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Pupillometry system for use in social psychology

PAUL C. BERNHARDT, JAMES M. DABBS, JR., and JASMIN K. RIAD
Georgia State University, Atlanta, Georgia

It is now relatively easy to implement pupillometry in social psychological research. We describe a
system in which a Macintosh computer presents visual and auditory stimuli to subjects while moni
toring an infrared pupillometer. The computer records information on subject, task, and pupil diame
ter into a data file for input into standard statistical analysis programs. Pupil diameter is measured con
tinuously while subjects respond to stimuli that last for several seconds or minutes. A demonstration
experiment verifies the usefulness of the system. The ability of the Macintosh computer to easily han
dle visual and auditory stimuli and to record responses lasting a considerable length of time makes the
system well suited for studying pupil responses to complex social stimuli. This system is also well
suited for the researcher initiating a research program using pupillometry. Ease of operation makes
using a large number of subjects feasible.

The eyes are a window to the soul, or at least to the mind,
and for decades psychologists have looked to the eyes for
clues to mental processes. Pupil responses provide indica
tors ofcognitive processing, attention, and brain activation
(Beatty, 1982; Beatty & Wagoner, 1978). In the past, mea
suring pupil responses was tedious and required consider
able technical sophistication. We believe our system makes
it somewhat easier for a new researcher to implement pupil
lometry in studying the cognitive underpinnings of social
psychological processes. The system records data while si
multaneously presenting complex stimuli. The present paper
describes the system and presents preliminary data to in
dicate its usefulness.

Pupil dilation is general1yregarded as a measure ofbrain
activation, indicating the intensity of concentration or in
terest in a stimulus (Tryon, 1975). Initial task-evoked pupil
lary responses occur quite quickly (300-500 msec) and
dissipate equally quickly when processing ceases (Beatty,
1986). This brief time interval is appropriate for some pro
cesses in social psychology, such as affect and impression
formation. However, other phenomena of interest in social
psychology involve prolonged reactions to complex stim
uli. For the longer term responses, methods ofdata col1ec
tion and analysis are needed that preserve the richness of
the phenomena. Currently available computers make sta
tistical analysis ofpatterns of change over time a practical
reality, though in order to conduct these analyses, the con
tinuous nature of the data must be preserved. Our system
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records a continuous stream of pupil diameter scores in a
format that can be easily transferred to a mainframe com
puter for analysis.

The system we have developed directly displays com
plex stimuli while recording pupil diameters and is adapt
able to a variety ofexperimental procedures. A single com
puter replaces the more common arrangement in which two
linked computers perform the separate tasks ofpresenting
stimuli and recording data, or an arrangement in which a
computer controls some external device that presents stim
uli. Using a single computer gives the advantage ofgreater
reliability and ease ofsetup because offewer components.
The actions of presenting stimuli and recording data pro
ceed without interference from each other.

Several systems have been developed that control stim
uli while collecting pupillary response data. McConkie,
Scouten, Bryant, and Wilson (1988) developed a system for
IBM-compatible computers that uses a combination ofC
language and assembly language routines for pupil1ometry.
Programming in assembly language requires greater so
phistication than programming in higher level languages
such as Pascal. Blumenthal and Cooper (1990) developed
a system for Macintosh computers that uses Pascal pro
grams to measure the startle reflex eye blink. However, in
Blumenthal and Cooper's system, as well as McConkie
et al.'s system, the computer both gathers the data and con
trols external equipment to present stimuli. The control of
external equipment requires considerably more technical
sophistication than does a system such as ours, for which
the stimuli are presented on the computer's display screen.

The difficulty of control of external equipment is ad
dressed by our system. Compatibility between external de
vices and the computer control1ing the experiment has been
a major barrier to implementation in previous pupillometry
systems. Technicians must be knowledgeable about many
devices that use different methods of coding information.
Any device that displays stimuli must be control1ed in some
manner to ensure consistent experimental conditions. Typ
ical1y an output interface card in the computer sends sig-
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nals to the internal control mechanisms of the stimulus
displaydevice. Transformation ofthe signals to ensure com
patibility, construction of suitable signal transmission
cable, and testing to eliminate errors in the system are all
problems requiring the attention of a technician who is
well versed in these pieces of equipment and procedures.
Using the intrinsic capabilities ofthe Macintosh computer
system, as described in this paper, means that compatibil
ity between the computer and the stimulus presentation
device has already been addressed by the manufacturer.
Since less technical sophistication is required for imple
mentation, we believe our system offers an advantage to re
searchers who want to initiate a new research program using
pupillometry.

