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PUPIL SIZE, AFFECT, AND EXPOSURE FREQUENCY

MICHEL PIERRE JANISSE
University of Manitoba

Four investigations of the affect-pupil size relationship are reported here as attempts to test Hess’s (1965)
attraction-dilation and aversion-constriction hypotheses. In the first 2 studies, no evidence was found for a
relationship between pupil size and frequency of exposure to a stimulus as defined by Zajonc (1968).
However, it was observed that the stronger a stimulus was rated in terms of affect (like-dislike), whether
positive or negative, the larger the pupil size. Pupil size at the neutral point was not smallest, as expected, but
was elevated, relative to the points adjacent to it. Two additional studies, using a pseudo task which
induced feelings of success or failure, confirmed the previous findings. A positive relationship was found
between pupil size and affect intensity, and again, elevated pupil size at the neutral points. There was no
evidence of constriction to any stimulus, positive or negative, in any of the 4 studies. It was concluded that
pupil size is linearly related to the intensity continuum of affect and curvilinearly related to its valence
(positive-negative) continuum.
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In 1960 Hess and Polt reopened an area of psychological investigation that had been relatively
dormant for some time; that is, the relationship between psychosensory stimuli and pupil size.
While Hess’s work has been concerned with two major sources of stimulation, affect and
cognitive work, the present investigation deals with the former. One of Hess’s main
contentions is that positive emotional stimuli cause dilation of the pupil and that negative
emotional stimuli cause constriction. The evidence for the attraction-dilation portion of Hess’s
formulation has generally been positive. Hess (1965) found that males showed greater dilation
to female pin-ups than to male pin-ups, except for homosexuals who showed the opposite reaction.
Women exhibited greater dilation to pictures of a baby or a baby with its mother than to male pin-
ups. Several investigators using sexual stimuli have obtained supportive findings (e.g., Bernick &
Oberlander, 1968; Bernick et al., 1968; Nunnally et al., 1967).

The aversion-constriction hypothesis has generally not been upheld with a variety of stimuli (cf.
Janisse, 1973). For example, Woodmansee (1965) showed pictures of Negroes to prejudiced and
unprejudiced participants with no consistent effect upon pupil size. The results of more
recent studies by Woodmansee (1970), using a pungent odor, again failed to indicate
constriction to this clearly aversive stimulus. Lawless and Wake (1968) and Scott et al. (1967)
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using sexual stimuli did not obtain the predicted results. Paivio and Simpson (1966) and Schaefer
et al. (1968) had participants generate positive and negative mental images and they too failed to
obtain consistent constriction to negative stimuli.

There seem to be two suggestive threads of evidence running through the pupillary literature.
The first is that, in causing dilation, it is the intensity of the affect that is important, and not the
valence, that is, it is relatively unimportant whether the attitude about a stimulus object is
positive or negative. What is important is how strong that attitude or emotion is. The
stronger the affect toward a stimulus, the greater the dilation (e.g., Bernick et al., 1968; Hess,
1965; Vacchiano et al., 1968). The second series of suggestive findings is that novelty of stimuli is
positively related to pupillary dilation. That is, if any stimulus, regardless of its positive or
negative qualities, is sufficiently novel, it will be associated with increased pupil size (e.g.,
Nunnally et al., 1967; Peavler & McLaughlin, 1967).

Recent research in social psychology (e.g., Becknell et al., 1963; Johnson et al., 1960; Zajonc,
1968) may throw some light upon these equivocal data. Zajonc (1968) has gathered a great deal
of evidence that mere repeated exposure to a stimulus enhances a participant’s attitude toward
that stimulus. Janisse (1970) and Zajonc and Rajecki (1969) found support for this hypothe-
sis, the former in varying the number of modalities of stimulus input, and the latter in a field study.
Zajonc claims that the seeming attraction of participants to novel stimuli (e.g., Berlyne, 1960) does
not invalidate his own theory. He says that the attraction to novel stimuli is a negative attraction,
carried out in order to reduce fear. Thus, approaching a novel stimulus reduces fear of that stimulus,
and also reduces the subject’s negative affect toward it. With increased exposure to a novel
stimulus, it becomes less novel, less fear inducing, less negative and more positively attract-
ive. In a pair of studies, Harrison (1969) found that attitudinal liking was inversely related to
response competition in novel stimuli, and a reduction of this response competition accompanied
the increased exposure of novel stimuli.

In summary, a novel stimulus is generally accompanied by negative affect. With repeated
exposure to a novel stimulus, this negative affect is reduced and positive affect begins to build up.
If the constriction hypothesis is correct, any novel stimulus, because it is associated with negative
affect, should cause a pupillary constriction. Overwhelmingly the evidence indicates that this is
not the case. Any sufficiently novel stimulus regardless of its initial level of affective rating, has
been shown to be associated with dilation. On the other side of the coin, a decrease in novelty has
been shown to be related to an increase in positive attraction towards a stimulus.

The foregoing review suggests a paradigm in which a participant might be exposed to
stimuli that vary along a continuum from novel (i.e., negative) to non-novel (i.e., positive). One
might control novelty, and in turn the valence of the affect, by varying the number of exposures
to certain stimuli. Indeed, the same design and stimuli as in the Zajonc (1968) research might
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be employed. During the exposure portion of Zajonc’s studies, the participant saw the word and
heard it pronounced by the experimenter and himself a varying number of times from 0 to 25.
Next he rated the word on a 7-point scale that ran from 0 (bad) to 6 (good). Janisse’s (1970)
variation of the original design is relevant here. He had the participant rate on a 7-point scale
that ran from -3 (bad) through 0 (neutral) to +3 (good). Words appearing at the high frequency
levels (i.e., 5, 10, and 25) were consistently rated on the positive side of the midpoint (0), while
words appearing at low frequency of exposure levels (i.e., 0, 1, and 2) were consistently rated
on the negative side of this midpoint. Using this paradigm then, a mid- or neutral point is
established and both the valence and the intensity of the affect toward a stimulus can be
estimated easily.

