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Purpose. There were three objectives of this study: ( I ) To assess the possibility of
using pupil diameter as an index of deception in the context of a comparison question
polygraph test. (2) To determine if pupil diameter would make a significant contribution
to an optimal multivariate classification equation in combination with the traditional
predictor variables used in field polygraph practice. (3) We explored the possibility of
replacing one or more of the traditional predictor variables with pupil diameter.

Methods. We used a laboratory mock crime experiment with 24 participants, half of
whom stole $20 (US) from a secretary's purse. Participants were tested with a
comparison question test modelled after standard field practice. Physiological measures
were taken with laboratory quality instrumentation. Features were extracted from the
physiological measures. Those features were subjected to a number of different
statistical analyses.

Results. Innocent participants showed larger increases in pupil diameter in response
to probable-lie questions than to relevant questions. Guilty participants did not show
differential responding to the question types. The additional of pupil diameter to a
multivariate classification model approached, but did not reach significance. Subsequent
analyses suggest that pupil diameter might be used to replace the traditional relative
blood pressure measure.

Conclusions. Pupil diameter was found to be a significant predictor variable for
deception. Pupil diameter may be a possible replacement for the traditional relative
blood pressure measure. Additional research to explore that possibility v^ould seem to
be warranted.

Despite decades of research, there is a Icmg-standiiig and heated debate on the validity
of the comparison question test (CQT) for psychophysiological deception detection
(PDD; Honts, Raskin, & Kircher, 2005; Iacono & Lykken, 2005; National Research
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Council, 2003). Proponents argue that deeision accuracies approaching 90% can be
achieved with the CQT (Honts et al., 2005). Critics claim that deeision accuracy is about
84% for deceptive individuals and is no better than chance (50%) for trutliful subjects
(laeono & Lykken, 2005), In addition to the debate over accuraey, the rationale
underlyitig the CQT has been challenged and argued in the scientiric literature (Ben-
Shakhar Si Furedy, 1990; Honts et al.. 2005; lacono & Lykken, 2005). Despite this
controversy, the CQT is used extensively throughout the world for criminal
investigations (Raskin & Honts, 2002), and the consequences of deeision errors in
these settings ean be serious. The present study was designed to test if pupil diameter is
diagnostic of deception in a CQT and if it can be used to improve on the accuraey
achieved by traditional measures of physiological arousal.

The CQT includes several types of questions, only two of which are used to assess
credibility, relevant questions and probable-lie eomparison questions. Relevant
questions direetly and unambiguously address the matter imder investigation (e.g. Did
you take any of the missing money?), whereas probable-lie comparison questions
pertain to the matter under investigation only in a general way and cover a long period
of time (e.g. Before the age of 30, did you ever take something that did not belong to
you?). Probable-lie eomparison questions are intentionally vague and difficult to answer
truthfully with an unquaiiñed No.' The examiner maneuvers the subject into a quick
No' response through the demand ehameteristics ofthe pre-te.st interview by telling the

subject that these questions are used to assess eharaeter and determine if the person is
the t)'pe of person who might have committed the crime. Innocent subjects answer
relevant questiotis trutlifuUy, but they are assumed to be deceptive in their answers to
the comparison questions. The rationale of the CQT prediets that innocent subjeets will
be more concerned about the eomparison questions and will respond more strongly to
them than to the relevant questiotis. In contrast, guilty subjects answer the relevant
questions deceptively, and because relevant questions are more salient, guilty subjeets
are expected to react more strongly to the relevant questions than to the comparison
questions. In the field, the question sequence is presented at least tliree times, providing
three or more sets of recorditigs of physiological activity.

Physiological measures traditionally ased in the CQT include thonicic and abdominal
respiration, skin conduetanee, relative blood pressure, and vasomotor activit>'. These
measures have utility for detecting deception individually and in eombination (Kireher,
Kristjansson, Gardner, & Webb, 2005; Raskin & Honts. 2002). It is currently
hypothesized that these physiological measures reflect activation in both affect and
information processing (Handler & Honts, 2008a, 2008b). All sourxres agree that there
are classification errors with the CQT and that accuracy might be improved by a new
dependent measure that might capture discriminative variance not encompassed by the
traditional measures.

