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CHAPTER I
THE PROBLEM
Purpose of the.Study

Three decades ago, Dashiell (1940) listed four main classes of
determinants -of human behavior: stimulus-response, habits, genetic
rwfactors, and set. He complained that set was a.neglected area of in-
vestigation, and argued that it was.an important phenomenon for psycho-
logical research 'to describe. Thevproblem was that the term ''set'" was
used so loosely that it held different coennotations for many psycholo-
gists. Gibson (1941) nqted.thatfthe following terms had-been used to
define whatever was meant by set: mental set, motor set, preparatory.
set, situation-set, expectation, attitude, directing tendency, and
determining tendency. This ambiguity led him to state at that.time
that - "The concept of set or.attitude.is 'a nearly universal one in psy-.
chological thinking despite the fact.that .the underlying meaning is in-
definite, the terminology chaotic, and the 'usage by psychologists highly.
individualistic'" (p. 781). The situation is somgwhatuthe same today‘inu
that the concept plays a.part. in most areas of psychology° As stated
by.McGee (1967), a set has become a\walfused hypothetical construct,
and

the very fact that it has ‘been used so extensively by
so .many different individuals under so many different

synonyms .indicates a need for a unifying system-of:
theoretical postulates and empirical studies related

to a.psychology of .set (p. 14).



Generally speaking, set seems to be described as a~disEosition, a
state of mind, and the effect of set is that of selection or.guidance,
of the mental processes. This thesis was-concerngd with an investiga-
tion of expgrimentally induced set, and sought a.more direct approach’
to.an empirical descriptioniof it than has been provided so far. As
will be shown, most studies have utilized responSe,dgtaifrom<the S-0-R,
paradigm to infer set and its.actions. However, the logical and desir-
able point at which an investigation of -set should take place is at the
"0'" variable, That is, the stgtevand.its influence should be studied
as it occurs. Such an.approach was offered through the  technique of

pupillometry, to be described later.
The History of "Set'.

The concept of -set is as old as the first .experimental studiqs of
the mental processes. Gi-Eﬂ‘Mﬁller, in redoing Ebbinghaus' work on
memory, extended his own findings to include the concept of "preparatory
set" (Anlage). That,is, the memory processes were not.as mechanical as
Ebbinghaus may-have thought; rather, subjects seemed to be engaged
actively in.their tasks, indicating that learning was.not a completely:
automatic process (Watson, 1963).

This-idea,carried on with the.work of Kﬁlpe, who had studied with
Mﬁller, and the "Wurzburg School". Basically, the task (Aufgabe) was:
responsible for inducing an unconscious set (Eipstellung), such that:
the type of activity which was influencgd by this set.took place with
little awareness during a trial - one was not aware of the 'determining
tendency' guiding his strategy or behavior in the task (Watson, 1963) .

Over.the years, set.has been used in one context or another:by



most 'areas of psychology (Boring, 1950; McGee, 1967). The terms devel-
oped and Qmployeq by the Wurzburg -School (task, determining»tendency,
etcg),have\taken on g,motivgtiqpalzcontext in to@ay!sfusage, That-is,
set .is a variable that inflﬁences the mental processes. ''Attitude' is
used as a.replacement for Einstellung in social psychology. In the
area of perception, an attentive set enables a subject to perceive more
readily certain aspects of visually presented stimuli.as compared to

his performance when he,is given no advanced‘information on what to

look for. Two main.hypotheses have been proposed to.explain this effect
of set onvisual perceptiénk(Haber; 1966) . One-is a perceptual tuning
hypothesis: set enhances the perceptual processes by causing a focusing
of attention on:particular attributes.of the stimulus. This interpre-
tation places the effect of set during the stimulus presentation.' The
other hypothesis is a non-perceptual approach, and it,argges.that»set
does not . affect the percept but does influence.the memory trace; Haber .
feels that set induces different coding strategies (speed of encoding,
order - of .enceding) which reorganize the memory such that the more rele-
vant aspects of the stimuli will be reported accurately.

Different types of pereeptual set experiments have been conducted
in Russia by D. N. Uznadze (1966). Set in his experiments is a mani-
festation‘of<the testing situatiqn itself and is not induced by -instruc- .
tions (advanqed information),in the manner mentioned -above. For ex-
ample, two balls of different volume (size) are placed in. the §js~handsf
and he judges the size of the two objects. After a series of such pro-
cedures (called the ''fixing" or '"setting" experiment), the S is given
two balls of equal volume. The response is invariably that one of thg‘

objects is larger. Uznadze argues that yhen a task (''need") and a.



situation for its completion isvpresqnted,’"a specific state develops,
in the subject which may\bg_described as a tendency, an inclination, or
a state of preparation for the performance of thelaqt capable of satis-
fying this need" (p. 203). Set is an internal state which is directive.
on‘theidynamics of the mind, and is.reflected by preparation-for a def-
inite activity.

In the area of learning, "expectation'" is commonly used to describe
a-guiding factor.of the mental processes. Mowrer (1940) used this temm
in an experiment involving reaction times to measure the influence of,
set. Subjeqts,were instructed to release a button when a tone came.on;
the occurrence.of this tone was generally at twelve second.intervals
except forvtest trials where the tone occurred before or after twelve
seconds. Mowrer obtained a 'curve of expectancy" in which reaction.
times were longer on either side of ‘the twelve second mark. He postu-
lated a decline in readiness or. expectation on the S's part after each
trial until the perceived point in time when:the tone would occur again,

In personality assessment, set has generally been used to describe
any response bias or preconceptions a-subject brings into the laboratory,
with him. Its effect is the various response styles a.subject uses in
taking a personality test.

A distinction was made between set induced experimentally, as that
created by~in$tructions‘inﬁperceptual experiments, and set.which is a
manifestation of the testing situation itself (Uznadze's experiments).
Any attempt to.isolate the influence of set on the mental processes.
should stem from a study.of experimentally induced set. Experiments:
which inQuce set as a guiding factor in thezhand1ing of specific task

requirements offer well defined situations in which.to isolate the.



influence of set. Studies illustrating such an approach are given next.
A Survey of Induced Set Studies

One factor that ganAinfluqnce memqrization qf materials‘is the
knowlédge~or4anticipation of future task demands placed on a subject.
In a studyiby.Pollack, Johnson, and Knaff (1959); the.auditory/preseng
tation of digit lists of known‘length; or of unknownylength.in~a back-
ward memory task produced differences in recall performance, For mes- .
sage lengths of fifteen items or more, the digit spans for the "known'"
conditions were consistently .greater than the "running digit spans"
(number; of items correctly recalled in -the "running memory task' - the
task with unknown digit length). The results were attributed to differ-
ences in behavioral (rehearsal) strategy of the material in an . attempt
to find a-suitable method of ‘retention for each task.