In Study I, pupillary activity was monitored as a function of exposure frequency. From the
relevant literature cited above, one would predict greatest pupillary dilation at the extremes of
the novelty dimension (and the affect continuum) and relatively little dilation around the neutral
point. Thus the relationship between frequency of exposure and pupil size would be curvilinear,
or more specifically, would describe a U-shaped function. This would indicate that for pupillary
dilation, and possibly for autonomic activity in general, it is the intensity of the affect that is
paramount, and not its valence.

STUDY |

PARTICIPANTS

Fourteen female students enrolled in the Introductory Psychology course at the University of
Waterloo served as participants as part of a course requirement. There were 7 participants in each
of two conditions, Exposure-Pupillometer-Rate (EPR) and Exposure-Rate-Pupillometer (ERP).
Participants were run in an EPR-ERP-ERP-EPR fashion.

PUPILLOMETRIC STIMULI

The stimuli were typed on semi-opaque mylar and encased in slide holders 50.8 mm square.
The 18 control slides (a row of seven asterisks), equated for luminance, each had a transmittance
(T) of 86.11%. The 14 stimulus slides (seven-letter Turkish words) had a mean T of 79.40% with a
range of 77.78% to 80.56% The slides were presented via a Kodak Carousel 800 projector, set at
high light intensity, at a distance of 3.81 m. The stimulus and control slides were presented slightly
out of focus to cut down the already minimal contrast effect. The projector was located above
and slightly to the right of the participant, who was seated 3.20 m from the projected image. A 60W
light source fed by a constant voltage transformer was focused on the screen at a distance of 2.33 m.
This helped ensure constant luminosity. This light source was in front and to the right of 5, out of
her line of sight.

PUPILLOMETRIC APPARATUS

The equipment used to monitor pupil size was essentially the same as that described by
Daly and Sommes (1969). The camera, a 16mm Bolex H16 M, was situated to the right of the
participant, photographing a reflected image of her pupil on a line perpendicular to her line
of sight. Kodak HIR 430 infra-red film was used in the camera. A 15W light source behind
a Kodak infra-red filter focused on the participant’s left eye from a point in front of and below
participant’s line of sight. The participant was seated in a chair adjusted to the appropriate
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height and held her head in a chin-forehead rest. The participant’s left eye peered through a 25.4
mm diameter hole cut in a 76.2 mm square piece of plexiglas suspended from the upper left side of
the rest. In each corner of the plexiglas was one terminus of an optic fibre, illuminated by one of
four independent light sources. Only one light was used in the present study. When the slide was
in view, the light from the projector illuminated a photocell, which in turn triggered an optic fiber.
Thus whenever a slide was being projected, a point of light appeared above and to the right of the
pupil image on the film. When the slides were changing, or when the projector was off, no
such light appeared; therefore the onset of the stimulus and control slides could be determined
directly from the film. The light generated from the optic fiber was not visible to the participant.

PROCEDURE
Condition EPR consisted of three stages: Stage |, Exposure; Stage Il, Pupillometer;
and Stage |1, Rating. The events occurring during these stages were as follows:

Stage |

Each participant was presented with the stimulus nonsense words as in Janisse’s (1970) study,
except that a 7th frequency category (75 exposures) was added. Two stimuli appeared at each
frequency level (0, 1, 2, 5, 10, 25, and 75). The 14 stimulus words appeared an equal number of
times at each frequency level and seven different combinations of stimuli and exposure
frequencies were employed. Stimuli were presented on 76.2 x 127 mm index cards which were
shuffled before presentation to the participants. When the participant had entered the room and
was comfortably seated she was shown the deck of index cards and told:

This experiment consists of three stages. During the first stage you will look at each one of these cards
individually. On each you will see that there is printed a word. These words are Turkish adjectives. Your
task during this stage of the experiment is to simply look at each adjective and say it out loud. | will turn the
cards for you one at a time.

The experimenter presented a new stimulus after each one was pronounced by the participant.
The exposure of each stimulus lasted approximately 2 seconds. The stage ended when the
participant had pronounced the 12 Turkish words a total of 236 times.

Stage II

The participant was led behind a partition and seated at the pupillometric apparatus. She was
generally informed about the apparatus and when her head was in the correct position and the
camera and mirror properly adjusted, she was told:

Now we begin the second stage of the experiment. As | said before, this is a pupillometer. It will take pictures
of your pupil while you look at the screen in front of you. It is important that you get comfortable and that you
remain in the same position while the camera is running. Try to relax while you are watching the screen and
keep both eyes open. You will see a number of slides that will consist of a row of stars, or again, a number of
Turkish adjectives. While either type of slide is on, please concentrate upon what you see, and while the
adjective is in view, say it softly to yourself. Do you have any questions?

If the participant had any questions, they were answered by paraphrasing the instructions.
She was then given a 5 second warning before the apparatus was started. Each slide was
presented for 8 second with an interslide interval of approximately 0.75 seconds. Control
and stimulus slides were presented alternately except that the first stimulus slide was preceded
by four control slides. The last slide in the series of 32 was a control slide. In addition to the 12
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words previously pronounced by the participant, there were two additional stimulus words never
seen by participant (the 0 frequency condition).

