditory-Memory Sequencers
(LAMS), sclected the more frequently occurring event in a random series
of pulsing and steady tones was tabulated for the final twenty trials
(stable-state)*. Also the curulative error score to stable-state, that
is, across the first 180 trials, was calculated. An error is here de-
fined as the child predicting, on any given trial, the event alterna-
tive to the one which actually occurred. Similarly, dats for the hy-
pothesis I1I test consisted of the stable-state strategies adopted by
twenty Low Auditory Memory Sequencers under conditions of risk and the
stable-state straetegies adopted by twenty LAMS under 'non-risky" condi-
tions. The data for the low or no risk conditions was the same refer-
red to and used in the test of hypothesis I and IX above. Conditions
of risk refer to a payoff-loss condition under which the Ss were run.
Specifically, Ss zeceived one cent for each correct prediction and lost
one ceat for each incorrect prediction. Each § uncer payoff-loss was
given a 25¢ pot with which to plasy the game, was allowed to keep his
earnings, and 8o informed at the outset. The change in the instruc-
tions for children playing the gsme under payoff-losa was as follows:
Following the question '"Do you understand?", see page 23 of this text,
E, says: 'We're going to play the game with money. This is your money
(E points to pile of coins farthest from S). Each time you are tight,
I'1l give you a penny; each time you are wrong I'll tuke one of your
pennies. We have to play as fast as we can so I'll handle the money.
Now remember, when you see this light you have to tell me whether you
think tt will be one or whether you think:'it will be three. Try to be
right as often as you can. ---You can keep all the money you have in
your pile when we're through., All right, let’s begin." (It was in the
rurning of this test that one little girl believed, and persisted in
believing, that the machine operator was “rigging"” the outcomes against
her. The § was replaced, but as it turned out Ej» it seems, had iaducs
ed the suspicion in the child by busily erasing some check marks on her
event series sheet while the test was in progress.) Cumulative error
scores to stable-astate were tabulated for this test also, using the
data fron the payoff-losa and no-payoff groups discussed above.

In order to obtain data for the test of hypothesis IV, twenty ad-
ditional Ss who were randomly assigned from the High and Low Auditory
g pools were requirad to make choices in 160 trials. Each S-performed
individually in both an auditory and visual probabilistic decision
task. In an effort to control order and practice effects, the order in
which the Ss were administered the two tasks was randomly destermined.
Subjects required to perform in the auditory task first, were presented
with the visual task on the second occasion, and vice-versa. On the
average, Ss were tested two days apart in the two decision tasks. In
this test, Ss experienced the auditory task with thz more frequeat

* The terms "HAMS" and '"LAMS" as used from this point forward, refer to
Ss selected to represent High and Low performers on the ITPA Auditory
Sequential Test of immediate wmemory.
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event occurring randomly on 75% of the trials within each trial block,
They experienced the visual task with frrl set at .65,
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CHAPTER III

THE DATA AND THEIR TREATMENT

Ian order to test hypothesis 1, which states that stable state
sirategies (S58S) in the auditory decision task do not difier for high
auditory memory sequencers (HAMS) vs. low auditoxy memory sequencers
(LAMS), p,, the proportion of trials within the final trial block on
whicl the child predicted the most frequently occurring event, was
comvted for each S. In general, it was found that the scores ranged
from .20 to 1.00 with an overall median stable state score of .60.
Males obtained scores ranging from .45 to 1.00 with a median of .675.
Male HAMS' scores ranged from .45 to .90 with their median score fall-
ing at .675; male LAMS' scores ranged from .45 to 1.00 with a median
score of .625. Females, on the other hand obtained scores ranging
from .20 to .85 with a median of .600, Female HAMS had a range of
score3 from .40 to .85 with a median of .750; female LAMS obtaimed a
performance range from .45 to .80 with a median of .550%. These data
are r:ported in Table 4 page 27. All test results for hypothesis I
are gmmarized in Table 5, page 28.

Prior to comparing high and low auditory Ss the SSS data were
checknd for sex differences within high and within low performance
groupis by use of a Mann-Whitney U two-tailed test at the 5Z level of
confidence, (Siegel, page 116). The obtained U for high performera
(HAMS} was 47.5 which exceeded the critical table value of U < 23
(Stegi'l, page 27§).and which, therefore, could not be regarded as
reflecting a significant sex difference. The obtained U of 38.5 for
the s(:x comparison within low auditory memory sequencers also exceeded
the c1itical value of U ¢ 20 and offered no support for the existence
of a 1ex difference within LAMS. These results are reported in Table
18, Ajpendix B, page 76. The negative results obtained in the sex
difference comparisons made it possible to combine the data across sex
to prcvide a stronger test for a possible high A-MS vs. low A-MS group
difference in stable-state decision strategies. Again the Mann-
Whitnty U test was applied to the data. This time a one-tail test was
approj'riate since a difference in favour of low performers was pre-
dicted. MNAMS' strategies ranged from .40 to .90 (N«20) with a median
of .6:5 (p = .675); LAMS' scores ranged from .45 to 1.00 (¥=19) with a
mediar. of .550 (mean p = .637). The obtained U of 156 exceeds the
eritical table value of U < 130 (Siegel, page 277) and provides no
suppoi't for the notion that low auditory memory sequencers select
highe) stable state decision strategies than do high sequencers when
requiyed to perform in an auditory decision task. In fact, the data
run ccunter to the hypothesis. These results are reported in Table 19,

* Any calculations or tests in li; involving females excludes the female
subject whose 5SS was .27 sinceé, on the basis of individual perfor-
mance, it was obvious thal she was not "playing the game''. The
nmedian for LAMS excluding the S whose score was .20 remains unchanged
at . 550,
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TABLE 4

DISTRIBUTION OF STABLE-STATE STRATEGIES BY SUB-GROUPS FOR H;

HAMS LAMS
SS5  Boys Girls®*  HAMS LAMS Male Female Mule Female
Ne20 N=20 Ne=20 N=19 Ne«10 Ne10 Ne10 Neg
.10
.20 X
.30
+40 X X X
XXX X X XXX X XX X
.50 X XX X XX X X . X
XXXX XXXX XxX XXXXX XX X XX XXX
.60 XXX p.4.4 X p6:4 X
)44 X XX b 4 XX X
.70 Xxx X XX XX XX X X
xX XXX XXXX X X XXX X
.80 X X XX X X
XX XX XX
.90 XX XX XX
1.00 Xxx XX XX

Total 13.55 12.15 13,40 12.10 6.80 6.60 6.75 5.35

) .678  .608 .670  .637 ,680 .660 ‘675 594

Median .675 +600 +675 .550 675 «675 .625 «550

* The § whose SSS was .20 is eliminated from 8ll other sub-groups since
she did not "play the gome'.
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TABLE 5

MANN-WHITNEY U TESTS FOR SIGNIFICANCE OF DIFFERENCES
IN SSS FOR WITHIN AND LETWEEN AUDITORY STRENGTH GRQUPS

Critical
Group U a Value Significance

HAMS (N=20)

Females vs. Males 47.5 .05 U 23%% No

(N=10) (N=10)
LAMS (N=19)

Females vs. Males 28.5 .05 U __ 20%* No

(N=9) (N=10) ,

HAMS vs.LAMS 156.0 .05 U __ 130* No
(N=20) (N=19)

*  one-tailed test
*%  two-tailed test
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higher stable state decision strategies than do high asequencers when
required to perform in an auditory decision tssk. In fact, the data
rn counter tu the hypothesis. These results are reported im Table 15,
Appendix B, page 77.

Hypothesis II predicts a difference in pre-stable state perform- *
ance between HAMS and LAMS in terms of total number of errors each §
wade in his predictions of the events on trials ore through 180. Re-
call that an error i{s defined as S predicting the event which in fact
does not cccur on a given trial and/or, failure to predict the event
before it occurs. The data show an overall range of 42 errors extend-
ing from 59-100 out of a possible 180, The boys' error scores ranged
from 62 (34,4%) to 100 (55.6%) while girls scores ranged from 59
(32.7%) to 98 (54.4%). The median error score for the two groups is
76 (wean, 79.80) for boys, 81 {(mean, 79.21) for girle. Within the male
group male HAMS obtained a median error score of 76 (mean, 79.50) while
male LAMS obtained 77 as their median (mean, 80.10). Within the female
group, female HAMS have a median of 71 (mean, 73.90) while LAMS obtaine
ed a median of 84.00 (wean, 86.11). HAMS as a group show s median of
75.50 (mean, 76.00) in co.trast to LAMS whose median error score is 82
(mean, 82,47}. These data, in conjunction with individual error scores
and their equilalent proportions, are reported in Table 6, page 30.

In order to test for differences in pre-stable-state performance,
each error score was converted to its proportion equivalent, the fre-
quency of various error proportions obtained within each sub-group was
tabulated and frequency distributions were then set up. These results
are reported in Table 7, page 31. It should be noted that the female's
score, eliminated from the LAMS group in the previous tests, was re-
placed by the LAMS mean error score for all tests of hypothesis II. 1iIn
addition, note that all tests of hypothesis Il were made using the Kol-
mogorov-Smirnov two sample test for independent samples, {Siegel,
page 127). The test is a non-parametric which is senaitive to any kind
of difference (central tendenry, dispersion, skewness) between the r un-
ulative distributions from which the two samples were drawn. All tests
were run at the .05 level of confidence. These results are surmarized
in Table 8, page 32. Before the main comparison of HAMS vs. LAMS could
be made, a within auditory group test was made on both groups to check
for sex differences.