A . study by Kgy'and Poulton¢(1951) also obtaing@ results suggesting
differences ‘in memorization techniques. The S's task was to memorize
eight display items (positions of directional arrows). In condition A,
the first four items were to be learned,and recalled, then the next
four, Another condition (C) required the S to learn all eight, then:
recall them in serial order. In both'cases, S knew the task that was.
to be performed. Two other conditions were such that.S did not.know
during the learning of the items what the recall procedure would be;

all eight items had to be learned, but.in condition B, items 5-8 were

2

to be recalled first, then 1-4, while in condition B. serial order was

1
required.
A typical result is‘seen..in~comparison_of‘conditi\qns\B1 and C.

Here, the tasks were exactly the same, each condition differing only to



the extent that in.C the S knew-the recall task, whereas in B1 the task-
was made known after the presentation of the items had already taken
place. The percentage of correctly recalled display items for each
serial position in condition C followed a typical U-shaped curve with
performance graduallyvdiminishing over positions except for a sharp in-
crease at ‘item 8. The dominant rise in the performance curve for B1
was.at item 5, which was.followed by a steady decline through item 8.
Due:to these differences in the serial position curves, the authors
reasoned that memorization techniques differed in response to the know-.
ledge or anticipation of when and how recall was to take place; thatis,
a'"preparatory~set” had been established directing the.memory-processes,
"The end determines the manner-of memorization...Anticipation of how:
the learned material will be utilized is-one of the variables affecting
the mental set of the subject" (Kay and Poulton, 1951; p. 38).

Hinrichs (1968) tested the effect of pre- and post-stimulus cuing
on recall performance for two different types of tasks (either recalling
in the same order as presentation, or recalling in backward order).
Randomly-arranged sequences of the digits 1-9 were presented by tape
recorder to Ss who. received either the word "forward" or: "backward" just:

before or after stimulus presentation. It was.argued that differences

which might be found in serial position curves between the pre- and
post-cuing conditions would reflect different strategies :undertaken in,
order to meet the demands of the specific task situation.

It was found that when the subject was cued before presentation of
the digits, better recall occurred for the forward order task than for
the backward demands. However, when the\subject did not know until

after stimuli presentation what-the required order would be,



significantly different performance did not result between .the forward
and backward tasks. Because of the failure to obtain forward order
superiority in the post-conditions, the strategies which took place to
deal with the digits under the pre-stimulus condition might not have
been the same as those, for the post-stimulus condition.

The three studies cited above indicate that differences in perform-
ance result from differences in knewledge of task requirements. How-
ever, in order,to determine more precieely,the influencejof~set on the
behavioral strategy of dealing with stimuli, a useful methodological

approach would be one which allows measurement ‘while the preparatory set

igtguidigg thellearning%rthus~allowing for a more immediate anq directi
data source. This idea of dealing with the "O" instead of the "R" in a
S-0-R paradigm was, suggested eariier-by-Mowrer‘(1940). He argued that
the reaction time index, as well as other measures, has the defect of-
not providing "a means whereby the course of this phenomenon [expecta-.
tionl canﬂbe»continueusly followed in.a single, individual ‘subject'

(p. 28). The technique of pupillometry was used to observe whether
different encoding strategies would result from different sets induced

experimentally.
The Technique

A study~by=Hess;and Polt (l964) was .responsible for creating inter-.
est in the.pupil as alpossib1e3index of cognitive processing. These_
inveetigators presented~mu1tiplication problems of varyiqg difficulty
te their subjects. It was reasoned that the more difficult problems.
would result in greaterzmental-acgivity, and interest was centered on

whether pupil size would reflect such differences. For all problems,"



the pupil increased slowly in size after presentation, and reached a
peak just before the answer was given. Greater dilation was observed
to the.more difficult problems (16 X 23, as—compareq to 8 X 13, for
example), and hence the authors felt that there is a close correlation
between pupillary changes.and problem,difficulty; They concluded . that -
"the pupil response will prove to .be a valuable tool in the study of
problem-solving and other mental processes, which have to date been
largely a matter of subjective responses on the part of the subject"
(ppn'1191—1192)a

Kahneman and Beatty (1966) further substantiated the fact that
pupil diameter varies with the cognitive-load on.a subject at any given
moment. Pupil dilatiqg increased during the presentation .of a list of
words ‘or digits to be memorized (loading phase). It was also found that.
the pupil»dilationﬁfqr words .was greater than that for digits.. Recall
of .the yords or digits .resulted in a constriction of the pupil (unload-
ing phase), which was.interpreted as a decrease in.rehearsal load.

Furthermore, the pupillometric index is a very sensitive measure
of mental procgssipg,.aslshown in a study by Simpson and Hale (1969).
Their tasks:apparently~requireq little in ‘the way.of cognitive effort,
yet the measure distinguished.cognitive activity during the foreperiod
to a motor reaction task which involved 'a simple decision, from cogni-.
tive activity in the foreperiod to a similar task which required no
decision. This sensitivity was.also demonstrated by Paivio and Simpson
(1966) who found that.Ss whO'wererrequired to form mental images.to
both ‘abstract and concrete words gave more dilation to.thé abstract
words. Presumably, the attempt to create an image for.a word such as

sadness required more "attention" by the S than a word such as candy,



and this increased cognitive effort resulted in greater dilatiqn, Fi-
nally, Beatty and Kahneman, (1966) found greater dilation to a long-term
memory,task‘in which Ss:were to respond with alpreviously memqrized
telephone number upon cue presentation, than to a short-term memory

task in which a telephone number.of similar length was presented to the.
S for immediate recall.

