
rHE UNIVERSITY OF MANTTOBA

EYE FIXATIONS DURTNG A PSEUÐO

CONCEPT FORMATION TASK

A T¡IESIS

SUBMIîTED 1O THE FACULTY OF GRADUATE STUDIES

ÏN PARTTAL FULFTTLMENT OF THE RESUTREMENTS FOR THE ÐEGREE

MASTER OF ARTS

BY

ROGER W. HOLÐEN

WINNIPEG, MANTÎ0BA

suMamR, 19?6



"EYE FrxATroNS DIIRTNG A psEuDo

coNcEPT FORMATToN TASK"

þy

ROGER ttÎ. golonn

A tlissertation subnritted to the Faculty of Graduate studies of
the university of Manitoba in purtial fulfiilment of the rcquirements

çl'the dcgrce of

Pernrissio¡l has lrecn grantctl to the LIBRARy OI¡ TltU UNTVER-

slrY ot' MANlrolìA to lcnd or scl! copies of flris dissertation, to
thc NATIONAL LIBRAR,Y Ot'CANADA to microfilm this

dissertation and to lend or sell copics of the filnr, und uNlvDRstry
MICROFILMS to publish rlr abstruct of this dissertution.

The autl¡or reserves other publicutit¡n rights, ancl ncitl¡cr tl¡e
dissertation nor extcnsivc cxtracts f'runr it ntay be printerl or other-
wise reproclucccl without thc ut¡tht¡r's writte¡r ¡rernrissitln.

MASTM OF ARTS

@ tglø



Eye fixations of 1l+ boys (mean age L0,75 years) and

14 adult males (nean age 20,42 years) were recorded during

two pseud.o eoncept formation problems in which fedouact<

(reward or nonreward) was controlled by the experimenter.

It was postul.ated that, if subjects were using hypothesis

testing strategies i.n which new hypotheses were selected on

trials following nonreward but not on trÍals following

reward, they would make more fixations, and theee fixations
would. be of a longer total duration, following nonrewarded

trials than following rewarded trials.
The stimulus used in the experiment consisted of a

eircle divided into three equal sections. Each section

contained one of three cues; colour (red or blue), size

(large or small circle), and line orientation (horizontal

or vertical). Each subject was given two 15 trial training
problerns in which two simple hypotheses, red and vertical
line, provided the correct solution for the first and

second probJ.em, respectlvely. Training problems were

foll-owed by two 9 trial pseudo problems for whÍch there was

no solution¡ rather feedback was sequenced so that in each

pseudo problen four trials followed negative feedbaek on

the immediately preceding trial and four trials followed

positive feedback. Eye fixations were recorded using an

infra red corneal refleetion technique.

ABSTRACT
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Results confirmed the two predictions subjects

mad.e nore fixations a¡rd fixated for a longer period. of time

on the display following nonrewarded trials as conpared

with the number and duration of fixations fol.lowing rewarded.

trials. Data were consistent with the notion that eye move-

ments refleet underlying cognitive processes as deseríbe.d

in hypothesis sampling theory.
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There are three types of eye movements of great

importance in our perception of the visual world around us¡

convergence movements, which keep both eyes pointing at
whatever is the centre of our attention¡ saccadic movements

that shift both eyes to a new centre of interest; and pur-

suit movements that follow an object moving in space or

maintain fixation on an object as we move in space (Haber

and Hershenson, L9?3, p, 22), In addition there are other

movements which compensate for movements of the head and

trunk; miniature movements encountered during fixation of a

stationary object; involuntary rolling or torsional move-

ments of the eye about the line of gaze, and nystagnus

which is a general term applied to a large class of eye

movements of an oscillatory or unstable nature (Young,

L963), 0f these seven, only saccadic eye movements or

saccades are the concern of this study. Saccadic, or fast

eye movements, are the little jumps by means of which we

voluntarily move our eye conjugately from one fixation
point to another. While our eyes are actually moving we

see little or nothing (tlewellyn-Thomas and Stasiak, L969)

and effective visual perception is only possible during

visual fixations. The duration of these fixations varies

CHAPTER I
ÏNTRODUCTION
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with different tasks but average about 300 nsec when one is
reading (Llewellyn-Thomas and Stasiak, t969) and lower

(between 170 and 200 nsec) when conducting a visual search

(Luria and Straussr t9?5), Thus eye movement behaviour is
characterized by a series of saccades ínterspersed with

fixations.
Saccadic eye movements have been a fruitful source

of empirical data for testing psychological theories relat-
ing to such diverse problems as approach-avoidance eonfliet
(Webb, Matheny and Larson, L963), paired-associate learning
(McCornack, Fingas, Haycock and Moore , L968), problem

solving (Kaplan and Schoenfeld, L966; Nakano, L97t),

cognitive development (F1eming, t969¡ Boersma, 0fBryan and

Ryan, L9?O; 01son, L970; O'Bryan and Boersma, tg?t), and

discrimination learning (for example, Schroeder, L969a, bi

t9?0).

Saccadie Eye Movements in Perceptual [asks

Several studies have .reported developmental differ-
ences in the child's ability to select and process inform-

ation in penceptual tasks. Mackworth and Bruner (t970)

have characterized ehildrenrs saccades during inspection

and recogrrition of pictures as erratic and piecemeal when

compared to those of adults. Their children tended to con-

centrate upon less informative details of the pictures and
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showed less consistency in their visual fixation patterns

during a second showing of the same pictures than adults.

These authors noted that their younger children (six year

olds) naC difficulty conbining "steps" (short eye movements

concentrating upon central areas of the stimulus field they

were looking at) with "Ieaps" (Ionger eye movements that

search peripheral in addition to central areas of the

stimulus field) in an effective search strategy that could

both seareh out fine features by close inspeetion and at the

same time scan peripheral features of the stimulus field.
lo some extent this ability to combine peripheral and

central scanning is the issue of a study by Vurpillot
(L968) who found dífferenees in the scanning strategies of

three year old in eompari-son to nine year old children.
She used six pairs of stinuli consisting of drawings of
houses¡ three identical pairsr âDd three pairs differing
in terms of number of windows (one, three or five) in the

drawings. Vùhen presented with a pair of drawings the

children had to decide whether they were the same or differ-
ent, She found that children under six years typicalty
scanned only a limited portion of each pair and made their
judgements on this insufficient information, but beyond age

six the children had developed scanning strategies which

optrÍ.mized their ability to make the discrimination.

vurpillot's study inspired Olson (Lg?o) to investigate



4

visual seareh patterns of four and six year old children.

In thÍs study, 13 subjects were selected to view pietures

of houses. They were told that they were going to see a

picture of a house, that they were to pretend it was "their
house"r and they should try to remember what it l-ooked like.
They were then presented with pictures of houses which

differed in one feature from l'their house"; for examplet one

house was missing the doorr âñother a window, in another

there were three windows rather than the two found in ¡theÍr

housel', and the last one had door and windows which had

different shapes from I'their house". The children had to

decide whether the house picture projected was the same as

or different from "my house". For the five older subjects

65Y6 of tne judgements were correct whereas for the eight

yoÌ¡nger subjeets only t9iÁ of their judgements were eorrect.

Further analysis revealed that' especial"ly for the younger

children, houses which resembled the original modeL in all
but one feature were judged to be the same as it. In a

second exposure to the set of pictures, the older childrents
pei'formanee jumped to 85% corcect, and the younger subjects

to )J/o eorrect. Again, younger children tended not to
notice the single altered feature when the search was on

the basis of memory, In the original viewing of the model,

four of the five older children focussed upon aLl four of

the features that were critical whereas only one of the



eight younger children examined the rnodel sufficiently to

hit on these features. The pattern of search also differed

between the two groups, older chiLdren conducted longer

searches than younger subjectsr ãs if they were aware of some

discrepancy but did not know what it was, Olson concluded.

that the less effective visual search patterns exhibited

by the younger children were the result of a failure of

these subjects to know what to look for and to utilize
information appropriately once they thought they did know.

fhis conclusion corresponds to that of Vurpillot (19ó8)

who found that children under age six never took into

account the whole of a stimulus, but limited their ecanning

to a snal-l area of each house and nade judgements after
collecting a mere sample of the information available.