Vrlj (2008) notes that lying is likely to be more eognitively dematuling than truth
telling. Vrij also notes that aspects of the deceptive context modulate the cognitive
load experieneed by the liar. Vrij goes on to describe six factors that may affect the
cognitive load on the liar. There is a long history of research that demonstrates that
task-evoked changes in pupil diameter are reliable atid valid indicators of cognitive
load. Increases in pupil diameter are associated with task diffieulty in recall and
transformation of digit strings (Kahneman & Beatty, 1966), mental multiplieation
(Aiiern & Beatty, 1979; Hess & Polt, 1964), sentence processing (Just & Carpenter,
1993; Schluroff, 1982), letter proeessing (Beatty & Wagoner, 1978), and lexical
translation (Hyona, Tommola, & Alaja, 1995). If deception is more eognitively
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demanding than being truthful as suggested by Vrij (2008), then increases in pupil
diameter may provide an independent diagnostic measure in tiie CQT that may be
based primarily on the cognitive component. It seems clear that there is substantial
difference in cognitive ioad for relevant and comparison questions for imiocent
examinees. For the innocent, the relevant questions although affectively loaded
represent a simple cognitive task, the individual is truthftil and this should require
relatively little effort to process. The comparison questions with their ambiguous nature,
long time period and assumed deceptive response should result in a considerable
amount of cognitive load as memory is scanned and the response considered.
Predictions for the guilty are much less clear The guilty respond to both question types
with deception and both may present problems with considerable cognitive load,
although the rationale of the CQT predicts that the comparison questions will have
less affective power for the guilty.

Although previous studies on the detection of deception have measured pupil
diameter, the findings are sparse and, to some extent, mixed. Heilveil (1976) asked
participants questions about themselves and subsequently had them rate their
responses as completely deceptive, partially deceptive, or completely true. The pupil
was most dilated in the inter\'als participants reported being deceptive. Dionisio,
Granbolm, Hillix, and Perrine (2001) measured pupil diimieter while participants made
tnitliful and deceptive responses regarding episodic and semantic information.
Deception was associated with the greatest increase in pupit size, but there was no
difference in pupil size for the two types of information. Bradley and Janisse (1979) and
Janisse and Bradley (1980) measured pupil diameter while participants were
administered a concealed information test and found that pupil diameter was diagnostic
of deception. Of particular relevance to the present study, Bradley and janisse (1981)
conducted a mock-crime experiment in which guilt)' participants were instructed to
steal a dollar and conceal it in their pocket. Innocent participants did not steal the dollar.
Guilty and innocent participants then were given both concealed information tests and
CQTs. Pupil diameter was measured during the first 4 s following question onset. For the
concealed information test, pupil diameter reliably discriminated between guilty and
innocent participants. Classification accuracy was 80% for innocent participants but
only 33% tor guilty participants. For the CQT, pupil diameter did not reliably
discriminate between the groups.

The first objective of the present study was to reevaluate the possibility that changes
in pupil diameter are diagnostic of deception in CQTs. Although the prediction was
tested previously (Bradley i&Janisse, 1981), we used a stronger manipulation of guilt, ŵ e
introduced stronger incentives to pass the test (Kircher, Horowitz, & Raskin, 1988), we
used newer technology for measuring pupil diameter, the CQT was not preceded by a
concealed information test, and we measured pupil diameter during a longer time
window (8 s following question onset). Participants might process information for some
time after the question is asked, and a longer time window was used to capture that
information.

The second objective was to test ii' a measure of pupil dilation would make a
significant contribution to an optimally weighted combination of traditional
physiological measures. Based on prior research (Kircher & Raskin, 2002), we expected
that the combination of electrodermal, cardiovascular, and respiration measures would
accurately predict group status (guilt). A goal in the present study was to determine if
changes in the pupil provided new information about-group membership, beyond that
already available in the traditional measures.
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The third objective was to test if any of the traditional physiological measures could
be replaced by a measure of pupil dilation without sacrificing predictive validity.
Whereas traditional measures require site preparation, proper placement of multiple
transducers, and in some cases may be uncomfortable (Podlesny & Kircher, 1999), pupil
size may be measured safely, remotely, aiid unobtrusively.

Method ,
Participants
Newspaper advertisements were used to recruit participants from the general
community. The advertisement stated that $30 would he earned tor 2 h of participation,
and there was an opportunity to earn a $50 bonus. Participants were eligible for
participation if they were between the ages of 18 and 65, were fluent in English, were
not taking any prescription medications, did not have significant medical problems,
were male, and had not previously taken a polygraph test. Participants were 24 males
between the ages of 18 and 53 (.M = 32.04, SD = 9.42).

