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CHAPTER I
THE PROBLEM

In consideration of the sizeable number of recent research reports
which have contributed supportive evidence to the notion that non.visual
change in pupil diameter is a reliable index of mental activity, thafe
appears to be little doubt that this is a genuine behavioral phencmenon.
There remain unanswered, however, many important questions related to
the exact mechanisms and processes underlying pupillary responses to
various types of psychological stimulation.

This thesis was concerned only with pupillary change as an indica-
tor of non-affective mental effort or cognitive load. A survey of the
pupillometric literature from this particular area reveals that a wide
variety of mental tasks have been used in studies employing somewhat
different experimental procedures. Yet the results, while manifesting
certain important differences, are virtually unanimous in supporting the
general notion that degree of pupillary dilation is reliably related to
the difficulty of the task or the amount of processing required. It is
assumed herein that different sorts of cognitive mechanisms or processes
are involved in certain rather different kinds of problems. For ex-
ample, it is probable that the mental operations or processes involved
in solving a mental-multiplication problem are somewhat different than
those employed in processing a string of six digits for almost immediate

recall, Still different processes or combinations of processes must be

involved in the case of making subtle stimulus discriminations, solving



complex verbal problems, or retrieving information from long-term memory
storage.

In a general sense, one purpose of this study was to investigate
pupillary reactions to only one specific type of problem, viz., short-
term memory tasks. This was an attempt to add to the existing knowledge
of pupillary reactions during tasks of this sort. A more specific pur-
pose of this study was to attempt to provide additional empirical support
for the hypothesis advanced by Kahneman and Beatty (1966) and Beatty and
Kahneman (1966) that during a short-term memory task the size of the
pupil is a direct reflection of momentary cognitive load.

Kahneman and Beatty (1966) reported that the observed pupillary re-
sponse to a variety of short-term memory tasks all evidenced two defi-
nite phases; the progressive increase in pupil dilation during informa-
tional input, which they call the loading phase, and the corresponding
decremental constriction of the pupil as units of information were re-
moved from storage during recitation, their unloading phase., Short-term
memory tasks, where the stimulus material consisted of strings of digits
or strings of monosyllable nouns, produced the most clear cut loading
and unloading functions, with peak dilations occurring just prior to re-
call. The suggested explanation of these functions offered by Kahneman
and Beatty, which is also the rationale upon which this study was based,
is that the increases during input and subsequent decreases during out-
put directly reflect the amount of rehearsal or other active processing
of the stimulus information at a given time. It is certainly intuitively
reasonable to assume that as additional units of information are re-
ceived by S, the need for rehearsal and processing increases, and con-

versely, as units are progressively eliminated during recall, the amount

of material requiring rehearsal is reduced.



A further purpose of the study was to attempt to verify the results
obtained by Bjork (1968) in a study designed to assess the effect of
proactive interference in short-term memory tasks containing a signal to
forget part of the material. Bjork found that in both paired associate
and serial learning tasks a signal to forget the preceding material
greatly reduced, and in some cases completely eliminated from the recall
of the remaining material any PI effect produced by the items proceding
the signal to forget.

It was reasoned that, if the Kahneman and Beatty hypothesis con-
cerning loading and rehearsal is true, and if the results reported by
Bjork are reliable, then a short-term memory task which includes in some
cases a signal to forget, should produce highly predictable results.
That is, a signal to forget occurring part way through a list of stimu-
lus material should result in a reduction in pupil size due to the sud-
den elimination of the necessity to further rehearse or otherwise pro-

cess that portion of the material preceding the signal.
Theoretical Basis

The anatomical structures responsible for pupillary-movements have
only recently begun to be understood (Adler, 1959), and the extremely
complex innervations of these muscles are still not well known (Adler,
1959; Lowenfeld, 1958). However; the research reported herein does not
purport to attempt an explanation of the neurophysiological mechanisms
underlying the non-visual pupillary response.

In spite of the confusion and disagreement which has surrounded the
pupillary response, current researchers and theorists seem to have
reached a rather high degree of theoretical consensus on how pupil size

is controlled. The most widely accepted current theory of pupillary



activity is summarily stated by both Lowenfeld (1958) and Adler (1959).

According to this theory the action of the pupil is controlled by
two sets of muscles located in the iris; the sphincter pupillae which is
supplied with nerve fibers from both the parasympathetic and sympathetic
divisions of the autonomic nervous system, and the dilator pupillae which
is believed to possess only sympathetic innervation. The two sets of
mﬁsclas are not truly antagonistic; the sphincter being far mors power=
ful than the dilator,

In the normal photo-sensitive reaction (light reflex) of the pupil
the sphincter muscle contracts and thus pulls the iris closed, reducing
the pupil diameter. This is a typical parasympathetic type of response
and is little affected by sympathetic control.

In the case of dilation of the pupil to sensory stimulation which
was of immediate interest here, two mechanisms take part: (1) the ac-
tivity of the parasympathetic center is depressed or inhibited, thus al-
lowing the sphincter pupillae to relax, (2) simultaneously the dilator
pupillae contracts in response to sympathetic impulses.

This, then, is a theory which stresses the sympathetic compenent of
the sensory dilation of the pupil, but at the same time provides for an
effect due to parasympathetic inhibition. It is important, however, to
especially note the emphasis made by Lowenfeld (1958) that the para-
sympathetic suppression effect is not due to active inhibition of the
sphincter pupillae, but that the inhibition occurs at the locus of the
parasympathetic control center (the oculo-motor mucleus). The inter=
fering impulses reach this nucleus both via direct afferent connections
from the diffuse reticular system and from higher brain centers.

Lowenfeld (1958) also emphasizes the fact that psychosensory stimue-

1i, emotiocnality, and thought processes affect the normal pupil in



precisely the same mammer as do sensory stimuli. She also points out

that even sensory stimuli do not remain purely sensory when they enter
the consciousness of the individual but bring psychological mechanisms
into play.

This theory of pupillary dilation, it is seen, is almost perfectly
in 1line with the orienting response of Pavlov (1927) and more recently
the general activation theory of Sokolov (1963). Certainly the indi-
vidual engaged in mental problem-solving is experiencing a state of
heightened activation, and by the same tcken, increasing the difficulty
of the problem or the amount of information to be processed should in-
crease the activation level up to a point.

Thus the hypotheses which were advanced in this study are based up-
on these theoretical assumptions: (1) that mental effort produces a
heightened state of arcusal which is reflected in pupil diameter; and
(2) that the level of activation and thus pupil diameter during a short-
term memory task is directly related to the number of units of informa-
tion being rehearsed or processed at a given moment.

Essentially, this study sought an answer to the following basic
question: Will pupil size reliably indicate the degree of momﬁntary
cognitive processing during a sportaterm memory task produced by a sig-
nal to forget a portion of the stimulus material? This question led to
the formulation of the following two hypotheses:

Hypothesis It A stimulus which signals that S should forget that
portion of the material preceding the stimulus will produce greater re-
ductions in pupil size than the same stimulus which has not been made a
signal to forget.

Hypothesis II: Reductions in pupil diameter effected by the signal
to forget will be pruportional to the amount of information forgetten,



as determined by the position of the signal in the list. Also the over-
all peak pupil size reached during the recall phése of the trials con-
taining signals to forget will be proportional to the total émount of
information received less that proportion which preceded the signal to
forget. -

A second question of concern in this study was: Will a signal te
forget part of the items in a serial recall task actuslly produce for-
getting? Following Bjork (1967, 1968) a lack of proactive interference
in the form of intrusions of words preceding the signal during recall
will be used as a measure of forgetting., Although no formal hypothesis
or test thereof was proposed to get at this question, it was expscted

that few if any intrusion errors would occur,



CHAPTER II
REVIEW OF THE LITERATURE

Any survey of the popular literature from ancient times to the
present wili uncover countless references to the eyes as indiecators of
the psychological functioning of the individual organism, human and ine
frahuman alike. Virtually every language has an ample supply of adjec-
tives and idiomatic expressions designed to portray the eyes as instru-
ments expressing the moed or temperament of their ownefo

It 1s also not uncommon to hear how certain individuals have learned
to capitalize on their knowledge Of.the pupil as an indicator of mental
state, Chinese jade dealers reportedly set thelr price according to the
degree of pupillary reaction in their customer’s eyes upon viewing a
fine specimen (Hess, 1965). Other shrswd merchants and pr@fessional
gamblers presumably have also developed a sensitivity to the rupils of
others and used this skill to their own advantage.

This sort of 1iterary and commonplace reference to the pupll as an
indicator of the_inner state, though common ovér the centuries, has
little scientific basis. Recently, howeﬁér, there is an increasing
recogrition among ressarchers that pupil size can function as an‘@bjecw
tive index of sensory, emotidnalg and cognitive experience,

Even these scientific notions concerning pupil size are certainly
not new. For example, Schiff as early as 1874 expressed similar ideés
(Hess, 1968)., The scientific community has known for many ysars of the

pupil’s reaction to varying levels of illumination, and that intense
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emotional excitement produced dilation of the pupil., Investigators have
also been acutely aware of the reliability of abnormal pupillary re=
sponses as indicators of physielqgical and psychological patholegy.

It has been noted (Hess, 1968) that some experiments on.the effect
of mental arithmetic on pupil size were reported at the turn of the
present century, but few if any referenees have been made to thesse stud-
ies since thelr publication, Very little has been known about the effect
on pupil size of mild emotlonal states, the interest value of stimuli, or
mental aetivity until very recently.

Eekh;rd Hess had published reports of his pupillometriec experiments
as early as the beginning of this decade (Hess & Polt, 1960), but it ap=

pears that his 1965 Scientific American article, summarizing several of

his experiments, was the major stimulus responsible for é rapidly spread-
ing wave of interest in pupillometry among American and Canadian psy-
chologists, Since the publication of that paper,ovér forty papers con-
cerned with pupillometry have besn either publiéhed in prominent American
and English journals or delivered at imp@rtgnt scientific meetings--most
of these within the last two years, All of these studies have empi@yed
independent variables of a non-visual nature. If visual stimuli are em=
vloyed, they must be carefully contrelled for reflectance level and ac-
commodation effect. Since the most widely understood influences on pu-
pil size are the light reflex and accommodation, it is obviousiy of
eru¢ial importance to control these important sources of variation in
any study deéigned to assess the effects of such #ariables as mild

emotional state, interest value of stimuli, mental problem-solving, etc;



Studies Employing Affective, Aesthetic, Attitudinal,

And Interest Variables

Although studies of this sort are not directly related to the re-
ported investigation, they are representative of a significant segment
of the current pupillometric research interest, and in some cases were
directly responsible for raising questions concerning the effects of
mental activity on pupil size. For these reasons the studies in this
section are included but are not described in great detail.