Nodine and Lang (tg?O) reached a sinilar conclusion

in their comparison of eye movement patterns of non-readers

(kindergarteners) and readers (third graders) performing a

visual differentiating task involving natched and unmatched

pairs of four-letter pseudo words. In a later study, Nodine

and Steuerle (L9?3) attempted to determine whieh features of

stimulus objects were utilized by different age levels for
making diseriminatory choices. Eye movements of kinder-
garten, first and third grade subjeets were examined during

differentiation of matched and unmatehed letter pairs. Both

first and third grade subjects required fewer fixations,
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less fixation tirne and fewer cross-eomparisons per pair
than did kindergarteners, In addition to less quantity,

visual fixation patterns of first and third graders were

more attuned qualitatively to informative features of

Ietters than kindergarteners. That is, older subjects

showed considerably tighter scanning patterns and had fewer

random fixations. From this study and a later one (ttodine

and Simnons, Lg?Lt ) tfre authors concluded that older subjects

were able to call upon memory for identification and inter-
pretation of visual inputs while younger subjects relied
upon a purely pereeptual strategy to extract and process

informati.on, A recent study by Whiteside (19?4) also

confirms that younger subjects (four year olds) scan the

entire stimulus display, not necessarily foeussing upon

appropriate parts of it, while college students not only

confine their saccades to a smal,ler area but also focus

upon appropriate parts of the stimuti. these studies

indicate that, in children from age four through to age

nine, there are large differences in eye movement patterns

for a variety of perceptual tasks.

Saccadic Eye Movements during Discrimination Learning

ments

White

In developmental

in discrimination

and Plun (t964),

research, the role

learning was first
In this study, the

of eye ilovê-

investigated by

authors recorded
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eye movements of nursery school children as they attenpted

a series of eight discrimination problems. HaIf of the

children were given a "herd" problem (a set of eight pairs

of figures, each pair differing in only one configural

detail) and half an "easy" problem (a set of eight pairs

of pictures of birds). In each problern the children had to

learn which one of the pair was eorrect. Results of the

two experiments suggested that saccades inerease in number

as the child approaches the criterion performance level and

then the mean number of saccades per trial decreases,

These results, the authors suggest, indicate a relationship

between amount of stimulus scanning and efficiency of dis-

cr imination learni-ng,

Schroeder (!969, a, b), using a discrete trail dis-

crimination task, found that undergraduate student subjects

ordered their fixation frequencies of stimulus components

in consistent patterns, looking nost often at a stimulus

which had previously been associated with reward and less

at other stinuli. In his experiments, four stimuli. were

simultaneously projected on each trial, one stimulus in

each corner of a screenr ârrd fixations to each of these

stimuli were recorded. Task variables investigated in-
cluded number of reinforced (S+) and nonreinforced (S-)

stimuli in the display a¡r4 practise effects. Schroeder

found that subjects fixated one positive stimulus to the



I
exclusion of other stimuli, regardless of whether there

were one or two S+ stimulirand frequency of fixations of

all stinuli decreased over a 2O trial block. He also found

that the majority of his students (2L of ?5) fixated more

on a form cue in preference to a line orientati.on cue.

In a follow-up study, r'schroeder (t970) reversed

these configurational preferences and increased total fix-
ation frequency but his subjeets stitl showed a decreasing

number of fixations over trials, scanning the screen fully
only on the first few trials and then gradually decreasing

their fixations of the stimuli untíI final responses were

made without removing their gaze frorn the centre of the

stimulus display. Schroeder suggested that motlvation for
exploratory perceptual behaviour ari.ses from lack of in-
formation. Lack of information leads to uneertainty and

conflictr which results in exploratory responses that in-
tensify stimulation from the environrnent. thus subjects

fixated upon all four stí¡nuli early in experimental sessions

but €oon fixated only upon the stimulus they had been rein-
foreed for choosing. Suceessive reinforcements reduced the

uneertainty regarding which stimulus was going to be rein-
foreed. With reduction in uncertainty came loss of interest

in the stir¡u1us display. This tendency to look at the rein-
foreed stimulus more often than nonreinforced stimuli has

aleo been noted by Oscar-Berman and Bakoþlus-Banos (t9?t')



9

who found that both six year old children and adults looked

at the positive stimulus more often than at the negative

one in a two-choice pattern dÍscrimination task.

In attempting to rel-ate eye movement behaviour dur-

ing discrimination learning to cognitive processes' White

and Plum (ryí+) suggest that r âs children solve a set of

similar problems, they develop a mental picture of the prob-

lem, or a set, whieh enables then to solve the problem more

quickly and reduces the need to scan the stimuli. They

found that their subjects decreased stimulus scanni.ng as

they worked through a series of eight problems.

Nakano (t97L) asked whether or not higher mental

processes could be reflected in eye movements. In his

study, sixth grade children were shown two sets of pietorial
stimuli in either â rlon-problern solving (C1) or problem

solving (CZ) situation. In C1, subjects were told just to

Iosk at the pictures for 10 sec while in C2 they were asked

to pick out the odd object among the five objects displayed.

In comparing the first 2,5 see with the last 2,5 sec of the

10 sec each subjeet was allowed to view the stirnuli' Nakano

found that in C1 the number of fíxations gradually decreased

over tine, In CZ the number of fixations was greater than

C1 during the first 2,5 sec but decreased again to the same

number as C1 during the last 2,5 sec of viewing following

problem solution. Nakano concluded that the increase and
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d.ecrease in nr¡mber of saccades was related to the dtffieulty
of the problem and to each subject's ability to solve it.
In a second experiment, the same tasks were given to under-

graduates. Nakano found that they took longer to view the

stimuli and generally made more fixations than the younger

children, These studies provide some evidence for a link
between saccades and cognitive proeesses.

Hvoothesis Ítheories of Ðiscrimination Learning

During the past decade, hypothesis theory has

emerged as a leading theory of coneept formation and dis-

crimlnation learning in humans (for example: Leviner L963,

Lg66). According to this theory, at the outset of a dis-

crimination learning probJ.em the subjeet selects a hypothesis

from the pool of possible solutions to the problem. He then

responds according to his hypothesis. For exampler â süb-

ject may hypothesize that the red cue is correct in a

stimulus array that has three binary dimensions colour,
(red vs blue) size (large vs srnall) an¿ shape (circle vs

square) and he would always pick the red cr¡e. Other

assunptions of the theory concern the effeets of feedback,

If the subject is inforned that his response is correct, he

retains his hypothesis and responds in accordance with it
on the next trial, whereas, if he is inforned that his

response is incorrect, he abandons his hypothesis and is
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generally assumed to adopt a new one. The subject adopts

and abandons hypotheses until he selects one that always

results in positive feedback.