• J - I • •

Procedure
I he experimental procedures were approved hy the Institutional Review Board at the
University of Utah. In response to the newspaper advertisement, potential
participants called a secretar)' who descrihed the experiment and payment and
ensured eligibility. Participants were given a date and time to report to a room in a
building on campus. Wlien a participant arrived for his appointment, an envelope
with his name on it was taped to the door. TTie instructions in the envelope told the
participant to enter the room, close the door, read and sign an informed consent
form, fill out a questionnaire, and play a cassette recorder to receive further
instnictions over ear|îhones.

(iiiilty participants were instructed to commit a mock theft of $20 from a wallet in a
purse in a secretary's office and to prepare an alibi in case they were caught in the
secretary's office. They went to the secretary s office on a different floor of the huilding
and asked the secretary (a confederate) for directions to the office of Dr Mitchell.
The secretary told the participant that there was no Dr Mitchell in the department.
The participant thanked the secretary and left. The participant waited in the hall for the
secretary to leave her office. >XTien she left, the participant entered the office, searched
the desk for the purse, and took a $20 bill from the wallet in the puree. Guilty
participants concealed the money on their person and reported to a room to await the
polygraph examiner.

hinocent participants were told that other participants took money from a
secretary's purse hut that they were innocent and would commit no crime. After
listening to this description of the crime, the innocent participant left the area for
15 min and reported to the room to await the polygraph examiner.

All participants were told that they would be given a polygraph test by an expert
polygraph examiner who did not know if they stole the $20 from the secretary's purse.
In fact, the examiner was unaware of the participant's guilt or innocence. The examiner
wasawareof the proportion of guilty and innocent participants in the study. In tht- field,
most polygraph examinees are highly motivated to appear tnithful on the polygraph
test. In the present study, all participants were told that they would receive a $50 honus
if they could convince the examiner of their innocence.
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When the polygraph exatnitier arrived, he obtained biographical in format ioti from
the participant and then attached the sensors. The examiner was a male doctoral level
experimental psychologist who was trained to conduct CQT polygraph examinations
within our laboratory. Every effort was made to model testing procedures in common
application in the field. Although the polygraph test rarely immediately follows the
commission of the crime in a field setting, it was beyond the scope of the present study
to implement a delay between the mock crime and the polygraph examination.
Following standard field practice, a preliminary numbers test was administered, and
theti all of the CQT test questions were reviewed with the participant. For experiment
design purposes, the CQT question sequence was presented four times, resulting in four
series of physiological data rather than the traditional three series usually collected in
the field (.see below). The question sequence is presented in Table 1. Following the
examination, the probability of trtithfulness was computed using algorithms described
in Kircher and Raskin (2002). The participant was paid on the basis of the computer
decision and debriefed.

Table I. Question sequence

1. (Buffer) Do you understand that I will ask only the questions we have discussed?
2. (Sacrifice relevant) Do you intend to answer truthfully all of the questions about the theft of the

$20?
3. (Neutral) Is today Í
4. (Probable-lie) Between the ages of and , did you ever lie to get out of trouble?
5. (Relevant) Did you take that $20? ^
6. (Neutral) Do you live in the United States?
7. (Probable-lie) Before the age of ^^. did you ever take son:iething that didn't belong to you?
8. (Relevant) Do you have that $20 with you now?
9. (Neutral) Is your first name ?
10. (Probable-lie) During the first years of your life, did you ever do anything that was dishonest or

illegal?
11. (Relevant) Did you take that $20 from the purse?

Apparatus
The Computerized Polygraph System (CPS) Lab version (CPS-LAB; Scientific Assessment
Technologies, Salt Lake City. LIT) was used to configure the data collection hardware,
specify storage rates for the data, build protocols to collect the data, and collect, edit,
and score the data.