Bradshaw (1968) found that subjects . responded with different levels.
of dilation to tasks which varied in manipulated difficulty. Sequences
of,three items -(digits or letters) were presented via earphones to Ss
who were engaged in a continuous processing task. Task difficulty was
manipulated by varying the rate of stimulus presentation (80 items/
minute, or 40 items/minute), and the number of decisions required in
the task: the 'easy" task involved digits .and required a button-
pressing response if the first and third digits in the sequence were
the same, or if the second digit.was an odd number; the 'hard" task in-
volved'letters and required a button-pressing response.(right hand) if
the first letter was greater alphabetically than the third letter, or
if the second letter was .a vowel; a_pressing of a button in the'left
hand was required if the second letter was greater alphabetically than
the third. Each S received all four tasks. The results indicated that
in terms .of average pupil diameter for each condition (that is, one
mean value for each condition), both the faster presentation rate and
the gregter.processing load ("hard") were significant contributors to
increased pupil size. Thus, manipulated task difficulty was.reflected
by differential dilation.

It seems that the type of activity that is monitored by the pupil

during mental activity is activation of the sympathetic nervous 'system.
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A study by Kahneman, Tursky, Shapiro, and Crider (1969) showed that.
pupillary, heart rate, and skin resistance measures effectively indi-
cated differential increases in activity due to loading and processing
of stimuli during tasks of varying difficulty. '"Although the energy re-
quirements which mental activity imposes on the organism are minimal,
large and precisely modulated autonomic changes are associated with:
such activity" (p. 166). ‘

| The neurophysiological basis for pupil size is innervation of the.
iris by the autonomic nervous system (Adler, 1959; Loewenfeld, 1966).
The sphincter pupillae muscle of the iris is innervated by the para-
sympathetic third cranial nerve. Parasympathetic stimulation causes
constriction of this muscle, and results in a smaller pupillary aper-
ture. On the other hand, the dilator pupillae of the iris is supplied
by sympathetic fibers. Stimulation of these fibers causes contractioﬁ
of the dilator pupillae, and also causes muscle tone inhibition.of the
sphincter as well. Such inhibition may result. from postulated sympa-
thetic inhibitory fibers which also innervate the sphincter (Adler,
1959), or from inhibitory influences on the Edinger-Westphal (oculo-
motor) nucleus, which is.the controlling site for parasympathetic fibers
of the third cranial nerve (Loewenfeld, 1966). 'The inhibition would
"quiet'" activity in the.efferent parasympathetic connections from this:
nucleus to the sphincter. The result of sympathetic influence is dila-
tion of the pupil. To be noted is that the efferent sympathetic path-
way to the dilator muscle of the iris is believed to be under the con-.

trol of cortico-thalamic-hypothalamic.mechanisms (Loewenfeld, 1966).



11
Task-Set and Pupillometry

The  above studies indicate»that‘the pupillqmetric.index is a.sen-.
sitive indicator of mental activity.. If set does influence cognitive
processing, differences in autonomic activity should be monitored by
the pupil. In order to demonstrate empirically set and its influence,
this-thesis employed. an experimentally induced set situation which
would allow the.inducemept of different sets within a given subject by
varying certain aspects of a task situation. The pupillometric tech-
nique should be able to measure.the effect of set by.tracking the mental
activity associated with the processing of stimuli as they are‘presented
under the various conditions.

A pupillometric study by Kahneman, Onuska, and Wolman- (1968) sug-

gested the task-situations to be used in this thesis.  The investigators
predicted that rehearsal of a nine-digit string would«vary;accordiqg to
the form of presentation of these strings; and that the pupillometric
index would be able to distinquish effectively the mode of rehearsal.
They found that presentation of the digits in an equally spaced, un-
grouped manner caﬁsed a linear type.increase in dilation with each digit
heard, and reflected a "cumulative and repetitive" type of rehearsal.
A presentation of the digits in three sets of three caused no majer in-
creases .in pupil size while the digits were presented; however, a sig-
nificant rise in diameter occurred after presentation of the ninth dig-
it, suggesting a pulling-together splurge of activity - rehearsal here
was ‘'intermittent and non-repetitive,'" occurring at the pauses between
groups and confining itself to the group last heard.

This.study thus showed the pupillometric response to be a useful

indicator of rehearsal mode as a function of the type of stimulus



12

presentation. A procedure which might also cause differential methods
of encoding and rehearsal of stimuli during .théir presentation would be.
one in which ‘the subject knew before the presentation what the task re-
quirements would be - the instructions would induce a task-set, a spe-
cial form of preparedness .to handle, the stimuli, and the effect of set.
should be represented by differential pupillometric responses based on
different strategies of -encoding.

Such a procedure is well suited for pupillometry if.different task-
sets are represented by various degrees of sympathetic arousal. There:
are various lines of evidence indicating that instructions do create
autoenomic arousal, and that such activity can be measured via the pupil-
lometric index. Johnson and Campos . (1967), using tasks involving arith-.
metic problems, informed the S before stimulus presentation whether or
not he would have to verbalize how he solved the problem upon.completion
of .it. Acceleration effects of both heart rate and skin conductance
measures were noted in those trials requiring verbalization. The re-
sults were summarized in the following manner:

..all physiological measurements were taken before, the
Ss actually reported thelr experlences Despite thls,
the instructional variation has-in every case accounted
for a very: large and highly reliable .proportion of the
variation in the physiological measures. It becomes -
quite clear that rather. simple. 1nstruct10na1 or set
variables can 1nf1uence these responses and clearly
override other factors ‘such 'as the modality, affective
tone and complexity of the stimulus, and direction of"
attention. This:finding clearly indicates.that.such.
instructional effects are extremely strong and should
be carefully dealt with in all psychophysiological re-
search (p. 149).