Stage 111

After the preceding stage, the participant was taken to a table in the room. On the table
was a pencil and a rating scale. She was given a 7-point, good-bad, Likert-type scale upon which
there appeared in random order the 14 words viewed in Stage Il. The participant was given the
following instructions:

This is the final stage of the experiment. Your task now is to guess what the Turkish meaning of these
adjectives might be. Since this is extremely difficult, instead | would like you to guess whether the word
means something generally good or something generally bad in Turkish. You may do this by circling the
appropriate point on the scale. In other words, if you think the adjective means something generally good,
you would circle a point on the right side of the scale; if you think it means something generally bad, you
would circle a point on the left side of the scale; if you think it means something neither generally good
nor generally bad, you would circle the middle point on the scale. Are there any questions?

Condition ERP was the same as Condition EPR except that the sequence of Stage Il and Stage
111 was reversed. Thus, in Condition ERP the participant rated the stimuli before she saw them via
the pupillometer.

Following these procedures, each the participant was told the true nature of the experiment, was
thanked for her participation and cautioned not to reveal, for a reasonable length of time, the
nature of the task.

DATA ANALYSIS

Since the camera operated at a speed of two frames per second, sixteen photo-graphs of the
participant’s pupil were obtained for each slide. The unit of measure used was the average pupil
size (PS) during the middle seven frames of the stimulus slide (S) minus the average of the middle
seven frames of its preceding (Pre) control slide and its following (Post) control slide. This
figure was then divided by Pre and Post and multiplied by 100 to form a percentage of pupillary
change from control to stimulus periods. The formula is [(S-Pre and Post)/Pre and Post] x 100.
Relative pupil size (RPS), unless otherwise stated, will refer to this formula throughout this paper.
The reason for using the middle seven frames is to avoid orienting response and light
adaptation effects at the beginning of a stimulus presentation, and anticipation effects at the end of
the presentation.

By using RPS as the unit of measure, in effect a sliding baseline is provided, so that problems
related to the law of initial values (LIV), arousal decrement and the near vision reflex are diminished
(cf. Kirby, 1968). This method and the use of a repeated measures design also help overcome the
problem of high pupillary variability.

All correlations, unless otherwise stated, were Pearson product moment correlations.

RESULTS

RATINGS OF AFFECT
An ANOVA of the ratings indicated no difference between the EPR and ERP conditions (F < 1)
nor any evidence of the exposure frequency effect (F < 1).

PUPILLARY ACTIVITY

An ANOVA indicated that RPS in the ERP conditions was significantly greater than in the
EPR conditions (F = 5.65, df = 1, 12, p < .04). The difference between exposure
frequencies did not reach accepted levels of significance (F < 1).
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DISCUSSION

The rating data indicated that the exposure frequency effect did not obtain when a seventh
exposure category (75) was added. The failure to discover a relationship between RPS and
frequency of exposure may be a function of failure to find direct evidence for the exposure
frequency effect itself. If, as seems likely, pupil size is related to degree of affect toward a
stimulus, it is not surprising that when no relationship is found between rated affect and
exposure, none is found between RPS and exposure. Further analyses, indicating a relation-
ship between RPS and ratings, were performed. These will be reported later in a general discussion
of Studies I and II.

The larger RPS in Condition ERP may be explained by invoking the psychophysiological
concept of the “law of initial values” (LIV; Sternbach, 1966). The LIV is concerned with the
relationship of the baseline or prestimulus level of a physiological measure as it relates to
subsequent changes in level of response during or following stimulation. In the present
case, the actual PS during the control periods in Condition ERP was smaller than that during
control periods in Condition EPR (F = 3.96, df = 1, 12, p < .07). Thus the greater RPS in
Condition ERP may have been a function of its having more “room” to expand, being a greater
distance from its maxima than control periods in Condition EPR. This smaller actual PS may
be due to arousal decrement, since the photographing of the pupil in Condition ERP took
place later in the experimental session than in Condition EPR. Actual PS decreased over the course
of the experimental session during both the control (F = 3.51, df = 14, 168, p < .0001) and the
stimulus periods (F = 3.47, df = 13, 156, p <.0003).

It was thought that the failure to obtain the exposure frequency effect may have been due to a
sampling error in Study I. Seven additional participants were run to check this possibility. They
were just asked to rate the words after exposure and did not have their pupils monitored. Again
no increase in the rated “goodness” of meaning was obtained as a function of exposure
frequency. This is further evidence that the exposure frequency effect may not be obtainable
in a design that includes a 7th exposure level of 75.

A second brief study was undertaken, putting 6 participants in the typical Zajonc paradigm of
six levels of exposure frequency (0 to 25). This was done for two reasons: (1) to see if the
frequency effect could be obtained with participants in the population available to E under
conditions most favorable to the phenomenon, and (2) to see if the phenomenon could be
obtained in a single replication situation. Janisse (1970) suggests that his weak results may be a
function of the use of only two replications, while the typical Zajonc study used 12. The results
indicated that the effect could be obtained from the population available and in a single replication.
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It was with these findings in mind that Study 11 was undertaken. It attempted to duplicate
the procedure of Study I in terms of pupillometrics and ratings, but differed in that the original
Zajonc design of six exposure frequency levels (0 to 25) was used.