Pupil diameter was obtained with the Eye Dynamics Department of Defense
Polygraph Institute Eye Data System (Eye Dynamics Inc, Torrance, CA). An IlVVideo
ENG Goggle used a miniature video-cameni to magnify an image of the right eye on a
video monitor. The goggles blocked all ambient light from entering the eyes. A red
LED was constantly illuminated inside the participant s visual field for two charts and
was not illuminated for the remaining two charts. For half of the innocent and half of the
guilt>' participants, the LED was illuminated during the first and third repetition of the
question sequence (chart) and was not illuminated during the second and fourth charts.
For the remaining participants, the LED was illuminated during the second and fourth
charts and was not illuminated during the first and third charts. The LED was designed to
constrict the pupil slightly and avoid the possibility that the pupil would be completely
dilated in a completely darkened visual field (J. A. Stern, personal communication.
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April, 1997). The Eye Dynamics system stored pupil diameter at 60 Hz for 10 s that began
at the onset of each test question. Respiration, skin conductance, and relative blood
pressure were recorded using standard field transducers and data collection parameters.

Response curves
Software was developed that averaged successive 60 Hz samples from the Eye Dynamics
system to reduce the sampling frequency to 10 Hz. A pupil diameter response curve was
computed for each test question. The pupil diameter at question onset was subtracted
from each post-stimulus value for an interval that began at qtiestion onset and ended
8 s later. Similarly, the 1,000 Hz samples for respiration and SC also were reduced to
10 Hz for a period that began at question onset and ended 20 s later. For the cardiograph,
CPS-IJ\B identified the time and level of each systolic and diastolic point in the
cardiograph record and computed a weiglited average for each of 20 post-stimtilus
seconds. Second-by-second systolic and diastolic response curves were averaged to
obtain a mean cardiograph response curve (Kircher & Raskin, 1988).

Feature extraction
C:PS-LAB was programmed to extract the following features:

Atnplittide was extracted from the pupil, SC, and cardiograph response curves.
CPS-LAB identified low and high points on the response curve and then computed the
difference between each low point and every succeeding high point. Peak amplitude
was the greatest observed difference.

Area under the response curve was extracted from the pupil response curve. Area
under the curve was measured from the lowest point following response onset until it
returned to the level at response onset or until the eighth second Ibllowing question
onset, whichever occurred first.

Excursion was obtained from the thoracic and abdominal respiration signals.
Excursion was the sum of absolute linear differences between successive pairs of
100ms time samples from question onset for 10s.

Differential reactivity
For each feature, a measurement was obtained for each comparison and each relevant
question on each of four charts of recorded physiological activity. Each participant
provided 24 measurements for each channel of physiological data (three comparison
and the three relevant questions on each of the four charts). The 24 measurements of a
feature for a participant were converted to z scores. Thoracic and abdominal respiration
excursion scores are highly correlated (Kircher & Raskin, 1988, 2002). To reduce the
number of variables, reduce multicolinearity. and increase reliability, the 2 scores for
thoracic and abdominal measurements w êre averaged.

The mean of the 12 z scores for relevant questions was subtracted from the mean
of the 12 z scores for comparison questions. The difference provided a mean index
of differential reactivity to comparison and relevant questions for each feature for
each participant. The index of differential reactivity is analogous to the numerical
.score obtained by an examiner in a field polygraph setting. The sign of the Index
indicates which question type produced the larger response. Eor aU features except
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respiration excursion, a large measured response was indicative of physiological arousal.
For respiration exciirsioti, arousal was indicated by a relatively small measured response
(respiratory suppression). To achieve a common direction for predicted effects, the sign
of the mean difference between responses to comparison and relevant questions was
reversed for respiration excursion. Thus, for all measures, a positive difference was
expected for innocent participants (comparison > relevant), and a tiegative difference
was expected for guilty participants (comparison < relevant).

Results

Pupil responses to eomparison and relevant questions are presented in Figures 1 and 2
for guilt}' and innocent participants, respectively. Responses to neutral questions were
not included In the statistical analyses but are presented in the figures for completeness.
On average, the pupil response to comparison questions peaked at about 5 s following
question onset, whereas the response to relevant questions peaked between 2 s and 3 s
following question onset. The mean length of the comparison questions (M — 16.33
words, SD — 1.53) was over twice the mean length of relevant questions (M — 7.00
words, SD = 1.73), and the times at which the pupil response peaked eorresponded
closely with the amount of time it took to ask the respective comparison (JW = 4.33 s,
SD = .58) or relevant questions (M = 2.67 s, SD - .58).