Gholson, Levine and Phillips (t9?2) identified
several systems by which adults and children solve diserim-

ination learning tasks. These systems fall into two general

elasses; Strategies, which, in princíple, allow the subject

to discover the solution to the problem, and Stereotypês,

which produce the persistent repetition of a hypothesi.s

despite its disconfirmation. Subjects using Stereotypes

typieally manifest one of three systems in their cue choices;

a cue may be chosen on the basis of some feature the subject

lllikes" such as colour (stínu1us preference), on the basis

of its position relative to other eues (position preferenee),

or the choice may alternate from one section of the stimulus

array to another (position alternation). Strategies may

also be divided into three classes; (a) focussing, in whÍch

the subject eliminates from his pool of hypotheses all those

which could no longer be logicalJ.y tenable, given the feed-

back received on all pr:evious trials; (b) dimension ehecking,

in which the subject proceeds one dinension at a time,

systematically checking aI1 possible hypotheses and dis-
carding those proven incorrect until the solution is found;

(For example, a subject may hypothesize that the eolour Èed

is correct, then if red is part of the stimulus array on
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trial one the subject would presunably say the stimulus is
correct. If, on the next trlal' blue is projected the sub-

ject would say that the stimulus is incorrect. If he was

informed that the stimulus was oorrect on trial two, he

would infer that the colour dimension was irrelevant and

would select a new dinension,l, (c) hypothesis checkitg' in

whieh the subjeet ehooses one hypothesis (gS,rea) and if Ít
is diseonfirmed proceeds to a new h¡4pothesis (e,g, blue) and

continues selecting a new hypothesis until he arrives at one

which always receives posítive feedback. Gholson et al. r

(L9?2) for¡nd that the frequency of use of the different types

of problen solving systems varied with the age of the sub-

jeet. Kindergarteners alrnost always used Stereotypêsr while

subJects from grades two upwards virtuaLly always used

Strategies, with grade two subjects manifesting nainly

hypothesis and dlmension checking systerns while college

studeË¡ts almost always used a focussing system. This

finding supported those of other researchers (for example,

Eimas, \969¡ Ingalls and Dickerson, L969) who had for¡¡rd that

eubjects from grades two thromgh eollege used hypothesis

systems when solving diserimination problems.

Problem

Little attention

relationship between eye

has been given to exploring the

fixations and the cognitive
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activities described by hypothesis theories of d.iscrimin-

ation learning. If it is assumed that eye fixations are

related to information processJ-ng as described by hypothesis

theory it night be expected that when the subject is sanp-

ling a new h¡pothesis following negative feedback he scans

all the cues to recall which hypotheses are present in the

pool of solutions. On the other hand, following poeitive

feedback, the subjeet needs only to identify which value of

his working hypothesis is present on the trial. This

analysÍs would predict that, before their response on trial
n, subjects would fixate the stimulus display for a longer

time a¡rd the number of fixations would be greater if they

had received negative feedback following their response on

trial n-l than if they had received positive feedback on

trial r-1.
Some evidence in support of thls prediction has been

obtained by ttilhiteley and Holden (Note 1) who found that

ehildren f,rom grades two and five had longer observlng times

following negative feedback than following positive feedbaek

in a pseudo concept formation task. In this studyr subjects

Iooked into one of two boxes, each of which contaíned a

stimulus card which varied along three dimensions: form

(cirele, square), colour (red, blue) anO size (large, small)."
fn order to view the stimulus card the subject pressed his

forehead against a panel directly above a våewing aperture.
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lhis response turned on a light inside the box allowing the

subject to view the stimulus card and simultaneously activ-
ated a clock for the duration of the response.

The purpose of the present study was to investigate

the effects of positive and negative feedback on eye move-

ment behaviour, The data obtained by Whiteley and Holden

(Note 1) suggests that type of feedback controls looking

behaviour and the use of an eye view moni-tor to measure

fixations on the stimulus cues gave a more accurate measure

of observing behaviour than was obtained .in the earlier
study. As in the Whiteley and Holden study each subject

was given two nine-trial problems in which feedback was cori-

trolled by the experimenter and not by the subject's choice

responses. The feedback was sequenced such that four tríals
followed negative feedback on the preeeding trial and four

trials followed positive feedback, Ten year old boys and

adult males provided the two age levels in the present

study.

Two predictions were tested. Firstly, the number

of fixatisns on the stimulus array following negative feed-

back was expected to be greater than following positive
feedback for both age ]eveIs. Secondly, it was predicted

that the total fixation tine to the stimulus display follow-
ing negative feedback would be greater than fotlowing
positive feedback for both age level-s. rt was necessary to
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¿uxalyze the mean duration of fixations (totat fixation trne/
number of fixations) in order to investigate whether or not

the duration data merely reflected more fixations following

negative feedback as compared with longer average fixations
foLlowing negative feedback. A further analysis of the

number of times each area of the display was fixated by

each subject was carried out to explore possible differences

in scanning activity between the two groups, Owing to the

relatively advanced age of the children used in the study,

ít was not expected that there would be age differences in
eye fixations between the groups.



Subjects were 1l+ boys, mean age LO,?s years (sd 1,2

months, range 9.08 to L2,50 years) and 1þ adult males' mean

age 20.t+2 years (sd 2.92 months, range L?,?5 to 26,?5 years).

The boys were volunteers from a loeal public school who were

recruited þy a letter (Appendix A) sent to their parents

through the school. The adults were undergraduates enrolled

in an introductory psychology course who partieipated as

part of a course requirement. Approximately J0 subjects

were lost owing to various procedural and technical diffi-
culties. Males were chosen as subjeets in order to elimin-

ate a technical difficulty encountered when adult females

were tested on the appanatus.

Apparatus and Stimuli

CHAPTER T] I

METHOD

The stinulus display consisted of a cireular
pieture divided into three sections. Eaeh section was

assigned a different binary dirnension: the bottom section

contained a colour cue - red versus bLue; the top left
section a size eue large versus small circle and the top

right section a line cue horizontal versus vertical line.
Combining the si.x cues with one anöther resulted in eight
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stimulus displays shown in Figure 1. Separating eaeh

stimulus picture during data collection was a centering

slide, whích was simply a stimulus pieture missing its
three cues, Each set of stimulus and centering pictures

was loaded into a Kodak Carousel slide tray and projected

onto a screen located approxinately five metres in front of

a Kodak model 850H slide projector. lhe dianeter of the

projeeted stimulus picture was 30 em.

The subJect's response panel wae made out of a¡r

aluminum chassis 28 x 23 x 5 cÍr, two subject response

buttons were located on the top face of the panel so that
the left button csuld be operated by the Left hand and the

right button by the right hand. The left button was marked

"correct" and the right button was marked t'incorreet" in
Letters approximately 1 cm high. Loeated in the side fac-

ing the subjeet was a Sonalert model number 110 alarm. lhe

response panel was wired so that a response on either button

would produee a "beep" from the alarm or silence (feedbaek

was determined by the experi-menter). The subject was able

to depress only one br¡tton at a tine and could make just

one response per stimulus picture. this response advanced

the slide projector to the centering slide used during the

intertrial interval.
Both the subject's response panel and the slide pro-

jector were wired into the experimenter's control panel.





This allowed the experimenter to:

of feedback given after each trial¡ (b) manually change

sLides to start each experimental session; and (c) control

the length of the intertrial interval by means of a Hunter

timer which was also wired into the panel.

Eye movement data were recorded using a Whittaker

model 1984 HM eye view monitor interfaced with a Kennedy

1100 nine channel digital tape recorder. This monitor

utilizes infra red light reflected from a subject's pupil

to follow changes in eye position.

Procedure

(a) determine the type

The subjeet was brought into the eye novement and

pupillonetric laboratory. He was asked to stand in front

of a board upon which were mounted the eight stimulus pic-

tures (Figure 1). Part one of the instructions were then

read out:

Hi: Will you just stand here, please,and
look at these pictures (experimenter points to
board). Now, I am going to give you four problems;
in each problem you will see a series of pictures
Iike these, Each probtrem has a "correet" solu-
tion and your job is to find the correct solution
to çach problem. For example, if this blue square
is "correct"; then the red square will be "in-correct". If the small cirele is "correct", then
the large cirele will be "incorrect". If this
horizontal bar is "comect"; then the vertical
bar will be "i-ncorrect". And vice vêrsâ - if red
is "correct", then blue wí]-I be "incorrectl!; if
large is "correct", then small will be "incorrect";
if vertical is "correct", then horizontal will be
"incorrect". okay? (Experimenter pointed to each

L9



shape as he spoke. ) So, to recap.; ¡rou wilt have
four problems; each prob)-em will have a series of
pictuies like these and your job wil} be to try
and find the corect solution to each problen and
so solve the problem. Now would you go and sit
over there (experimenter points to eye view
monitor chair). To start, just take a guess
tell me if you think the picture is correct or
incorrect and I witl telt you if you are right or
wrong.

lraining Problems. After the subject was seated

the first of two, L5 trial, training problems was given.