Error ecores by sex within auditory group along with the test on
their cumulative frquency distributions are shown in Tsble 20, Appendix
B, page 78. The maxiumum discrepancy (X sax.) found between male and
female LAMS was five and that found between male and female HAMS was
three. Neither of these discrepancy values reach the critical value
Kp > 7 required for a two-tailed test at the 5X level where n, = n,
= 10 (Siegel, page 278). Since the cbtained differences between males
and femeles were not significant, the gex groups were combined within
auditory groups in order to allow for a stronger test (N = 20) for a
difference between the two audftory groups. The comparison yielded a
aaximum discrepancy of 8 between the HAMS and LAMS in favour of the
former. A one-tailed test at the 5X level with N s 20 requires a dis-
crepancy equal to, ot greater than, 8 fa order to be significant, The
results are to be found in Table 21, Appendix B, page 79. Obviously,
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TABLE 6

DISTRIBUTION OF PRE-STABLE-STATE (trials 1-180) ERROR
SCORES FOR SUB-GROUPS OF HYPOTHESIS IX

Exrors to .
Stable Boys Girls HAMS LAMS Male Female Male Female
State (N=20) (N=19) {(N=20) {(N=19) (N=10) (N=10) (N=10) (N=9)

58-62 X X X X X X

63-67 X XXKX  XKXXX X XXX

68-72 XXXX X XXX X X
73-77 po6o QD ¢4 4 XXXXXX XX XXX XX X X
78-82 X XXX XX XKAX X X X XK
83-87 X ¥X XXX b SR+ {
88-92 XX XK XXX XX XX X . xx
93-97 XX X X XX X XX’
98-102 XX X X X X X X
Total

Evrors 1596 1505 1534 1567 795 739 801 766

Mean 79.80 79.21 76.00 82.47 79.50 73.90 80.10 86.11
Median 76.00 81.00 75.50 82.00 76.00 71.00 77.00 84.00

Mean p  0.885 0.458 0.431 0.493  0.442 0.421 0.443 0.478
Mediar p 0.422 0.451 0.419 0.456  0.422 0,395 0.427 0.467
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TABLE 8

KOLMOGOROV-SHMIRNQOV TESTS FOR SIGNZFICANCE OF DIFFERENCES
IN CUMULATIVE ERROR FREQUENCIES TO STABLE-STATE FOR
WITHIN AND BETWEEN AUDITORY STRENGTH GROUPS

—_——Saa—
Cricical
Group ‘ . Kp Max a Value Significance
HAMS (N=20)
Females vs. Males 4 05 " Kp _ Tk No
(N=10) (N=10)
LAMS (N=20)
Females vs. Males 5 .05 Kp . 7** No
(N=10) (N=10)
HAMS vs, LAMS 8 .05 Kp _ 8* . »05

(N=20)  (N=20)

Males (N=20) :
HAUS vs. LAMS 2 .05 Ky _ 6% . Mo
(Nv10) - (N=10)

_ Females (N-20).' .
" (N=10) (N=10)

* one-tailed

k% two-tailed
the mean frmale LAMS' score was substituted in for the score of the
female eliminated from this group
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the difference in the distributions is significant in the predicted
direction and it can be concluded that the values of the population
from which the HAMS sample was drawn are statistically larger than
those of the one from which the LAMS was drawn, and the diff :rence
cannot be accounted for by random deviations.

Considering the statistical fact that high auditory memory sequen-
cers exhibit a lower error performance thsn those regarded as low
auditory performers, it was essential to check for a within sex dif-
ference. That ie, to determine whether HAMS of either or both sexes
were superior to LAMS of either or both sexes. Under a one-tailed teat
at the 5% level (N=20), the obtained discrepancies showed the superi-
ority of HAMS over LAMS to hold for females only. Male HAMS vs, LAMS
showed an insignificant discrepancy (K, max. = 2) and the female HAMS
ve. LAMS discrepancy (Kp max. = 8) is significant at the 1% level of
confidence. These data are reported in Table 22, Appendix B, page'80.

Hypothesis 1I1I states, in effect, that the performance of Low
Auditory Memory Sequencers, under conditions of meaningful reinforce-
ment (payoff-loss) will more nearly approximate that of a High Auditory
Memory Sequencing group than they will that of their low auditory but
"unrewarded' (no-payoff) counterpart. The test involved a comparison
of LAMS both on the atable-state strategy adopted and on the propor-
tion of errors cumulated to the stable-state, that is, across the first
180 trials. The stable-state strategies were compared using a Mann-
Whitney U test for independent samples and the distributions of cum~
viated error proportions were compared via the application of the Kol-
mogorov-Smirnov two sample test. It should be noted that the "no-
payoff" LAMS are the identical 19 Ss used in the test of hypothesis I.
Once again the mean score of the female LAMS (no-payoff) group was sub-
stituted for the acore of the female LAMS subject who had to be elimin-
ated from the analysis. The results of all tests for hypothesis III
are summarized in Table 9 and 10, page 34 and 35, and the performance
curves relevant to all three hypotheses are depicted in Figure 1, page
36. ' ‘

The distribution of stable-state strategies for the Low Auditory
Memory Sequencing sub-groups are reported, along with their mean and
median strategies, in Table 11, page 37.

The range of strategies adopted across Pay-off conditions was
identical for boys and girls and extended from .45 to 1.00. The median
strategy adopted by boys (N=20) was .800, the wean was .740, The median
strategy for girls (Ne19) was .750, and the mean was .716. Payoff-loss
mslea (Ne=10) exhibited a range of strategies from .55 to 1.00 with s
wedian of .850 and a mean of .805 as ppposed to their No-payoff counter-
parts for which the range was .45 to .80 with a median of .625, and a
mean of .675. Females under the Payoff-loss condition (N=10), on the
other hand, exhibited strategies ranging from .45 to 1.00 with & median
identical to that of Payoff-loss boys (.850) and a mean of .825., Their
No-payoff female counterparts scores (R=9) showed a range identical to
that of Payoff-loss boys (.45 to .80), a median of .550 and a mean of
«594, The overall Payoff-loss range of scores was from .45 to 1.00
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TABLE 9

MANN-WHITNEY U TEST FOR SIGNIFICANCE OF DIFFERENCES
IN SSS FOR WITHIN AND BETWEEN PAYOFF CONDITIONS

—
Critical
Group . a Value  Significance
LAMS Payoff-Loss (N=20)
Female vs. Males 43.5 .05 U_23%*  No
(N=10) (N=10) .
LAM3 No-Payoff (N=19) 28.5 U __ 20%% No
Females vs. Males
(N=9) (N=10)
LAMS Payoff-Loss vs. No-Payoff  76.5 .05 U _ 130% 001
(N=20) (N=19)
Male LAMS
Payoff-Loss vs. No-Payoff 28.0 .05 U __ 27*% No
(N=10) (N=10) ‘
Female LAMS
Payoff-Loss va. No-Payoff 11.0 .05 U _ 24» .001
(N=10) (N=9)

HAMS No-Payoff (N=20)
va. 84.5 .05 U _ 138% .001
LAMS Payoff-Loss (N=20)

* one-tailed
*% two-tailed
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TABLE 10

KOLMOGOROV-SMIRNOV TEST FOR SIGNIFICANCE OF DIFFERENCES
IN PRE-STABLE-STATE ERROR FREQUENCIES FOR WITHIN
AND BETWEEN PAYOFF CONDITIONS

T — m m .

Critical
Group KD Max a Value Significance
LANS Payoff-Loss (N=20)
Pemales vs. Males 3 05 Kp __ 6% No
(¥=10) (N=10) '
LAMS No-Payoff (N=20)
Females vs. Males 5 .05 Kp __ 6#% Ko
(N=10) (¥=10) ‘
LAMS Payoff-Loss vs., No-Payoff 8 05 Ky _ B 05
(N=20) (R=20) ’ '
Male LAMS
Payoff-Loss vs. No-Payoff 3 05 K, 6% No
(N=10) (N=10) ‘
Female LAMS ' i
: i
Payoff-Loss vs. No-Payoff 8 .05 Kp _ 6% 0]
(8=10) (K=10) '

® ona-tailed

k% two-tailed
the mean female LAMS' score was substituted in for the scora of ths
fenale eliminated from this group
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TABLE 11

DISTRIBUTION OF STADLE-STATE STRATEGIRS BY SUB-GROUPS
OF LAMS OF HYPOTURSIS III

Po Condition Po-Loss No-Po
Boys Girls Po-Loss No-Po Male Female Male Female
§ss  (N=20) (N=19) (N=20  (N=19) (N=10) (N=10) (N=10) (N=9)

.40

45 XX XX X XXX X XX X
.50 X X XX X X
.55 XXX XXX X XXXKX X XX XXX
.60 X X X
65 X X X X X
.70 X X XX X X
75 X XX XX X XX X

.80 ¥XX K XK XX XX X X X
.85 XXX XX XXXXXX XXXX XX

90 X ‘X XX X X

.95 X XK XXX X XX

1.00  Xxi X X XX X XX

Total 14,800 13.600 16,300 12.100 8.050 8.250 6.750 5.350
Mean - 0.740 0.716 0.815 0.637 8.805 0.825 0.675 0.5%

Median 0.800 0.750 0.850 0.550 0.850 0.850 0.625 0.550
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with z median of .850 and a mean of .815. Whereas, the overall No-
payoff range of scores was the same as that for the Payoff-loss group,
their median strategy turned out to be ,550 and their mean to be .637.

Prior to testing for differences in LAMS scores under the separate
Pay-off conditions it was essential to determine whether the males' and
females' scores could be combined within the Pay-off loss group, there-
by, providing a stronger test. Recall that no sex differences were
found within the No-payoff group. (Refer to Table 18, Appendix B, page
76.) 4 Mann-Whitney U two-tailed test for sex difference within the
Payoff-loss LAMS yielded a U of 43.5 and for which the critical value
is U ¢ 23. These findings are reported in Table 23, Appendix B, page
81. It was concluded that no significant sex differcence existed i{n the
level of SSS adopted in the sample of Payoff-loss LAMS and that the sex
groups night, therefore, be combined for a test of between payoff con-
dittons differences.

The U obtained in the one-tailed test comparison of Payoff-loss
LAMS with No-payoff LAMS was 76.5 and is significant beyond the .00l
level of vonfidence. The eritical U for a one-~tailed test where a=.05
and n;=1%, ny=20 is U < 130. These results are reported in Table 24,
Appenézx B, page 82, 1t was concluded that the stable-state strategies
adopted by Low Auditory Memory Sequencers under condltions of Payoff-
loss are significantly higher than those adopted by Low Auditory Memory
Sequencers under conditions of No-payoff.

Further testing, to determine whether or not both sexes adopted a
higher strategy under Payoff-loss conditifons, vevealed that the effect
held for female LAMS only. The test on the males' scores yielded a
U of 28 which approaches, but does not reach significance, since the
critical U value for a one-~tailed test when a=,05 and ny®n,=l0 is
U < 27. The test for the female LAMS revealed a U of 11.00 which is
significant teyond the .00l level. The critical U value for a one-
tailed test vhere a=.05 and n,=9 and n,=10 is U < 24, These results
may be found in Table 25, Appendix B, page 83.

A second aspcet of hypothesis III requires the comparison of cum-
ulative errors to stable-state (expressed as a cumulative proportion of
the first 180 trials) for LAMS under Payoff-loss conditions vs. LAMS
performance under No~payoff. The distribution of error scores, with
range, median, and wean values for each sub-group of LAMS 18 reported
‘in Table 12, pages 39 and 40. It was found that across payoff condi-
tions boys had a range of raw error scores from 62 to 98 out of a pos-
sible 180, a median of 77.5 and a mean of 78.45. Payoff-loss males'
scores exhibited a range from 64 to S7, a median of 77.0, and a mean of
76.8; whereas, No-payoff males' scores ranged from 67 to 100 with a
median of 77.Y) and a mean of 80.1. Cirls' scores, across payoff condi-
tions, showved a range of 51 to 98, a median of 79 and a mean of 78.47.
The Payoff-lcss females' range woas from 51 to 94, with a median of 72
and a mean of 72.50. The No-payoff females (N=9) in comparison had a
range of errora from 77 to 98, a median of 84 and a meun of 86.11. The
range for the overall Payoff-loss scores was from 51 to 94, the median
was 74.0 and the mean was 74.65. In the No-payoff condition scores
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TABLY. 12 (Continued)
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Errors to o PaverT Condition Pavefi-Lloss Ns-Payo{?t
tedle Eauivalent’ Boys - Giris Po-Loss No~Po  Males Femzles Maies Femxnies
Stag Prenortion (N=23) %=19) {1=20) (¥=219)  (N=10) (8=7C) {1=30) (%=97
74 AN XX XX . XA
: ' : X . X
75 422
b e X X .
73 433 X ~ X X X X
. : X X X X XX X:
e 445 . .
. X XX % XX x %X
g2 : 4356 . X A X
) ¢ - X X
34 457 X X - : X :
. X X - X
ch 478 X X "X
XX X e X X
S3 489 X A X
X A : X
20 .5C0 .
92 5
o6 .522 % X X X X X
X X T X
as .533 !
83 .o44 A X ¥X X X
Jotel Ervors . 1559.000 1491.000 1493.000 567,000 758.000 725.0C0 &ui. .00 . 785.000
Mogn Erron i 78.450  78.474 74.650 22.474 76.200 72.500 &0.500 85.t1
¥adizn Error () 77.500 - 79.000 74,000 82.0C0 77.000 72.C00 77.020 - 2&.CR0
Mean Prenportion o 0.402 0.435 0.415 G.459 0.827 0.403 G.445 C.4578
Yadian Proportion (p) - 0.428 0.435 .40 0.455 0.423 <.400 0.427 0.457
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ranged from 62 to 98; the median score was 82 and the mean was 82.47.