Repeated measures analysis of variance (RMANOVA) was used to test for effects of
guilt, question type, and illumination on pupil responses to eomparison atid relevant
questions. The factors were guilt (guilty and innocent); question type (eomparison and
relevant); illumination (1.ED illuminated and LED not illuminated); and time (10 samples
per second for 8 s). Initially, repetition was included as a factor in the design, because
the questions were presented twice in the illumination condition and twice in darkness.
However, RMANOVA revealed no main effect of repetition on pupil diameter and no
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Figure I. Pupil responses to test questions for the guilty group (N = 12),
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Figure 2. Pupil responses to test questions for the innocent group (N = 12).

meaningful interaction with any other factor. To simplify the analysis and presentation of
results, the data were pooled (averaged) over repetitions, and repetition was dropped as
a factor The Huynh-Feldt correction was applied to reduce the degrees of freedom for
tests involving time,

The guilt by question type by time interaction was significant. F(3.88,85.44) ^ 2.55.
/; < .05, Tîpaniai ^ 1 0 , as was the main effect of tune, F(5.86.128.90) ^ 6.05, p < .05.
vLniM - -22, and the question type by time interaction, f(3-88,85.44) = 3.3O,p < .05,
^partiiii — ' 3 . These effects are illustrated graphically in Figures 1 and 2. Guilty and
innocent participants responded differently to comparison and relevant questions, and
pupil diameter changed over time. The four-way interaction between illumination,
question type. time, and guilt was marginally sigruficant, ^"(5.66, 124.45) = 2.18,

p = .05 , îïpanial = •^^•

Tests of simple effects were conducted to assess the effects of question type and time
for each group separately. Tlie only significant effect for guilty participants was a main
effect of time, F(6.19.68.05) = 3.03, p < .05, TÏ̂ ^ Ĵ̂ ,, = .22. Pupil diameter changed
over time for guilty participants, but not as a function of question type. For innocent
participants, there was a significant effect of time. F(4.38, 48.17) = 3.48. p < .05,
Vpaniji] = -24, and a significant question type by time interaction, F(5.5l, 58.^6^ — 5.62,

p < .05, TJpartiai ~ •^^- ^^ expected, innocent participants showed lai^er changes in
pupil diameter to comparison questions than to relevant questions.

The RMANOVA revealed that pupil diameter varied as a ftinction of guilt, question
type, and time. To assess the usefulness of pupil diameter for discriminating between
truthful and deceptive participants. Its indices of differential activity were correlated
with group membership (0 — guilty, 1 = innocent). Point-hi.serial correlations were
obtained for peak amplitude and for area under the pupil response curve (pupil
diameter area). Table 2 shows the point biserial correlations for measures of pupil
dilation in the first column. The fir.st column also shows the point biserial correlations
for SC, cardiograph, and respiration.
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Table 2. Correlations among the physiological measures and guilt

Guilt
Pupil diameter amplitude
Pupil diameter area
Skin conductance amplitude
Cardiograph amplitude
Respiration excursion

Guilt

.42*

.61**

.59**

.18

.65**

Pupil
diameter amplitude

-

.69**

.29

.17

.40

Pupil
diameter area

—

.51*

.13

.47*

SC
amplitude

—

.22

.65

Cardiograph
amplitude

-

.21

*p < .05; **p < .01.

Pupil diameter amplitude (peak diameter) is often seen in the pupillometry
literature. In the present investigation, it did not appear that differences in peak
diameter were as great as differences in area under the response curve. These
impressions were confirmed by the point biserial correlations ibr pupil diameter
amplitude and area in Table 2. Since pupil diameter amplitude and area were highly
correlated (r — .69) and the area under the response curve measure was more
highly correlated with the criterion {r^ .6 l ) , only pupil diameter area under the
response curve was retained for further analyses.

A hierarcliical regression analysis was peribrmed to test if pupil diameter could
be used in combination with the SC, cardiograph, and respiration measures to
improve discrimination between the guilty and innocent groups. The criterion was a
dichotomous variable that distinguished between guilt}' (coded 0) and innocent
participants (codt-d 1 ). The adjusted R- for the combination of SC amplitude, cardiograpli
amplitude, and respiration excursion was .39. When pupil diameter area was added
to the regression model, the adjusted R~ increased to .46. The 7% increase in R^ with
the addition of pupil diameter approached significance, F(\, 19) = 3-77,/? = .07.

To explore the possihility that pupil diameter could replace a traditional poly-
graph measure, pupil diameter area was added to each pair of traditional measures.
Tlie adjusted R^ for these models are presented in Table 3.