Hess and Polt (1960) published the first report of the current pu-
pillometric studies. In this study Hess and Polt photographed the eyes
of both female and male subjects while they were shown a series of five
pictures which had been previously ranked in interest value for beth
males and females, The results were in support of their hypothesis that
pupil changes mediated by the sympathetic division of the autonomic ner-
vous system would serve as an indicator of the interest value or pleas-
ure value of visual stimuli, The sex differences obtained were in ac-
cord with expected sex preferences for the stimulus pictures used.

Hess (1965) in his Scientific American summary article reported
similar findings in additional "interest level" experiments employing
other positive or negative affective stimulus pictures. He reported
that in some of these experiments GSR’s were obtained concurrently with
pupil responses, and that high GSR’s accompanied initial high level pu-
pil responses to "shocking" plctures in most subjects. He also de-
scribed another experiment, not reported elsewhere, in which pupil re=
sponses were used as indices of motivational level. Subjects who were
deprived of food for several hours produced greater mean dilations to

attractive food pictures than subjects who had eaten just an hour before



10

being tested.

In the same article, Hess also reported similar experiments in
which pupillary responses to tastes of various liquids, types of music,
verbal material, and affect=laden political statements were obtained.

In all cases the results were reported to follow the same pattegn, ic0,
high interest value stimuli and stimuli in accord with personal prefer=-
ences produced high level dilations, more neutral stimuli had lesser ef=
fects, and in some cases negative material produced constriction of the
pupil. Hess suggested that all these results support his general notion
that nonvisual and nonpathological pupillary change reflects the level
of activity of the brain at a given time. Although not stated ex-
plieitly this interpretation suggests that pupil size may be a reliable
index of general arousal level of the organism, This is indeed a plause
ible notion in as much as sudden and marked pupillary dilation is a
major component of the ”orienﬁipg reflex" (Pavlov, 1927). Lowenfeld
(1958) in an extensive paper on the pupil, cites a wealth of evidence
supporting this sort of thecrizing,

Simms (1967) compared the pupil responses of young marrieds ¢ pice
tures of members of the same and opposite sex. In each case, each sub=
jeet was exposed to the male picture and the female picture several
times. The only difference in the stimulus pictures across trials was
that the photographs had been retouched to vary pupil size. Simms found
that members of each sex dilated most to opposite sex stimulus piectures,
and that the opposite sexed picture with large pupils evoked the great-
est response, while same sex pictures with dilated pupils produced the
least gpbject dilation, This finding is very muéh in accord with that
reported by Hess (1965).

In another study relating pupll size to sex variables, Hess,



b |

Seltzer, and Shlien (1965) measured pupil responses of heterosexual and
homosexual males to pictures judged to elicit differing degrees of sexual
interest in the two groups; They reported results which tend to support
the hypothesis that the degree of interest in like and opposite sexed
stimulus pictures is reflected in the degree of pupil dilation: the
homosexuals clearly demonstrated more dilation to same sex pictures than
did the normal subjects.

The relationship of affective stimuli and pupil size was further
examined by Woodmansee (1967). In this paper he reported the results of
three experiments designed to test the claim of Hess (1965) that pupil-
lary dilation can serve as a bidirectional index of affect, namely that
pleasurable states are accampanied by pupillary dilation, while unplea-
ant feelings produce constriction., In the fi;st study, which employed
equalitarian and anti-negro subjects, the presentation of racial content
pictures falled to produce significant differences between the groups,
and no constriction at all, The second study, which was essentially a
replication of the first, only at a different setting, produced almost
identical results--no group differences and again, no constriction. In
the third study fourteen University of Colorado coeds who were all very
familiar with the public details of the very recent murder of a fellow
female student, were shown a newspaper photograph of the gory murder
scene. After the pupillometric records were made‘wdth the murder scene
photograph as the test stimlus, the girls were divided into two groups
on the basis of their verbally reported aversive reactions te the pice
ture. There were no differences in pupll responses between the "high
aversion" group and those who were relatively "urmoved"™ by the photo-
graph, and once more, no constrictions were recorded. On the basis cf

this evidence Woodmansee suggested that reports of pupillary constriction
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to negatively affective stimulus material may be attributed to either the
light reflex, the near reflex, adaptation, or pupillary hippus, and he
cautioned that these influences should be carefully controlled in any
pupillometric experiment,

Nunally, Knott, Duchnowski, and Parker (1967) report a rather com=
prehensive study in which male college students undertook five different
tasks while pupillometric records were made. These tasks were designed
to: (a) induce muscle tension by lifting weights, (b) induce fear by
threat of gunshot, (e¢) produce intense stimmlation through presentation
of loud pure tones, (d) heighten attention through presentation of novel
pictures, and (e) evoke various hedonic states through pictures of vary-
ing affect-laden qualities. These different test situations were se-
lected because they had all been previously considered as "activating”
and because they each appeared to involve widely different response
systems. All of the five types of stimulation produced significant ef-
fects on pupil size, and highly regular rel#tionships were found between
degree of muscle strain and pupil size and between degree of dilation
and the temporal sequence of events during threat of gunshot. The overw
all results, although more.clear cut in some tests than others, were
interpreted as highly supportive of the notion that pupil size has pe-

tential usefulness as a measure of general activation,
Studies Relating Pupil Size to "Mental Effort"

Hess (1965) was again one of the first among the current greup of
pupillometric researchers to experiment with the notion that pupil size
may be a reliable index of what might be called the degree of cognitive
effort being exerted by an individual. In the Scientific American paper

he reported experiments in which subjects were required to solve a
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variety of simple problems ranging from anagraﬁs, through Spelling9 to
mental-arithmetic. Hess reported that regardless of the type of problem,
very reliable patterns of pupil response were obtained, As sten as the
problem was presented the pupil began to: dilate, feaching its maximum
size just as the solution was accomplished, and immediately thsreafter
began to decrease in size, returning to its base line as the answer was
verbalized, Although individual differencés in problem solving abilities
were reflected in the pupillograms, certain consistent relationships were
obtained. For most subjects the pupil size returned to normal as soon as
the answer was given, and the eorrelation between diffieculty of the prob-
lem and maximm pupil size appeared to be highly reliable across varicus
types of mental tasks. A separate and more detailed report of the
mental-arithmetic experiment was rep@rted separately (Hess and Polt,
1963), bu{ the results and conclusions wore the same as reported above,

Paivio and Simpson have reported a series of‘studies in which.pupil
size was assessed as a measure of the cagnitive activity produced by Ss’
attempts to generate "mental images" suggested by:stimulus words, In the
first of these studies (Paivie and Sim.psoﬁ9 1966), pupillograms were oOb=-
tained while the Ss attempted.to image the signifieates of stirmlus words
which varied along two contimua, concrete-abstract and pleasant-
unpleasant. Ss were instructed to press a telegraph key to indicate
image arousal. The degree of dilation obtained indicated that the coge
nitive task of imaging abstract words was more difficult than imaging
concrete words, but no differences were found between the responsss to
pleasant and unpleasant stimmli.

Simpsen and Paivie (1966) in response to the argument that the di-
lations obtained in the word imagery study were possibly due to the

motor response of key rressing, repeated that experiment with the key
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pressing response eliminated. The pupillary dilations thus obtained were
in fact somewhat attenuated, but highly similar in pattern to those of
the first study. The authors suggeéted that the greater effects ob-
tained when the key press was ipvglved, may be due to motivational efw-
fects of task difficulty, or to an arousal component directly associated
with the motor response. ’

A third expériment in this serie$ (Simpson and Paivio, 1968) em-
ployed an expanded design to further test the effect of overt responses
on pupil size in pupillometric studies of cognitive involvement. This
experiment again employed the same basic cognitive task of word imagery.
Subjects, howsver, were divided into groups which varied in terms of
overt motor involvement. One group was required to press a key as a
signal of imaging, a second verbally described the imagé aroused, a
third group combined the response tasks of groups one and two, while no
overt response was required of a fourth group. Only in the case of the
group not required to make an overt response, were significant differw
ences in pupil size between a control period and the imagery task ab-
sent, In addition, the reéults of all the overt response groups tended
to confimm the previous finding in that abstract word imagery prod&ced
significantly larger dilations than did imaging of concrete stimulus
words, The authors again suggested that the enhanced pupil dilations in
tasks involving motor responses may be in large'part # result of various
factors related to the motor response itself, V

Several possible explanations were offered for the enhanéement of
the dilation by the motor résponse. One was that the requirement to
make an overt response necessitated decision making, and that this added
to the total cognitive effort required. Another suggestion was that the

inereased activation was due to motor feedback resulting from the
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anﬁicipation of making the response, A further possibility was that the
reéuirement of a motor response which is publicly observable, thus ex-
posing‘§ to evaluation, may have enhanced'thé pupil fesponse via an
anxiety component which contributed to overall arousal. A final alterna-
‘tive suggested by the Es is that of an incremental effect on general ac=
tivation due to motor fe;dback from'the overt response itself. This
final explanation is highly tenuous since moét of the reported pupillo-
metric experiments involving an overt responée (Beatty & Kahneman, 19663
Hess &'Polt, 19643 Kahneman & Beatty, 1966) are consistent in their find-
ings that a decrease in pupil size is observed during or immediately
following the verbal response which indicates task fulfillment. Simpson
and Paivio (1968), while carefully.suggesting various explanations of

the enhancement of dilation by motor tasks chose to ighore what appears
to be a cogent motivational quesfioﬁ related to fhe no-~overt-response
group. ‘A reasonable hypothesis to account for the abseﬁce of an imaging
effect in the no-response group might be that théy in fact did not image.
The no-response group and the key-press-only group were instfﬁcted to at-
tempt to image the stimulus word, hold the image "mentally" for ten sec-
onds, then at the sound of a tone to begin reciting the alphabet, (in ad-
dition the key-press-only Ss were told to press the kej as soon as an
image had been acquired). It seems plausible that the no=response groupy
knowing that their imaging would not be measured, either in terms of
‘latency or vividness of verbalization, simply prepared to begin reciting
the alphabet on signal, and since alphabetic recitation requires almost
no real cognitive effort by adults, it is not surprising that so Ilittle
dilation occurred. If this hypothesis ig accurate, then the no=-response
group hardly furnishea an adequate basis for assessing the ineremental

effects of motor responses on pupil dilations.
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In still another study in this series Paivio and Simpson (1968)

examined both the magnitude and latency of pupil dilations in Ss who
differed in imagery ability. The stimlus words were either concrete or
abstract as in previous experiments. The results showed no significant
effects attributable to imagery ability, but were similar to previous
studies in that abstract imagery produced bigger dilations than concrete
imagery. Furthermore, the latencies of maximum dilations to abstract
words were significantly greater than those to concrete words. On the
basis of these results the authors suggested that latency of maximum di-
lation may be a more sensitive index (of cognitive effort) than pupil
size at least for this kind of task,