The frequency of cumulative errors e#prcssed as proportions of the
180 trials and the cumulated frequencics of those proportions are re-
ported in Table 13, pages 42 and 43.

Before performing a test for differences in error production of
LAMS under the scparate payoff conditions, a test for sex differences
within payoff conditions was made. ¥o significant sex differences ob-
tained when the Kolmogorov-Smirnov two sample test was applied to the
data. The maximum discrepancy between the cumulative distributions of
males vs. females in the Payoff-loss condition was found to be three
and for the No-payoff group recall that the Ky max. was 5. Neither of
those obtained values reach the critical value of K> 6 at the .05
level for a two-talled test when N=10.  These results along with the
g:w error score for each S are reported in Table 26, Appendix B, page

Since no significant sex differences were detected, the scores of
males and females were combined within each payoff group in order to
allow for a stronger test for differences between payoff groups. The
results of this test yield a significant maximum discrepancy, Kp = 8,
which just reaches the critical value (K, > 8) when a = .05 fer a one-
tailed test with an N of 20. These results may be read in Table 27,
Appendix B, page 85.

A further test was applied to the data to determine vhether or not
the error difference in favour of the Payoff-loss subjects held up for
both sexes. The results show that only the female LAMS make signifi-
cantly fewer errors under Payoff-loss conditioms. Males do not. The
maximum discrepancy between the cunulative error distributions for fe-
males was 8, which is significant at the .0l level for a one-tailed
test (with N=10). For males, the maximum discrepancy was only 3. For
both tests, the .05 level of critical value was Kp > 6. These results
are reported in Table 28, Appendix B, page 86,

In testing hypothesis II1, one final examination was made. From
inspecting the data it appeared that not only were LAMS under a Payoff-
loss condition adopting higher stable-state strategies and making fewer
pre-stable-state errors than No-payoff LAMS, but it also appeared to le
the case that their performance exceeded that of HAMS under No-payoff.
A Mann-Whitney U one-tailed test, was applied to the data which was
found to yleld a U of 84.5, significant at the .05 level, (The criti-
cal value is U  138.) This test result is presented in Table 29,
Appendix B, page 87. It was concluded that under conditions of risk,
LAMS adopt higher stable-state strategies than do either LAMS or HAMS
performing in non-risky, that is, No-payoff circumstances,

The test of hypothesis IV was made under the assumption that the
utility factors do not differ from tihe visual to the auvditory situation
and vice-versa. It was hypothesized that thie Siegel decision model
would yield numerically precise predictions of performance in one de-
cision task from performance in the other. The frequency with which
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TABLE 13

CUMULATIVE FREQUENCY DISTRIPUTICMS OF PROPORTION OF ERRORS
IN PRE-STABLE-STATE TRIALS FOR SULGROUPS CGF HVPOTHESIS I11 (LANS)

-

——— e = —— A s
-—— e e - - - A i 1008 Y O | At e et e e e

(‘ . ' LANS Sub-group Cumuleted Frequencies

- -

" . Payorf Condftion

Cunulative Error Boys Girls . Po-loss No-Po
Proportion Interval (K=20) _ (M=19) __ __ (K=20) Jw=10)

281 - ,290 0 X 1 X ] 0

0 1 1 0

.301 ~ .310 0 1 1 0

0 1 1 0

.321 -~ 330 0 1 1 0

0 ] 1 0

£ .341 - 350 X 1 | 1 X 1

) X 2 1 X 2 1

W36 - 370 2 X 2 X 3 1

' : 2 2 3 1

.381 -~ ,390 XX 5 XXX & XXxx 7 XX 3

XX 7 X 6 XX 9 X 4

401 - ,410 X 8 6 X 10 4

X g X 7 X n X 5

421 - 430 X 10 X 8 X 12 X 6

' .4 S V4 XX 10 XXX 15 X 7

A4 - 450 X 13 XX 12 X 16 XX 9

13 X 13 16 X 10

J401 - 470 X 14 X 14 X 17 X n

X 15 X 15 X 18 X 12

. 481 - 490 XX 17 X 16 X 19 XX 14

| 17 X 7 19 X 15

L0 - L5710 17 17 19 15

: 1?7 17 19 15

521 - 53 XX 19 X 18 X 20 XX 17

19 18 20 17

20 0 19

541 - (550 X 20 X 10
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TABLE 12 (continuzd)
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LAS Sub-group Cunwulated Fre.quencies
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o heyoiiloss o bOSPRYOVE

Cumulative Error lale . Ferale Male Female
Proportion Interval _ (H=10) (1i=10)_ {H=10) (K=5)
281 - 280 0 X 1 0 0
_ 0 ] 0 0
.301 - ,310 0 1 0 0
0 1 0 (]

0 1 0 0

.341 - 350 0 ] X ] 0
) : X 1 1 1 -0

1 2 B | )

331 - .320 X 2 XXX & XX 3 0
. X 3 X 6 X -4 0
J01 « 810 ) § 4 1 4 0
: 4 X 7 X 5 0

421 - 430 X 5 7 -5 X |
X 6 XX 9 X 6 -

441 - 450 X 7 9 6 XX 3
- 7 . 9 6 X 4

461 ~ 470 X g ! ] 6 X 5
X 9 9 6 X 6

481 - L4900 X 10 9 X 7 X 7
! 10 ' 9 7 X 8

501 - 510 10 R 1 1 8
10 9 7 8

521 - ,530 0 X 10 X 9. 8
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10 X 10 X 9
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various stable state strategies were adopted by 19 subjects® under the
auditory task with 4} = .75 and by those same Ss under a M, = .65 in
the visual decision task are reported in Table 14, page#5. For the
test of the nodel, an estinate of a, the interaction among all factors
of the choice situation which are relevant to the utilities associated
with the decision situation, was obtained by means of “he equation

a = 2(2p; - 1) where p;is the mean stable state andnﬂi equals .65 .

——— .

M~ T
(the proportion of trials in which the most frequent event occurred in
the visual decision situation). The obtained a value was
Vis.

2/72 (.476) - 17 = 2 (.952 - 1.00) = .096/.30 = 0.320. This
65 = .35 .30

value was substituted in the cquation of the model P,=a (k utl 1)
‘ 2k
+ 1 _to obtain the numerical prediction of the strategy that would be
k

adopted by the Ss under the auditory conditions of the decision task.
The prediction yielded was:__ P, = 0,450, The observed Ss value in the
auditory decision task was P,,4 = 0.613. The differcence betwecen the
predicted and obscerved stable state is 0,153, Tihis value is larger
than one would expect if the utility factors are the same for the two

_ decision tasks and i{f the model, in fact, predicts. On inspecting the

visual decision task data, it was clear that three additional Ss scores
are significantly differeat from a ''chance or better" performance. For
purposes of obtaining the best estimate of a that is possible from
these data, it secmed that recalculating 3 without benefit of these
three additional scores was desirable. Hence a = 0.2933; P1 = 0,537,

Eliminating none of the 20 subjects fronm the auditory decision
task the mean stable-state strategy was obscrved to be ,670, a diffexr-
ence of 0.133 from the predicted value. Eliminating the scores for the
four subjects who were eliminated from the visual task as Ss perform-
ing under chance, a mecan observed SSS of .596 obtains; leaving a dis-
crepancy of only .059 between the predicted and observed values. Apply-
ing a Hadansky nodified Z (Madansky, 1964) to this data, shows the ob-
tained difference to be not significantly different from a chance
separation. This, however, does not warrant the conlusion that the
model yiclds a quantitatively precise p-ediction of the subjects' per-
fcimance in the auditory decision task irom the results of their per-
formance in the visual task. An accura e prediction also would liave to
be made from the auditory task back to :he visuval in order to insure
that the results could not be accounted for by chance.

— s s e e s .

# One female LAMS was eliminated since it appeared, on the basis of
inspection, that she was not '"playing the game".



-TABLE 14

THE DISTRIBUTION OF STABLE-STATE STRATEGIES ACOPTED BY THE
SAME SUBJECTS #Ili THE AUDITORY (rl = ,75) AND THE
- VISUAL DECISION TASK (r:l = ,65)

—— - - — p-aaeorgy by -t —
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CHAPTER IV

DISCUSSION AND CONCLUSIONS

Because of the low level of reliability obtained for the Visual
Sequential memory subtest for stability over time (r = .55), it was
concluded that the sample could not be separated relicbly into subjects
exhibiting strengths in auditory or visual immediate memory by means of
the particular two ITPA subtests administered for that purpose. As a
consequence, the original purpose of the study, which was to examine
the relationship between sensory functioning of the auditory and visual
modalities and strategy behavior in a two-choice uncertain outcome de-
cision situation had to be modified. The alternative, which had been
set up at the outset was substituted; namely, a comparison of strategy
bzhavior for high and low auditory subjects as definedby their perfor-
mance on the Auditory Sequential ITPA subtest of immediate memory.,* In
turn, the hypotheses were modified to accormodate the single modality
focus. All tests, except the qguantitative test of the Siegel Model,
were run on data gained in an auditory decision task. The hypotheses
as modified to test for within-auditory modality strategy differences
are stated below:

In the repctitive choice situation -~
I. low auditory performers more nearly approximate a pure stable-
state strategy in an auditory decision task than do high
- performers;

II. low auditory performers experience greater series unexpected-
ness (make more prediction errors) in the pre-stable-state
aspect of an auditory decision task than do high auditoty
performers;

I1I. low auditory subjects performing under conditions of risk will
more nearly approximate the performance of high auditory sub-
Jects performing under no-payoff; -

IV, low and high auditory subjects combined will exhibit stable-
state strategies for which the Siegel Model will yield quan-
titatively precise predictions.