Other systems have been developed that monitor the
eye while simultaneously displaying video information.
Hutchinson and his colleagues have described an IBM
compatible system that uses direction ofgaze information
to execute commands displayed on the computer screen
(Frey, White, & Hutchinson, 1990;Hutchinson, White, Mar
tin, Reichert, & Frey, 1989). The system detects the user's
gaze dwelling on a given command, which is then executed.
Hutchinson's system is intended for use as a computer
interface for the physically impaired. Although it might be
adapted for psychophysiological measures, such adapta
tion has not yet been presented.

Our system has two principal components. The first is
the infrared pupillometer. It is connected to the second ele
ment, which is the Macintosh computer system. A com
puter program controls the Macintosh and organizes the
data. The following describes the system in greater detail.

SYSTEM DESCRIPTION

The system has two major hardware subsystems (See
Figure 1).A corneal reflection tracking device, the ISCAN
Model RK-426 (ISCAN, Cambridge, MA) is used as a
pupillometer. An infrared sensitive television camera
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Figure 1. Schematic layout of equipment.

transmits an image of the infrared illuminated eye to the
ISCAN. The pupil absorbs infrared and appears as a dark
spot to the ISCAN equipment. The ISCAN equipment uses
contrast and reflection detection algorithms to compute
pupil diameter and direction of gaze. This information is
continuously outputted in both analog voltage and digital
formats.

The second subsystem is a Macintosh computer (model
IIci) with a high-resolution color video display and a
McAdios Jr. analog-to-digital (AID) interface card (GW
Instruments, Sommerville, MA). A Pascal program' con
trols the presentation of stimuli to subjects either aurally
through headphones or loudspeakers, or visually through
a color video display. The program instructs the AID card
to interrupt the operation of the program at regular inter
vals to read and store pupil measurements.

The program keeps track of information regarding the
subject and the subject's tasks. By using an internal clock,
it synchronizes the pupillometry record with critical tim
ing indexes and task labels. At the end ofa session the pro
gram constructs a data file that includes the following on
each line of data: subject number, task type, task within
type, and line number (representing time) within task. Each
line contains a new pupil diameter value; therefore, the data
file represents repeated measurements of pupil diameter.
Storing the data in this format facilitates later statistical
analysis.

The program, written exclusively in compiled Pascal
(Think Pascal, Symantec, Cupertino, CA), utilizes several
features unique to the Macintosh operating system. The
sound and picture stimuli are stored in "resource" files ac
cessed by the program. (A resource file is a special class
of data structure used in Macintosh computers that sepa
rates data used by the program from the main application
program itself.) Storing the stimuli in this manner makes
it possible to change the stimulus set without modifying
the program code or, in many cases, recompilation. Most
Macintosh applications used for sound and picture editing
have the ability to create resource files. A particular pro
gram, ResEdit (Apple Computer, Cupertino, CA), allows
for easy editing of resource files.

The program displays pictures in 24-bit color in a stan
dard Macintosh window. The Macintosh operating system
allows the display of differently sized pictures against a
medium gray background. The picture being displayed car
ries display size information within its file. This is used to
size the window for display ofthe picture so the background
is automatically reconfigured for each picture as necessary.

This versatility minimizes problems of background
brightness influencing pupil diameter. Each picture may be
ofdifferent size. Medium gray can be used as a background
color on the Macintosh. The automatic sizing ofthe window
means that the background will automatically be filled with
this neutral color. This consistency in background means
that pupil diameter changes can be attributed to stimulus
differences rather than brightness differences.

The Macintosh is particularly well suited for presenta
tion ofsounds. Built into the system software and hardware
is the capability of sampling sounds at 22 kHz for digital



encoding. Application programs can be used to manipulate
sound data to introduce a variety of differences between
sounds that may affect pupil diameter.These same programs
can store sounds as resources similar to pictures. Versions
ofthe operating program for our system have used sounds
as stimuli (Bernhardt, Cummings, Dabbs, Riad, Hopper,
& Clay, 1992).