Kahneman and Beatty (1967) also found evidence supporting the va-
lidity of puﬁillary measures as an index of processing load. The Ss in
this case were required to make pitch discriminations using the method
of constant stimali. The gg found that the more difficult the diserimi-
nation ﬁhe greater was the degree of dilation observed.

Payne, Parry and Harasymiw (1968) included pupil dilation along with
three traditional measures pf item difficulty in an experiment designed
to assess the sensitivity of the pﬁéil response as a measure of diffi-
culty of mental-multiplication problems. Although they reported that
pupillary responées were less useful than either latency of solution or
judgment of difficulty according to thgir criteria, they,»nevertheless,
concluded that the pupil response wa; a sensitive and reliablé index of
internal information processing.

Bradshaw (1967, 1968) has contributed substantially to the evidence
relating pupil size to cognitive procéssingo Employing‘a wide variety
of tasks, including comprehensible and incomprehensible cartoon drawings,

easy and difficult anagram word games, and easy and difficult mental=
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.diviéion problems, he found greater pupil responses to difficult than to
‘easy processing tasks. The-only exception to this patﬁern was found in
the word-game where no significant diffefences obtained betwéen those
problems judged to be easy and those judged difficult. He also found
reliable loading and unloading functions very similar to those reported
by Kahneman and Beatty (1966), and Hess and Polt (1964).> Bradshaw also
interpreted his>fiﬁdings in light 6f a general arousal or activation no-
tion, suggesting_that the reliable post=-solution drop in pupii size was
due to Yend-of.job" reduction in arousgl{ This rationale was further
supported by his finding that pupil diameters elicitéd by problems which
remained unsolved tended to maintain a constant plateau, failing to show

the characteristic post-solution drop to base line.
Studies Relating Pupil Size to Memory Tasks

To investigate pupil changes in short-term and long-term memory
tasks, Beatty and Kahneman (1966) made pupillographic records while Ss
attempted to recall either highly familiar telephone rumbers or totally
unfamiliar telephone numbers. The 3S's task (long-term memory) in the
case of the familiar numbers was to verbally recite the number upon
hearing the name he had supplied with the number, 1In the short-term
memory task Ss were instructed‘to repeat a similar but totally unfamiliar
telephéne number two seconds after hearing E pronounce the numberol%in
both cases S's recitation was placed at a_rate‘of 1 digit per second.
In the short-term task the pupil dilated progressively with the intake
of each digit, reached its peak during the two second pause, and pro-
gressively returned to basé line size during the report. The reaction
of the pupil in the long=term task was to dilate vefy rapidly upon pre-

sentation of the signal (name) and to reduce decrementally to base line
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dufing recall. The authors interpreted these data to be highly support-
ive of the nétion that pupillary dilation does reflect the momentary
state of mental effort,

Another study by Kahneman and Beatty (1966), although reported ear-
lier than some of their work already mentioned, was deliberately pre-
sented late in this review since it serves in part as a major poin@ of
departure for the experiment reported herein. In this study the Es em=
ployed several different memory tasks in an effort to carefully examine
pupillary responses during the input and output phases of a short-term
memory task. ‘

The basic procedure of the experiment was to make photographic rec=-
ords of the subject's pupil while he either 1isteﬁed to and fepeated
strings of digits (three to seven digits per string), listened to and
immediatelyiattempted fecall of strings of four high-frequency mono-
syllable nouns, or listened to and transformed (by adding one to each
digit) before recall, strings of four digits. In all tasks the stimulus
material was presented at the rate of one unit per second, and a two
second pause preceded a series of one per second clicks which served to
pace the recall, Exposures were made at the rate of one per second, and
five pre-trial and four post-trial exposures were included, |

Although individuel differences in the magnitude of the pupil re-
sponse were found acros§ subjects, the general features of the fesponse
were remarkably consistent. Across all the tasks two distinet phaseé of
the pupil response were readily aﬁparent: a loading pﬂése during which
the pupil dilated incrementally with each unit heard, and an unloading
phase during which the pupil constricted with each unit reported. In
the digit recall tasks the peak diameters obtained were directly related

to the number of digits in the string and occurred during the pause
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before recall. The expectation that pupil diameter would be related to
task difficulty in the word recall and transformation tasks was confirme
ed, the loading function being significantly steeper in the more diffi-
cult taskso

The authors related the loading functions to rehearsal and other
active modes of information processing during inﬁut, since with each new
unit of information received, more material had to be rehearsed and
otherwise processed. The requirement for rehearsal naturally dropped
during recall as items were sueéeséively droppéd from the number still
being processed. The Es reported that this interprefation is further
substantiated by the observétion that when complex sentences were audi-
torily presented at rapid rates designed to prevent rehearsal, no dila=
tions occurred during the listening phase; but very large dil;tions oc=
curred at the conclusion of the sentence. Subjects reported that this
was the time when they wére conscious of actively rehearsing the sen-
tence in an effort to understand it. In extensions of the basic experi-
ment the Es tested for possible effects on the pupil response of ac-~
commodation and/or habituation. Although accommodation definitely af-
fected the average pupil size at given distances, it did not seriously
distort the experimental effect even at distances approaching the limit
of accommedation effects (6vfeet). In regard té hébituation, its ;f-
fect was found to be present when the same task was repsated over
several trials, butbagain the loading and unloading functions were still
clearly evidentg. The authors suggested that habituation effects can be
eliminated or greatly reduced by interspersing several different Pro=
cedures within a block of trials. The habituation effect observed was
interpreted as further evidence in support of the validity.of the pupil

response as an index of cognitive processing, by reasdning that 8°s
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adoption of a consistent performance set reduces the subjective diffi-
culty of the task and thus the pupillary response to it.

The rehearsal-processing explanation of changes in pupil size during
short-term memory tasks has realized still further support in the re-
sults §f a recent experiment by Kapneman, Onuska, and Wolman (1968),

In this experiment the Es cdmpéred pupil responses during the mono-
tonic presentation of a ﬁine digit serial recall string, with pupil re-

. sponses during the presentation of nine similar digits which were pre-
sented as three groups of three digits each. Totél presentation time
for the two conditions was equal.

In the case of the ungrouped presentation the familiar nearly linear
increase in pupil size was obtalned, wh%le in the ggouped gondition only |
a slight overall increase was observed from the presentation of the first
item through the last, However, significant cycles of,dilation fbllowed
by constriction were observed during the pauses between the three groups,
and a very steep increase in dilation was seen after the final item of
the third group had been presented.

These results were interpreted to indicate that in the ungrouped
condition rehearsal is continuous and cumulative, while in the grouped
condition there is a brief period of active rehearsal following each
group with almost no cumulative effect until the final item of the third
group has been presented,' At this‘time considerable active reheérsdl is
apparently required in order to comnect the three groups prior to re-
call, |

The absence of the common loading function was also observed by
Kahneman and Peavler (1968) in an experiment in which Ss heard a series
of eight common nouns at a rate of one item per 4 seconds, under free

recall conditions. In this case, the presentation of each item was
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followed by a wave of dilation-constriction, without any sustained ine-
crease across items. These results were also interpreted to indicate
that 1little cumulative rehearsal takes place under free-rocall condie

tions.
Reduction of PI Vig a Signal to Forget

Since this study employed a paradigm and a theoretical notion which
was borrowed from ; researcher in the area of verbal learning, a brief
review of his research and some related ?eseareh is included in this re-
View, |

Bjork, LaBerge and Legrand (1968) reported a study designed to as=-
sess the effects of instructions'ﬁo forget on proactive interference.
The experiment was designed to minimize $S"s opportunities for rehearsal
of visuaily presented consonagt quadragrams (CCCQ) by inserting them in
a series of digits which Ss were required to shadow by calling.out the
color and value of each digit (the quadragrams were also pronounced
aloud), In the conditions of primary concern the lengths of the lists
vafied in the number of total digits and contained two quadragrams
separated by varying numbers of digits. The pesitions of the two quad-
regrems in regard to the beginning and ending of the 1list also wvaried.
in Recall Condition 1, Ss were required to reeali both guadragrams,
second one first, In Recali Condition 2, Ss were told that the colored
dots to the ieft of the two digits immediately preceding the second
quadragram were a signal to forget‘the first, thus their task was to re-
call only the second quadragrama In the Contrel Cendition the lists
contained cnly cne quadragram appearing at pesitions corresponding to
that of the second item in lists cne and twe, thus the Ss had to recall

only one item. FEach of the 3 conditiens appeared equally coften per
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block of 12 trials. The Es reported that the "drop" instruction in Con-
dition 2 produced a significant reduction in fhe;degree of proactive
interference, defined as the intrusion during recall of the first quad-
rangram for the second. There remained a significant difference betﬁeen
Recall Conditien 2 and the Control Condition., They suggested first, the
unlikely possibility that Ss actually erased items from short-term mem=
ory on signal. A second suggestion was that relieving S of the re-
sponsibility for the first item enabled him to rehearse the éecond more
effectively. It was also suggested that the recall sequence of Recall
Condition 1 led to less efficient recall, or that Ss were able to re=-
spend to the signal by coding one of the items which éomehow reduced the
interference between them.