To start a training problen the first of a series of L5

slides was projected onto the screen. The order of present-

ation of slides was obtained by assigning the numerals one

throuþh four to the stimulus pictures on the left side of

Figure 1r top to bottom, and the numerals five through

eight to the pictures on the right side of Figure t, top to

bottom, and randornly selecting one number at a time without

replacement. The order of selection determined the order

of presentation of the first eight slides while slide number

nine was a repetition of the first slide projected. The

renaining six slides were pieked foll-owíng a similar pro-

cedure. The order of presentation of slides was constant

for all subJects (Problern 0ne-8, 2, 5, 6, l+, ?r 3, 1, 8, lt

5, 2, 6, 3, 4i Problem fwo-1, J, 5, 6, ?r 8, 2, l+, lr 8, 2,

?, þ, 6, 5). Unlike the pseudo-problems used in data

collection, these two problems had a solution (in problem

one "red square", in problem two "vertical line"). Stimulus

20
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slides were projected onto a screen situated five metres in

front of the subject. fhe subject was asked to try to solve

the problem and to make a verbal response (either "correct"

or "ineorrect") after viewing each picture. Feedbeck was

given verbally by the experimenter following each response

(either "right" or "wrong")' After nine trials the subject

was asked the correet solution to the problem, if he did not

know it he was told the soLution and was asked to give the

correct response for the remaining six trials. fhe same

procedure was used for the second training problem.

Pseudo-Problems. Following the two training prob-

lems, the subject was handed the subject response panel and

its operation was explained to him:

Olcay - that is the first two problems. We are
now going to do two more but this time your ehin
will-be iesting upon this bar here (experimenter
points ts ehin rest of eye view monitor). I aT
þoing to change the slides' iust putting them in a
different order, but before I do, I want to bhow
you this box^ (experimenter picks up strbject re-
sponse panel), This machine requires that you keep
your head as still as you possibly c4n, whiclt means
ttrat you cannot talk. -So, instead of you telling
me "correctt' or "ineorrect" I want you to use these
two buttons (experimenter indicates buttons on
panel), If you-think the picture on the screen is
correct, I want you to press this button here
(experiiirenter po-ints to left hand button). If you
are-right, yorr-will hear a "beep" here (experimenter
points to Sonalert buzzer) and you will win a di.me.
If you think the picture on the screen is incorreet,
I want you to press this button here (experimenter
points to the iignt ha¡rd button). Again, if you-
àre right, you will hear a beep a¡rd will win a dime'
Both times, íf you are wrong you will hear nothingt
and witl wín nothing, Now, let us go over that
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agein (experimenter repeats instructions for re-
sponse panel). I am gãing to change these slides,
wñite I- am doing this-you malce suré you know which
button is which (experirnenter hands response panel
to subject).

White the subject was farniliarizing himself with the panel'

the experimenter changed the order of slides in readiness

for the two pseudo-problems ueed during data collection.

Fart three of the instruetions was then read:

Okay, there are two nore things and we can
begin. I am now going to line your eyes up with
these dots (experimenter indicates dots on center-
ing slide projeeted on the screen). You will be
putting your head on the bar and I want,you to -,keep it às still as you can and please do not talk.
That is 'the fir$t thing. The second thing is
that in between eaeh problern picture (experi-
menter points to panel of stimulus pictures
(Figure-f))you wlll see a sLide like this one
(exñerimentér points to centefing slide), When
you- see this stiae (centering) you are just to
look at the eentre of it and press no buttons
you only llress buttons when you see your problem
pietures. Do you understand?

Do you have any questions?

îhe eye view monitor was swung in front of the subject and

adjusted so that his chin was resting comfor.Èably upon the

chin rest. fn addition to the above instructionsr the

following questions were asked of child subjects:

What do you do when you see the blank pieture?

What do you do when you see the problem picture?

ff you think it is e "correct" picture, which button
do you press?

If you think it is a¡r "incorrect" picturer whích
button do you press?

What happens if you are right?



23

t{hat happens if you are wrong?

What do you do with your head when it is resting on
the bar?

the first of two, nine-trialr Psêüdo-problens was

then presented. Unlike the training problems, these prob-

Lems r^tere not solvable by the subject. Ratherr feedback

following every response was controlled by the experimenter

such that, in both bloeks of trii.als, 2-5 and 6-9, two

trials followed positive feedbaek and two trials followed

negatíve feedbaek. Schedules of trlals with these charaet-

eristies were devised by OgiLvie, Surridge and Ansel (1969)

and these schedules (see Table 1) were used in this experi-

¡nent.

ÎABLE 1

SEQT'ENOES OF R AND NR, TRIALS

Trial
Block L

Trials

IriaI
Block 2

1
2
3
l+

5RNNNNRRR
6NNNRRRRN
?I
9

RRNRNNRN
RNRRNRNN
NNRNRRNR
NRNNRNRR

Sequences

NRRRRNNN
RRRNNNNR
RRRRRRRR
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Eaeh of the eight etirnulus pictures was arbitrarily
assigned the nunerals one through eight. Using these

numerals, a computer generated I20 sets of random numbers

nine digits long. One of these sets was assigned to eaeh

of the two experimental problems for each subject and

slides were projeeted in the order indicated by the set

assigned.

Assignnent of sequences of reward and nonrelvard to

each problem followed a sinilar procedure: each of the

sequences devÍsed by Ogilvie, Surridge and Ansel (tg6g)

(lable 1) rvere arbltrarily assigned numerals one through

eight. A random sequence rrtilizing these digits was

eomputer generated and each problem was assigned a number

from this l-ist. lhis number determined which schedule of

rewarded and nonrewarded trials was assigned to eaoh experi-

nrental problem. A sample assignnent of pictttres and type

of feedback appears in Table 2,

The subjectsf eyes were calibrated with the eye

view monitor and data collection began with the experi-

menter switching on the tape recorder and manually changing

the slide projector until the first stimulus picture was

projected, The subject inspected the picture for as long

as he liked and made his choice by depressing one of the

buttons on his response panel. This response changed the

slide to a blank centering picture and gave feedback (a
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short beep) if tne trial was a rewarded one. If the trial
was rewarded a dime was dropped into a box within hearing

range of the subject. Then followed a 10 sec intertrial
interval in which the subject was instructed to look at the

centre of the centering picture, Following this interval,
the next stimulus picture was projected. This procedure

was followed until nine trials had been completed, then a

blank appeared on the screen. At this time, the subject

was told that the first problem was over and that a new

problem with a new solution was about to start. He was

asked to "try and solve this problem, too". In both train-
ing and experimental problems, the subject was allowed as

much time as he needed to make a response. l4inor adjust-

ments of the eye view monitor, to ensure that the subject

stayed within range of the machine, were made by the experi-

menter throughout data collection. AIso, oecasionally, a

subjectsr head was physically reoriented to ensure he

stayed within range. Data coltection terminated with the

,subject rnaking his response to the final slide of experi-

mental problem two. The experimental session lasted

approximately 20 minutes.



Eye-Fixation Data

Output from the eye view monitor was recorded on a

nine track digital tape recorder at the rate of 60 neasure-

ments per second. Data were taken from each subject for at

least five minutes; therefore each subject generated at

least 18 thousand lines of computer printout. This inform-

ation was brsken down as follows:

Each subjeet generated a hfiLe" on the tape. A

"serap file" was artifically introdueed between each sub-

ject file ín order to eeparate then. A computer programme

was written whieh identlfied each file and deleted scrap

ones (Programme one in Appendix B).

A subjeet file consisted of several thousand lines
of data. A programne (Prograrnrne two in Appendix B) was

written which divided these data into lines generated by

the subjeet viewing indivldual elides being projected at

any given time. The programme printed out slide numbers

and number of lines associated with each slide number.

Each eenterj.ng slide was projected for 10 sec' so thei

printout for these slides was a constant 600 (tSl Lines.

By identifying the sequenees of centering slides it was a

relatively eagy task to identify slides of problern pictures.