In testing each hypothesis the data were examined for sex differ-
ences within the High and within the Los Auditory Sequencers before com-
bining Ss across sex, for a stronger test of the individual hypothesges.
In general, the results indicate that hlgh and low auditory perforrers,
as 1dentified on the Auditory Sequential subtest of the ITPA, do not
differ in their rate of learning nor in the level of performance they
adopt in the "stable-state" phase of a (wo-choice auditory decision
task. Cumulative error and level of stable-state strategy both change
favourably when subjects are required to function under conditions of
risk.

% In the result section (Chapter III) high and low auditory groups were
referred to as "HANS" and "LAMS", respectively.
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The results from the test of the first hypothesis, comparing
stable-state strategies for High and Low sequencers, indicate that there
is no significant difference in the level of performance adopted by the
two groups in the final block of two hundred trials. The trend in the
data favours the performance of the High Auditory Sequencers which op-
poses the prediction made from the Siegel Model. Referring to Figure 1,
page 36 of this text, it can be seen that performance is fairly level
for both sexes in the Low groups for the final 40 trials. High females'
performance tends to drop while High males tend toward adopting higher
strategies. The fact that Low girls stabilize at a level not much bet-
ter than chance, somewhere in the vicinity of 150 trials, taken in con-
juction with the fact that none of the No-payoff groups' final block
strategy reaches the matching strategy level (i.e., p; = .75, when r
= ,75) appears to be fairly strong evidence that the original theorizing
is not supported by the data for this sample. Recall that it was azgued
from the model that any factors which cognitively enrich the decision
situation would reduce the utility of variability and all else being
equal, particularly the utility of being correct being held constant,
the tendency for a subject to adopt a pure strategy would increase. It
was further argued that an auditory decision task should be more enriche
ed (actually, more demanding) cognitively for an individual who is
identified as a Low auditory sequencer than for one who is identified
as a high performer on the same dimension. Various hypotheses might be
entertained as tentative explanations for the obtained results. The
most inviting 18 the possibility that the subjects were not motivated;
or alternatively, the groups were equally unmotivated so that what was
learned about the distribution in the earlier trials remains unmanifeat.
We will return to this explanatory possibility in relation to discuss-
ing the vesults of the test of hypothesis III in which Low Auditory Ss
pexformed under conditions of extrinsic reinforcement. Before accepting
this, or other attempts to account for these results, one must enter-
tain the possibility that (1) the immediate memory sequencing involved
in the Auditory Sequential ITPA subtest plays no part in, or is in no
way related to the operations or types of operations involved in a
probabilistic decision task of the monotonous kind used in the study;
and/or (2) the task in no way represents a low b situation (i.e., one
in which there is low utility of choice variability) for Low Sequencers
or a high b situation for High Sequencers. Looking at the results of
the test of the second hypothesis adds some information. The apparent
difference between lligh and Low Sequencers with regard to the amount of
series unexpectedness they express within the first 180 trials in an
auditory sequence, can be attributed to the difference between the
amounts expressed by High vs. Low femsle Auditory Sequencers. High and
Low males were, for all practical purposes, identicel in the number of
errors they made in their predictions. Low females stabilized earlier
in the series and also made a significantly high median number of pre-
diction errors than any other group, This appears to be a substantial
difference which indicates that sex and auditory strength interact to
produce these results. On the aversge, to be a Low Auditory Sequencer
does not necessarily mean that one would commit more learning errors in
a probability learning task unless one were a female. Similarly, to
be a lHigh Auditory Sequencer does not imply a relatively low proportion
of prediction exrors in learning the probabilities associated with a
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series of events, unless one is a female. Low subjects, whether boys

or girls, tend to stabilize eariier in the series than do High subjects.
These results may indicate that high monotony plus high cognitive demand
produces a tendency to stick with a strategy even though it isn't work-
ing very well. That is, the subject may be "giving up” any attempt to
improve. Perhaps girl Ss become stereotyped in their beaavior and adopt
a lose-stay strategy in the face of performing in a modality in which
they are not proficient. Such a tendency to "give up" could conceiv-
ably be intensified for these high error Ss if they learn of the random
nature of the event distribution more readily, but are not ''comfortable"
enough in the auditory mode to shift to a pure strategy. The question
remains as to whether this performance is a function of low motivation
or if, in fact, low female Auditory Sequencers somehow have a unique
capacity or upper limit for the task under consideration. The results

. from the test of hypothesis III suggest it is more defensibly the form-

er. Another possibility, of course, is that the nature of the task more
nearly fits activities identified as 'fitting" the male sex role in our
culture. . .

It was found in the test of hypothesis III that Low Auditory Memory
Sequencers of either sex, when required to make their choices under
conditions of monetary payoff for being correct and monetary loss for
predicting incorrectly, not only surpass Low Ss who have not been so
revarded, but they also significantly exceed unrewarded High Auditory
Sequencers in their '"stable-state" performance. Among the low subjects,
the significant difference in favour of the payoff-loss subjects appar-
ently was contributed by the females. It is important to note however,
that the difference which exists within the Low males’ performance also
is in favour of the payoff-loss group and approaches significance at the
5% level. Payoff-loss subjects make fewer errors than esubjects perform-
ing under no extrinsic reward, but this too is a function only of the
females' performance. The data for this sample doer not support the
notion that males under the different payoff conditions commit different
proportions of errors scross the trials to the finasl trial block. Again
if one refers to Figure 1, page 36, it is interesting to note that only
Low female Auditory Memory Sequencers functioning under payoff-loss
conditions clearly adopt a pure strategy; they do so in the vicinity
of the 150th trial and maintain that level for the final 25% of the
trials. Low males and females under no-payoff exhibit similar patterns;
with the females tending more definitely toward stabilizing and the
males tending more toward a matching strategy. The performance of the
Low payoff-loss males is remarkable however, in that it is far from
stabilizing and exhibits an obvious increase in slope in the final quar-
ter of the task. Payoff-loss females also continue to select the more
frequent event at an increasing rate. All groups show a drop in per-
formance in the third from the final trial block (trials 141-160).

The contrast of the performance of Low Auditory Memory Sequencers
under the two payoff conditions show some noteworthy phenomena:
apparently only Low females clearly adopt a stable strategy, and they
do so only under no-payoff conditions, at a point roughly three-fourths
of the way through the task, the stable-state strategy of Low females
under conditions of risk more nearly spproximates a pure strategy than
does that of Low males under either payoff condition, or thet of High
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males or females under the no-payoff condition; the performance of Low
females suggest that it would have been desirable, and perhaps even
essential, for an adequate test of the main hypothesis to have required
High S8 to perform under conditions of payoff-loss to rnsure adequate
motivation (recall that it was reasoned that reinforcemeni might mask
the natural tendencies of low and high Ss performing in such a simple
task); the performance of those Ss who did atabilize indicates that
the theorizing was out of line with regard to expecting differences in
the "learning'' aspect versus the applicational or *'performance' aspect
of the curve; the results also clearly show the arbitrary character of
selecting the last trial block as the stable state.

The literature on decision making in a two-choice uncertain out-
come situation usually involves 100 trials or less and an arbitrary
stable state is defined, usually as the last block of 20 trials (Meir,
1964; Weir, 1967; Stevenson and Odom, 1964; Siegel and Andrews, 1962;
Glim, 1968). Whereas, similar studies involving adult subjects reveal
the emergence of a natural asymptote at the 200 trial point or beyond.
Glim (1968) raises a question as to the likelihood that rate of learning
in this type of task for children might exceed that of adults. The
fact that Low Auditory females in the present study appear to stabilize
around the 150th trial and at a level approximating a matching strategy
when under reinforcing conditions might suggest that at least they have
learned the probability di_tribution of the events. To draw such a
conclusion would require that the design include a shift in 1) values
mid-way through the task with a comparable shift occurring in the Ss'
strategy. Whether or not they learned that the occurrence of events
is random is impossible to say. Perhaps "types" of children, those who
don't stabilize and those who stabilize at less than a pure strategy,
are responding to utilities other than the utility of being correct.
--On the other hand, perhaps low auditory performers functioning in an
auditory decision task of this sort are not able to grasp the notion
that the series is random and do, in fact, give up without ever seeing
the essential connection between a pure strategy and being right most
of the time. Glim makes the point that unless the utility of a correct
choice i{s enhanced through reinforcement (in addition to knowledge of
results) any number of othur utilities operating in the situation may
take precedence and thereby interfere with the tendency to staoilize.
It seems to this investigator that responding in terms of other utili-
ties need not interfere with the tendency to stabilize, but is likely
to interfere with the tendency to stabilize at a high (pure stratogy)
level.

The Estes probability learning model fails to explain the shift
toward a pure strategy demonstrated in the present data under the pay-
off-loss condition and further, refers to the adoption of a matching
strategy as "irrational". The Siegel Model on the other hand, offers
an explanation in terms of the utility of variability and implies that
the subject is rational in pursuing whatever has utility for him and
which need not necessarily amount to being "correct'. There are too
many unknowns in this study to allow one to draw firm conclusions
regarding what produced the observed effect. The modified design was
inadequate to the task at hand. The fact remains, however, that Low
Auditory Sequencers when required to predict outcome in an auditory

4



task under risk conditions, do better than when performing under low-
or no-risk conditions, but still fail to adopt a pure strategy. Three
possible tentative explanations of these results come to the fore.

There is the possibility that Low Auditory Memory Sequencers are limited
in their auditory skills and are (1) not confident (because of a past
history of failure) that the perceived randommess is veridical, or (2)
that the nature of the task (monotonous and demanding auditory skill)
discourages sustained effort to learn the distrihution nlus its random
nature, and/or (3) the task simply is too difficult for Low Auditory
Sequencers and the performance in the decision task is a valid reflec-
tion of the prediction one would make from the ITPA Subtest performance.
This third explanation reasonably can be entertained only for the sta-
bilized Low groups; all other groups presumably still are ehifting
strategies by the time they reach the arbitrary trial block designated
the stable state.

The data of hypothesis IV in addition to lending quantitative
support to the Siegel Model, show that the subjects (low and high
Auditory Sequencers) are utilizing probability principles in making
their predictions. This fact is reflected in the incresse in level
of strategy adopted in the separate stable states; subjects performi.;
in the auditory task (where 7} = ,75) adopt a higher strategy in the
stable state for that task than they do when performing in the visual
task, where 73 = .65. It is interesting to note that the trend in the
stable~-state mean strategies for High vs. Low Auditory Sequencers
supports the original theorizing. That is, Low 8equencers adopt
higher stable state strategies than do High Sequencers. The difference
is not significant, however, and the fact that Ss only performed for
160 trials plus the possibility of the effect being a sampling arte-
fact makes the comparison more or loss meaningless. Subjects performing
in the visual task, on the average perform at chance level or below.
Seventy-five percent of the subjects adopted a strategy in the auditory
task at least as high as they did in the visual., (Sixty-five percent
actually adopted a higher strategy.) Despite the fact that the order
in which subjects underwent the two tasks was randomized, performance
in the visual task was less adequate for all groups. This information
may wuake the assumption under which this test was carried out, namely,
that the auditory and visual decision tasks do not differ with rszard
to uti{lity factors, ~- suspect. Another possibility, however, ie
that there is a reliance on the auditory modality regardless of whether
the cues are auditory or visual. When cues are presented to the visual
modality, the child provides himself with a repetition ¢f the information
to the auditory modality via vocalization of the visual cues. This
interpretation would be consistent with the results in the data for
hypothesis IV, except for the sub-groupa of female Low Auditory Memory
Sequencers who exhibited the highest stable-state atrategy of all
groups in the auditory task and the lowest stable-state strategy of all
the groups in the visual task. The other groups: High males, Low males,
High females, maintain the sam: order in both the visual and auditory
tasks.