In digit transformation tasks utilized by Kahneman, Peavler, and

Onuska (1968, Experiment II1), Ss were required to add either 1 or 0 to

each of four digits and respond with the appropriate values after. the
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digits had been presented. One of two levels of incentive in the form
of a small monetary reward was used with each transformation task. In-
structions indicating the task and amount of incentive began each trial.
During the latter part of a pause interval which followed the instruc-
tions, and during the period when the digits were presented, the pupil-
lary response to the more difficult task (add-1) was greater than that
to the add-0 task. These results were independent of amount of incen-
tive (the higher level of incentive did produce, however, a slightly
greater response.to the add-0 during presentation). Thus, anticipated
task difficulty distinquished itself shortly -after the instructions.
Finally, a study by Clark .(1970) showed that the pupillary response
to short-term memory tasks does . effectively indicate changes in.cogni- .
tive processing which are caused by instructional variations concerning
task requirements. Ss were presented auditorially a list of digits,
followed a few seconds later by a probe digit. A cue just before.the
probe instructed the S whether or not he would have to .decide if the
digit was a member of the preceding sequence. A between-S variable was
the added task of recall; half the Ss were informed that they would
have to recall on every trial, while the other half was not given this.
memory requirement. It was found that.significantly greater .dilation
occurred during digit presentation by those subjects who had to recall,
than by those who did not. Also, when Ss were instructed that a probe
decision was required, greater dilation occurred following the cue as -
compared to.the trials when Ss.were informed.that.no probe decision was
necessary. This.pupil dilation to the task requiring a ''search" by the
S -through the previously heard list of digits resulted even when no re-

call was . demanded, Presumably, a search requirement caused a rapid
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rehearsal of the digit string.
Such influences of task-instructions on sympathetic arousal and-
preparation were used in this thesis to study set and its effects on.

reception and processing of simple sets of stimuli.
Statement of Hypotheses

The major question being investigated in this study was whether
knowledge of future task requirements would change the manner in which
one processes a digit string while it is being presented. The basic
task involved attending to a string of five digits, and reacting to a
probe item shortly thereafter. Different tasks were created by varying
the requirement of an interpolated task and/or a recall task in addition.
to this basic search task. It was hypothesized that instructions at
the beginning of .a trial would induce distinct sets which would selec-
tively guide the strategy used to deal with the digits. Specifically,
it was felt that the differential difficulty imposed by the various
task-situations’would result in differential cqgnitive.effort during
presentation, which in.turn.would be reflected in the size of the pupil.
The main distinctions imposed by .the tasks were the amount of opportu-
nity for rehearsal of the digits, and whether recall was required. One;
basis for different mental aqtivity in the tasks may be linked to re-
hearsal (see the Kahneman, Onuska, and Wolman, 1968, study discussed.in
the previous section). In the condition requiring both the interpolated
task and recall (IT-Recall), and in the interpolated task-no recall
situation (IT-No Recall), rehearsal would be prevented during the period
following presentation of the digits (see Peterson anduPetersoQ, 1959) ;

encoding and storage would have to take place during the presentation of .
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the digits, as there would be no time for rehearsal afterwords.

The no interpolated task-recall (No IT-Recall), and no interpolated
task-no recall (No IT-No Recall) conditions were expected to show lesser
dilations because no activity was required after presentation, and this
time before the probe could be used for rehearsal.

It was also expected that (IT-Recall) demands would impose greater
cognitive effort on the S than would the (IT-No Recall) requirements;
and that larger pupillary dilations would therefore occur during stimuli
presentation under the former.condition.

The recall demands of the (No IT-Recall) situation likewise were
expected to cause.more processing during stimuli presentation than
would the (No IT-No Recall) task. These two situations offered a fur-
ther comparison, in that they allowed for the possibility of .distin-
quishing between "recall memory'' and '"recognition memory' on the basis
of ‘how the S handles material during its presentation.

One other interval in which differential dilations were expected
was .a pause period which occurred between the instructions and the first
digit. It is here that-the different instructions should first produce
differential '"mental preparations'. It was hypothesized thatudiffer-
ences occurring in this period would 'selectively reflect the proposed
difficulty associated with the.instructions for each task.

Another feature of the proposed experiment would be to see whether
Ss change their cognitive strategies on a second-to-second basis.

Toward this-end the present experiment employed a completely within-S

design.



CHAPTER II
METHODOLOGY .
Subjects

Thirteen subjectS‘(§§J were obtained from undergraduate psychology
classes during a summer session at Oklahoma State University. Ten Ss
were given a few extra points toward their .final course grade.as ‘an.
inducement for participation; three additional Ss were run .to replace
three of the original ten when it was discovered that an error in use
of the photographic-equipment resulted in film unfit for data collec-
tion; these three Ss received two dollars each for participation. The
pupillometric data, then, were based on ten Ss, five males and five
females.

The following restrictions were required of the Ss: that they (1) .
be right-handed, (2) have at least 20/30 vision without the aid of
glasses or contact lenses, and (3) possess eyes that are light in color
(e.g. blue, etc.). Restriction (2) was to ensure that the S would be
able ‘to fixate properly and comfortably on a distant fixation point,
and restriction (3) was for photographic purposes - light irises provide
a more distinct pupil to iris contrast on film, and thereby allow a

more accurate measurement of -pupil diameter.

14
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Apparatus

The basic equipment used to obtain the pupillometric records con-
sisted of ‘a pupillometer and a 16 mm. motion picture camera. The pupil-
lometer was a rectangular wooden box.with dimensions of 22 1/2" x
22 1/2" x 48 1/2". The front end was equipped with chin rest and sta-
tionary eyepiecgc The back end consisted of a rear projection screen
(polyethylene covering), and a fixation-cross'(3/4" high; 1/4" arms)
positioned in the .center. The inside was painted flat black.

A Beaulieu R16 movie camera was mounted on the right side of the-
pupillometer; the. camera was equipped with a Vemar 135 mm. £/2.8 tele-
photo lens, a Vemar "C'" mount adapter, and 30 mm. of extension tube.
Camera speed was calibrated .to 2 frames/segond, and to ensure. constant
speed throughout the experiment, the.camera's separate power supply was.
connected to a. voltage stabilizer (Raytheon VR6114) -powerstat (Superior
Electric Co., Type.116). The film was Kodak Double-X Negative, Type
7222.

A half-silvered mirror was situated inside the pupillometer at a
45 degree angle from the S's line of vision to the camera. The posi-
tioning allowed S .a view of .the rear of the box, and also allowed a
reflected image of the right eye to.strike the lens system.