CHAPTER ITI
RESULTS
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Printout from progranme two was transferred onto

computer eard.s. The numèrâL,-. '0" prefixed scrap data (from

centering slides ete. ) tne number r'1rr usable data. A pro-

gramrne (prograrnme 3 in Appendix B) was written which separ-

ated and discarded "0? output a¡rd divided rrlrr output into

fixations. Using a stationary artificial pupil' data were

obtained by "fixating" this pupil upon the five location

points of the centering slide, That is, the praetise pupil

was treated as if it were a human eye and the eye view

monitor was set up exaclly as if it were focussing upon a

human pupil, Onee the neeessary adjustments had been made

two cross hairs appeared upon the television monitor which

indicated eye position. These cross hairs were adjusted

until the praetise pupil was "looking" at the centre of the

centeúing sIíde, Data were'then taken for 10 sec. This

procedure was followed until all five points of the center-

ing slide had been "fj-xated'r for 10 sec. It was found that

the mean variation in output using this pupil was 6,6 units
on the horizontal axis and 6.4 units on the vertical axis.

Therefore, one criterion for a fixation was that output had

to be constant on both axes +3,5 units. According to
previous studies (Gould and Schaffer, !96? ¡ Yarbus, t967i

Gould and Ðill, L969; Mackworth and Bruner, Lg?O; and Luria

and Straüss¡ t9?5) eye fixation durations averaged ,35 sec,

with the lowest fixation dr¡ration being ,L7 sec (Luria and
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Strauss , tg?s]l. A time of ,20 sec was decided upon as the

mininr¡m duration criterion for a fixation; hence, before a

subjects' eye movement was scored as a fixationr the output

from the fixation progtramme had to have a sequence of at

least 12 lines which did not vary more than ! 3,5 from one

another on both horizontal and vertical axes. lhis Pto-
gramme printed out horizontal and vertical indices of data

satisfying these requirernents a¡rd the number of lines of
printout assoeiated with each fixation.

Nr¡mber of Fixations, lhe number of fixatlons was

computed by counting the number of fixations made by eaeh

subject, according to the above criteria for a fixation.
The number of fixations made on trial one of each problen

was ignored since this trial did not follow a reward or

nonreward. Thus, eight trials in each problem were avail-
able for ar¡alysis. The schedules of rewarded. and nonreward-

ed triaLs ueed resulted in four trials following reward and

four trials following nonreward in eaeh problem. Íhe mean

nunrber of fixations was obtained for each type of trial
(following reward and following nonreward) for eaeh problem,

fhis mean number of fixations was entered into an analysis

of varia¡¡ce with age (adults verËtss ehildren) as the between

groups faetor and type of trial (rewarded versus nonrervarded)

and problem (one versus two) as the within groups factsrs.
Table I gives a sumn¡ary of this analysis, As can be seen,



ANALYSÏS OF

SOURCE

Age

Error

Froblen

Ërror

Feedback

Error

TABLE 3

VARTANCE OF MEAN NUMBER

Age x Problem

Age x Feedbaek

Problem x Feedback

::: Age x Problem x,i,:, Feedbaek

;.:,::: Effor
':i,

ùù

1,627

t5L,383

,521+

56,648

L8,76t
tÐ .0tþ7

.3L9

4,Ltg

.000

df

OF FIXATTONS

L

26

MS

L ,62?

5,822

,521t

2,L78

L8,76L

r,655

,3rg

4,LLg

.000

90

1

26

F

1

26

,28

* g (.001

,21+

.080

24.493

tL,33,É

1

26

,L5

2,1+9

.00

.080

.9Q3

,09
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there were no r$$$nifieant differences in the number of

fixations made by the two groups. Also' there stere no

significant differences in flxatisns made on problem one in

comparison to problem two. the type of feedback received

on the previous triaL wâsr howeverr highly significantt

E (t, 26) - Lt,33, !, (.001. Both adults and chíldren made

more fixations following nonrêward tha¡r following reward.

An average of 3,L9 fi,xations oecurred followÍng reward

compared to an average of l+.01 fixations following non-

reward.

Total Duration of Fixations, Progranme I printed

out not only horizontal and vertical indiees of eaeh fixation
but aLso the number of lines of prlntout associated with that
fixation. lhe eye view monitor scans the pupil ó0 tines

per second, so each Line of printout represented one

sixtieth of a second of fixation time. In order to eal-

eulate fixation time fsr each subject, each problem was

blocked into the four rewarded and for¡r nonrewerded trials
of interest. Then the number of lines of printout for each

of these four blocks (two in each problen) was summed and

divided by four. This gave the mean total tine of fixation
of each subjeet following rewarded and nonrewarded trials
for eaeh problen. fhese data were entered into an analysis

of vari.ar¡ce with age (adults versus children) as the be-

tween subjeets factor and type of trial (rewarded versus
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nonrewarded) and problem (one versus two) as the within

subjeets factors. Tab1e l+ summarizes these results. fhere

were no significant differenees in duration of fixations
between problems or between age groups, Feedbaek was

important in determining how long the subjeets fixated upon

the stimuli (E (1' 261 = t9.55, p (.001) with longer fix-
ation times being reeorded fol]owing nonreward than follow-
ing reward for both groups - me¿Ìn tines were t,56 see follow-
ing reward a¡rd 2,OO sec following nonreward,.

Mean Duration of Fixations. The mean duration of
fixations was ealculated by dividing the nean total fixation
times by the mean number of fixations made by each subject

following either rewarded or nonrewarded trials irÍ both

problems. This gave four mean times for each subject

following reward in both problems and following nonreward

in both problems. The children's individual times were

added together to give a mean duration of fixations in each

of the four categories for the chiLdren as a whole. Adultsr

times were similarly calculated. These mean durations were

entered into an analysis of variance with age (adults

versus children) as the between subjects factor and type of

trial (rewarded versus nonrewarded) and problem (one versus

two) as the within subjects factors (Table 5), It ean be

seen that there was a significant interaction between age

and type of feedback given. Actual times are reported in



....::,] SOURCE SS df MS F

Ase 3.4?2 L 3.422 3.?3

Error 2?,t6t 26 L.045

ÍABLE 4

ANATYSIS OF VARIANCE OF DURATION OF FIXATÏONS

; Feedback
.- È;rror

Problem

Error

, ¿g" x Feedback ,51+9 t ,5t+9 1.99

Problem x Feedback .000 1 .000 .00

, Age x Problem x

', 
teedback .450 1 ,t+50 2, 56

nrror t+,5?8 26 .t?6

Age x Problem

.046 L ,0l+6 .11

LL,tgL 26 ,430

5,3?? L 5,37? L9.55*

?,Lst 26 .275

.000 1 .000 0.0

33

* p €,.001
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SOURCE

Age

Error

Problem

Error

Feedbaek

Error

TABTE 5

OF VARtrANCE OF MEAN DURATTON

SS

,42t

4. 8þ0

.088

.?68

.003

'31+3

.031

.085

.042

Age x Problen

Age x Feedback

Problem x Feedback

Age x Problem x
Feedback

Error

df

OF FIXAÎIONS

1

26

MS

,42L

.t86

.088

.029

.003

.013

, o3L

.085

,042

34

1

?6

F

2.26

1

26

* p (,.05

2,gg

,05t+

.4oll

,22

1

26

L ,05

6.43x

2,73

.054

,0L5

3.4e
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Table 6, A simple effects of differences test (firf, 1968ù

was performed upon these data. As shown in Tab1e 7, there

was a significant difference between groups at level one

(rewarded) but none at leveL two (nonrewarded). A within
groups eomparison was then made using these same data,

Table B shows that there were significant differences in

adult performance following rewarded when compared with

nonrewarded trials (,63 sec following reward compared to

,57 sec following nonreward) but there were no such differ-
ences in childrenrs behaviour. Intercoruelations amongst

total number of fixations, total duration of fixations and

average duration of fixations for adults and chiLdren can

be found in Tables 18, il9 and 20 in Appendix D.