SYSTEM CAPABILITIES

The system has demonstrated useful capabilities. The
computer data collection rate greatly exceeds the maximum
sampling rate of the ISCAN equipment. Visual and audi
tory stimuli can be presented at a rate consistent with the so
cial phenomenon of interest. The system is user friendly;
each subject takes only about 15 min to run, including in
structions and debriefing. The following describes system
capabilities and limitations in greater detail.

The MacAdios, Jr., analog-to-digital card is not a lim
iting component in gathering data. It can record samples
as fast as every 100 msec in this experimental setup. An
advantage is its use of background interrupts to gather
data. After being initialized by the program, it temporar
ily pauses the execution ofthe program at commanded in
tervals to get pupil diameter value from the ISCAN ma
chine. After the data are stored, the program resumes. This
operation is rapid, so there is no degradation or delay in
video presentation.

The ISCAN pupillometer is the most conspicuous lim
iting factor in data collection. It produces a new measure
ment ofpupil diameter every \0 sec. Therefore, data gath
ering rates that exceed 60/sec are redundant.

The system allows for versatility in displaying stimuli
while pupillometry data are being recorded. The timing is
handled by delay loops that are adjusted for different ex
periments. The delay loops keep the timing ofstimuli dis
play to within 1;(,0 sec from task to task. With typical stim
uli presentation times of5-15 sec, error of less than 1;(,0 sec
in display timing is negligible. Commands recently devel
oped for the Macintosh by the manufacturer (TimeManager
commands) are presently being incorporated, and they
should reduce timing error to about 20 msec.

Any computer takes a finite amount of time to display
a given image. In the current version ofthe program, the full
screen picture typically takes about 1f4 sec to display. Pupil
diameters recorded during this time are removed from the
analysis. Off-screen drawing methods are presently being
incorporated that will reduce the image display time to the
refresh rate of the monitor (about 1/60 sec).

The presentation of sounds as stimuli is easily accom
plished. A digital sound file on the Macintosh's disk drive
carries precise timing information that ensures consistent
playback time, frequency, and timbre. Once initialized, a
short and consistent delay (heard as silence) occurs before
the sound actually starts. It is possible through the intrin
sic stereo hardware of the Macintosh to play sounds in ei
ther or both ears selectively. As in video presentation, the
interruption of the program to record a pupil diameter
causes no degradation in sound' quality.
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DEMONSTRATION STUDY

This section describes a study that demonstrates the po
tential of the system in social psychological experiments.
The study examined the interest of male and female sub
jects viewing violent and peaceful scenes. We expected to
find an interaction between the gender of subject and vio
lence ofpictures in the pattern (over time) ofpupil diameter.

Method
Eighteen male and 21 female undergraduates participated to fulfill

an introductory psychology course requirement. Subjects sat in a com
fortable chair and rested their foreheads and chins against a headrest
to fix the position ofan eye for the camera and infrared light source.
They were asked to pay attention to what they saw.Visual stimuli were
presented on a 30-cm (diagonal) color monitor positioned about
70 ern from the subject.

We examined pupil responses while subjects viewed paintings by
George Bellows. High-quality reproductions of the paintings were
scanned Into the computer and presented to subjects as 24-bit color
images. Five boxing scenes and five peaceful scenes of seascapes
and people engaged In commonplace activities were presented to
each subject, With the fight/peaceful order counterbalanced across
subjects. Each picture was presented for 6 sec, preceded by 6 sec of
a mosaic made up of the patterns and colors shown in the following
picture. The mtention was for the mosaic to provide a baseline for
each picture by virtue of the image being composed ofthe same in
tensity of colors. Pupil size was recorded every 1'4 sec. Salivary
testosterone levels were also measured for 14 male subjects in this
study using the methods similar to those described by Dabbs (1990,
1991), because of a widely reported link between testosterone and
aggression (Archer, 1991).

Results
Data were analyzed using SAS (SAS Institute, 1982).

As an initial step in data processing, pupil diameter scores
were sorted into a frequency distribution for each subject.
Scores in the tails of the distribution, beyond the point
where the frequency dropped at least once to zero, were
identified as outliers. Since these outlier scores seemed to
represent data associated with eye blinking, each outlier
was replaced by the last valid score preceding it in the sub
ject's original stream ofdata. A small number ofscores (rep
resenting 2.03%) were replaced in that manner.