There was little difference between the two mtKlels that contained pupil diameter,
respiration, and either SC amplitude or cardiograph amplitude. There was no significant
difference between the adjusted R~ values for the tliree models. Tlie model that
accounted for the greatest proportion of variance contained pupil diameter area, SC
amplitude, and respiration excursion. These preliminary findings suggest that if pupil
diameter were to replace one of the traditional measures, it would probably be relative
blood pressure.

Discussion

The goals of the present study were to determine if pupil diameter is diagnostic of
deception and if it could be used in a comparison question test to improve prediction of
guilt status. We also evaluated the possibility that pupil diameter could replace a
traditional physiological measure that requires direct application of sensors to the
participant. Pupil diameter was as highly correlated with deception (r = .61) as skin
conductance (r — .59), and skin conductance invariahly is the best traditional indicator
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Table 3. Regression models and adjusted R values

Model Adjusted

Pupil diameter area
SC amplitude , • . .49
Respiration excursion

Pupil diameter area
Cardiograph amplitude • .47
Respiration excursion i i

Pupil diameter area . \.
SC amplitude , .40
Cardiograph amplitude i

of deception in laboratory and field research on polygraph techniques (Kircher &
Raskin. 2002). Adding pupil diameter to a regression equation that contained SC,
cardiograph, and respiration measures increased the proportion of variance explained
appreciably but not significantly.

The present findings confirm and extend the results of prior research on pupil
diameter, cognitive effort, and the detection of deception. For innocent participants,
pupil diameter was greater for comparison questions than for relevant questions. This
result is consistent with the underlying rationale of the CQT. Innocent examinees were
deceptive only to comparison questions. 11 deception requires more cognitive effort
than being truthful and if the pupil reflects changes in cognitive effort, then increases
in pupil size should be greater tor comparison questions than for relevant questions.
On the other hand, guilty participants did not show differential pupil responses to
comparison and relevant questions. In contrast to innocent participants, guilty
participants gave deceptive responses to both question t>'pes, and it may be that the
pupil responses simply reflect this. The traditional physiological changes monitored
by the polygraph may show greater differentiation between comparison and relevant
questions fVïr guilty people because relevant questions include a greater affective
component than do comparison questions, wliich are relatively benign. These
speculations deserve additional research.

Although effort was made to simulate a field setting, this was a laboratory mock
crime experiment. Unlike in a field situation, there are no consequences for failing the
polygraph other than not receiving the monetary bonus. This may be another reason
why guilty subjects did not show differential pupil diameter responses to the questions
types. Although the question type by time interaction was not significant for guilty
subjects, the difference between pupil responses to comparison and relevant questions
was highly diagnostic of group membership. Pupil size was diagnostic primarily because
the innocent subjects showed substantially larger responses to comparison questions
than to the relevant questions.

Our results were not consistent with those of Bradley and Janisse (1981). In their
study, pupil diameter did not discriminate between guilty and innocent participants
with the CQT. Although sampling variability may account for the discrepant results, the
studies used different procedures to establish guilty and innocent treatment conditions,
and methodological difterences may aftect the results obtained from laboratory' mock
crime experiments. It has been found that more realistic mock crimes and stronger
incentives to pass the test are predictive of higher polygraph accuracy in laboratory
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Studies (Kircher et al., 1988). Bradley and Janis.se instructed their guilt\' participants to
steal one dollar and then open the door of the room where the money had been located
and wait fbr the examiner. In contrast, our guilty participants were instructed to
construct an alibi, go to another floor of the huilding, wait for a secretary to leave her
office unattended, and steal $20. The level of involvement in the present experiment
may have been greater than in the Bradley and Janisse study. Moreover, Bradley and
Janisse recruited college students for their participants, whereas in the present study,
participants were recruited from the general community for pay and were motivated to
pass the test by the promise of a suhstantial monetary bonus. Half of the participants in
the Bradley and Janisse (1981) study were motivated to pass the test by the threat of an
electric shock. They were told they would receive a painftil electric shock if deemed
guilty, althougli no one actually received such a shock. Motivation to avoid a painful
electric shock and motivation to obtain a monetary bonus may he different. Most of the
participants in the present study were unfamiliar with the university setting and had no
planned contact with anyone except the victim before they arrived at the laboratory for
their polygraph examination. Comnuinit\' samples are more representative of the target
population in terms of age, education, and life experience than are college students, and
communit)' samples tend tt) show larger effects (Kircher et al., 1988).