Subsidiary Analyses

starting an experimental sessi.on was that the cross hairs
indicating eye position of the eubject on the eye movement

television monitor were relatively stable around the centre

point of the centring slide. In addition, each subject was

asked to keep looking at the centre of the eentring slide
pnior to the start of the experÍ.ment, It was assumed that
the printout associated with this tirne would accurately

represent the centre of the stimulus slide. The means of the

last ten lines of theee data vrere computed for both

Location of Fixations. One of the criteÈia for



MEAN DURAÎION OF
REWARÐED

ADULTS

CHILDREN

TABLE 6

FTXATTONS TN SECONDS FOTLOWING
AND NONREWARDED TRIATS

Source

Rewarded

Nonrewarded

Error

BETIlIEEN GROUPS
AND

Rewarded

,6jz

.452

TABLE 7

DIFFERENCES
NONREWARDED

* p <.05

36

Nonrewarded

SS

.4+3

.06t

5 ,200

.56e

.502

FOLLOWING REWARDED
TRÏAIS

COMPARISON OF WITHTN GROUPS DIFFERENCES FOLLOWTNG
REWARDEÐ AND NONREWARDED TRTATS

Souree

Adults

Error

Children

Error

df

1

1

52

MS

,41+3

.061

.100

TABLE 8

* p <.05

F

4,43x

,6t

SS

,060

,338

,030

,3J8

df

1

26

MS

.060

,0L3

.030

,0L3

1

26

F

4,62?r

?.30
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horizOntal and. vertical axes and these rneans were taken as

horizontal and vertical indices of the centering slide for

that particular subject. It was found that the distance'

in digital output unitsr left to right across the centering

slide was approximately 18 units and' from top to bottom'

approximately 16 units. Using these indices it was possible

to eonstruct a matrix of horizontal and vertical Iines the

intersectlon of which coruesponded to horizontal and

vertieal indices for any fixation upon the stimulus pictures.

By superimposing the matrix upon a picture of the stinuLus

slides it was possible to plot the location of each sub-

jectrls fixations. The means for the centre of the stimulus

pictures for an individual subject were used as the centre

of the natrix and the location of each fixation relative to

this centre was plotted. Because of inexperience with eye

movement location technique, "noise" within the systemt

and the difficulty of trying to precieeLy locate fixations

upon what turned out to be e very small target area it was

decided to identify each fixation only within one of the

three sections of the Ëtimulus pictures. A further category

"not on matrix", was added when it became apparent that

subject's eye fixations were being recorded by the apparatus

even though they were not aimed directly towards the

stinulus display (Figure 2.illustrates this procedure).

fhe number of fixations recorded. in eaeh of the
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four sectors was treated to an analysis of varianee, with

age (adults versus children) as the between subjects vâr-

iable arrd seetor (one, twor three or not on matrix) and

problem (one versus two) as within subjects variables. As

lab1e t revealsr there were åignificant differences in the

number of fixations made to the different seetors, an age

by sector interaction and an age by sector by problen

interactisn. the mea:rs involved in the three way inter-
action are shown in Tab1e 10. Post hoe pair-wise compari-

sons of these neans were made using Tukey's Honestly

Significant Difference (HSD) procedure (¡tirt I t968r.

Conparisons between adults and children within each sector

for each problem indicated that children looked fewer

times at sector one than adults in problem two - nonê of

the other eomparisons was significant (HSÐ value = 8.58).

Conparisons of the nunber of fixations between problem one

and problem two for each sector indicated that there were

no significant differences between problems for children

or adults (HSD value = 8,54'). Conparisons of sectors

within eech problem indicated no significant differences

between sectors for children, Adults made more fixations
in sector two (line oríentation) than off matrix in problem

one. In problen twor adults made more fixations to seetor

one (size) ttran to sector three (colour) and off rnatrix

(HSD value = 8.54),



TABrE 9

NUIVIBER OF FIXATIONS PER SECTOR
PROBTEM ONE lÂTÏTH PSEUDO

SOURCE

Age

Error

Problem

Error

Sector

Error

SS

2?,859

tLgT .253

t+,290

397,220

1348 .320

5440.69t

. 111

581+,828

99,1+06

COMPARTNG PSEUDO
PROBLEM TWO

df

Age x Problem

Age x Sector

Problem x Sector

Age x Problem x
Sector

Error

MS

27.859

¿+6. 048

¿+ ,290

L5,278

449,41+o

69 .? 52

.111

Lg4.g43

33,135

26

þ0

26

F

3

?8

.óo

o P (.05
**g 4 .oo1

,28

354,86?

?LOL,59L

3

6 ,ht+xx

3

3

78

.01

2,?9*

L.23

tL9.28g

26,9tt3

I+,39*
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IABLE 10

MEAN NUMBER OF FTXAIIONS PER SECTOR FOR EACH PSEUDO PROBI,EM

Sector

P
R
0
B
L
E
M

0
N
E

1

2

3

I+

size

line orientation
eolour

not on matrix

Cue

P
R
0
B
t
E
M

r
llr
o

L

2

3

l+

AduIts

8,7Lt+

10. 500

7,0?L

L,2t4

s].ze

line orientation

colour

not on matrix

Children

8, 57L

8,928

3.0?t
l+,286

LL+,o7t

?,?86

4,7tL+

2,2t1+

5. t+3

9.?Ltl,

) .928

? ,500



Training Problems

Each subject was given two training problems in
order to familiarize him with the task presented during

eye-monitoring. Figure 3 shows the performance of each

group on the two training problems. As can be seen from

the figure, there was a narked improvement in performance

fron problem one to problem two by eaeh age group. Using

a criterion of problen eolution of eorreet performanee on

trials 6 to 9, two adults and two children solved the first
problem and tP adults and 10 children solved the second

problem. the age group differenees are not statistically
significant.

t+z



te il to

t-
 9

(J t¡
J 

8
Ë 0l o? (J 2.

6 5

*4 ttl fD
3

= 2?
I

lrG
¡r

o 
C

H
I¡

,D
R

E
î{

- 

A
D

U
LT

 S

I I ,7 6

ta
s I \t

¡2
3

T
R

A
IN

IN
G

45
6

T
 R

IA
L

P
R

 O
B

LE
M

E
lg

ur
e 

3.
 S

er
fo

rn
a¡

¡c
e 

of
 G

ro
rr

ps
 o

n 
T

ra
ln

in
g 

P
ro

b]
-e

ns

78
9

0

[2
3

T
R

A
I 

N
I 

N
 G

46
6'

t
T

R
IA

L

P
R

O
B

LE
M

 . 
2

È \¡
t



The fact that the two age groups perforned equally

well on the pretaining problems indicates that the prob-

lems were about equalJ.y difficult for the two groups. hhis

finding is not unexpected, In Piagetian terms (Ginsberg

and 0pper, L969, p. L6Lþ) the children would. be considered to

be in the Later stages of the concrete operational period.

and, consequently, could be expected to have a similar
capacity to solve this type of problem as adults. Results

obtained from other researchers (for example: Eimas, t969¡

Ingalls and Ðickerson, L969; Gholson, Levine and Phillips¡
L9??) also support this finding. they found that subjects

beyond age six virtually always used hypothesis systems in
order to solve sinple concept formation problems similar
to those used in this study. That most subjects t'¡ere able

to solve training problem two suggests that, ât the begin-

ning of the experimental problems, these subjects were

fami.liar with the type of solution required. There was no

evidence that the number and duration of eye fixations
changed from the first to the second pseudo problem' so it
may be assumed that subjectsf exposure to the first insoluble

pseudo problem did not influence their attention to the

second pseudo problem.