Bjork (1967) conducted a study similar to the one ecited above, and
the one providing the basic paradigm for the study repdrted herein. In
this experiﬁentlgs were presented lists of paired associates some of
which contained a signal to forget all pairs presented prior to the sig-.
nalﬁ §§ were informed that the probed pair would be cne of those pre-
sented after the signal. Bjork found no effect on recall of the number
of pairs presented prior to the f’orge't..s:'i.gnali0 In other words there was
n§ proactive interference attributable to the supposedly "forgotten"
pairs, _

In another report, Bjork (1968) presented nonsense syllables in a
serial recall task which also included a signal to forget. In this case
the stimuli were printed on cards which varied in color, thus providing
different colored backgrounds for the stimulus items. Ss were told that
if the background color of the items changed during the list, they need
recall only thqse items printed on the most rescent backgrdund color,

Again, Bjork found a dramatic reduction in proactive interferences in



23
fact, he reported no errors of intrusion from the initial items of any
list in the attempted recall of the items following the color change.

A reduction of PI similar to that reported by Bjork (1967) and
Bjork et al. (1968) has been obtained in a reeenp experiment by Turvey
ahd Wittlinger (1969). Ss in ﬁhis experiment were signalled "not to
remember® fifteen of twenty trigrams presented as short-term memory
taskso The twenty trials were sequential, but recall of each trigram
occurred before thé next was presented. Difflerent colored backgrounds
were used as the signal mode for the visually presenﬁed trigramsa The
recall scores of the expgrimental Ss on the fivé to-be=remembered trials
(trials, 1,5,10,15,20) were significantly higher than the scores of the
controls on the same trials. Differences in the colored backgrounds had
no significance for the controls,

A second experiment reported in the same paper employed a signal
"not to recall" during the recall phase of all trials except the same
five trials which were signalled in the first experiment. The experi=-
mental éﬁ again had more accurate recall scores than the controls on the
five non-signaled trials, but the difference was not significanﬁ°

Turvey and Wittlinger preferrsd to interpret these differences as
due to differences in rehearsal strategies éetweén the control and ex=
perimentalvésq They suggested that the experimental Ss either rehearsed
to-be-remembered trigrams mére than did the controls, and/or the experi-
mental §§ rehearsed the to-be-forgotten trigrams less than did the con-
trol Ss.

They alsc offer the possibility that a signal not-to-remember auto-
matically implies the signal not-towrecall. Therefore, it may be the
case that the signal not-to-remember has the effect of causing the items

so signalled to be tagged during their encoding with the label "not-to-
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be-recalled", thus reducing their capaecity to compete during an active

recall phase with items tagged oppositely.



CHAPTER III
METHOD
Subjects

The subjects employed in this study were undergraduate students at
Oklahoma State University. The Ss served voluntarily and were not com-
pensated for their participation. In order to reduce variatiqn somewhat
and for methodological convemience, certain constraints were placed upon
subject eligibility.

In as much as definite sex differences obtain in pupillary reac-
tions, and since females tend to have slightly larger pupils‘and somewhat
more stable pupil responses (Lowenfeld, 1958; Adler, 19593 Beck, 1967)
the sample was limited to females,

Eye color is also known to be a source of variation in pupillo=
graphic work, with light colored eyes generally having larger pupils
(Adler, 1959) and somewhat greater mean dilations (Beck, 1967). In view
of this evidence the sample was further 1imited to females with 1ight
colored irises. It was also methodologically convenient to use Ss with
light colored irises, since good photographic contrast is more easily

obtained with such Ss. |
| In addition, no subject over age 25 or who had known visual defects
was included. As a further guarantee against including Ss with severe
visuai pathology, eacﬁ volunteer was given a standard Snellen eye test.

Ss with Snellen scores greater than 20/30 in either eye were excluded.

25
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The final design called for 16 Ss, but discovery of an error in ad-
Justment of the camera's lens diaphram after the sixth S had been run,
caused the experimenter to run six additional Ss as replacements for the
first six. As it turﬁed out the film from the first six Ss was not
spoiled, so data was available for a total of 22 subjeets. From this
pool the data of the 16 Ss having the lowest efror scores were selected
for analysis, |

The Ss were assigned at random to either the econtrol or experimental

group so that each group was composed of eight subjects.
Apparatus

Hess not only Qstablished a trend in the nature of current pupillo-
metric research, but the basic apparatus employed by virtually all of
the current investigators is essentially simiiar to that described by
Hess (1960, 1965).

The basic apparatus used in this study was also high;y similar to
the Hess "pupillometer"., It consisted of a § inch plywood viewing box
23" X 23" X 48" (inside measurements), The back end of the box was open
and equipped with a tight fitting frame to which was attached a rear
projection screen. The‘§°s end of the box was enclosed except for an
opening in the center to provide for viewing of the screen at the oppo-
site end, and to allow for photographing of S's eyes. This opening was
equipped with a goggle frame to provide uniform positioning of S's head
and to block out ambient light. The opening extended downward and was
enlarged near the area of the subject?s mouth to enable S to speak unim-

peded., Positioned immediately below the enlarged mouth opening was a

standard adjustable chin rest; also designed to maintain S's position

and to provide a measure of comfort.
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Positioned on the side of the box to the S's right was a 16 mm,
motion picture camera; The camera was mounted on a fully adjustable
support which provided for precise lateral, vertical, and focal distance
adjustments, The objective‘lens of the camera protruded approximately
1/8 inch into the interior of the box through a tight fitting aperture
in a system of sliding panels also deéigned to allow adjustment in
camera position.

All interior surfaces of the viewing box‘were painted flat black to
minimize reflectance. Positioned adjacent to the S's end of the interior
of the bax was a half silvered mirror which extended from top to bottom
and from side to side, thus completely subtending the field of view
within the box. The mirror was mounted in a tight fitting wooden frame
which positioned the mirror at a 45 degree angle to both the subject's
forward line of vision and the central axis of the camera lens, With
the mirror thus positioned S coula clearly see the highly illuminated
screen at the opposite end of the box, while the camera "saw" a clear re-
flection of S's right eye in the mirror.

The camera employed was a Beaulieu R16ES, equipped with a Vemar 135
mm. £/3.5 telephoto lens, a Vemar "C" mount adapter and a 30 mm. ex-
tension tube to provide for precise focusing at a lens to subject dis-_
tance of 24 inches. During the experiment the camera was set to bperate
at a rate of two exposures per second. This setting provided for an |
actual exposure time of .20 sec. per frame.

The ¥ear projection screen was illuminatea by an Argus SOOlwatt
automatic slide projector; projecting a blank side. This arrangement
produced a 13 inch square area of high and uniform illumination in the
center of which was a black fixation cross one inch tall with arms %

inch in thickness., The fixation c¢ross was affixed to the cuter surface
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of the screen. This assured that the image of the cross was always
centered in the illuminated field and in sharp focus. The distance from
S's eye to the fixation cross was 49 inches,

In addition to the pupillometer, the experiment employed a stereo-
phonic tape recorder which was used to present the stimulus material to
the subjeect via headphones, The tape recorder was also comnected to a
\Kodak Carousel Model 1 Programmer which controlled the operation of the
camera synchronously with the presentation of the stimli. A second
tape recorder was used to record 9's responses during the recall phase
of each trial,

All trials were run in a small room which had no windows, thus
eliminating any variation in ineident illuﬁination due to chéngés in ex-
ternal light levels. The room was uniformly illuminated by florescent
ceiling fixtures which remained lighted througheout each experimental
session, The incident light level in the room was 125 foot eandles at
‘§'s eye level when seated. This illumination level tended to minimize
the amount of light reflex experienced by S as he viewsd the brightiy

illuminated field in the apparatus.
Stimulus Material

The stimulus words used were chosen from the Thorndike-Lorge (1944)
word count, Only "AA" (i,e., among the 500 most frequent words.in the
count), monosyllable nouns were chosen, and any words which had obvicus
affectrladen connotations (hell, death) were eliminated. 1In ordgr for a
word to be classifiedkas a noun it had to be used as such at least 51%
of the time according to West (1953). |

One hundred sixty-eight words meeting the abo#e criteria were ob-

tained. From this pocl 16 lists of five words each were drawn at random
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to comprise Tape I. These 80 words were replaced, and 16 more lists of
five words each were drawn at random to comprise Tape II. Thus, th; two
tapesy included some of the same words but never in the same arrangement.
One-half of the experimental $s and one=half of the control Ss were
tested with Tape I, while the‘other half of each group heard Tape II.
This assigmment was random. It was felt thatithe use of two different
tapes should tend to equalize the variance which might be produced by
different words and their arrangement in the various lists.

During the presentation of each of the 16 lists S alse heard a
background tone, recorded on the same tape charmel as the words. On
eight of the lists the tone was constant throughout the list, while on
the remaining eight lists it changed frequency part way through the
list, The sine wave tones were produced by an audio-generator with fre-
quencies of 320 and 3200 cycles per second for the low and high tones
respectively, Both tones were well within normal audition range, and
they were easily discriminable., One~half of the no-tone-change trials
had the low background tone and one-half the hiéh tone, One<half of the
tone~change trials began with the low tone and changed to high, while the
reverse was true for the other half, In order to control for possible
differences in effect ofkthé two t:.ones‘9 a restricted randomization
scheme was used to assign either high or low constant tones, and tone
ghanges (hi-lo or lo=hi) to the 16 word lists of each tape. Thé scheme
insured that each constaht tone condition and.each tone-change condition
occurred equally often in each half of the 16 trial experimental run.

of theveight tone«change trials on each tape, two had toné changes
oceurring after the first word, two had the tone change after the second
word, two after the third word, and on two trials the tong.changed after

the fourth word. The eight non.change trials were included primarily to

~
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prevent S from developing an expeétancy for a tone change on each trial,
If there had been all tone-change trials, § could have learned to wait
for the tone change and to.attend to only those words which came after

the change in tone,
Procedure

Subjects were tested individually and were assigned upon arrival at
the experimental site to either experimental or control conditions ag-
cording to a predetermined ranéomizatian schedule, The randomization of
- this schedule was restricted to the extent that no more than two subjects
of either group were run successively, and that the number of experiment-
al and control sessions was evenly distributed within the two halves of
the total expgrimental ™n,

At the beginning of each session S was seated comfor@ably at the
pupillometer and the chin rest adjusted so that his right eye ﬁas cen=
trally positioned in the photographic frame, This also gave E an op=
portunity to check the focus of the image and make any necessary camera
adjustments. S was giveh a few additional minutes to explbre visually
the interior of the box and tobbecome accustomed to the experimental
situation.

| Prior to the beginning of the experimental trials each S was given
eight practice trials designed to minimize errors due to confusion of
directions, meaning of signals, ete. The practice trials were identical
to the experimental trials except that no praeticé word list was re-
peated in the experimental lists which followed, nor were responses
photographed during practice trials.