The concer.a for the role of input modality in learning is neither
new nor trivial, According to Freud (1953) Charcot was the first to
approach learning through a modality typology. Ile (Charcot) apparently
spoke of 'audile'", "visile', and "tactile' learncrs. Work along the
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lines of modality preference in learning has been on the increase

since the 1330's, and probably has its most advanced formulatfon

in the work of Wepman (1958, 1968), Bannatyne (1966), Kirk, McCarthy,
and Kirk (1968), Paraskevopoulos and Kirk (1969) and others. Accord-
ing to Wepmen the differential use of input pathways or the modality-
bound nature of children's learning is receiving substantial support.
In some of his own factor analytic work, Wepman, et al. found strong
evidence for an oral-auditory factor and a separate factor for 'oral
response to visual stimulus' factor. He further maintains that for

any of the modality deficits no stimulus deprivation factors could

be found. Other recent literature, Siegel and Andrews (1963), Weir
(1967), Stevenson and Odom (1964), Bannstyne (1968), and Morency (1968)
nave found developmentsl factors related to age, sex, and neurologic
development to be of significance in both learning and decision pro-
cesses involving discrimination and memory. With regard to age factors,
the findings seem to suggest a shift in reliance from the visual modal-
ity to the auditory with advancing age. Thie may account for the d
decreasing reliability of the Visual Sequencing mamory subtest of the
ITPA (Paraskevopoulos and Kirk, 1969). Wepmen (1968) maintains however,
that the two major modalities reach a stage of equalization of function
by age nine and that the modality showing the most rapid development,
indkcates the child's predelection. He further hypothesizes that the
Yaddftooyy" child is one for whom the auditory pathway matures first,
and that the use of this pathway aids in it developient. The auditory
child may, according to Wepman, have a visual function which is either
rapid or slow. For future research one might entertain the notion

that the females' auditory performance ih this study may suggest some
sort of interaction of sex, and auditory-visual development. Accord-
ing to Wepman and others in the field, there is ample agreement that
auditory functioning involves at least discrimination, memory, and
sequencing ability. Some of the results of the present study may be
attributable to the fact that there may have been an (undefined)
mismatch in the weighting of the operations favolved. The Auditory
Sequential subgest of the ITPA is regarded by the test composers (to
be) a test of immediate memory; to what degree this factor (immediate
memory), discrimination, and sequencing are involved is difficult to
say, though they all appear to Le. Similarly the decision task has
been assumed to involve memery, sequencing, and discriminatior skills
(Weir, 1967); but the weighting of these variables, required in accur-
ate prediction skills, is unknown. The ideal course for future investi-
gation would be to experiment with a decision task and an independent
measure, for which the content validity were known.

The performance of the age group used in this study has been
studied fairly closely by Stevenson and Zigler (1958) and by Weir
(1967) in contrast to other age groups. Some general findings have
emerged that seem relevant to the present results. Stevenson and
Zigler found that children aged seven to eleven started out in a
three choice uncertain outcome situation at a chance level of per-
formance and never got much beyond ft. Also, in studying the strate-~
gies adopted, they found that this age group adopted certain "favorite"
strategies and would not abandon them when reward wasn't consistently
forthcoming. It was hypothesized that children this age, though
"sophisticated in their expectancies and strategies they adopted"
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were unable to use the information available to them in the sfituation
and would repeatedly return to the same strategy producing a stereo-
typed pattern of response. Weir (1967) hypothesized that the stereo-
typed pattern was due to this age group's inability to remember what
_had happened the last time they tried a particular etrategy. Weir's
suspicions were confirmed when he provided the group with a memory aid:
their strategies involved fewer repetitions and they chose the payoff
event more frequently than when left to rely on their own memories.
Weir et al. also found different methods of manipulating motivation
and determined that when high valued incentives are available, subjects
concentrate on maximizing gain while penalty conditions enhance the
subjects tendency to minimize loss. ~--Each taken separately produces
higher level strategies but the former invites seeking a better solu-
tion; the letter, to avoid losing and stick with the winner. Sdiégel
and Andrews found that there is a steady improvement in the stable-
state strategy as a function of no-payoff, payeff, and payoff-loss.

In other words, combining the two incentive conditions produced an
increased tendency to select the more frequent event through being paid
off for being correct plus being punished for being incorrect. The
results of the present study in general produced the same effect

and it is most obvious in fts effect on the Low Male Auditory group.
This suggests that for further research one might hypothesize that

the two types of incentive, payoff and payoff-loss, may interact with
sex in low Auditory memory sequencers to produce differential effects.
It could be that efficient probability learning in males, particularly
of the monotonous sort, in our culture rests on making the task worth-
while through increased payoff -- not to mention the sociologic possi-
bility that boys are more responsive (in the required direction) to

the punitive, authoritarian discipline (Bronfennbremner, 1961).
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CHAPTER V
SUMMARY

The purpose of this study was to investigate decision behavior
exhibited by elementary school-aged children in a simple laboratory
decision tasx. An effort was .nade to separate children into "audi-
tory" and ’'visual' subjecte on the basis of their performance on two
immediate memory sub-tests from the revised (1968) ITPA. The popula-
tion sampled was children, aged seven years to eight.yeara and three
months, attending the five summer school centers in School District
4J of the Eugene Public School System. The original subject pool
consisted of 283 Ss for whom parental permission to participate was
obtained by mail. Test-retest data were obtained for 252 Ss in all.
On the basis of the first administration of the Auditory and Visual
Sequential ITPA sub-tests, children who obtained Language Age scores
which were discrepant by 18 months were regarded as having a sensory
sequencing strength in favour of the modality of the higher score.

In all, 120 subjects were so identified. Test-retest data y#alded

a Pearson Product-Moment Correlation coefficient of .55 for the Visual
Sequentifal sub-test and of .91 for the Auditory Sequential sub-test.
Since the correlation for the Visual test did not reach the specified
level of .85, the intended comparison of "auditory" vs. 'visual' gub-
jects could not be completed. Instead, a comparison was made of within
Auditory Strength (on high vs. low performers') decision strategies.
Subjects were randomly selected from the pool of subjects who underwent
the first test administration of the ITPA Auditory Sequential test.

In all, 247 subjects made up this group, 136 males and 1i6 females.
High and Low Auditory Ss were identified as Ss receiving scores on the
Auditory Sequential sub-test which were one standard deviation, res-
pectively above and below (the confidence interval for) the memn of

the relevant age group. Actually, in order to insure an adequate num-
ver of replacements some Ss were drawn at somewhat less than one S.D.
beyond the mean.

From the randomly drawn Ss, 80 were assigned in random order
to the four hypotheses. Two decision tasks were involved in the
atudy and subjects vwere tested individually. 1In either task, Ss
were required to predict (guess) whether one of two events would
occur. The events were either a pulsing or a steady stimulus., The
apparatus used to present the events was an electronically timed
"decision" machine. All tests, ITPA and the dacision tasks, were
administered by graduste students at the University of Oregon. In
both decision tasks, the events were randomly presented with ) set
at ,75 in the auditory task and at .65 in the visual. The Siegel
Math Model of Decision and Choice was used to generate the hypotheses.
Each S underwent 200 trials or 160 trials per task depending upon
to which hypotheses he was assigned. The order in which either of
the two events occurred from trial to trial was random with two res-
trictions: (1) in no instance was the more frequent event allowed
to occur more than six times in succession, and (2) the event pro-
bability distribution was maintained within each trial bleck. The
stable-state war arbitrarily designated as the final block of 20
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trials. Which event of the two (pulsing or steady) became the more
frequent event was determined through a coin toss procedure with the
stipulation that equal numbers of high and low auditory performera
experience each.

It was hypothesized that subjects would perform differently in
the pre~stabie-state aspect of the test than in the stable state.
That is, it was predicted that High Auditory performers as identified
on the Auditory Sequentidl test of the ITPA would make fewer errors
while ''learning the task', but would be more responsive to the mono-
tony of the task and would therefore be more apt to vary their choices
in the stable-state than would the Low Auditory Sequencers. High
Auditory performers should therefore (it was reasoned) reach an asymp-
tote earlier in the series thau Low Ss, and should stabilize at a level
beyond a matching strategy but somewhere short of a pure strategy.
Low Auditory Ss were expected to make more pre-stable-state errors
but stabilize at a higher level. The results showed that significant
differences exist between High and Low Auditory Ss only for females
and only in error scorea.

1t was further hypothesized that if Low Auditory subjects were
required to perform under monetary payoff-loss conditiona they would
improve their performance both by reducing the number of pre-stable-
stare errors made and by adopting a higher (more nearly pure) stable-
state strategy. These results were confirmed. In addition, these
Low Auditory performers under payoff-loss when compared with High
Auditory performers under no-payoff, exceeded the latter group in
their stable-state strategy level. It was concluded tuat the inter-
pretation of these results was considerably limited by the fact that
no High Auditory Ss had been required to perform under Payoff-loss
conditions.

Finally, a group of subjects were required to be their own match
in an auditory and visual decision tusk. The most frequent event
occurrence was set to occur on 75% of the trials (N=200) in the audi-
tory task and 65% of the trials in the visual task. It was found that
the Siegel Model yielded accurate quantitative predictions of subject
performance in the auditory task from their performance in the vigual
task. From inspection of the data it was concluded that Ss were using
probability principles in making their predictions.

The results were discussed in light of recent sensory modslity
literature and children's functioning in probability decision tasks.

It is concluded that the main limitation of the study arose in
the lack of reliability of the instruments selected to separate the
sample intc modality groups and that the main value of the study,
therefora, is heuristic.
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) LETTER TO PARENTS

Dear Mr. and lrs.

has been chosen to participate in a
research study supported by the U.S. Office of Education and the
University of Ovegon. The Eugene Public Schools are avare of this
study and of its possible benefit to education, The purpose of the
study is to determine if (s-me) chilcren learn what they hear more
easily and efficiently {for example, new information the teacher
tells them} while others learn what they see (for example, new
information they read for themselves) more easily and efficiently.
In addition, the study will examine whether or not children who
differ in this way also differ in the way they make de:lsions.

The purpose of this letter is to request your permission
for to participate in wur study. Each child who
partxcipates Will undergc less than two hours of testing in all,
at least half of the children in the study will be required to
participate for thirty (30) minutes only. At this point, it
is estirated that the majority of the children wlll be tested
in the afterncon. We anticipate that your child would be tested
twice betweea June 19th and July 2nd and once between July 2ud
and July 18th. Tn the event that your child is scheduled for
testing in the afternoon on any of the three testing pericds,
the project staff will be happy to choose a time that is con-
venient to you and will assume all responsibility for transpor-
tation (expense and safety) to and from the testing center. In
no case will we transport a child directly from summer scheol
to the testing center, but we will always arrange transportation
dire:tly from and to the home. We realize that some parents
may wish to transport their own child to and from the center.
Such an arrangement is perfectly acceptable.