It was expected that, if subjects were usíng

CHAPTER IV

DISCUSSION
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hypothesis sampling strategies to solve the problems, the

number of fixations to the stimutus array following nonre-

warded trials would be greater than the number of fixations

folLowing rewarded trials. The total duration of these

fixations following nonrewarded trials was also expected to

be greater than following rewarded trials. Prediction one

was confirmed - there were Ëignificant differences in the

number of fixations made by the subjects, with both children

and adults making nore fixations following nonrewarded

trials as eompared with rewarded trials. Similarlyr prê-

diction two was supported by the datar âs both groups had

significantly longer total fixation times following nonre-

warded than following rewarded trials. Analysis of the

average duration of fixations indicated that childrenrs

averege durations '¡rere unaffected by feedback and that

adultrs average fixation tirnes were longer following reward

than folLowing nonreward. This result indicates that the

reward versus nonreward difference for total ¿u¡¿tiqn;.:of

fixations resulted from the larger number of fixations that

occumed following nonrewarded as compared with rewarded

trials.
lwo possible explanations of subjects' eye movement

behaviour present themselves. Subjects could have been

looklng at the cues following nonreward in order to aid in
retrieving the possible h¡potheses from memory and then
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sarnpling a ner^' hypothesis without further attention to the

stimuli before deciding to choose a nevt one and make e

response. Presumabty, fo}lowíng rewardr the subject would

simply identify the cue consistent with his hypothesis and

make the appropriate response. In this sitrrationr one

would expect a greater number of fixations following non-

reward than following reward but not',longer averege f ix-
ation times, 0n the other hand, following nonreward sub-

jects could have been fixating upon a cue while deciding

whether to use it as the next hypothesis. If this were

the case one would expect longer average fixation tines

following nonreward than following reward beeause' follow-

ing nonrewardr the subject is not only identifying the cue

but also trying to decide if he will sample it, while

following reward he would presumably just identify the cue.

The present data were eonsistent wÍth the first alternative

since number of fixations j.ncreased following nonreward

whereas average duration of fixation did not,

The finding that adults had longer average duration

of fixations following rewaúd compared with nonreward

suggests that they were applying different strategies to
the task in comparison to the ehildren. One explanation

might be that adults were using more sophisticated strategies

than the children' which utilized positive feedback. Both

Eimas (t969) and Ingalls and Dickerson( t969) found that
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their college student subjects had more efficient strategies

than children from grades two through ten' In addition,

Levine (L966) found that his college student subjects re-

jeeted more i.ncorrect hypotheses from their pools of hypo-

theses, and hence learned more effectively' following reward

than following nonreward. Adults in the present study may

have spent the time following reward in eliminating hypo-

thesee no longer tenable because of this feedback. this
cognitive aetivity night have resulted in adults having

longer average fixations following reward if the decision

about retaining a cue in the sample of hypotheses was made

while fixating the cue.

Adults more reliably differentiated between the

sectors of the stimulus pieture and the off matrix sector

than díd the ehildren. For adults, the number of fixations

to sectors one and two in pseudo problem one and sector one

in pseudo problem two were sig¡tifieantly different from

those made to the off matrix sector whereas the children

did not fixate rel,iably more often on any stimulus sector

when eonpared with the off matrix sector. There was a

significant difference between the groups in the number of

fixations nade to sector one in pseudo probJ.em two, with

adults concentrating over half of their total fixations for

this pseudo problern on the sector that held the cue (size)

previousLy unused in the training problems. The ehildren
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made the largest number of fixations in both pseudo prob-

lems on the cue (tine orientation) that had been used in

the last training problem. This evidence suggests that

adults were more likely than children to switch to a new

cue as a result of failure to solve the first pseudo prob-

1em.

An extension of this study would be to investigate

the problem solving systems adopted by the subjects.

Gholson et al., (Lg?Z) found that subjects generally used

one of two types of system, either Strategies or Stereo-

types, in solving simple discrimination tasks similar to
those used in this study. A Strategy is a system that

allows a subject to systernatically reject incorrect hypo-

theses, leading him ultimately to problem solution. On the

other hand, a Stereotype system has the subject responding

according to a set pattern (for example the subjeet always

picks the col-our cue, or always pieks the cue on the feft)
regardless of feedback receivedr and the solution to the

problem may not be found. Typically, the type of systen

used depends upon the age of the subjects tested' with

kindergarteners (in the Gholson et al., study) virtually
always using Stereotypes and children from gfade two up-

wards almost always using Strategies. It would be expected

that the older the subject the more he would fixate upon

the cue consístent with the hypothesis he is holding. For
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exanpler if he was using a Strateg¡¡, one would expeet him

to ignore cues of rejected hypotheses and focus upon cues

still available as possible soh¡tions to the problem. 0n

the other hand, with children using Stereotypêsr one would

expect the eye fixation pattern to reflect the Stereotype

belng used. For exampLe, a child consistently piekingr sây

the colour red, would be expected to concentrate his fix-
ations upon this cusr to the exclusion of other cues.

If, as the present study suggests' êVê movements

can reflect cognitive proeesses similar to those described

by hypothesis sarnpling theory, then a further etudy usíng

the blank trial teclurique developed by Levine (L966) testing
children of differing age levels might throw some lfght
upon systems being used by different age groups. Ílhis

technique permits the experimenter to nonitor the specific
hypothesis the subject is using at any Boinf in a diserimin-

ation learning task. Basically, Levine showed that if no

feedback is given following the subjectrs choice response

for a few consecutive trials (blank trial-s) tne subjeet

will respond accord.ing to a single hypothesis during those

trials. One may construct a sequence of blank trials such

that each hypothesis yields a trnique response pattern,

With sueh a sequencer the hypothesis a subject is using

rnay be infered. fhe subjeets would be expected to fixate

upon the cue consistent with the hypothesis they are
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holding. In this caaer the fixation patterns would be

expected to concentrate upon the "hypothesis" cue through-

out the blank trial sequence, That is, the subject would

fixate one cue until he reeeived feedback regarding his

choice of that cue.

A linitation of the eye vi.ew monitor is that it
records eye movements only when the eye is aetively engaged

in searching the stimulus field within the correlates
previously calibrated by the experimenter at the start of

data collection. Fixations which fell outside of these

correlations were either not recorded or had to be dis-
regarded by the experimenter, A future experiment should

have a stimulus picture sufficiently large that all eye

movements made by a subject falI into the calibrated area.

A larger target could be projected with a different kind

of projector lensr âDd a zoom lens on the video camera

recording the stimulus aruay would allow greater definition
of the stimulus picture used.

Electronic interference (noise) within the system

also presented problems in that it interferred with the

transfer of ôata from the video camera to the tape used for
data storage. For example, noise sometimes activated the

slide counter without a slide change actually occurring.

lhis made interpretation of output more difficult because

programme 2 reLied upon the slide count to identify data.
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The system requi.res that a subject keep his head

still for the duration of data coll-ection. ft was a strain

for adults to remai.n stil1 for longer than seven or eight

minutes and almost an irnpossibility for children to do so.

A head restraint, such as a bite bar, is necessary in

further research with the eye nonitor.

Finally' techniques for analyaing eye movement

behaviour were being developed during the course of the

experiment and had not reached the level of sophistication

necessary to more precisely locate points of fixati-on or to
record the track length of the eye as it examined the

stimulus array. Development of conputer prograïtmes which

refine analyzing techniques must continue at least until
digital output is more cleafly interpretable. Experiment-

ation with analogue output might result in the integration

of the two systems' with an increase in data interpret-
ability. In addition, inclusion of a video system to

visually record eye movements might serve as a backup to

both systems.
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DEPAFTMENT OF PSYCHOLOGY

Dear Parent:

Your superintendent and prlncipal have granted permlsSfon for a

peychologlcai study to be cariled out Ín cooPeratlon ¡rith Dalhousie school"

0n1y chilclren whose pareots graût pernissÍon will partfcfpate.