The experiment took place in a large, air-conditioned room with a
normal level of lighting (ambient level of -100 ft-c at S's eye level
when seated; windows were covered with aluminum foil in order to control
for changesvig external light levels). Illumination inside the pupil-
lometer was provided by a projector fitted with a zoom lens and a blank
slide; a 30 cm. x 30 cm. area was projected onto the rear projection

screen. Illumination at S's eye wasapproximately 13 ft-c.
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Materials were presented over a tape recorder (Uher Royal de Luxe)
equipped with headphones for the S. Also connected with the -tape re-
corder was .a sound-operated relay (Grason-Stadler, Model E7300A-1, modi-
fied with a latching relay). This relay (normally open) was in circuit
with a Hunter Klockounter (Model 120A). A two-way toggle switch (nor-
mally closed) located at the lower right-hand side of the pupillometer.
was also in connection with the Klockounter. Camera operation was.con-,
trolled by the.sound-operated relay on the-tape recorder. A cue was.
placed on one channel of the tape, and a connection to the camera al-

lowed for remote control start and stop functioning via this cue.
Stimulus Material

From a table of random digits, forty, five-digit sequences were
selected with the restrictions that.(l) no digit .was to appear more
than once in a sequence, (2) that .the forty sequences were to be differ-
ent from one another, and (3) that ordered patterns such as 1-3-5-7-9,
8-7-6-5-4, etc. were to be excluded. Zero was not.used as a digit.

These digit sequences were. then randomly.assigned to one of the
four task conditions, such that ten.occurred in each. Further, five of
each of the ten sequenc¢s~were'random1y selected for use on a positive
probe trial (the probe digit being one of the preceding five); the
probe consisted of a digit from .one of the.five serial positions such
that each position was represented with equal frequency.. For the other
five trials of each condition, a negative probe digit (a digit that was:
not one of the preceding five) was randomly-selected for use.

Then, an order of presentation for the forty trials was raﬁdomly

determined with the restriction that no condition occur twice in a row.
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Such a procedure was adopted in order to détermine.whether Ss would
change their cognitive strategies on a, second-to-second basis. A dif-
ferent random order was used for each half of the S pool.

Twenty of the trials required the IT task,‘and,one‘letter from a
pool of -twenty was randomly assigned to these trials (W was excluded
because it is not moenosyllable, and B, D; E, I, and P were excluded in
order to prevent acoustic confusability).

The trials were tape recorded. The timing of stimulus events
during recording was accomplished by keeping pace with the dial of a,
Hunter Klockounter set at a one second interval. Prgcautigns‘weré taken
to account for variations in timing that may\have,occurred in the_taping
of the various trials; these procedures are described in the ‘last sec-
tion offthis?chapter{ A tape of sixteen practice trials was composed,
which cpnsisted of .a random arrangement of -four trials of each condi-
tion; none of these five-digit sequences appeared in the experimental

trials.
Experimental Design

In order to determine whether differen; induced sets would be rep-
resented by differential-degrees of cognitive processing; as indexed .by
the pupillary response, a within-subjects design was employed-which
consisted of the four tasks of varying difficulty. Set was induced by
informing the S of task demands before presentation of the stimuli, and
degree of diffiqulty was manipulated by-the interpolated task'and/orb
recall task combinations.

Two between-S variables were manipulated in. this.experiment - order.

(two different orders of the forty trials), and toggle switch movement.
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A predetermined random4arrangement placed five Ss with one tape, and

five with the»qther;falso, half of the Ss were instructed to indicate
the presence of a positive probe by throwing the switch to the right,
while the qther half were instructed to move the lever.to the left to
indicate a positive probe. A card indicating the proper directional

movements ‘was taped above the toggle.switch to-remind the S of the.

pattern.
Procedure

Ss .were first checked: for uncorrected‘vision-of'at least 20/30.as:
determineq by .the Snellen Eye Test. They were then seated before the
pupillometer, and instructions (see Appendix A) were played to them
over headphones. During this time, the Ss were free to look inside the
pupillometer and become familiar with it.

Next followed the series of sixteen.practice trials to acquaint
the Ss with the four different tasks. No filming occurred during these
trials.

Before the forty experimental trials were presented, a small ID
card with the proper S number was photographed on the leading frames of
a given S's film. Trials were separated by the,exposing of two‘blank
frames at the .end of each trial.

The order of events during a trial was as follows:. S first heard.
the word READY, which indicated that he was. to position his head proper-
ly in.the apparatus; three seconds later, the word START was heard, and
was followed by .a five second period of filming; then brief verbal -in-
structions were given which informed the S of the task demands for that

given trial. If both IT and Recall were required, S heard the words
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"Letter, Recall" at this time; likewise, 'Letter, No Recall", '"No
Letter, Recall", or '"No Letter, No Recall" were placed on.the appropri-
ate trialst The instructions took two seconds, and,were followed by a
four second pause period. Then: the five digits were presented at a one
second interval. If the IT task were to. take place, a randomly selected
letter of the alphabet occurred one second after the last digit. The:
task.required the S to recite the.alphabet.as rapidly as possible begin-
ning with this lettgr.‘ This=activity.was to continue until thq probe,
digit was heard five seconds later. S was to indicate whether this.
digit was one of the preceding five by throwing a.toggle switch in the
proper direction,as’soon as he made his decision. The onset of the
probe tripped the voice-relay (sensitivity of the relay was at E's con-
trol), and started the Hunter Klockounter. S's throwing of the toggle.
switch steopped the Klockounter. If recall was to occur, it took place
immediately after the probe decision; This task required the S to re-
port verbally to the E the five digits previously heard; free recall

was allowed. The E;wrote\down,§js recall, copied the .RT to'the probe,
reset the Klockounter, exposed two frames, andAthen presented the next
trial.

Filming began with the word START and continued throgghxthe last
digit. An accurate correlation of stimulus events with filming was-
made possiblg-by.the camera-to-tape recorder connection. Cues which
controlled cémera operation were .placed appropriately on one.channel of
the tape. The five second baseline period took place on every trial,
because ‘as Woodmansee (1966) has pointed out, basal levels do not neces-
sarily remain,at-the same values throughout an experiment; an ""arousal -

décrement effect" due to boredom, random thoughts, etc. can change this



22

level. To control for such changes, pupil measurements  for analysis
were in the form of deviations from the mean baseline value for that

given trial.
Scoring of Film

The processed film was.projected onto a screen such that:the image
was ten times its actual size. Pupil diameter was then measured frame-
by frame with a millimeter ruler to the nearest millimeter. Some frames:
were not measurable because -of eye blinks or eye movement. Such frames
accounted for approximately 11% of the 12,800 frames 'scored (this per-
centage was the same for each of the four conditions).