Prior to the first practice trial each S heard a set of instructions

appropriate to either the Experimental or Control Condition. The
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instructions were designed to prepare § for the experimental procedure,
to minimize an%iety, and to establish either ?he Experimental or Control
Condition in regard to the tone-change stimuluso '

Each S, whe#her experimental or cqntrol, heard the following inw
structions:

In this experiment we will be photographing your eyes
while you do some simple memory tasks. Later, when you
look into the apparatus you will see a small black cross
in the center of an illuminated field. Since we are inter-
ested in the exact center of your eye, it is imperative
that you maintain a steady gaze at the center of the
screen, The small black eross will be your fixation point.

Now let me tell you about the memory tasks you will be
doing. You will hear several lists of common words pre-
sented to you via headphones. In each list there will be
five words. dJImmediately before each list of words you will
hear three loud clicks. These clicks are a signal to you
to fixate on the cross and prepare to listen carefully to
the words. After the fifth word you will hear a series of
the same clicks which preceded the words. When you hear
the second click you are to begin pronouncing the words as
you recall them in time with the clicks. Try to recite the
words in the same order as you heard them and in time with
the clicks. Remember, the first click is a warning - =
begin on the second one. Any questions so far?

In addition to the five words in each list you will
hear a background tone., The tone will come on just before
the first word and end just after the last word. On some
of the lists this tone is high in piteh, it is low on
somey, and on some of the lists the tone may change pitech
at some point during the list.

The remainder of the instructions differed for the control and the
experimental Ss. The remainder of the instructions for the experimental
§s was as follows:

A tone change has special significance. If the tone
should change during a list, this change is a signal to
you to forget all of the words you heard before the tone
changed. In other words, you are to recite only the words
which come after the tone changes. Of course, if the tone
remains constant throughout the list, you are to recite all
five words. Any questions?

The remainder of the instructions for the control Ss was as follows:
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The background tones, whether high, low or changing are
included as a kind of experimental control and need not con-

cern you. They have nothing to do with your task. Any

questions? ‘

Each 3 then put on the headphones, and the eight practice trials
were run. After each practice trial there was an opportunity for §.fo
ask questions and for E to clarify instructions, if such was necessary.

All Ss had demonstrated a clear understanding of the task by the end of

the sixth practice trial.

Stimulus Presentation and Response Recg;ding

A1l stimulus material was presented auditorily, and all Ss were
given 16 experimental trials during which pupil;ograms were made. A
trial consisted of the following events: (1) a six second ready period
containing an audible click every 2 seconds, (2) five mcnosyllafle high-
frequency nouns presented at 2 second intervals, (3) a two secon& pause,
(4) a Series of audible clicks occurring at two secopd intervals.

Each non-tone-change trial lasted 30 seconds. S was given approxi-
mately 30 seconds rest between trials, except between Trigls 8 and 9 at
which time a four minute mid-session break was taken.

The same magnetic tape which was used to present the stimﬁlus words
to;§ also controlled the operation of the camera. On the second channel
opposite the stimulus words was placed a 6.5 killceycle "beep”. The
beep started synchronously with the first of the three warning clicks on
the stimulﬁs tape and continued four seconds beyond the last recall
click. The beep waé fed through a Kodak Carousel Programmer. The onset
of the beep activated a relay in the pr;grammer which completed a cir-
cult turning on the camera, and the offset of the beep opened the circuit
turning the camera off. Thus the photographic‘record of S's pupil re=-

sponses was accurately time-locked to the stimulus events. Since the
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camera operated at exactly two frames per second, it was possible to
find the pupll response corresponding to a particular stimilus or recall
event by simply counting frames from the beginning of each trial. On the
tone-change trials for experimental Ss where fewer than five werds were
to be recalled, E stopped the camera four seconds after the last word had
been recalled by opening a manual switch placed in series in the camera-
programmer circuit. It should bé noted that the 605 killocycle beep was
completely inaudible to S since its signal was placed on the segond
channel and fed directly to phe Kodak programmer, |

Ss’ photographic records were separated by photographing a subject
identifieation ﬁuﬂber prior to the first trial of each §¥ Individual
trials for each subject were kept separate by exposing three or four

blank frames between trials.

Scbring.gg Responses

| The actual measure used in all analyses of the data was the amount
of deviation in pupil size from a base line size. Thg base line measure
was obtained by computing the mean actﬁal pupil size of the twelve frames
which comprized the six second ready period preceding each trial. De=
viations from this mean were measured to the nearest 0.1 mm.,

The pupil size of each frame was meaSured by projegting‘the image
onto a white screen at a magnification level such that projected pupil
size was exactly ten times actual pupil size. Each pupil image was
scored by measuring the diameter of the pupil to the nearest millimeter,
which correspended to 0.1 mm., actual size.

Ss' verbal responses were tape recorded simultaneously with‘the
photographic recérding. Recall errcrs were later assessed by comparing

the tape recorded responses of each subject with the actual text of the
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stimulus tapes.

Three kinds of errors were sqored as follows: omission errors, in
which one or more of the five w?rds were omitted;'transposition errors,
in which all words were recalled but in an order other than that in
which they were presenteds intrusion errors, in wﬁich one or more words
not in the stimulus list were substituted for the actual words during
recall. |

The scoring of omission and transposition errors was straight-
forward, In the case of intrusion érrors, however, it was necessary to
establish some error criteria;lsincg homonyms or close approximations of
the stimilus words were not infrequent during recall:. In as much as the
probability was reasonably high that such fespbnses represented misper=
ceptions rather than true intrusions, a verbal response was scored as
correct if either of the following criteria was met: (1) if the first
and middle phonemes were similar to the corresponding phonemés in the
stimilus word, (b) if the middle and last'fhonemés were similar to those
of the stimulus word., Sound-alikes not meeting either of these eriteria

were scored as intrusion errors,



CHAPTER IV
RESULTS
Pupillary Responses

The pupillary responses of the experimental and control subjects
during the eight no-tone-change trials are presented in Figure 1. These
curves indicate that the pupil progressively increases in size during
the input of infoimation, reaches peak dilation ea;ly in the recall
phase, and begins to constrict during recall, reaching, even dropping
somewhat below, base~line size after the last item haé been recalled,

The pupil response curves of the control and experimental §s are
obviously different. Since this sort of difference was not crueial to
the hypotheses advanced in thié study, the difference was not tested
statistically. Nevertheless, a suggested explanation of this observed
difference is offered in Chapter V.

Figure 2 shows the pupillary responses for the experimental subjects
cn the trials which contained a signal to forget in the form of a tone |
change, The pupillary responses for the qontrol Ss on the same tone-
change trials are given in Figure 3. ‘

An inspeéfion of Figure 2 revealed that a signal to forget had a
two phase effect, viz., an almost immediate and quite pronounced dila-
tion, followed by a steady constriction., These cycles of dilation=
constriction were seen to be in the same temporal»sequence.as the tone

changes, and with the exception of the cycle following the signal in
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position one, the magnitude of the peak dilations of the four cycles was
systematically arranged in the expected direction,

An examination of the responses of the control Ss on the same set
of trials revealed no systematic dilation-constriction cycles following
the tone change signals.

Further inspection of the data of the experimental Ss on the tone-
change trials (Fig. 2) indicated that a block of nine frames foilowing
the tone change would include all thevdilation and constriction pro-
duced by the signal. Thus the data were divided into four overlapping
blocks of nine frames each for ahalysis. These four blocks of nine
frames were measured from the frame immediately following the occurrence
of each of the four tone-change signals. Thus.the frames included in
blocks one through four were F-15 through F-23, F-19 through F-27, F-23.

through F-31, and F-27 through F~35, respectively.
Pupillary Constriction

The post-signal constriction was scored for each experimental and
control S on each tone-change trial. The scoring was done as follows:
In each of the nine frame blocks, the longest monotonic decrease in
pupil size following a péak of dilation also occurring during that block
was recorded as the constriction score for that block, Thus, each trial
was scored for the amount of constriction which occurred during each of
the four blocks. See Appendix for explanation of scoring procedures.

These constriction scores for the tone-change-trials were then ar-
ranged in a signal position (SP) by block of frames (BF) matrix, and
separate 4 X 4 analyses of variance were computed on the data of the ex-
perimental and control Ss. The SP by BF analysis of ﬁariahce for the

experimental Ss is presented in Table I.



TABLE I

CONSTRICTION PER BF X SP FOR TONE-CHANGE TRIALS OF
EXPERIMENTAL SUBJECTS

Source daf SS | | Ms | F
Treatments 15 114.35
SP ' 3 4,975 1.658 o 5475 ns
BF 3 13.;58 4-52? 10’495 ns
SP X BF 9 95.795 10,644 3.515 p< .00l
Error 240 726,73 3.028 -

The highly significant SP X BF interaction indicated that the
amount of constriction oceurring in a given block of frames depends on
the position of the signal in a given list, and that separate SP X BF
and BF X SP analyses of variance should be computed. Each SP level was
compared across all levels of BF, and each level of BF was compared
achSs all levels of SP., Table II presents the resulting F values of

each of these eight séparate analyses.