STUDY Il

In Study Il, the Participants, Experimental Area, Pupillometric Stimuli, Pupillometric
Apparatus, Procedure, and Data Analysis were the same as in Study I, except for the following:

PARTICIPANTS
Twelve females, instead of 14 served as participants, 6 in each condition.

PUPILLOMETRIC STIMULI
There were 12 stimulus slides and 16 control slides used in Study Il, whereas the numbers
used in Study | were 14 and 18, respectively.

PROCEDURE

In the present study, 2 stimuli appeared at each of 6 exposure frequency levels, (0, 1, 2, 5,
10, and 25). The 12 stimulus words appeared an equal number of times at each frequency
level and 6 different combinations of stimuli and exposure frequency were employed.

DATA ANALYSIS
Stimuli were presented for 5 seconds instead of 8 seconds. Data used in the analysis were
from the last 3 seconds (i.e., 6 frames) of each slide presentation.

RESULTS

RATINGS OF AFFECT
An ANOVA of the ratings indicated no difference between the EPR and ERP conditions (F < 1)
nor any evidence of the exposure frequency effect (F < 1).

PUPILLARY ACTIVITY

An ANOVA of RPS indicated that there was no difference between the conditions (F = 1.03, df’
=1, 10, p < .34) nor any evidence of a systematic relationship between exposure frequency and
RPS (F < 1).

DISCUSSION

On the surface, the implications of the data from Study Il appear meager indeed. From the
results presented, so far, a stable relationship between PS and affect clearly has not been
demonstrated, and exposure frequency again does not appear to be systematically related to
rated “goodness” nor to pupillary activity.

To examine the evidence more closely, and to look deeper into the relationships that are
suggested, several internal analyses were performed on the data from both Study | and Study Il. The
results and implications of these analyses are presented below.
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INTERNAL ANALYSES OF STUDY | AND STUDY Il

Correlations were performed between rated “goodness” and RPS for the 14 participants in
Study | and for the 12 participants in Study Il. None of the correlations in Study Il reached
accepted levels of significance, and only 3 of 14 do so in Study I. Combined, therefore, just 3 of 26
correlations performed on the data from the two studies indicate a significant linear relationship
between affect and pupillary activity. The probability of 3 or fewer of 24 correlations being
significant is less than 0.0001. One alternative to the fact of the small amount of linearity
demonstrated is that the affect-RPS relationship may be curvilinear as predicted. This
curvilinearity is suggested by eta correlations of 0.243 (F = 1.86, df' = 6, 190, p < .10) for Study
I and 0.266 (F = 1.742, df = 6, 137, p < .11) for Study Il. However, closer examination of the
linear correlations indicates that in Study 1, 9 of 14, and in Study I, 10 of 12 correlations are
negative. This makes a total of 19 of 26 correlations that are in the negative direction. The
probability of this occurring by chance is less than 0.015.

One interpretation of these data (that is, the poor evidence of a linear relationship between
rated affect and PS, and the preponderance of negative correlations), would suggest both a U-
shaped function to describe the affect-RPS relationship and larger RPS associated with the
equivalent negative affect. Stated in a different way, this interpretation would predict increases in
RPS associated with increases in rated affect, both positive and negative, but that by comparison,
RPS would be larger and increases greater for increasingly negative affect than for increasingly
positive affect. Figures 1 and 2 present functions plotted with RPS on the ordinate and the 7
possible ratings (-3, -2, -1, 0, +1, +2, and +3) on the abscissa for both Study I and Study II*. (It
should be noted that Ss, exposure frequencies, and conditions are confounded in these figures, and
that each point is made up of a different ».) It is seen in these figures that generally, as the rated
intensity of the affect increases, RPS increases. All ratings fall in the predicted order except for
“-3” in Study I and “+1” in Study II. It can also be seen that negative affect is generally associated
with larger RPS than the equivalently rated positive affect.

Clearly then, Figures 1 and 2 tend to support the proposed interpretation and prediction of a non-
symmetric, curvilinear relationship between PS and affect. These findings are contrary to Hess’
notions of attraction-dilation and aversion-constriction. His proposals would suggest that the largest
PS would be associated with the most positively rated stimulus, and that negatively rated
stimuli would be associated with the smallest PS. Certainly the evidence here is indirect, and
possibly not as strong as one would like, but it does cast doubt upon the Hessian hypothesis.

Another feature of Figures 1 and 2 is the enlarged RPS associated with the “0” position on the
abscissa. In both studies, the RPS at the so-called neutral position is shown to be larger than at

All participants indicated dilation to all stimuli, whether control or experimental. Thus, a negative value for
RPS means that there was less dilation to a stimulus slide than to the appropriate control slides, not a constriction
to a stimulus slide.
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Figure 1: Relative pupil size as a function of ‘goodness’-0f-meaning ratings in Study 1.

both the “-1” and “+1” positions. This is a somewhat puzzling phenomenon, for if the participant
rates a stimulus as being neutral, it is usually assumed that he has no feelings, either positive or
negative, about the stimulus. And if one has no feelings about a stimulus, it would be expected
that any physiological reaction to that stimulus be minimal. Certainly it would be less than that
to a stimulus which has even slight affective attachment for participant. The “+1” and “-1”
positions in the present studies are examples of such “slight affective attachment”, yet pupil size is
not as large at these points as it is at the “0” point. It may be an error, therefore, to assume
that there is no affect associated with the neutral point. The participant may rate a stimulus as
neutral, not because it has no affect for her, but because it is the midpoint between conflicting
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Figure 2: Relative pupil size as a function of ‘goodness’-0f-meaning ratings in Study 1.