In order to ensure an accurate correlation of each stimulus event
on the tape with its proper frames, a Digital Clock (Marietta,Apparatus
Co.) contrelled by the. sound-operated relay on the tape recorder was
used to time each event on-each trial. The correct frames were deter-
mined by multiplying -time by\camera speed. . In this manner, ten.frames:
were assigned to the baseline period, four to the instructions, eight
to the pause interval, and two frames. to each digit, for a total of

thirty-two per.trial.



CHAPTER IIT
RESULTS
Pupillometric Data

The pupil.dilations during the Instruction, Pause, and Digit seg-.
ments are displayed in Figure 1 for each of the four conditions. Each
point on the graph represents the .average deviation from baseline for
the ten subjects. The actual values are given in Appendix B. The val-.
ues used for each subject in the analyses of variance discussed below
were the average deviations of .the ten trials for each condition. In
all statistical analyses, the .05 level was adopted as the minimum for

an effect to be considered significant.

Instructions Segment (Frames 11-14)

" The results of the AOV are presented in Table I. In this analysis,
and in the analyses discussed in the following two subsections, -the
variables of interest were Frames (number of levels varied), Recall
(2 levels), and Interpolated Task (2»1evels), as well as the various,
interactions. During this two-second interval, the only significant
effect turned out to be that due to Frames (F; p < .01), and is re-
flected by the upward trend in Figure 1. The other variables of Recall
(R) » Interpolated Task (IT), and the interactions did not approach sig-

nificance.
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TABLE I

AOV OF AVERAGE PUPIL RESPONSE TO INSTRUCTIONS

Sdurce‘ df | ss MS | ~Fl

Total 159 . 0.68983

Subjects , (S) 9 0.12517 0.01391

Frames (F) . 3 0.18385 0.06128 19.896"
SF 27 0.08306 0.00308

Recall (R) 1 0.01395 0.01395 3.614
SR 9 0.03474 0.00386

Int. Task (I) 1 0.00001 0.00001 0.003

S ' 9 0.03220 0.00358

FR. 3 0.00249 0.00083 0.428
SFR 27 0.05234 0.00194 -

FI 3 0.00289 0.00096 0.706
SFI - 27 0.03674 0.00136

RI 1 0.00001 0.00001 0.001
SRI 9 0.08134 0.00904 o

FRI 3 0.00263 - 0.00088 0.620
SFRI - 27 0.03841" 0.00142

1

Individual error terms (indented) were used in each F-ratio. For.
the Newman-Keuls tests (see text), all error terms except SF were
pooled together. Significance levels for all tables are represented by .
the following: *** =p < .01; * =p < .025; * = p < .05. '
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Pause Segment (Frames 15-22)

Frames was a significant variable«(2;< {01) during this four second
periqd, as were the main effects of R and IT, p < .025 in both cases.
No interactions were significant,, Table II contains the analysis.

In order to determine the.distinctivegess of each of the four
curves, a Newman-Keuls multiple.comparison test. (with p level set at
.01) -was performed on the overall mean .of the eight frames.for each sub-
condition. The results indicate that the average dilation for the (IT-
R) condition was significantly greater than the other three, and that
both thg (IT-No R)‘agd (No IT-R) conditions were not-different.from one

another, but were greater than the.(No IT-No R) condition.
Digit Phase (Frames 23-32)

The AOV for the Digit segment.is presented in Table III. - The vari-
ables of F; R, and .IT were significant during this five second period
(all p < .01). Also, the Frames X Recall interaction was significant
(p < .01) and is sketched in,Figure'Z,_ The rate of increase in the
pupillary response is greater for recall than for no recall. The Recall
X IT interaction approached»significanqe-(F = 4.575; 1,9 df; 5.12 needed
for p < .05).

Again, the Newman-Keuls tests (p-level set at .01) were carried
out on the data for the Digit phase, and the overall means of the ten
frames .for each condition were tested against each other. The same
trend found for the Pause phase held here: IT-R greater than the
othérs, and IT-No R and No IT-R each greater than No IT-No R but not

different from each other.



TABLE II

AOV OF AVERAGE PUPIL RESPONSE TO PAUSE
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Source df SS MS F

Total 319 2.63850

Subjects (S) 9 1.00648 0.11183

Frames (F) 7 0.14732 0.02105 234"
SF 63 0.18311 0.00291

Recall (R) 1 0.14770 0.14770 225
SR 9 0.14412° 0.01601

Int. Task (I) 1 0.19086 0.19086 808"
SI 9 0.17514 0.01946

FR 7 0.02208 0.00315 .575
SFR 63 0.12628 0.00200

FI 7 0.01205 0.00172 748
SFT 63 0.14513 0.00230

RI 1 0.00534 0.00534 261
SRI 9 0.18411 0.02046

FRI 7 0.01341 0.0019 2 .893
SFRI

63 0.13536 0.00215




AOV OF AVERAGE PUPIL RESPONSE TO DIGITS

TABLE III

28

MS

Source df S8 F
Total 399 7.82135
Subjects (S) 9 1.74543 0.19394
*
Frames. (F) 9 2.46584 0.27398 42.151""
SF 81 0.52651 0.00650
. *kk
Recall (R) 1 0.57501 0.57501 31.629
SR 9 0.16360 0.01818
***
Int. Task (I) 1 0.79977 0.79977. 11,231
SI 9 0.64092 0.07121
* %k
FR 9 0.07991 0.00888 4,879
SFR 81 0.14724 0.00182 |
FI. 9 0.01711 0.00190 1.218
SFI 81 0.12666 0.00156
RI 1 0.13660 0.13660 4.575
SRI 9 0.26871 0.02986
FRI 9 0.02282 0.00254 1,954
SFRI 81 0.10521 0.00130
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Baseline Averages

Table IV contains the average baseline values of the ten trials in
each condition for each subject. The data indicates that a given S's
basal level remained fairly constant from one condition to the next.
An AQV (Table V) shows.that neither the main effects of IT and R, nor

the IT X R interaction were significant.
Secondary Response Measurements
Results of data discussed here are summarized in Table VI.