We have enclosed a permission slip and self-addressed en-
velope. We would appreciate it 1f you would check the appropri-
ate answer squares, sign the slip, and return it to our office by
June __, 1969. 1In the meantime, the project director will
contact you by phone to provide an opportunity for you to ask
any questions you may have regarding the study and to cstablish
permission to test yow child. ‘

Please unlevstand that the children who participate in this
study will be making a very important contribution to the fileld
of education. A contribution which we believe will lead to a
"better understanding of how children learn and consequently
to improve curriculum planning in the primary grades.

Your consideration and cooperation are sincerely appreciated.

" Helen Simmons
Project Director
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PERMISSION SLIP

Please return to H., Simmons

1609 Agate Strecet
University of Oregon .
Eugene, Oregon 97403

1f permission fs granted, the first testing of your child 1is

planned for

. Afternoon testings wiil

be confirned by telephone.

If you further participation is required please check which
of the following afternoons would be suitable.

|

Monday

|

Tuesday

|

Wednasday

|

Early Afternoon —
(1:00 p.m, to 3:00p.m.)

We grant permission for

Thursday

|

Friday

|

Saturday

|

Late Afternoon
(3:00 p.m. to 4:30 p.m.)

to participate in

your study of Auditory and Visual Decision-Making of Young

Children as outlined fn your accompanying letter,

Mr,

Signed or
Mrs,
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PHONE CALLS TO PARENTS

1Yn » calling foi Helen Simwons about the letter
we sent you rcgarding your child's part1ripat1on in our research study.
-Have you received this letter?

Do you have any questions regarding the study or the letter?
(IF NOT) Ave you willing to tet your child participate?

(3F N0} {Bnd if child is in the afterncon group) If it is possible
to test your child in the morning at school, would you be willing to
let participate?

(iF YES) s the time we have sct up suitable?
(IF NO)} 1Is any other time the same afternoon possible?
{1f¥ N0} Then could you specify somz afternoon that weuld
be convenfent for you and we will cali you back
later to arrange & {ime.

The testing ifso!f will only take 1/2 hour. We have your child

scheduled for , . Ye plan to pick u
in tha Universfty car at «ad will have (iim, herg
back home by __ K ' :

———

Hould you please give us your child's b1rthdate?

If your child is in the group of childiren we p1an to test tuice. and
if ha is in one of the afternoon qrou; » We will call you again to
confiram a time for {esting.

et

* Times of 10L11 aid delivory correspOnd1nn to testing times:

1) E 2ii5 T30 - 251
. S1:30 - 2:45 2:00 - 2:30
. 2:00 - 3:15 2:30 -« 3:00
2:30 - 3:45 3:00 - 3:30
3:00 - 4:14 - 3:30 - 4:00
3:30 - 4:45 4:00 - 4:30
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TABLE 15

MEDIAN INTERCORRELATIONS FOR THE AUDITORY ALD VISUAL
SEQUENTIAL SUBTESTS OF THZ ITPA AND FOR THE 1TPA
COMPOSITE. FOR THO AGE GROUPS OF AVERAGE
‘ INTELLIGERCE®

6-7/7-1 {1=124)

——
-

Age Group.

et s

7-7/8-1 {=123)

o

@tanaa

Test Aud, Seq. Vis. Seq. _Comp. Aud. Seq. Vis.Seq. Conis.
) Aud' —— '15 126 ——— 004 ’ c24
Vis. —- 24 .- 25
Comp.- ‘

*After Kirk, Mc Carthy and Kirk (1968)
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TABLE 16 -

TEST-RETEST DATA FOR THE VISUAL AND AUDITORY
SEQUENTIAL (1iE40ORY) SURTESTS OF THE ITPA {N=120)

e —— ——ta ——

—_——" ———

Raw_Scores Raw Scores PLA Differcnces

me  Coded Vo W, A, K D 5,
* Group
74871-3° _
1 | W oo 3 2 M2 v 9
2 2 19 2 37 AW A6
c -3 3 24 22 27 25 v V2
4 5 23 26 30 ver o v
5 6 19 3% 3% 3 A2 V5]
6 9 25 24 18 24 V54 vV 33
K 10 23 22 2 B v Viz
8 w2 2 5 43 A33 A 3
9 15 % 25 35 35.' M V3
10 18 20 19 8 2 v viz
11 19 25 18 0 %2 W2 A2
12 20 25 30 WM v . v
13 21 20 2 B 12 V4 v
! 23 W % & A3 AT

Test-retest data shows shift from discrepancy favoring one -
modality to one favoring the othnr. .
2 Y
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TABLE 16 (continued)

Raw_Scores Raw Scores‘ PLA Differcnces
2o Code # ¥y v, T T ) X
7-0/7-3 '
15 24 19 18 18 17 va v
16 26 21 23 2 17 V24 V 45
17 31 15 23 . w2 3 Ab2 . A3
8 32 28 24" 26 33 v 51 Ve
19 319 19 3 A2l A
1417
20 40 (TR 20 30 A3 A2
.2 41 % 1 32 25 A% AN
a2 . &2 23 26 20 25 V36 V 39
3 46 ¥ @ - 42 &6 VI V7
a4 17 21 27 - 21 *A18 -V 3
25 a8 20 2 19 v vas
26 a8 W w25 26 A2 A1S
27 50 20 21 18 2 v V21
28 - 5 15 20 28 26 A3 -0
29 62 25 22 % 2 V3 v 9
30 63 22 23 6 18 V 39 V 39
o e 21 28 23 19 Vag V66
- 66 182 51 51 A 69 A 54
« 33 e . 23 2 % 3 v v

\73




TABLE 16 (cortinued)

Ravi_Scores Rav_Scores PLA Differences
' GArgﬁp Code # p v, NTOR D D,
7-4/7-1
3 70 25 22 23 23 v 39 V2
35 75 - 8 17 42 ’36 A 102 A 42
36 79 7 20 26 .28 A2 A6
37 8l 2 20 25 31 . val A2
38 82 19 2 17 18 vl v 27
39 83 28 21 25 25 vel V9
8 6 2 25 20 A8 V42
4 90 6 2 27 3 A28 Va2l
2.9 21 18 % 3 A2 A 39
i3 %6 24 27 23 25 V33 V4
By 97 24 8 25 3 ver A2
‘ 5 99 6 22 N 7 A3 A8
46 03 4 2 % 19 VB V27
47 104 23 2 25 3% V2 A8
¥ - 106 5 2 21 -3 A3 A9
49 107 271 A2 28 40 V33 V2
50 108 % 2 25 29 V3 A3
51 109 21 21 5 10 V36 V48
52 10 25 2 2 Va2l V6
53 m 26 18 19 7 Vs Vs
74




TABLE 16 {continuzd) |

e ot %_?_u_;c _f_vz_ %}&3@%; PI;A offfererl%_g_s_
gﬁ%-? | )
54 112 23 27 a2 4 A 21 A6
55 114 21 27 47. 48 A 45 A 1S
55 N5 22 20 33 47 A8 AS)
57 16 22 22 24 28 VIS V6
8 7 2 1. 8 2 A2l V3
5 N9 7 2% 20 3 A2 v
6 . 121 24 22 19 18 vas v 33
61 122 17 19 14 5 .vie v
6 3 M2 % 29 Ve V15
63 137 26 29 24 22 V3 Vo
64 . . 139 927 42 42 A4 A3
65 Mo 26 25 25 25 V36 Va0
& 18 23 45 A A2
6. w2 a7 a4 4 A% AST
6 143 25 29 % - 20 V5 V63
69 s 25 28 23 23 V¥®E V5
70 - 148 . 23 15 43 44 A28 . AGE
n g 22 20 ZO I A L A [
2 150 24 24 17 18 V4 Vs

El{l\C - YAN 11




TABLE 16 (continuad)

age  Code # . ‘RT?L _S_g_qr‘g;;‘ %?4_3_95%3_ %:.A Differenszs
gl—'o&%-n | ~ - '

73 - 154 5 28 2% © W V2 v
74 157 B M 20 33 A45 A48
5 - .158 23 3 45 - 50 A 27 0
76 159 23 2 26 28 V1B V6
i 150 2 2 M 6 V3 v 3%
78 e 3 39 4 48 v 27 V 45
9 . 62 21 18 16 5 V30 VI8
80 166 n 8 26 25 A 45 A6
I [/ 28 24 28 30 V3 v 15
82 169 18 19 % 28 A A9
8 w0 a3 821 V3 V3%
A 17 2 19 19 19 V3 Vs
8 w0 2 2 271 28 V2 vz
8 182 B 19 3 3 A2l A2
87 3 w2 28 26 A2l V. 6
88 184 22 2 3 . 42 A8 AS
89 190 % 21 3N 45 A3B A
N e 19 22 32 3 AV 3
- w20 ¥ B A2 AR
92 195 v 0 30 A2 A2




TACLE 16 (corftinuad)

Raw Scorcs Raw Scores PLA Differcnces
Gﬁp Code ¢V Vg A A D, . D
7-8/7-11 : _
93 18 18 2 & 3% A4 A2
ol 203 24 2 27 XN va A3
% 204 19 3 B B A v
o6 206 1“6 24 33 A2 A
97 215 16 23 % 27 A8 V15
9% 219 20 2 20 20 vis v
0 . 220 26 . 18 24 2 V3 AR
8-0/8-3 ‘ ' |
L0 2 2 % 9 28 V45 V45
© 10 233 %6 22 ° 19 20 V45 V54
102 . 234 25 22 2. 23 V3 Vi
03 2% 32 % % % Ves V96
- 104 238 2 20 38 3 A8 A2l
105 239 2 26 % 38 A 2 -0
106 4 22 26 42 43 A 27 A9
107 246 20 2 0 . 4 A3 A
108 249 20 23 6 2 v v
09 . 23 24 20 12 B V3 v
M 55 a0 18 & 42 AMS A
m 26 26 20 29 val  vn
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TABLE 16 (continued)

é&rgup Code '# | %’?l"sﬂ% Ra]n-} Scorﬁ_;_ lP;I].A Differeng;s‘
" 8-0/8-3 | '
112 265 27 20 28 3% V3 va2
113 266 15 18 28 2 K30 A6
m %7 25 3 29 29 V8 v
15 269 B 19 2@ N AB AW
116 270 23 20 43 47 A 21 A 45
17 g2 16 20 49 50  A6S  ASI
118 gz 23 27 0 48 Al A1
119 277 9w o % ¥ 0 AW A9

1200~ 278 e7. o5 19 18 Vol V 45

78




TABLE 17

PSYCHOLINGUISTIC AGE® AND IDEHTiFYIHG THFORMATION

FOR EXPERIMENYAL Ss BY HYPOTHES1S

- - Vs a S —

HIGH FEMALES

TodeSurmar  kegular Time Tested Age 1n AST -
¥ School . School AN P _Yester Months _ Lang Age
2 Ad Adans A M 87 SN
15 Se Spring Creck AM S 86 M
. 66 H Harwris PiA S . 88. 144
15 Wk Eugena Jit. A 5 90 14
- Academy :
142 H Harris pi4 D 92 123
- 182 H Condon AM : S 95 108~
184 S¢ Santa Clara P A Q4 111 |s
164 81, Silver Lea  A# M 92 114
. 202 Wk St. Paul PM M 93 M
246 D Fox Hollow e S 96 N4
» ¥=01.3 ¥=116.7
6 H Harwd's - M S 86 "
N4 Wk Hashington AN D 89 139%™
165 D Dunn PM S 93 109 &
178 Sc¢ - Santa Clara MM S 94 n
270 Wk St. Paul ] ] 89 n
46,1 X=1172.6

r(rx) Mgh Females = 1755 (1=15) ¥=117.0

. s S ity i i

* Psychblinguistic Ag2 = Languaga hga.