TABLE II

F VALUES FOR EACH SP X BF AND BF X SP ANALYSIS OF VARIANCE OF
THE CONSTRICTION SCORES OF THE EXPERIMENTAL SUBJECTS

Factor X Factor df n/d F ' P
SP-1 X BF 3/60 6.499 <,001
SP~2 X BF 3/60 7.554 <.001
SP-3 X BF 3/60 4,270 <.01
SP-4 X BF 3/60 2,804 <.05
BF-1 X SP 3/60 6.889 <,001
BF-2 X SP 3/60 4,751 <£.001
BF-3 X SP 3/60 7.235 <.001

BF-4 X SP 3/60 2,857 <,05
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In every case the comparisons among signal position proved to be
significant. All comparisons among blocks of frames were also signifi-
cant. |

Duncan's Multiple Range Test was then used to compare each SP mean
with all others for each BF., Table III presents the results of these

tests.

TABLE III

COMPARISONS AMONG ALL SP MEANS WITHIN EACH BF FOR CONSTRICTION
SCORES OF EXPERIMENTAL SUBJECTS BY
DUNCAN'S MULTIPLE RANGE TEST

BF-1  p BF-2 P BF-3 D BF-4 D

SP-1/SP-2 £ .01  SP-2/SP-1 £ .01 SP-3/SP-1 £,001 = SP-4/SP-1 £.10
SP-1/3P-3 < .01 SP.2/SP-3 < .01 SP-3/SP-2 <£,005 SP.4/SP.2 <L .05
SP-1/SP-l4 < .005 ~ SP-2/SP-4 &£ ,01 SP-3/sP-4 <.005 SP-U4/SP-3 & .10
SP-2/SP-3 . ns SP-1/SP-3 ns SP-2/SP-1 ns SP-2/sP-1 ns
SP-2/SP-4 ns  SP-1/SP-4 - ns SP-2/SP-4 ns SP-2/SF-3 ns
SP-3/SP-l4 ns SP-3/SP-4 ns SP-4/SP-1 ns SP-1/SP-3 ns

Dunnett's test for differences between a control mean and all others
was then applied to the means of each SP Condition across all blocks of
frames. The mean constriction occurring in the BF associated with the

tone change cccurring during a particular trial was considered the con-
trol, and that score was compared with, the constrictionfscora from all
other BFs. The results of the Dunnett's test are presented in Table IV,

Figure 4 is a graphic representation of the comparisons of con-

striction per SP across blocks of frames and the constriction within
each BF by signal position lists.

Figure 4 also indicated ﬁhat there is a trend, although slight, for
later tone~change signals to producelless constriction}: ﬁowever, when

individual comparisons among these four means were made by the Duncan's

Multiple Range Test; no significant differences were found.
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TABLE IV

COMPARISONS OF MEAN CONSTRICTION PER SP ACROSS BLOCKS OF
FRAMES FOR TONE CHANGE TRIALS OF EXPERIMENTAL SUBJECTS

Signal Position Signal Non-signal

Condition BF BF t  EMS/df - p
- BF-1--BF-2 4,053 60  <.005
SP-1 BF=l~wBF-3 3.422 60 <.005
BF-1--BF-l 2.973 60 <.01
BF~2-=BF-1 2,659 60 < ,025
SP-2 BFw2=xBF=3 3.691- 60 < .005
BF=2-=BF-4 L, b9 60 < ,005
BF=3=-BF~1 2.616 60 < .025
SP-3 \ BF=3--BF-2 2,971 60 < .01
BF=3--BF-4 3.080 60 <£.005
BF=4==BF -1 2,256 60  <.05
SP-l BF = wBF-2 1.933 60 ns
; . BF =l ~BF=3 2.685 60 £.025
w SP-1
8.5t SP-2
) SP-3
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Figure U4, Constriction Scores during SP Lists by Blocks. of
Frames for Experimental Subjects '
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The constriction scores for the control Ss on the same tone-change
trials were also arranged in a SP X BF matrix and analyzed as a 4 X 4
factorial arfay. ‘The analysis of variance results for these data are

presented in Table V.,

TABLE V

CONSTRICTION PER BF X SP FOR TONE-CHANGE TRIALS
OF CONTROL SUBJECTS

Source ar - SS MS F
Treatments 15 107.309 7.154 3.057 p< .00l
SP 3 12.836 L, 288 1,832 ns
~ BF 3 g4, 848 18,238 7.813 p < .001
SP X BF 9 39, 588 4,398 1,879 ns
Error . 240 561.656 2,340

In order to provide a highly conservative test of Hypothesis I,
the constriction scores of the control Ss were subjected tq.separate
SP X BF and BF X SP analyses of variance,.eVen though the BF X SP inter-
action was not significant in the basic analysis. The resulting F

values for these elght separate analyses are presented in Table VI,

TABLE VI

F VALUES FOR EACH SP X BF AND BF X SP ANALYSIS OF VARIANCE OF
THE CONSTRICTION SCORES OF THE CONTROL SUBJECTS

Factor X Factor ar n/d F P
SP=1 X BF - 3/60 819 ns
SP=2 X BF 3/60 . 1,742 ns
SP-3 X BF 3/60 - 5,708 £ .01
SP=4 X BF 3/60 3,334 < .05
BF-1 X SP 3/60 3. 548 < .05
BF-2 X SP 3/60 2,010 ns
_BF-3 X SP 3/60 1,211 ns

BF-l4 X SP 3/60 1.146 ns
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In the cases whe}e a signifiognt F value was‘fpund, Duncan's Multi-
ple Range Test was employed to compare among all SP means at a given
level of BF, and Dunnett’s test was used to compare SP means across
blocks of frames.,

The comparisons of mean constriction of the four SPs during BF-1,
indicated that both SP-l and SP-2 were significantly diffe?ent from SP-3
(p € .05). No other differences were significant, Comparisons of mean
constriction at a given level of SP across frames indicated that for
SP=3, the constriction occurring in BF=-3 was significantly different
from that occurring in BF-4 only (p € .025). The constriction occurring
during list SP-4 was significantly less in BF=4 than BF-i (p £.025),
but the other comparisons yielded no differences. Figure 5 is a graphic

representation of these comparisons.
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Figure 5. Constrlctlon Scores during SP Lists by Elocks of
Frames for Control Subjects
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Pupillary Dilation

The dilation phase of each post-signal wave of dilation-constriction
was scored and analyzed similafly to the constriction phase. In this
case the net increase per block of frames from the initial frame in that
block to the highest peak occurring within that block was récorded as
the dilation score for each block of nine frames, (See Appendix) These
data were also arranged in a SP X BF matrix and analyzed as a 4 X &
factorial arrangement of treatments., Again, the data of the control and
experimental gs were analyzed separately.
| Table VII presents the analysis of variance of the dilation data of

I

the experimental Ss on the tone-change trials.

TABLE VII
DILATION PER BF X SP FOR TONE-CHANGE TRIALS OF EXPERIMENTAL
' SUBJECTS

"Source @ ¢ " s8S | M 'F
Treatments 15 239, 860 15,991 7,600 p <.001

SP . 3 6.453 2.151 1,022 ns

BF 3 11.391 3.797 1.804 ns
SP X BF 9 222,016 24,668 11,724 p <.001

ERROR . = 240 505.130 2,104

The highly significant SP X BF interaction indicated that the
amount‘of pupil dilation occgrring in a givan block of frames depended
upon the position in th§ lisf of the signal;to forggt. As in the case
of the constriction data, separate SP X BF and BF X SP analyses of
variance were cbmputed for these data. Table VIII presents the F values

which were obtained in these eight separate analyses of variance.
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TABLE VIII

F VALUES FOR EACH SP X BF AND BF X SP ANALYSIS OF VARIANCE OF
THE DILATION SCORES OF THE EXPERTMENTAL SUBJECTS

Factor X Factor af nfd F 7 p
SP-1 X BF 3/60 9.786 £ .001
SP-2 X BF 3/60 10.577 < ,001
SP-3 X BF 3/60 5.102 <.005
SP-4 X BF : 3/60 10,090 <.001
BF-1 X SP 3/60 18.413 <.001
BF-2 X SP 3/60 12.808 <.001
BF=-3 X SP 3/60 3,436 &£.025
BF-4 X SP . 3/60 7.797 <.001

These analyses revealed that in every case the comparisons of dila-
tion across blocks of frames within each level of SP were significant.
It was also seen that within each BF the comparisons of dilation among
the SP lists were also all significant. Table IX summarizes the results
of Duncan's llfmltiple Range Test comparisons of the individual SP means

within each BF.

TABLE IX

COMPARISONS AMONG ALL SP MEANS WITHIN EACH BF FOR THE LILATION
SCORES OF EXPERIMENTAL SUBJECTS BY DUNCAN'S
' MULTIPLE RANGE TEST

i

BF.1 p BF-2 p BF-3 p BF-4 p

SP-1/sP-2 £ .01 SP.2/SP.1 €,0L SP-3/SP-1  nus SP-4/SP-1 £ ,025
SP-1/SP-3 < ,01 SP=2/SP~3 &.01 SP=3/SP-2 <£,01 SP-4/SP-2 &£.01
SP-1/SP-l4 & ,01 SP-2/SP.4 &£,01 SP-3/SP-4 ns SP-4/SP-3 &,01
SP-2/SP=3 ns  SP-1/sP-3 £,05 SP-1/SP-2 £,05 SP-1/SP-3 &£ .05
SP-2/SP-lk  ns SP-1/SP.4 ns SP-1/SP-4 ns SP~1/SP=2 ns
SP-3/SP=4  ns SP-3/SP-4 ns SP-2/SP<4 &,05 SP=3/SP=2 ns

Dunnett's test was used to compare the mean dilation occurring dur-

ing each block of frames for each SP list. For each SP the mean
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dilation which occurred during the BF associated with the tone change for
that list served as the eontrol and was c;mpared with all other BF means.
Table X presents the results of the Dunriett's tests.