positive and negative feelings toward the stimulus. For example, if the participant cannot decide
whether a stimulus is actually slightly positive or slightly negative, as a compromise she may rate
it as neutral. Clearly she is not indicating no affect for the stimulus, but ambivalent affect,
so much in conflict that an average between the two extremes is sought. Thus, the increased RPS
may be a function of arousal due to conflict associated with the ambivalent affect toward the
stimulus. Increased PS has previously been associated with conflict and uncertainty (Levine &
Hakerem, 1969) and this may be occurring in the present situation. Further, Libby et al.
(1968) have similar evidence of larger PS associated with stimuli previously rated neutral than

with stimuli previously rated either positive or negative.
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SUMMARY

From the internal analyses performed upon the data of Studies | and Il evidence emerges for
three general conclusions regarding the relationship between rated affect and pupillary activity. It
appears that:

(1) There is an RPS-affect relationship, but that it is a non-linear one;

(2) RPS associated with negative stimuli may be larger than RPS associated with equivalent
positive stimuli;

(3) RPS associated with stimuli rated as neutral may be relatively larger than stimuli rated
slightly positive or slightly negative.

Admittedly the evidence leading to the above conclusions is indirect, but it seems clear and
consistent. It was found in two independent, but similar studies. Each of the three conclusions
were suggested both by the data from Study | and by the data from Study Il. The problem which
now arises is to design a paradigm in which the above conclusions would serve as hypotheses.
Such a paradigm would induce comparable positive and negative affect so that PS during such
inducement could be analyzed and evaluated directly. Within such a design would be a provision
for some sort of neutral point at which no affect, either positive or negative, would be assumed to
be present. With these considerations in mind, Study Il was conducted.

STUDY Il

SUBJECTS

Five males, each within 6 months of their 17th birthday, served as participants in this
experiment. They were all friends and were brought to the experiment at the same time. They
were run consecutively, the order being determined by chance. Each was promised $2.00 for
participating in the experiment.

EXPERIMENTAL AREA

The research took place in the same experimental area as the previous studies and under the
same conditions, except for the following changes. A standard classroom movie projection screen
was placed directly in front of the participant at a distance of 3.05 m. The Carousel slide projector
was placed 0.686 m above the floor. Immediately in front of the projector was a controlled time
exposure shutter.

PUPILLOMETRIC STIMULI

Three stimulus slides were used in the present study, two during the instructions to the participant
and a third during the actual experimental period. The two pre-experimental slides consisted of a
black vertical line bisecting the slide with a dot on the left of the line on one slide and on the right
of the line on the other slide. The experimental slide had just the line down the centre with no dot
on either side.

PROCEDURE

The participant was introduced to the experimental chamber and, as in the previous studies, the
pupillometric apparatus was explained to him in a general way. When his head was in the correct
position and the camera and mirror properly adjusted, the participant was read the following
instructions:

As | said earlier, we will be playing a sort of game in which you will be competing against four other
students your age. It is my theory that young people like yourself are much better at this sort of thing
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than are adults. So that you will do your best to try to get good results for me, | will give the one who
does the best $5.00. What you will see during the experiment will be a slide like this...or like this...

At this point the participant was shown the pre-experimental slides, one with a dot on the left of
the line and one with a dot on the right of the line. The instructions continued. ..

All the slides will have a line down the centre and a dot on the right or on the left of the line. Your task is simply
to indicate which side of the line the dot is on. The catch is that the slide will only be on for 1/100th of a second.
Sometimes it will be on a little longer and sometimes not as long. This is how it will look...

Here, the experimenter changed slides and exposed the experimental slide for 8 milliseconds. It
had been previously determined that at this exposure it was impossible to be certain that a dot
was not present, but that the centre line was clearly visible. In a post-experimental questionnaire,
participants indicated that the deception was successful. Again, the instructions continued:

Most adults when they do this task get about half right, or as we say, perform at chance levels. | am going to
give you 100 trials. They will come every 2 seconds, so that after each trial you are to press the key on the left
or the key on the right immediately. You press left if you think the dot is on the left of the line, and right
if you think the dot is on the right of the line. It is important that you press either the right or the left key on
every trial, because even if you think you may not have seen where the dot was, the mind is very clever and you
will probably, according to my theory, be correct more often than you are incorrect. Anyway, no answer is
counted as an incorrect answer. After every ten trials you will be told your score so that you know how well
you are doing. My assistant in the next room will be keeping track of the key you press. She will report to you
through the earphones how well you did. She will not tell you how many you had correct, but rather how far
above or below chance you are. Since chance is 5, if you score say, 8 out of 10 correct, she will say “3 above”
but if you score 3 out of 10 correct, she will say “2 below” and so on. If you score right on chance, that is 5.
she will simply say “zero”. Generally then, you will hear a number indicating how far you are from
chance, followed either by the word “above” indicating better than chance, or the word “below” indicating worse
than chance. If you hear “zero” that means you were right on chance. Are there any questions?

If there were any questions, the experimenter answered them by referring, where possible.
the instructions. At this point the experimenter summarized the instructions for the participant:

So we will have 100 trials and after each 10 trials you will be told how well you did. Don’t forget to press either
the left or the right key after each trial. Remember now, most people score at chance levels, but I will give $5.00 to
the one who does the best.