Reaction Times .

The means of the RTs to the probe (P) digit are given in Table VI
for each condition. An analysis of variance (Table VII) found the
effect of IT significant (p < .025), as well as the P X R X IT interac-.

tion (B.< .01), whicb is shown in Figure 3,

Decision Errors

Table VI shows that incorrect movements of the toggle switch

occurred only in the two conditions requiring the Interpolated Task.

Recall Performance

Two conditions required verbal recall of the. five digits. Free
recall was allowed, and each correct digit in S's response was.scored
for the proper serial position. Since errors occurred only in the IT-R
situation, there was some additional evidence that greater task diffi-

culty was produced by the Interpolated Task requirements.



MEAN VALUE OF BASELINE PERIOD FOR EACH CONDITION

TABLE IV
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Subject

IT-Recall

IT-No Recall No IT-Recall No IT-No R
1 2.9949 3.0162 2.9750 3.0421
2 4.0804 4.0419 4.0811 4.0695
3 3.0198 3.0623 3.0133 3.0016
4 2.9389 2.9154 2.9798 2.9734
5 2.9873 3.0398 3.0428 3.0009
6 3.8636 3.9264 3.9638 3.8862
7 3.0218 3.0575 3.0264 3.0754
8 3.0024 2.9821 2.9835 3.0306
9 3.8600 3.8292 3.8458 3.8481
10 2.9835 3.1412 2.9860 3.0131




AOV OF BASELINE DATA

TABLE 'V
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5SS

Source df MS F

Total 39 . 7.43477

Subjects (S) 9 7.39750 0.82194

Recall (R) 1 0.00229 0.00229 1.789
SR 9 0.01155 0.00128

Int. Task (I) 1 0.00014 0.00014 0.141
SI 9 0.00891 0.00099

RI 1 0.00117 0.00117 0.796
SRI 9 0.01322 0.00147
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TABLE VI

SUMMARY OF SECONDARY DATA: RT TO PROBE, DECISION ERRORS TO
PROBE, AND RECALL PERFORMANCE OF THE DIGITS

IT- It-No " No IT- No IT-
Recall Recall Recall No Recall
Mean RT to Probe (Msec)
Positive 1343 1087 1020 1113
Std. Err.M 121 59 105 120
Negative 1270 1388 1021 985
Std. Err.M 120 100 88 101
Decision Errors to Probe 12 22 0 0
(out of 100 decisions/
condition)
Recall Performance of . Not Not
the Digits: Mean # Applicable Applicable

correct at each serial
position (out of 10
possible)
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TABLE VII

AOV OF REACTION TIME TO PROBE
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Source df SS MS F
Total 79 8,71488
Subjects (S) 9 3.55247 0.39472
Probe (P) 1 0.01253 0.01253 0.285
SP 9 0.39544 0.04394
Recall (R) 1 0.00822 0.00822 0.146
SR 9 0.50548 0.05616
Int., Task (I) 1 1.12741 1.12741 8.722"
SI 9 1.16330 0.12926
PR 1 0.07595 0.07595 3.895
SPR 9 0.17551 0.01950
PI 1 0.15673 0.15673 3.558
SPI 9 0.39642 0.04405
RI 1 0.04770 0.04770 0.764
SRI 9 0.55331 0.06148
k%
PRI 1 0.31563 0.31563 12,378
SPRI 9 0.22950 0.02550
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CHAPTER - IV
DISCUSSION.
Set and Processing of Stimuli

The hjpothesgs stated earlier (see Introduction) were concerned
with the effect which previous knowledge .of task requirements would
have on thé?processing offcbmmon sets of stimuli during their presenta-
tion. It was reasoned that different task requirements would cause.
varying degrees of 'preparedness" to rgceiye the stimuli, and that time
commitments . on opportunity for rehearsal would invqke‘different strate-
gies for dealing with the material. |

As is evident from Figure 1, the changes in pupil size during digit
presentation sepérated into three, overall different levels. According
to the Beatty ang_Kahnemanﬁ(1966)'interpretation of pupil diameter
during mental tagks, the index hefe was\sensitive to thésé different
levels of momentary cognitive load on the subjects. Clearly, the.
greatest effort}was exerted on those trials requiring both the inter-
polated task and recall of the digits. Least effort occurred in the
condition requiring iny a decision to a probe item. |

The (It-No Recall) and (No IT-Recall) conditions showed the same
overall degree of dilation. This lack of separation is not.in line
with the original hypotheses which predicted relatively greater effort
in.the (IT-No Recall) condition because of the lesser amount of oppor-

tunity for encoding of the digits (there was no time available for

T
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rehearsal after the last digit in this.condition). However, the sepa-
ration of (IT-Recall) from all the other conditionms, aqd of (IT-No
Recall) and (No IT-Recall) from the (No IT-No Recall) condition is in
line with the original expectations, In these cases, the common stimuli-
(five digits) were treated differently.during the presentation period.

A notable aspect of the data shown in Figure.l was.the separation
during the Pause segment, There was a gradual dilatiqn during the In-
struction segment for all conditions, By the first frame of Pause
(#15), the curves began to diverge. The (IT-Recall) condition main-
tained its high level over this four.second period, The (IT-No Recall)
and,(No IT-Recall) conditions showed very similar patterns with a slight
decrease over timegL5A return toward baseline occurred in the (No IT-No
Recall) condition ofér this period., There is a definite correspondence
between these levgls;of preparedness and the amount of.cognitive effort
exerted during thetDigit phase. 'The instructions apparently were re-
sponsible for inducing these levels of .preparation and subsequent pro-
cessing of the digits. |

The separation of conditions that;oqcurred during the Pause and
Digit periods are intriguing for several reasons. It will be\récalled
that the design was,within-Ss, and that the conditions were arranged
randomly such that no condition appeared twice in a row. Rather than
adopting an all-out maximal strategy, the Ss were shifting ﬁheir\stratg-
gies during presentation of the stimuli to meet the requirements on a
given trial; cognitive effort to the common stimuli was.simply "epoﬁgh

to get the job done' in each case.
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Digit Processing and Memory

To summarize this far, evidence was ,presented which indicates that
knowledge of future task requirements.can influence the way in which
common stimuli are handled during their presentation. However, the
nature of the processing is not known. The pupil responses to the four
conditions could reflect different strategies, or different levels of a
given strategy. One possibility is that different types of rehearsal
occurred. The Kahneman,‘Onusak, and Wolman. (1968) investigation (see
Introduction) found thaf rehearsal mode was effectively distinguished
by the pupillary index. The differences in dilation were discussed in.
terms of the greater cognitive effort that a cumulative and repetitive
type of rehearsal necessitates.as compared to an intermittent and non-
repetitive type of rehearsal. Similarly, different rehearsal modes
could have been responsible for the differences in the pupil responses
during the Digit;Phase.