TABLE X

COMPARISONS OF MEAN DILATION PER SP LIST ACROSS BLOCKS OF
FRAMES FOR TONE-CHANGE TRIALS OF EXPERIMENTAL SUBJECTS

Signal Position Signal __ Non- signal‘ t EMS/df P
~ Condition BF BF '
BF=l--BF=2 4,465 60 £.005
SP=1 BFwl~=BF=3 2,084 60 < .05
BF=l--BF-4 1.886 60 >».05<&£.10
BF«2«~BF-1 4,396 60 <£,001
SP-2 BF-2=«BF=3 4,396 60 <£.001
BF=2==BF-4 2.409 60 &£.05
BF-3;-BF-1 2.718 60 £ .025
SP=-3 BF=3-=BFa=2 1.574 60 .05 £.10
BF-3--BF-4 3,718 60 «£.005
_ BF=4==BF-1 5.055 60 & .005
SPa4 BF «lieoBF=2 4,252 60 <£.005
) - 2.413 60 &£.05

The dilation per block of frames by signal position in lists is

represented in Figure 6.
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The analysis of variance of thefdilatiop data of the control éﬁ
is presented in Table XI. ‘ ‘_ f f -

i
H

TABLE XTI

DILATION PER BF X SP FOR TONEuCHANGE TRIALS
OF CONTROL SUBJECTS -

~Source - arf SS: ‘ MS _ F

Treatments 15 - 66.703 bhs 1,679 p< .10

©osPp 3 © 16,710 5.570 2,104 p< .10
BF 3 38,141 12,713 4,802 p< .01

SP X BF 9 11.852 1.316 497 ns

_ERROR = 240 635.407 2,647

The insignificant F for the SP X BF interaction indicated that no

systematic relationship obtained between dilation and the occurrence of
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a tone change., Therefore, these data were not subjected to further
analysis, Figure 7 represents the mean dilation per SP list by blocks

of frames for the control Ss.
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Figure 7. Dilation Scores per SP Lists by Blocks of Frames
for Control Subjects.

The pupillary responses of the experimental Ss during the recall
phase of each tone-change trial were also examined and analyzedo‘

The greatest peak in dilation across all frames fér each SP Con=
dition occurred early in the recail phase;of each trial, at about Frame
40,(see Figure 2). Duncan's Multiple Range test was used to compare
the mean dilation occurring on Frame 40 in éach SP Condition withgthe
Frame 40 dilation of each of the other SP Conditions. Table XII is a

i

presentation of the results of these comparisons.
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TABLE XII

COMPARISONS OF MEAN DILATION ON FRAME 40 AMONG ALL SP
CONDITIONS FOR EXPERIMENTAL SUBJECTS

SP MEAN vs, SP MEAN : R p
SP=l == SP=-2 4,094 <£.01
SP=1 =~ SP3 3.500 < .01
SPrl == SP=4 k4,500 <.01
SPu2 == S5P-3 - 0,594 ns
SPa2 == SP=4 0,406 ns
SP=3 == SP=4 1.000 <01

An examination of the recall phase of the data represented in
Figure 2 seemed to suggest that once the overall peak dilation had been
reached, the rate of constriction during ?ecall was essentially the same
regardless of the number of units of information to be recalled. In
order to verify this indication, the data from frame forty through frame
bl were arranged in a 5 X 4, SP by Frame matrix, Considering SP and
frames as factors, an analysis of variance was computed for this data.
The SP X Frame interaction did not reach significance (F=1,215,
df=12/300, P > .25), indicating that the constriction rétes during re-
call are possibly parallel.

The constriction data for the experimental‘§s on the tone-change
trials was analyzed for possible effects due to the two different tapes,
and the two different tone-change modes (Hi-Lo & Lo-Hi). A Tape X Tone-
change Mode analysis of variance indicated that neither effect was sig-
nificant -- Tapes (F=1.546, df=1/252, p > .25); Tone-change Modes
(F=.508, df=1/252, p > .25).

The same data were also subjected to a Tape X Halves (first 8 trials

vs. second 8 trials) analysis of variance in order to ascertain if a
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systematic habituation effect might be present across trials. This
analysis indicated that the variance component due to halves was also

insignificant (F=.418, df=1/252, p > .25).
Error Results

While scoring the trial by trial responseé of each subject, E no-
ticed that on some trials the typicél constriction during recall was
either absent or considerably delayed in its onset, Later, upon com-
paring the pupil respdnses per trial with Ss* récall scores, it was dis-
covered that very frequently those trials which showed a delayed or
missing constriction phase were trials which contained recall errors,
This apparent relationship seemed to merit further analysis,

The data were re-examined and resgored as follows: Error trials
and non-error trials for the same S were matched onvthe following char-
acferistics: background tone, pOSition of tone-change in the list, and
base-line size of the pupil. Ten Ss were found who had at least one
error trial which could be matched with a non<error trial.

For these Ss each error trial and its matching control trial were
scored as follows: The frame associated with the occurrence of the |
error (Frame E) was first located and pupil size for that frame was re-
corded for the error tr@al‘and the métehing control trial. The pupil
size for each frame following thé‘occﬁrrence of the error (Ffames E+l,
E+2, etc.) ﬁére also)recorded for bsth the error and control trials.

- The mean frame-by-frame score, beginning with Frame E was then com-
puted for the error and control trials of each S. Due to the reétric-
tions placed on matching of trials, the number of trials contributing to

the means were not equal across the ten Ss. For example, some Ss had as

many as four matched error trials, while one S had only one, These
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resulting means comprised the basic data for Figure 8 and the ensuing
analysis. It should be‘noted that each data point in Figure 8 is based
on the means of 10 Ss, and all Ss had at least one error trial which was
followed by 13 or more frames. |
These data were then arranged in a 2 X 7 factorial matrix, with

correctness as one factor and Frame E through Frame E+6 constituting the
other factor. Frames E+7 through E+1l3 were ﬁot includéd in"t:he analysis,
since it is apparent that constriction has resumed é.t this point. An
analysis of variance of this data revealed a significant Correctness by
Frames interaction (F=2.873, df=6/54, p £ .025). |

| Figure 8 represents the mean pupil respbnse on the error and non-

error trials from the point of error occurrence through the following 13

frames.
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'CHAPTER V
DISCUSSION

The pupil responses which occurred during the no-tone-change trials
of both the control and experimental Ss confirm the basic/expectation of
this study. The pupil is seen to dilate incrementally during informae
tion input, reach its peak size early in the recall phase, then.decre-
mentally constrict to base-line size during recall. These results are
considered further substantiation of the theoretical notion that the
pupil’s changing size during periods of mental activity reflects the de-
gree of momentary cognitive activity of the individual. In this case,
the cognitive activity is assumed to be in the form of rehearsal or some
related type of information processing. This notion and results highly
similar to those of this study have been repeatedly expressed in the re=-
cent pupiilometric literature (Hess & Polt, 19643 Hess, 1965; Kahneman &
Beatty, 1967; Beatty & Kahneman, 1967; Bradshaw, 1968, 19693 Kahneman,
Tursky, Shapiro & Crider, 1969).

The finding that peak dilations were reached approximately two sec-
ends into the recall period, rather than Quring the two second pause be-
tween input and recall, is not isolated. Kahneman and Beatty.(1966) and
Beatty and Kahneman (1966) report similar results. These authors found
the delayed peak to be more frequently associated with difficult pro=
cessing tasks than with éasier ones. It is almost surely the case that

the task employed in this experiment was at least as difficult as the
most difficult task required of the Ss in either of the Kahneman and

53
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Beatty studies cited above., This result suggests a more general finding

that a temporal delay exists between the ihput and the pupillary re-
sponse, This could be extended in this study to apply to the cycle of
dilation-constriction which was found to follow the signal to forget.
This is added justification for the use of blocks of frames following
the signal as the response band;

The anaiysis of the results of the tone-change trials for the ex=
perimental Ss indicates that the post-signal constriction which occurred
during the block of frames associated with the signal was significantly
greater than constriction occurring during any other block of frames
within the same SP Condition. This was true for each of the tone-change
positions with one exception. This finding indicates that the "forget®
signal had a greater effect on constriction than any other event occur=
ring during a trial. |

Of at least equal importance is the finding that the amount of con-
striction occurring during the block of frames associated with the tone-
change for a given SP condition was significanfly greater for that con-
dition than for all other SP conditions, Also, within a given block of
frames, the constrictions occurring during the three SP conditions not
having a tone=change associated with that block were not significantly
different from one another., These results are in direct support of Hy=-
pethesis I,

The analysis of the data of the control Ss, obtained under the same
gonditions revealed no systematic differences in the amount of constric-
tion occurring on lists within blocks, or across blocks within lists,

Of the several comparisons made on this data the few significant differ-
ences found were in the direétion opposite to those of the experimental

ss.
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Before conclusions regarding the causes of pupillary constriction
in these conditions (Hypothesis I) are drawn, the possible relationship
between dilation and constriction should be discussed,

The dilation which was found to follow each tone change was somewhat
unexpected, since Hypothesis I predicted constriction but not dilation.
Nevertheless,‘this was considered part of a pos£~signa1 dilation-
constriction cycle and analyzed similarly to the constriction component.

The result of the analysis of the dilation data of the experimental
§§ indicated that in nearly every case, more dilaticn oecurred in the
block of frames associated with the tone change for a particular SP cone-
dition than in the other blocks of frames within the same condition,
Also, the amount of dilation observed in each block of frames was sig-
nificantly greater for the list having a tone~change associated with |
that block of frames than those lists having tone changes assoclated
with other blocks of frames.

As was true in the case of the constriction data; the results of the
analysis of the dilation data of the control Ss indicated that for these
§§, no systematic relationship between dilation and tone=change existed.

While the dilation component of this postesignal dilation-
constriction cycle was not predicted, the results indicate that it is
clearly associated with the tone~change signal to forget. The fact that
each postesignal phase of constriction was immediately preceded by a
phase of dilation might lead one toc suggest that the entire cycle merely
represents a momentary regction to‘a sudden change in auditory stimula-
tion, a sort of startle response, perhaps. If this were the case, how-
ever, similar waves of dilation-constriction should be found in the re~

sponsés of the control Ss, who experienced precisely the same changes in
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background tones, It is apparent that no such systematic changes in

pupil size are associated with the tone changes for the control Ss.

The results of the analysee of the dilation and censtriction data
of the experimental and control Ss confirm Hypothesis I.

Further consideration of the dilation phase of the post-signal
cycle, indicates that this effect ie actually highly supportive of the
basie thesis of this study, and probably should have been expected at
the outset, That is to say, a signal to forget, in itself, represents
considerable information which must be processed by S before he can
. cease processing the information he had received prior to the signal.
Thus, the post-signal dilation component of the cycle ie interpreted as
representing the cognitiVe activity reduired to decode and process the
information contained in the signal.