Feedback was previously taped by a female assistant in one of five random orders. On an
individual trial, the participant heard the voice say one of the following: “3 below”, “1 below”,
“zero”, “1 above”, or “3 above”. Over the course of the experimental session, each of the five
levels of feedback was heard twice.

Feedback was heard approximately 10 seconds after the last exposure of a slide in any block of
10 trials. The first exposure of the experimental slide for the next block followed feedback by
approximately 10 seconds. The experimenter used one of the fiber optic systems to indicate onset
of feedback on the developed film.

DATA ANALYSIS
Data were obtained from the 5 seconds immediately preceding and following the
feedback period (FP). Time prior to PP was labeled “baseline” and time following PP was
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called “stimulus”. PP was defined as that period 1.5 seconds prior to stimulus onset to 1.5
seconds after stimulus Onset. Actual feedback offset occurred 0.5 to 1.0 sec after stimulus onset.
The elimination of data immediately prior to and immediately after FP was done to reduce
anticipation and OR effects.

The unit of measure used was the percentage difference in PS between the stimulus period and
the baseline period. Again, this was an attempt to eliminate “pure” stimulus effects in order
to better isolate pupillary reactions to cognitive events elicited by the stimulus.

RESULTS

Figure 3 presents RPS as a function of the five stimulus feedback levels. t tests were per-
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Figure 3: Relative pupil size as a junction of levels of affective feedback in Study IlI.

formed using the mean squared error from the overall analysis of variance as suggested by
Winer (1962, p.208). They indicated no significant differences between “-3” and*“-1” (¢ =
0.635); “+3” and “+1” (¢ = 0.496); and “0” and “-1” (¢ = 0.833). Inspection of the means
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indicated that RPS associated with negative feedback was not larger than RPS associated with
positive feedback. This method also indicated that RPS at “0” was not larger than RPS at “+ 17,

DISCUSSION

Predicted reliable differences between means were not found, although the function did resemble a
U-shape. In addition to the means generally falling in the predicted relationship, a second relevant
finding is the lack of evidence for constriction at any feedback level. All the means indicate
dilation responses when compared to the control periods, with the mean for “+1”
approaching significance (¢ = 1.597, df = 9, p < .08) and for “+ 3” exceeding accepted levels of
significance (r=1.897, df =9, p < .05).

The failure of RPS associated with negative feedback to be larger than that associated with
positive feedback may be interpreted in two ways. First, it is likely that points on the abscissa
(feedback), although conceptually equidistant from each other for F, are not cognitively equidistant
from each other for the participant. It may be that feedback of “-3” or “~1” is not cognitively the
same distance from the “0” point as feedback of “+3” or “+1”. In the present experiment, it
may be that negative feedback is actually very close to being neutral, making for a rather small
dilation response. Likewise, positive feedback may be relatively far from the neutral point (that
is, stronger), resulting in a somewhat larger pupillary dilation. This same reasoning may be
applied to the positive and negative ratings in Studies I and I1.

A second interpretation that may supplement, rather than replace the first, is gained by looking at
Study 11 from the participant’s point of view. Basically, no matter what happens, he will leave the
experiment with $2.00. In other words, when he hears the negative feedback, he still knows
that he will leave the experiment with more money than when he came. It appears, then, that
there may be little or no negative affect associated with what has been labeled negative feedback
in the present experimental situation. This is borne out by the lack of significant dilation or
constriction to this type of feedback. On the other hand, it appears much more certain that there is
positive affect connected with positive feedback. The participant has both the prospect of more
than doubling his money and the incentive to best his friends in this form of competition. That
positive affect may have been present is supported by the significant dilation to positive feedback
of “+3”.

It was felt that little could be done at present to rectify the first design problem, that is, the
lack of cognitive equivalence of positive and negative feedback. To deal with the second
problem, however, seemed much more within the realm of possibility. The problem is to
associate negative affect with a stimulus, while keeping “pure” stimulus effects to a
minimum. By pure stimulus effects is meant the effects due solely to the physical
properties of the stimulus. Since in Study Il it was not clear that negative affect was
present, either due to physical stimulus properties or to cognitive evaluation, Study IV was
developed to induce stronger levels of negative affect while keeping the physical properties
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of the stimuli the same as in Study Ill. This was accomplished by using the same recorded
feedback, and by changing the instructions slightly to open the opportunity for the participant
to lose money, as well as win money as in Study 1.

STUDY IV

In Study 1V, the Participants, Experimental Area, Pupillometric Stimuli, Procedure, and Data
Analysis were the same as in Study 111, except for the following:

PARTICIPANTS

Seventeen males, each within six months of their seventeenth birthday served as
participants. Six participants were discarded owing to poor film quality or to technical and
equipment problems during the experimental session. Data from 10 participants were analyzed,
two from each of the 5 feedback orders. The feedback was the same as in Study Ill. A 7th
participant was discarded since he was the third participant in Order No. 1. Each was
promised $3.00 for participating in the experiment.

PROCEDURE

The procedure differed from Study 111 only in instructions. These differences were in the first
and last paragraphs which emphasized both that the participant was competing against a standard
and that his chances of winning or losing money were dependent upon his own score and not
that of someone else. These two paragraphs are reproduced below:

As | said earlier, we will be playing a sort of a game in which you will really be competing against yourself. It
is my theory that young people like yourself are better at this sort of thing than are adults. To give you some
incentive to try and do your best to get good results for me, | will give you $3.00 for participating in the
experiment. However, if you score better than the average adult, | will give you an extra $2.00 for a total of
$5.00. On the other hand, if you score worse than the average adult, | will take away $2.00 and you will only
receive $1.00 for the experiment. Is it a deal?