¡rÊ\

THE UNIVERSITY OF MANITOBA

UM

In thls sÈudy, chfldrears eye-novemênts r¡111 be measured as they attenpt
to solve sl'ple piábt"r" that Lnvolve learning to choose one of four geo'etric
forns. Eye-moveDents are recorded by measurfng the locatlon of the PuPll of
the chllctis eye reLative to a picture of the problem uslng televfslon cameras'

slnce thls research lnvolves uãlng equtpment installed ln a laboratory ín the
Duff Robll.n Building at the UnJ.versity of ManiÈoba, lt w1ll be necessary to
brfng the chfld fron hone. The children r¡111 be transported by car tð ancl ,,
from the laboratory. Mr. Roger Holden, a graduate student in psychology wtll
be conductlng the research. since 1t uay be necessary to Ëest the children
outsfde schoõ1 hours, Mr. Iloldeo will telephone Parents who consent to a1lo¡¡

thelr chtldren to partlcfpate and arrafige a coaveuLeot aPPoLntEent tlse.

Each testing perf.od ¡cil1 last about sfxty mlnutes, not Lncludlng transPort-
atlon tÍne. Durfng the test sesslon each child r¡111 receive a nr:mber of nickels;
thls lncentlve Ls an importanË part of the study and not å Payrent for Part-
i"ip.tr"g aLthough thls money rilL te gfven to the child at the end of the test
sesslon and will amount to about one dolLar.

.fhe purpose of the study is to obtafn lnformatf.on about the learnlng
procesaes of children of different ages. sÍnce ¡¡e are not atteDptfng to assess

the indlvidual ab{Iítfes of the chllãren, the perforoance reeord of lnilivlduaL
children.wlLl be confldentfal.

Please Lndlcate belo¡¡ whether or not you glve pernlssion for your chfld to
particlPate 1n the study by sÍgnfng on the appropriate l1oe'

IfyouSrantPerml.sslon'Pleagegíveyourhometelephonenrr¡nbersothat
ne can arratrge an appolntment tÍme.

-

October 20, L975

57

WINNIPEG, CANADÁ
R3f 2N2



Ark your chlld to return the letter to hfe teacher'

Ítrank you for Your cooPeratfon

SfncerelY,

John H. I{trlteleY' ?h'D'
ÀesocLate Professor
Ph: 489-74L7

" Name of Chlld

Permleefon Granted (Parentts slgnature)

Ho¡re telePhone number

Permfeelon Refueed (Parentta signature)

58
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APPENDIX B

Computer Progranmes Used in Ðata Analysis
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use of Fixation ProEramm,es. the first step in data

anarysis was to run programme 1 whieh transfers the data to
a neïv tape in a format readable by a Fortran programme.

The second step was to run programme Z, which requires as

input the file created by progra¡nme 1. programme 2 runs

through the fíle and counts the number of records taken

during successive slide presentations. The final step was

to run progranme 3, in conjunction with a set of cards and

the file created in step one, The cards were manually

punched by the experimenter from the output of programme z,

Each subject file contained data recorded during the series
of problem slides used in data collection interspersed
with centering slides which contained no analyzable inform-
ation. Data cards were punched which arlowed the eomputer

to disregard output from centering srides and to piek out

analyzable data from each subject file. programme 3 rart

through these records and checked for fixations. The

computer languages used were: Programme L - p/L 1,

Progranme 2 - Fortran, Programme 3 - Fortran,
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Explanation of Printout from Programme 2 (see lable 13)

Slide count - each slide change during data collection was

autouratically reeorded on the data tape.

Number of records - the eye view monitor records at a rate

of 60 measurements per sec. This out-

put indícates the number of records

associated with each slide ehange.

Subjeet number - this was rnanually introduced onto the

data tape by the experimenter.
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EXAMPLE OF

rABrE L9

PRTNTOUT FROM PROGRAMME ?
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TABLE-1¿}

PROGRAMME 3

: M,ANITÐBA CNMPUTE{I CENTER *** ÐÁTE= 6/G9/76 TIME=11:17 AM

IMPLICIT INTEGER(H}
INTEGER*z D{9r723'
INTEGER VA{ I 2l ¡HAd LZl çVl r V2r V3rV4rV5rV6rVTrVBrVgrVlOrVl I rVl?
EOUIVALENCE {VÀ{ 1 ) rVl I r{VA{2l çV2} r (VAt3trV3)r {VA{4} rV4l r* TVA{5) rVSl r{ VA{6} rV6} r {VA(7 ì ¡V7 ) r (VA{8 ) 'VB) r {VA{9} rVg)r* {vA{10)rvlo)r{vA{tl)rv!1}r{vA{t2r,v12l
EOUIVALENCE {HA{ I )rH1 ) r{HA{2) tH2)r(HA( 3)rH.3lr {HA{ 4l tï4l t* ( HA{5}rH5l r(HA(6)rH6}r {HA{7 I tH7) r{H'A{8)'HBlr f HA{9)rH9}r* { HA{ lO),Hl0 I r ( HA{ 1 1 ),Hl r ) r IHA ( 721 t Ht2)
REAO{3rEND=9991 D
NR=723
READ{5r15} ¡DTISNTIN
FORMAT{IlrI3rI6l
IF{ID¡EO*9} GO TÐ 999
IF{ IDTEOo I ) G,O TO 50
IF( IN,GTENR' GO Tfl 4O
NR=NR- I N
G0 T(l IO
I N= I N-NR
READ{3rEND=9Ç9} D
NR=723
GOTIJ2S'
CONT I NUE
TTJRITE{6r51}
FORMAT{ | --------r }
NA=72¿+-NR
NTC=O
INIT=O
I=t
DO tOO LOÐP=lrIN
IF { NA sLT c?24 1 GÐ
REAÐ{3¡ENû=99} D
NA=l
NTC=NTC+D(A'NA!
I.F{D(5rNA)oEOrO}
IF{INIT.GT,OI GN
VA{tr1=D{6rNA}
HAIIr=D(7'NAl
I= I + I
IF{TILT¡I3) Gû TT
INIT=1
NT=O
NMA XV= O
NM I NV=O
NMA XH= O
NM I NH=O
GÛ TO 67
Vl=V2
V2=V3
V3=V4
V4=V5
V5=V6
V6= V7
V7=VB
V8=V9
V9=V 1 O

TO 53

99

10
15

25

40

50

5t

53

õ5

GO TCI 99
Tt 65
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Explanation of Printout from Programme 3 (see Table LS)

Subject number - same as for progranme 2.

Vertical and horizontal âxês - these are indiees of eye

position on the vertical and hori-
zontal pS.anes relative to sone

predetermined point.

Number of records same as for programme 2,

Feedback - record of the type of feedback given on any one

trial. Manually introdueed by the experimenter

onto data tape.
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APPENÐIX C

Data Used in Analyses
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Correlations of the Ðependent Variables Tota} Number
oi-riiations(a), rotai Duration of Fixations(b) and

Average Duration of Fixations(c) f-or Àdults'
Õhiloren and the GrouP as a Whole.
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APPENDIX D



,IABI,E L9

CORRETATTONS OF THE DEPENDENT VARIABLES TOTAL NUMBER

OF FIXATIONS(A), TOÎAL DURATION OF FTXAITONS(b) AND
AVERAGE DURAfTON OF FIXATIONS(C) FOR ÀDULTS

V a 1.000 ,539* -.5?8*
A:: R b 1. 000 ,326.T
A c 1.000

"1, 
B
L
E

* p (.05

VARIABLE
b

TABLE .ï,9

CORRETATIONS OF THE DEPENDENT VARIAB],ES TOTAL NUMBËR

OF FIXATIONS(A), TOTAI DURATION OF FIXATIONS(b)..AND.'
AVERAGE DURATTON OF FTXATTONS(C) FOR CHITDREN

72

V a 1.000 .580* -,3t4
A
R b 1. OOo ,568o
ï
A c 1.000
B
L
E

* p <.05

VARIABIE
b



îABLE 20

CORRETATTONS OF THE ÐEPENDENT VARIABTES TOTAL NUMBER
0F FIXATIONS(a), ToTAL DURATI0N oF FIXATIONS(b) AND

AVERAGE ÐURATION OF FIXATIONS(C) FOR
rHE GROUP AS A WHOTE

,; v a 1.000 ,549'r"* -.411*
A
Rb
I
Ac
B
L
E

l+ p, < .05

I l**!, < .001

VARTABLE
b

73

1.000 .507rÉ

1. 000