Although the form of cognitive processing can not be interpreted
from the data, it seems that the Ss' treatment of the digits was differ-
ent when they were required to recall, as compared to when no recall
was .required. In both the (No IT-Recalf) and (No IT-No Recail) tasks,
Qpportunity was available for rehearsal after the last digit. Yet the
pupillary response to the former condition was greater during the
Pause, and more importantly, the Digit segment. However, accessibility
to the digits by the time the probe was.presented was.equal in both
cases, as indicated by the similar reaction times to the probe, and
lack of errors in the decisions (see Table VI). The distinction thatu
occurred during the presentation of the digits may have been a result:

of the nature of the task situations - (No IT-No Recall) did not require
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a rote knowledge of the digits, whereas (No IT-Recall) demanded memori-
zation. Thus, the Ss seemed to have treated differently the five digits
for a Recall task as compared to the treatment for a Recognition task.

The differences in pupil response to the (No IT-Recall) and (No
IT-No Recall) conditions offer some implications for recall memory and
recognition memory. Recognition and recall have generally been regarded
as two aspects of the same memory state. This view is called the
threshold theory, and states that the higher level of performance gen-
erally found with recognition is due to the lower threshold of associa-
tive strength needed for a correct response. However, several authors
(Adams, 1967; Kintsch, 1970, e.g.) have presented the view that recogni-
tion and recall follow different mechanisms and serve different func-
tions. Adams argues that recall, "the capability for repeating a re-
sponse' (p. 10), is characterized by a memory trace, Recognition,
which requires an identifying response, is based on another kind of.
trace:

the stimulus trace of an envirommental stimulus lays
down a perceptual trace, called S perceptual trace,

and subsequent appearance of the stimulus on the re-
tention test activates the perceptual trace and re-

sults in identification of the stimulus (p. 286).

Kintsch mentions several variables which affect recognition and
recall differentially in memory tasks. For example, low-frequency words .
are recognized more easily, whereas high-frequency words are recalled
better. Also, intentional learning aids recall performance, but recog-
nition is the same under intentional or incidental learning conditionms.
These differences can not be readily explained by a threshold theory.

On the basis of such findings, Kintsch feels that qualitative dif-

ferences exist between recognition and recall. In the case of
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recognition, '"the item is sensorily present and it is a simple matter.
to retrieve its corresponding representation in memory" (p. 337). On
the other hand, recall involves a retrieval process, and those variables
affecting interitem relationships should influence performance. Kintsch
presents -evidence that the organization of the material to be learned
(high structure of materials, e.g.) has important consequences for re-
call, but not recognition, performance. Kintsch is thus arguing that
"recognition is independent of .the subject's.intention to learn and
hence. of particular methods of rehearsal, while appropriate rehearsal
greatly increases recall" (p. 338).

The differences in pupil response to the (No IT-Recall) and (No
IT-No Recall) conditions support the Adams and Kintsch contention that
recognition and recall are separate memory states governed by different
variables. The pupillary data suggests that the distinguishing features
may well begin with the mechanisms . for extfaction of information during
presentation of the stimuli, and that these mechanisms may first exert

their influence in the form of preparatory activity.



CHAPTER V
SUMMARY

The purpose of this study was to investigate the effect of instruc-
tional set on the pupillary\requnseaduring the presentation of common
stimﬁliq Five female and five male Ss were auditorially presented with
a series of 40 experimental trials. Instructions at the beginning of.
eaeh trial informed the .S of the task requirements. Task difficulty
was varied by requiring different;combinations of an interpolated task:
and/or a recall task. Four seconds after the end of the instructions,
five digits were presented at a one second rate. If the interpolated
task (reciting the alphabet rapidly) was required, a starting letter
was presented one second after the last digit. Five seconds later, a
probe digit was presented, and S was to indicate via lever movement
whether the digit was (positive probe) or was not (negative probe) one.
of the preceding five digits. If recall was required, it took place
after the probe decision.

Response measurements were (1) filmed records of the pupil during
each trial (filming ended with the last digit), (2) reaction times and
decision errors to the probe digit, and (3) recall performance.

The main findings were as follows: The level of the pupillary re-
sponse indicated that knowledge of future task requirements selectively
prepared the §§‘fof differential processing of the digits. Differences

in pupil responses indicated that the greatest amount of mental activity
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occurred during stimuli presentation under the (IT-Recall) condition.
Although dilation during the Digit phase of the (IT-No Recall) and (No
IT-Recall) conditions were similar, each was greater than that to the-
(No IT-No Recall) situation. These same relative trends occurred during
the Pause interval as well.

Because one of the main distinctions of the tasks was the oppor-
tunity for rehearsal of the digits, the results for the Digit phase
were interpreted as possibly reflecting differences in rehearsal strat-
egies during stimuli presentation. Also of interest were the differ-
ences in dilation to the-(No IT-Recall) and (No IT-No Recall) tasks.
The former task necessitated memorization of the digits, whereas the.
latter did not, and the pupil responses to these tasks were interpreted
as{reflecting the strategy of encoding for recall memory as opposed to
recognition memory .

Results of the RTs and decision errors to the probe, and of recall
performance of the digits, offered supporting evidence that the. tasks
did indeed vary in difficulty.

In conclusion, the pupillometric index proved to be a reliable and
sensitive measure of both preparation for, and encoding of, common

stimuli presented under task situations of varying difficulty.
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