The fact that the degree of constriction following each tone-change
signal was not proportional to the amount of informational input priqr
to each signal as shown in Figure 4, fails to support the first part of
Hypothesis II. However, the greatest peak dilations across all frames
occurring prior to recall on each of the SP conditions were in the pre-
dicted order except for the one inversion of the SP-2 and SP=3 Gondiwb"
tions. These peaks of dilation were also significantly different from
one another in four of six possible comparisons (see Table XII). The
nearly correct ordering of the several peaks, and the significant
differences among most of them lend only partial support to the second
part of Hypothesis II.

One explanation for the lack of proportionality in the eenstric-
tions following each tone change, might be that the reduction in the
arousal associated with the reduction in the requirement to process

information may be somewhat diminished by the addition of an arousal



57

component assoclated with anticipation of recall., This explanaﬁion sug=
gests that the arousal associated with antlcipation of recell is an in-
creasing function of proximity to the onset of recall., Thus, for Tone-
change Position 1, the onset of recall is Still quite distant, so this
arousal component is slight, relative to Tone-change Position 4, where
the onset of recall is imminent. If this reasoning is correct, the
amount of constriction occurring in Position 4 would be expected to be
lessened due to the greater compenent of aroﬁsal associatqd with ap=
proaching recall. This explanation would also help to account for the
near equality of the constriction observed after tone changes in Posi-
ti§ns 2 and 3, | |

The disproportionately high wave of dilation-constriction which
occurred during SP-l in BF-l, warrants some added discussion. With the
exception of this cycle, the dilation peaks of the three subsequent post-
signal cycles were in the predicted order. Whyﬁshould a signal to forget
coming after the first word produce more dilation-constriction than one
coming later in a 1list? One possible explanation, which is in keeping
with the general arcusal notion in regard to pupil changes, is that Ss
did not expect to hear a tone-change so early in the list, even though
they had been told that it might occur at any point in the list. It
seems reasonable that an arousal component assocciated with surprise,
added to that associated with processing the iqformation contained in
the signal, might account for the unusually lafge SP=1 cycle, By the
same reasoning, such an arousal component due tc surprise -should add
progressively less as the end of the list is approached, since the pr;b-
abilities of a‘signal occurrence are increasing, and with them, S%s ex=
pectations of the signal., This notlen that there may be an arousal com=

ponent associated with the anticipation of a signal to forget, can also
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be used to account for the obvious difference of the curves of the cone
trol and experimental Ss during trials which contained no tone-change
(Figure 1).: It seems very plausible that the no-tone-change trials pro-
duced more arousal in the experimental Ss than in the coﬁtr01 §s, since
no §,knew until after the fifth word that a trial wauld not contain a
tone-~change, Thus, the experimental Ss were presumably expecting a sig-
nal on virtually every trial, and the arousal associated with this ex-
pectatiop may have produced the difference in the curves of the two
groups of Ss. |

Murnally, Knott, Duchnowski and Parker (1967) employ similar reason-
ing in their explaﬁation of phe steep dilation curves cbtained as Ss -
anticipated a gunshot, While it is probably true that anticipation of
a gunshot is not analagous to anticipation of the onset of reéall or of
a signal to forget in a memory task, the situations are not completely
dissimilar. Others (Bradshaw, 1967; Befnick & Oberlander,-1968; Paivio
& Simpson, 1968) have sﬁggested that anxiety associated with E's ap-
pralsal of a response may be at least partially responsible fér the di-
lation observed during the solution of mental tasks. Kahneman and
Beatty (1967) caution, however, that the evocation of an anxiety ex-
planation to account for all the pupil change occurring during a mental
task would necessitate the expansion of the meaning of the word "an-
xiety" to an absurd point. They stress the need for experiments de=
signed to separate the anxiety and processing components of pupil re;

sponses during mental tasks.
Recall Errors

Al though the design of this experiment did not include a test of

the Bjork (1967) hypothesis that a signal to forget presented during the
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presentation of verbal material for prompt recall will eliminate or

greatly reduce proactive interference, it was e;pected that few intru-
sions of words preceding fhe signal would occur during the recall of ﬁhe
post-signal words, This expectation was confirmed. The total number of
tone-change trials experienced by the eight experimental Ss was 64, Only
once in these 64 trials did a word preceding the signal to forget appear
as an intrusion in the recall of the post-signal words, Bjork's findings
‘thus seem to be reliable and generalizable over a variety of verbal
learning tasks.

The discovery that constriction during recall is 6ften delay:ed conw
siderably and soméfimes absent on trials which contained errors supports
the findings of Bradshaw (1967, 1968). Bradshaw reported that pupil di-
lation on trials in which Ss failed to reach solutions to mental arith-
metic problems and anagram word games, remained at a plateau only slighte
ly below peak and failed to show the typical constriction phase,

When a frame-bybframe comparison of error and non-error trials wﬁs
made, it was clearly evident that for about six or seven frames (ap-
proximately 3 seconds) following the error occurrence, there was no con-
striction for the error trials, while the non-error trials had the
typical, almost lineéf constriction during zfecall° A highly significant
Correctness X Frames interaction indicated that these two functions are
truly different for a period of time following an error.

It seems that éne‘or a combination of the following phenomena may
be responsible for this "error«effect®. Thefé is first, the possibility
that an increment of arousal due to the anxiety associated with making
an error adds to the dilation level. This explanation assumes that S is

aware 6f his errcr., It may alsoc be the case that S, after making an un-

cerﬁain response, engages in some post-response attempt to evaluate the
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correctness of the response in doubt, This would also tend to account
for the fact that similar delays in constriction were_occasionglly seen
on non-error trials. A final explanation is thét‘§ hés simpiy‘failed to
"unload“ a portion of the informatioh which he processed and presumably
put inﬁo memory storage during the input pﬁase, It is certainly possible
that §'s errors represent material intruding‘from perhaps a different
system, or in the caée of omissions, S may have temporarily lost access
fo the material in storage,

It should be pointed out that pronounced individual differepces are
evident in regard to this "error-effect". Some Ss had perfectly ﬁqrmal
constriction curves during recall, even on trials in which very obvious
errors, such as omission errors, were made. For example, an S could
hardly have been unaware of'the fact that he had omitted a word, espe-
cially since the recall clicks served to remind him, This finding might
also be seen to be in support of an arousal due to error anxiety notion,
It is reasonable to assume that not all the Ss were equally motivated to
do well on the task. It seems equally'reasonable then, that the act of
making an error might produce different sorts of‘pupil responses in Ss

having differing motivational levels or attitudes regarding the task.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The purpose of this study was to investigate pupillary responses
during a-short-term memory task which included instructions to forget
some items on some trials, Sixteen female undergraduate siudents.partic-
ipated individually. BEach subject listened to lists of five words and
attempted to recall all or a portign of the words depending on the»po-
sition of a "forget" signal in the list and the instructions the sibject
heard in régard to the signal. Each subject's right eye was cinemato-
graphically monitored during each trial, and the size of the pupil of the
éye, as permanently recorﬁed on thelfilm, was the dependent variable.
Also of interest was the frequency of errors in the form of words pre-
ceding the signal appearing during the recall of the post-signal words,

The major findings were as follows: '

1. Changes in pupil size accurately reflected the moméntary degree
of cognitive processing as subjects liste;ed to, stored, and
recalled verbal information,

2. A signal to forget a portion of the items in a list produced a
dilation-constriction cycle of pupillary change. It was sug-
gested that the dilation phase of the cycle reflects the pro-
cessing of the information contained in'the signal; the con-
striction phase of the cycle reflects the reduction in the re-

quirement to process information effected by the signal.

61
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3. A signal to forget produced forgetting as evidenced by the
rarity of intrusion errors in the form of pre-signal words
occurring during the recallvof post-signai words.,

bo Analysis of the second-by-second pupillary response following
an error indicated that errors retard pupillary consﬁriction

during recall. It was probdsed that the comission of an error
may be accompanied by increased arousal due to the anxiety as-
sociated with an incorrect performance, or additional rehearsal
or review designed to confirm the erroneous performance, or
both.

The general conclusion drawn from this investigation is that the
pupillary response is indeed a reliable and sensitive index of momentary
cognitive processing.

The implications of the pupll responses following errors are highly
interesting, and further investigations designed to separate the hypo-
thesized anxiety component from the information processing component

should prove to be very worthwhile.
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APPENDIX
SCORING PROCEDURES .

A constriction score was obtained for each of the four BFs for
each trial. The greatest monotonic decrease in pupil size whieh 0c=
curred within each BF was scored for a particular BF if: (1) the peak
of dilation preceding the constriction also occurred in that BF, and (2)
the peak preceding the constriction had not been associat?d with a_con-
'striction score in the preceding BR. Also, if two or more decreases of
equal size ocqurred within a particﬁlar BF, the first one satisfying the
two conditions above was scored for that BF,

The figure below represents a hypothetical response curve of the

input phase of a trial, Following the figure is an explanation of how

the constriction scores for each BF were obtained.
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BF-1 (6) The 6 unit drop from E to F was scored. Had B to C
been the longest drop, it would not have been scored,
since the peak, 4, lies outsidé BF-1.

BF-2 (1) The 1 unit drop from H to I was scored. F to G was not
scored, since the peak, E, had been associated with a

( constriction score in BF-i.

BF-3 (3) The 3 unit drop from J to K was secored.

BF-4 (4). The 2 unit drop from M to N was sco?edo

Dilation scores for esach BF of éach trial were obtained by find-

ing the net increase in pupil size from the initial frame of a partieular
BF to the highest peak of dilation occurring within that BF, provided the
peak had not been considered thé‘peak of the preceding BF.

The dilation for each BF of the hypothetical response curve above

was scored as followed:

BF-1 (5) The net increase of 5 units from B to E was scored.

BF=2 (=3) The net increase of minus 3 units from D to H was
scored,

BF=-3 (3) The net increase of 3 units from F to J was scored.

BF-4 (4) The net increase of 4 units from I to M was scored.
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