(W
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TABLE 17 (continuad)

| HIGH MALES

“Code Summer Regular Time Tested Age in A-MS

# School School il P4 Tester Months lang Aga
8 0 St. Mary's ' PM S 9 - 10
45 Ad Willard Pi M 90 12
57 Ad Adams P A 89 m
91 Sc Santa Clara PH - S 89 1
153 Ad Vestmareland P A 94 N
158 H " Condon P S 95 V2
161 D Hillard P A 92 n
- 176 Sc Aubrey Park At D 92 10
272 Wk Hashington PH S 96 17
279 Sc Santa Clara PM A 99 N

X=92.6 X=116.1

1 D Edgewood Ali

M 86 13

. 13¢ st . Howard PA S 92 120 ¢
163 D Edgeviood P A 93 N4y =
198 ik Washington  AM D 95 12
205 vk Willakenzie PM S 95 n

X=02,5  X=121.2

£(ix) High Males » 1770 (1=15) %118,

80




TABLE 17 {continued)

LOU MALES

~ Code  Summer Regular Time Tested Age in A-MS
.. ¥ School _ Scheol Al P Tester- Months  Lana Age
S D Dunn A A 87 57
52 H ‘Edison A D 9 66 |
105 Wk fashington  AM S 89 63 |
123 D * Dunn . PM . D - 89 63 joe
. 143 Ad  Adems A M 94 LYR N
- 146 H © Harris A D 95 60
175 D Edgewood AM M 94 63
- 242 D Dunn A% A .98 - 66
"251 ‘D Dunn A M 96 66
2718 D Dunn PN D 97 63)
X=93.0 X=62.4
2} $1 Hovard M A 85 48
24 . Mk Willakenzie AM S 85 63|~
w2 . S Silver Lea P M 88 83|F
192 S} . Sflver Lea  AY - A 95 63
" 261 s1 River Road s P A 96 6
X=89.5 X=60.0
9 . H - Harris o [ T | 87 63
13 D Ounn - PH M 87 66 1.,
54 Ad St. Mary's AM A N 601,
56 Ad Willard Pt A 9 63
- 82 H Hareis Al D 90 60
m Wk Hashington M D 88 63
162 D - Dunn " PH A 93 57
233 Ad - St. Mary's PH ~ S 98 63
© 249 D - Edgeviood Mmoo M 97 . 57
27 rk Meadowlark ‘ M- M 97 66
¥=91.9

£(zx) Lov Males = 1662 (i=25) X=61.7

Q ‘ . . \).) 81

¥=61.8

73.



TABLE 17 (conti nuéd)

LOVW FEMALES

. Code Summer Regular Time Tested . Age in _A-HS
g ~ School School AM P Tester Months Land Age
63  Ad Adams .M A 88 53
' 68 D Durin AM A 89 - 63 »
. 88 S¢ Aubrey Park PM M 9 60 )
160 D . Dumn At A9 s1 °
174 H Fox Hollow A S 92 63],,
- 187 Sc -~ Aubrey Park AN D 94 57
214 Wk Coburg A S 93 63
245 D Dunn PMA 96 78
255 Sc Santa Clara P A 96 6
S 96 66,

274 Wk Coburg A
| ¥=03.0  Yeb1.8

10 D Dunn y Pi

S 89 78

48 - H Harris A < I 88 57|=

103 ) Silver Lea  A¥ b 8 57|+
170 D Dunn | ‘ MM 93 . 60
- 209 ¥k~ MWashington AM . ] 94 - 63

X=00.8  X=63.0

20 S Lincoln AH ' A . 87 ~ 511

42 - Ad St. Mary's PM M 88 66

43 Ad St. Mary's B O | 83 60Jw
50 H Harris AM D 89 63
n D Dunn P A 88 57
76 H Harris Ad . D 88 63
219 Ad 1d2 Patterson - D 95 66
231 H Karris 4 A 96 63
254 S¢ Santa Clara M A 98 7
262 Sl Hoviard- Al A 98 78

¥=91.5 X=63.9

£{zx) Low Fomales = 1572 (N=25) X=62.9

¥
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TABLE 18

MANN-WRITNEY U TEST FOR DIFFERENCES IN THE SUM OF RANKS ASSIGHED
: TO STABLE-STATE STRATEGIES WITHIN AUDITORY GROUPS BY SEX

I

135 - 83,5 = 48,56 =U -
U'= 90 - 48.5 = 41.5
© two-tatl .05

critical value U < 20

Ferr a two-tafl test when a is

LANS HANS
o Tyt Fengle __Renk
.00 185 .55 8 70 1.5 85 s
50 45 .55 8 65 9.5 354
55 8 70 13.5 90 19,5 .75 14.5
.00 185 .50 4.5 J0 1.5 .75 14.5
J0- 135 .65 12 55 5 .85 17.5
45 2 45 2 J5 145 .60 7.5
55 8 .80 16.5 65 9.5 55 . 5
45 2 .60 M 85 5 .50 3
75 I _— 45 2. 60D
mny + vy {0y + 1) Ry =y U=agn, + "l'("l +1) -Ry
z 72
- 9x 10445 835" © 100 + 55 - 107.5 = 47.5

.05 the U crlticé! value Is U < 23
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TABLE 19

MANN SHITREY U TEST 0r DIFFERELCE IN SU‘S OF RAdKS ASSIGHED
< T0 STASLE STATE STRﬂTEGI:S OF HANS VS. LAMS

Stable-State Strategies

Rank

HAHNS Rank LANS 2
.90 36,5 80 525
©0 0 205 100 385
.65 21,0 .50 7.0
80 365 85 125 Usngnp 4y (m ¢ 1) Ry’
0 245 100 305 T
55 125 .0 245 3804300 - 430
J5 280 45 35 AR
65 2.0 850 as . oocdesz
55 2.8 PR S
45 3.5 g5 29,0 With a= .05 (ny = 19,
40 1.0 55 125 np=20) Critfcal U for
.85 . 34.5 85 12,5 one-tafled test{s U < 130
75 29,0 S5 1.5 o
J5 28,0 70 24.5
g5 290 50 2.0
85035 65 2.0 "
60 180 . .85 3.5
55 125 . .80 0 316
00 7.0 60 180
.60 18,0 | | .
o Total._ 4310 246.0
80

77.



TABLE 20

KOLIOGOROV-SMIRNOV TEST FOR DIFFERENCES IN CUMULATIVE FREQUENCY
OF PROPORTION OF ERRORS TO STASLE-STATE (p) FOR MALES VS. FEMALES
HITHIN AUDITORY GROUPS .

LAMS(p)__ Proportion LAMS HAMS

Male Female  Interval Male Female Male Female
~{N=10) : '
522 A6 ,321-.320 0 0 0 X 1
400 LA67 - .331-.340 0 0 0 )
© 528 . .489  .341-.350 P | 0 0 1
344 478 .351-.3€0 1 0 X 1 1
.353 494 .371-.380 1 0 1 5
544 544  ,381-.390 X% 3 0 1 5
83 A28 ,361-,400 X 4 0 X 2 5
417 450  ,401-.410 4 0 X 3 5
638 478 .411-.420 X 5 0 XX 5 5
+421-,430 5 X 1 X 6 7
HAMS(p) . .437-.440 X 6 1 6 B
Maie emale  .A441-.450 6 XX 3 X 7 8
(N=10) JA51-.460 6 X 4 7 8
.356 . 494  .461-.470 6 X 5. 7 -8
500 422 ,481-.490 X 7 X 8 7 8
417 367 JA491-.500 7 X 9 X 8 X 9
A28 .327  .511-,520 7 9 9 9
408 A0 521-.530 XX 9 9 9 X 10
+394 432 .531-.540 9 9 9 10
44 +367  .541-.,550 X 10 X 10 9 - 10
B56 628 .55)1-.560 10 10 X 10 10
Kp Max, = 5 Kp Hax, » 4

- ———

To-tailed test, Nel0, Critical ¥p Max, 3 7, wherew=.05
Mean oirror score forr female LAMS was substituted forr the score of the

ferale S§ ot tha outset in order to mzet the cqual N requiverant of

ERIC i 88




TABLE 21

KOLVOGOROY-SMIRNDY TEST FOR DIFFERENCES IN CUMJLAYIVE FREQUENCY
OF PROPORTIONS OF ERRORS TO STABLE~STATE {p) FOR LAMS VS. HANS

..

Frequoncies . Cumslated Frequsncies,

. HASIS CAFS BN LAWS
Interval N=20 N=20 e
.321 - 330 X 1 0
133] - c340 ] 0
.351 - 360 X 2 1
361 - 370 XXX, -6 )
371 - ,380 ‘ ‘ 6 1
381 - ,390 ‘ XX 6 3
391 - 400 X X 7 4
401 - 410 X 8 4
AN - 420 XX 10 4
A21 - 430 XX X 13 5
431 - 440 X XX 14 7
441 - 450 X XX 15 9
451 - 460 X 15 0
) 461 - 470 - X 15 N
471 - 480 : XX 15 13
481 = 490 XX 15 . 15
491 - 500 XX X 17 16
501 - 510 X 18 .16
511 - 520 18 16
.521 - ,530 X XX 19 18
.53 - ,540 19 18
.541 - ,550 : XX 19 20
551 - 560 X 20 e 20

KD mx. = 8
one-tailed test, K=20; Criticel Kp Mex ¢ 8, =, 05.
* 7o meat equal N recuircient for Kelmogorov-Smirnov test, the

m2an ervor score vias substituted for the missing score of the fe..-a‘!e S
eYiminated firow the LANS group.
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TABLE 22

~ KOLHOGOROV-SHIRNOY TEST FOR DIFFERENCES IN CUHULATIVE
FREQUENCY OF PROPORTIONS OF ERRURS TO STAPLE-STATE (p) FOR
‘ LAMS V5. HAMS WITHIH SEX GROUPS

Cumulative Frequencies

Error Proportion . JMales Fenales
Interval RS TR R .
.331 - ,340 0 0 1 0
341 - ,350 0 1 X 1 0
035] - 0360 ' . x l 1 . ] o
371 - .380 1 1 5 0
.381 - ,390 1 3 XX 5 0
.331 - .A0D X 2 4 X 5 0
401 - .410 X 3 4 5 0
A1 - 420 XX 5 5 X 5 0
421 - 430 X 6 5 XX 7 X
431 - L4840 6 6 X X 8 1
441 - 450 X 7 6 8. I
461 - ,470 7 6 8 5X
AN - 480 7 6 8 ™
481 - ,490 7 7 X 8 8X
491 - 500 X 8 7 Yy 9 X
501 - ,510 X 9 7 9 9
511 - ,520 ' 9 7 g 9

521 - 530 9 9 Xx X 10 9
531 - 540 9 9 10 9
541 ~ ,550 9 10 X 10 10X
551 - ,550 X110 10 .