All participants agreed to participate and the same instructions as Study 111 were read until the
final paragraph:

So we will have 100 trials and after each 10 trials you will be told how well you did. Don’t forget to press
either the left or the right key after every trial. Remember now, most adults score at chance levels, but if you
score above chance | will give you an extra $2.00 and if you score below chance, | will take $2.00 away.

RESULTS

Figure 4 presents RPS as a function of the five stimulus feedback levels. RPS at each feedback
level indicated significant dilation (“-3”, ¢t = 2.717, df = 19, p < .01; “-1”, = 2.997, df = 19, p <
005; “0”, 1= 2.722, df = 19, p < .01; “+1”; t = 2.951, df= 19, p < .005; and “+3”, t = 3.451, df =
19, p < .005). However, further ¢ tests, using the analysis of variance mean squared error indicated
that none of the adjacent means differed significantly from each other (-3 and “- 17, t = 0.498;
“-1” and “0”, = 0.954; “0” and “+1”, t = 0.577; and, “+1” and “+3”, t = 1.084).
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Figure 4: Relative pupil size as a function of levels of affective feedback in Study 1V

Inspection of the means indicated that PS associated with negative stimulation was not
larger than pupil size associated with positive stimulation.

DISCUSSION

The significant dilation to each stimulus, regardless of affective valence, directly contradicts
Hess’s aversion-constriction hypothesis. This hypothesis contends that pupillary constriction occurs
as a result of the impingement of “unpleasant” stimuli upon the organism.

The change in instructions from Study Il to Study IV would appear to have been effective
in inducing greater negative affect, since in Study Il1 significant dilation was not found to be
associated with negative stimuli. The implication here is that the negative stimulation in
Study 111 was too weak to produce this effect. The dilation in Study IV could not be due to
pure stimulus effects, since the same tape recorded feedback was used as stimuli in the
two studies. The only procedural difference was the cognitive set given to the participant by
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the instructions prior to stimulus exposure. Likewise, for the positive and neutral stimuli,
dilation was either significant in Study IV where it had been nonsignificant in Study Il or, as in the
case of the “+3” stimuli, even more significant.

Although the means were in their predicted relationship to each other, once again they failed
to reach accepted levels of significance. One interpretation of why this occurred may stem from
the attempt to eliminate what has been called pure stimulus effects. It may be that the
cognitively evaluated differences in affect of each of the stimuli is just too mild a
manipulation to consistently generate reliable differences in pupillary dilation. The root of this
lack of reliability is likely to be found between participants, in their various interpretations of the
stimulus differences. This is discussed in greater detail later.

The pupillary dilation at the “0” point is a little more difficult to interpret. Although these are not
ratings of neutrality as in Studies I and II, an “arousal due to conflict” explanation may not be
entirely inappropriate. The participant expects to hear that he has done “well” or that he has done
“poorly”; when hearing that he has performed at chance, he may experience conflict between relief
at not doing poorly and disappointment at not doing well. Another explanation might be that
“performing at chance” or “at the same level as adults”, has affect value, either positive or
negative. It may even have the effect of increasing arousal due to a type of incentive moti-
vation, driving the participant to do better. Inspection of the post-experimental questionnaire
indicates that for most participants, some form of affect was aroused by this feedback.

GENERAL DISCUSSION OF STUDIES I TO IV

The results of the individual studies in this paper have not lent overwhelming support to the
basic predictions outlined in the introduction. As can be seen in Figures 1 to 4, however, there is a
general trend of support that does not reach accepted levels of significance. The repeated finding of
a U-shaped function and elevated RPS at the neutral point in each of the four studies suggest that
a reliable effect may be present. Combined analysis of probabilities tests were performed upon the
data in an effort to find out if this optimism was warranted.

Table 1 presents the relevant data for a combined analysis of the probabilities (Winer, 1962, p.
43) associated with the differences between the levels of affect labeled “-3” and “-1”. In each
study, “-3” was the level of affect farthest from the neutral point and “- 1 was the level of affect
closest to the neutral point. In all four studies the mean for the affect level ““-3”’ was larger than
the mean for “-1”, and the test indicates that these differences combined are signifi-
cant (;° = 18.7 130, df = 8, p < .02). This is supporting evidence for the existence of the
general phenomenon mentioned earlier, that the stronger the negative affect, the larger the
RPS. Again, the aversion-constriction hypothesis is not supported.
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TABLE 1

COMBINED PROBABILITIES ANALYSIS OF THE DIFFERENCE
BETWEEN THE MEANS NEAREST AND FARTHEST FROM THE NEUTRAL
POINT ON THE NEGATIVE SIDE

Study Statistic df Probability -In
| t=1.4944 43 0.10 2.3026
1l t=2.5498 44 0.01 4.6052
11 t=0.6354 40 0.27 1.3093
v t=0.4979 80 0.32 11394
9.3565
¥? = 2(9.3565) = 18.7130
df=8
p=0.02

The same test was performed on the differences between the levels of affect labeled “+3” and
“+1”; however, the overall combined probability did not reach accepted levels of significance (;* =
12.9896, df = 8, p < .11). This is not as serious a blow to the major hypothesis as might be
expected, for the demonstration of a linear relationship between PS and positive stimuli
is consistently found in the literature and is all but universally accepted. The failure to obtain
significance here is primarily due to the inexplicable reversal in Study Il. While it is inappropriate to
do so (see, Guilford, 1956, p. 247), if Study Il is not included in the combined analysis, a »* of
12.411 (df = 6, p < .055) is observed. These figures must be interpreted with extreme
caution, but they may suggest that had Study Il not been a reversal, the effect would have been
present.