It should be noted that although the present results are very suggestive that pupil
diameter in this context indexes cognitive load, changes in pupil diameter alst) are
sometimes associated with emotional arousal (Stem, Ray, & Quigley, 2001), and, as
noted ahove, emotional arousal plays a major role in some theoretical discussions of
polygraph tecliniques (Ben-Shakhar & Furedy, 1990; Handler & Honts, 2()()8a, 2()08b;
Kircher, 1981; Podlesny & Raskin, 1977; Raskin, 1979). The present data do not
unamhiguousiy indicate if the ohserved pupil responses reflected affective or cognitive
processes.

Our results also suggest that it might be possible to replace the relative blood
pressure with pupil diameter without sacrificing accuracy. A replacement ibr the
relative blood pressure would be useful because the cuff becomes uncomibrtable for
some subjects if it is inflated for more than a few minutes. Moreover, the use of an
inflated cuff limits the number of questions that may be asked hefore it is deflated
(Podlesny & Kircher, 1999). However, before a traditional measure with considerable
prior empirical support is replaced with a new one, the results should be replicated in
other laboratories and Ln field settings.

One limitation of the present study concerns the device used to measure pupil
diameter. The goggles could have been distracting or uncomfortable for some parti-
cipants. The experimental design did not permit a test of the effect of the goggles
on other physiological measures. Remote eye-tracking instruments have been used to
measure pupil diameter unobtrusively (e.g. Bernhardt, Dabbs, & Riad, 1996), and with
improved technology' might be used in place of measures that require contact sensors,
such as the cardiograph or SC. Additionally, remote eye-tracking devices can track
eye-movements as well as pupil size as a participant reads text or views images on
a computer screen. Several new techniques that use oculomotor measures of eye
position and pupil size to detect deception have been reported (Marchak, 2006;
Webb ei«/., 2006).

Because the sample size was small, efforts were made to minimize potential sources
of variance in results b) testing only males. Further research is needed to determine if
similar effects are obtained from females. Additionally, the sample size was small, and
the power to detect an improvement in classification accuracy with the addition of
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pupil diameter was limited. A large sample of participants should be used to reassess the
possibility that pupil diameter adds to a combination of optimally weighted traditional
measures.

Three other issues deserve mention. As mentioned previously, skin conductance
typically is the best traditional indicator of deception. In the present study, the
correlation between respiration and guilt was higher than the correlations bet^veen
the other measures and guilt. This rarely is seen in the laboratory or the field and is
likely due to sampling variability. As noted in the Methods, the polygraph examiner in
this study was a male doctoral level experimental psychologist. Although this examiner
was highly trained tt) administer examinations in (jur laboratory, he was not a field
trained polygraph examiner and tliis could be raised a criticism of this study. We would
note that recent research has failed to find significant CQT acctiracy differences between
an experienced field examiner and students examiners (both male and female) who had
similar training to the examiner in tliis study (Honts et al., 2009). Lastly, it also was
noted that the mean length of relevant and comparison questions was different and peak
pupil responses closely corresponded with the amount of time it took to ask the
question. Question length was a confound in the present study, and future work could
attempt to equate question length, although doing so might move the test further
from typical field situatiiins.

It also should be noted that pupil diameter may be sensitive to attempts to employ
countermeasures during a polygraph examination. Attempts to use countermeasures
should require cognitive effort, as evidenced by increases in pupil diameter, because
participants must monitor the question sequence and employ the countermeasure at
the appropriate time for it to be effective. Use of countermeasures is a concern for
comparison-question and concealed information polygraph tests (Honts & Amato,
2002), even tliose that rely on event-related potentials (Rosenield, Soskins, Bosh, &
Ryan, 2004). Further research is needed to determine if pupil diameter is resistant to
countermeasures or if it could be used as a counter<ountermeasure, and if it is as
effective in the field as it is in the laboratory.

Tlie present study provided evidence of a strong relationship between pupil size and
deception that may be pariially independent of tniditiona! physiological responses.
It suggests that measures of pupil size could increase the diagnostic accuracy of the
CQT. Beyond that, the present study links research on the CQT to a broader literature on
attention and cognitive effort. The connection to this literature may provide new
insights intii the psychophysiological processes that underlie the CQT.
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