Ky Max., =2 Kp Max. = 7

Khere o= .05, one-tatled test, =105 Critical Ky Kax >6

* The mean female LAHS score was substituted fn place of the score of
the female eliminated from tha study. |

¥ Significant at .0) lovel.

3

V 0
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TABLE 23

MARN-WHITNEY U TEST OF DIFFERENCES IN THE SUM OF RANKS ASSIGNED
TO STABLE-STATE STRATEGIES OF PAYQOFF-LOSS MALES VS. FEMALES

Payoff-1oss LAMS

Males Rank Females Rank

80 7.0 .95 18.0

.65 3.0 .75 4.5

.85 1.5 95 18.0

.55 2.0 45 1.0 U= nmny +ny {ng +1) -Ry
80 7.0 .80 7.0 —

85 1.5 ..75' 4.5 =100 455- 1115 = 43.5
.95 18.0 .90 15,5 Critfcal U (two-tailed test)
.85 1.5 85 1.5 where o = .05, ny = np = 10
85 15 100 20.0 sV 523 '
.90 15.5 85 1.5 '

98,5 n.s
89

AR

8l.
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. TABLE 24

MANN-WHITNEY U TEST FOR CIFFERENCES IN SUMS OF RAMKS
ASSIGHED 70 STABLE-STATE STRATEGIES OF LAMS UNDER CONDITIONS
OF PAYOPF 0SS V”. NO-PAYOFF

LAMS Stable-State Strategies
o-Loss1 Rank _ Ho-Po _ Rank

80 23.0 .80 23.0

65 1450 1.00 3.0

85 285 .50 5.5

55 9.5 .65 9.5

5ot oEE

] 3 . . 0 . .

95 35.0 .45 2.5 Uemng +mim +1) =Ry

85 285 .55 9.5 2

% e s g m0e0-266s

% 190 % o = S70-26.5= 205
EoES R s

IR S - Y R Critical U (one-tafled test)

S0 B2s B A where o= .05 and ny = 19, ng = 20
g BB ES ww |

H7S

ra v -

# Significant at the .05, .01, and .001 levels.

RE 0




TABLE 25

MANN-YHITNEY U TEST OF DIFFERENCES TN THE SUM OF RANKS ASSIGNED -
: TO STABLE-STATE STRATEGIES OF THE PAYOFF-LOSS. VS.
NO-PAYOFF GROUPS BY SEX

Hale LAVS | Fenale LAIS
Gpeftles  dufaeft,  Jpeftles il
.80 n.0 .80 1.0 .95 175 .55 5.0
65 7.0 1.00 19.5 .75 0.5 .55 5.0
.85 1.5 .50 3.0 .95 7.5 .55 5.0
55 5.0 .55 5.0 45 L5 .70 9.0
80 1.0 1.00  19.5 80 125 .50 3.0
.85 1.5 .0 8.0 J5 0.5 .65 8.0
05 180 a5 15 .90 160 .45 1.5
85 A5 55 5.0 .85 4.5 .80 125
85 M5 45 15 L0 190 .60 7.0
S0 7.0 .5 8.0 .85 145 |
| 127.0 83.0 134.0
U = mng + n{m + 1) =Ry Us=90+ 45555179
| LS
= 155 - 127 = 28 ' U' =90 - 79 = 11
Critical U (one-ta11ed test) where - Critical U (ons-tafled test
:05, ny = ny = 10 {5 U < 27. vhere « = .05 and ny * 9,

np =10 s U < 24

—— -—

* Sfgnificant beyond the .001 level.
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TABLE 26

. KCLMOGOROY -SMIRNOV TEST OF DIFFERENCES IN CUMULATIVE FREQUENCY
OF PRE-STABLE-STATE PROPORTION OF ERRORS TO STABLE STATE
FOR MALE VS. FEMALE LANS WITHIN PAYOFF CONHDITION

Eﬂnog_gggggg' CUMULATIVE ERROR CUMULATIVE FREQUEMCIES
Payofi-Loss Proportion Payoff-Loss No-Payoff
Males Females Interval Male Feiale Male Femaie
(Fairs) — (y=10)
2 8 19 2301 - .310 }
3 64 9 .321 - ,330 }
L 78 a4 341 - 350 1 X1
' X 1 ] ]
5 87 14 .361 - .370 % X % }
6 .73 69 .381 - .320 X 2XXK 5 XX 3
' - X 3% 6 X ¢4
7 81 56 401 - ,410 X 4 6 4
. . : 4X 7 X 5 0
g 77 69 A21 - 430 X 5 7 5 X ]
‘ . : X 6XX 8 X 6 1
9 n 51 481 - ,450 X 7 . 9 6 XX 3
' ' . 7.9 6 X 4
0 .69 74 A6Y - 470 X 8 9 6 X b
No-Payoff . X 9 9 6 XX 7
Males  Feinales* 481 - .490 X 10 9 X 7 X 8
~ N=10 =10 10 9 7 X 9
1 94 32 501 - .510 10 9 7 9
10 9 7 9
2 72 34 521 - ,530 10X 10 XX9 9
' 10 10 9 9
3 79 38 541 -~ ,550 _o - 10 X110 % 10
) 95 36 ¥p Max. = 3 Ky Max., =5
v ‘ .
5 6 3 . e
6 70 39 Critical Kp (two-tailed) o= .05, N=10,
7 69 98 s Ky 2 6
8 98 n *In ordee to accomandate the equal M vequire-
ment of the tedt, the rean erroe scove
9 87 8] (Y = 85,00, p = 478) vas sudstituted fer
' 75 a5 the score of the Ho-payoff femile who .35

[
-

clintnated from all tests.
|
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TABLE 27

KOLMOGLROV-SMIRNCY TEST OF BIFFERENCES TN TOTAL PROPORTION OF
~ERRORS TO STABLE-STATE FOR LAMS UNDLR PAYOFF-LOSS VS,
NO-PAYOFF CO¥ ﬂITIONS

s e ——_— fvasion

Cumulative Frequencies

Interval ) Payorf-Loss Kp Max No-Payoff*
.281 - ,290 X 1 0
: 1 0
1301 hd 03’0 . ] 0
1 0
«321 ~ ,330 1 (s
: 1 0
341 - .350 : | 1 X
_ X 2 1
.361 -~ ,370 . X g }
381 - .390 XXXX 7 3 XX
' : XX g 4 X
401 - 410 X 10 4
X 11 5 X
421 - 430 X 12 6 X
‘ ' : XXX 15 gr* 7 X
441 ~ 450 X 16 9 94
: 16 . 10 X
461 - ,470 X 17 n X
X 18 - 18 XX
481 - 490 X 19 15 - XX
: 19 16 X
.501 - ,510 B 19 16 o
19 16
521 - 530 X 20 . - 18 XX
- 20 \ 18
541 - 550 20 . ' 20 XY

am— . ———— e —

Kp mix (one-tafled test) o= .05, =20  K; > 8 1s eritical.
* In order to accommadate the equal N vaquirement of the test the mean
- error score for no-payoff fenale LANS wos substituted for the female -
elininated from that group at the outsct.

. %% S{gnificant at the .05 level.
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| . TABLE 28
KOLHOGOROV-SHIRNOV TEST OF DIFFERENCES IN CUMULATIVE FREQUENCY

OF PRE-STABLE-STATE ERRORS FOR MALE AND FEMALE LAMS
UNDER PAYOFF-LOSS VS, NO-PAYOFF CONDITIONS

- - —

—

FEMALE LAMS (N = 10)* — HALE LAMS {H = 10)
Po-Loss =Po_ No-Po
Interval !Fj Cu.:ﬁ Cmﬁ) Y TT“., T:(Fi Cun(t) _ _(F)
.281-.290 X }
.321-.330 }
.341-,350 1 0 1 X
' | X 1 ] '
361-.370 X 2 1 1
: 2 1 1
. X 6 X K 4 X
.401-,41C 6 X 4 4
' X 7 4 5 X
JH421-.430 7 1 X X 5 5
XX g 1, X 6 6 X
441,450 9 3 XX X 7 6 :
‘ 9 4 X ’ 7 6
461-,470 9 5 X X 8 5
9 7 X - X 9 6 :
481,490 9 .8 X X 10 7 X
9 9 X 10 7
50)-,510 9 9 - 10 7
9 9 10 7
.521-.530 X 10 9 10 9 XX
.10 9 10 g
© .541-,550 0 10 X 10 10 X
Kp Hax. = 8 Kp Hax. = 3

Ky Max. {one-tatled test) a= .05, M=10  Kp 2 6 s eritical.
%$n order to satisfy the cqual N requirenant of the test the mzan evvor
score, (X = 86, p = .478), of the no-pavoff fewule LANS was substitutou
for the score of the S ¢liminated frod tha study at the ~uiset,

"Sign1f1cgnu at tha .01 level.
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TABLE 29

MANN-WIITREY U TEST FOR DIFFERENCES 1M SUMS OF RANKS ASSIGHED
TO STABLE-SYATE STRATEGIES OF LAMS UNDER COMDITIONS OF
PAYOFF-LOSS VS. HAMS UIIDER NO-PAYOFF

o~

Po-Loss LAMS No-Po_ HAMS

8sS_ — Rank %55 Rank
.80 23.5 .80 34.5
.65 12.0 .70 14.5
.85 29.0 .65 12.0
.55 6.5 .90 34.5
60 23.5 .70 14.5 .
.85 29.0 .55 6.5 U= mng + ny(n) +1) -R,
.95 33.0 25 18.5 e
.85 29.0 65 12.0
.85 29.0 .55 6.5 = 400 + 420 - 525.5
. .90 34.5 .45 2.5 2
.35 38.0 A0 .0
.75 18.5 .80 23.5 e 610 - 625.5 = 84.5*
.95 38.0 .75 18.5
.45 2.5 .75 18.5 Critical U value whien
.80 23,5 .75 18.5
.75 18.5 .85 29.0 a = .05 (one-tailed test)
.90 34.5 .60 9.5
.86 29.0 55 6.5 N =np= 20 1s U < 138,
1.00 40.0 .50 4.0
.85 29.0 .60 ~ 9,5
625.5 294.5

* Simificant at .001 level.
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