THE ELEVATED NEUTRAL POINT

A combined analysis was also performed upon the differences between the means of the
neutral points and the overall mean of their adjacent positive and negative points. Table 2
presents this analysis. Three of the four comparisons were in the predicted direction, that is,
the mean for the neutral point was larger than that for the combined adjacent means of
“+1” and “-1”. The analysis indicated a high degree of significance (* = 18.63 14, df = 8, p < .02).

TABLE 2
COMBINED PROBABILITIES ANALYSIS OF THE DIFFERENCE BETWEEN THE MEANS
OF THE NEUTRAL POINTS AND THE MEANS OF THE COMBINED ADJACENT POINTS

Study Statistic df Probability -In
| t=3.199 25 0.005 4.6052
1 +=1.800 24 0.05 2.9957
11 t=0.334 9 0.60 (1-p)* -6:5168
v t=0.602 19 0.30 1.2040
9.3157
¥ =2(9.3157) = 18.6314
df=8
p=0.02

Note: * The mean of the adjacent points is larger than the mean for “0” in Study III.
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The consistency of this finding over four independent experiments is quite interesting. At present,
however, the interpretation of this phenomenon must remain speculative. An effect such as this
has been located in only two pupillometric research reports (Boddicker, 1970; Libby, 1970)
and no attempt was made to interpret the effect.

One interpretation, which appears to apply primarily to Studies | and I, is that the enhanced
RPS at the neutral point is a result of arousal due to conflict. This argument was presented
earlier. The interpretation of the effect in Studies Il and IV is similar to that of the previous studies,
that is, arousal due to conflict. However, there may be additional processes at work. Two
things should be kept in mind about these latter two studies. All participants were male teenagers and
performing at chance was defined as “getting the same score as adults do”. This definition of
chance may have had unexpected strong emotional or cognitive associations for some of these
adolescent participants. This too, of course, would serve to enhance autonomic arousal and pupillary
dilation to the feedback.

A GENERAL MODEL

It seems clear now that to speak of a curvilinear relationship between RPS and affect is not
completely accurate. Support for this proposition is indicated when one looks at the positive and
negative ends of the affect continuum independently. The issue becomes clouded, however,
when the continuum moves into the “neutral zone” where stimuli are neither positive nor negative
but are assumed to be neutral or without affect. It was in this neutral zone that elevated RPS was
found so consistently in the studies reported here. This approach emphasizes the importance of
intensity in determining RPS rather than the valence of the affect, as Hess would predict; that is,
regardless of whether a stimulus is positive or negative, the stronger it is, the greater will be the
pupillary dilation associated with it. Figure 5 presents functions which reflect the differences in
predictions between the Hess approach and the approach taken by the present paper. The
straight line bisecting two quadrants and passing through the origin represents a “perfect” set of
data according to the Hessian attraction-dilation and aversion-constriction hypotheses. The
parabola, whose nadir touches the origin, represents a “perfect” set of data based upon the
intensity-dilation hypothesis. The ordinate represents the dilation-constriction continuum of
RPS, and the abscissa represents the positive-negative continuum of affect. The seven points
in the figure represent the average of the means of the seven affect levels in each of the four
studies reported above. (The means of “+2” and “-2” for Studies 11l and 1V were interpolated.)

While combining of means in this fashion is not conventional, and interpreting must be
done with extreme caution, it does give an impression of what pupillary activity was generally
like at seven different affect levels over the course of four independent experiments. It can
be seen that these points more closely approximate the parabola than the straight line, thus
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Figure 5: A comparison of the Hess model and the aversion-dilation model

lending support to the intensity dilation hypothesis over the aversion-constriction hypothesis. The
attraction-dilation half of the Hessian formulation is both predicted by the intensity-dilation
hypothesis and supported by the data. The important point in Figure 5 is that there is no
evidence for the aversion-constriction hypothesis. The hatch-marks around the neutral intensity
point are there to indicate that this is an area in which predictions are difficult to make. The data
from the present series of studies support neither the linear nor the curvilinear predictions, as RPS at
this point was consistently elevated. Aside from its consistency, little, as yet, is known about this
phenomenon. It seems clear, however, that in terms of intensity, no stimulus can really be neutral
or it would not exist. This follows from contemporary definitions of stimulus which stress that
to be a stimulus, an object or event must excite receptors or cause an effect (e.g., Drever, 1965). It
may be that by imposing “artificial” neutrality upon a stimulus, as was done in the present
studies, other qualities are added that are not present when a stimulus is at least slightly positive
or slightly negative. This has been discussed earlier in terms of arousal due to conflict.

The studies reported here are almost unique in the area, in that several necessary
experimental controls are employed in the same investigation. A few of the factors that
have been controlled are: participants’ age within experiments, the orienting reflex, pure
stimulus effects, anticipation effects, the near vision reflex, variable baseline, and light reflex
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effects. The use of pictures in this area of research has been the rule rather than the exception, and
some authors (e.g., Loewenfeld, 1966), feel that these studies should be dismissed “out-0f-hand”.
Perhaps of primary importance to the present and planned research program is the general
evidence, obtained through combined probability analysis, of support for the author’s basic
hypothesis. This hypothesis states that PS is linearly related to the intensity continuum of
affect and curvilinearly related to the valence continuum of affect.
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