Examination ofplots ofpupil diameter across the entire
experimental session suggested a problem with using mo
saics as baselines. The mosaics were quite striking in ap
pearance, and subjects dilated more in response to them than
to the pictures. The first 2 sec ofeach picture was discarded
because subjects appeared primarily to be recovering from
dilation to the preceding mosaic. Dilation at the 2-sec point
was taken as a baseline for each picture, and all pupil scores
were converted to percent of baseline scores.

An initial gender (2) X time (16) X picture (10) repeated
measures analysis of variance (ANOVA) revealed differ
ent patterns of change across the 10 pictures, with effects
of time [F(14,476) = 3.02, p < .001, e = .37], picture
[F(9,306) = 2.70, P < .01, e = .82], and time X picture
[F(l26,4284) = 1.64, P < .001, e = .23].2 When the
10 pictures were grouped into two content categories
(fight and peaceful), a repeated measure ANOVA showed
effects of time [F(14,476) = 3.02,p < .001, e = .37] and
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oftime X content X sex [F(l4,476) = 1.79,p < .05, e =
.44]. Figure 2 shows the three-way interaction across time.
Females dilated more to peaceful pictures. Males dilated
more to fight pictures.

A median split oftestosterone scores was used to divide
male subjects into two groups. We expected high
testosterone males to dilate more to fight than to peaceful
pictures. However, this was not the case. In a 2 (testos
terone) X 2 (content) X 16 (time) repeated measures
ANaYA, there was a significant testosterone X time ef
fect [F(l4,182) = 1.89,p < .05, e = .29]. As indicated in
Figure 3, high-testosterone males dilated more over time
to both types ofpictures than did low-testosterone males.

Discussion
The system produced consistent and analyzable results

in this demonstration. We were able to discern dilation dif
ferences between males and females and differences be
tween high- and low-testosterone males. We also detected
effects that were not apparent in a casual inspection ofthe
raw data. With appropriate data analysis, this system can
detect changes in slope that are subtle but may prove

meaningful when appropriate controls and manipulation
checks are in place.

We were also able to demonstrate the ease ofoperation
ofthe system. No subjects in this study were lost due to sys
tem failures or operator errors. This success may be a result
ofthe relatively simple experimental design; nevertheless,
we expect, given studies of equal complexity, that fewer
experimenter errors would occur with our system compared
to previous systems.

The difficulty found in establishing baselines contra
indicates the use of particularly striking patterns, even
though they consist of the intensity of colors of the stim
ulus image. Our mosaics produced dilation that indicated
that subjects found them inherently interesting. The use of
the 2-sec point as baseline may be inappropriate on the
basis ofBeatty's (1986) findings that pupil responses occur
at about 300-500 msec after the onset of stimuli. On the
other hand, including the influence of the mosaic could
make the results more difficult to interpret. In future stud
ies, we expect that a random pixel pattern made of the col
ors of the image or a neutral gray interstitial image will
prove adequate for establishing baselines.
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Figure 2. Pupil diameter (percent of baseline) over time for male and female subjects watching peaceful and fighting pictures,
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GENERAL DISCUSSION
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Figure 3. Pupil diameter (percent of baseline) over time for
high- and low-testosterone males watching all pictures.

The experimental setup is manageable and produces
useful results. Pupillometry allows continuous monitoring
ofprocessing load over time. The high-fidelity audio and
video color displays are well suited to studying reactions to
complex stimuli, including faces and other objects, as well
as multimedia shows. The simplicity of operation makes
the system especially useful in getting consistent results
from different subjects and different experimenters. The
short time needed to run each subject means that large
numbers of subjects can be run in a few weeks, making it
possible to accumulate the sample sizes necessary to study
individual difference variables in cognitive processing.

Collecting data with a desktop computer and passing it
on to a mainframe computer for statistical analysis makes
it feasible to handle large amounts of data and complex
statistical designs, including designs with hundreds oflev
els of repeated measures factors. The advantage of ana-
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NOTES

I. The program and documentation are available on the Internet Ill:
macpsych@stolaf.edu. See Huff and Sobiloff (1993) for details on how
to access information in that forum.

2. All degrees of freedom corrections are Huynh-Feldt corrections.
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