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Abstract

The pupillary response was mneasured in a lie
detection® or detection of deception paradigm in an attenmpt
to: a) determine the utility of this measure, and b) to
assess some theoretical assunptions about the detection of
deception paradigm. A1l subjects selected a number from one
to five., They were then asked, in random order, guestions of
the nature, "Is it one?¥, "Is it two?M... {etc.) see
Depending on which group, they either answered "No" verbally
to all five guestions {overt), remained silent but said "No¥
to themselves 1in responsse to all questions {covart), or
simply listened to each question (control). In Experiment 1
no differences were found between the groups hut pupillary
responses to the number selected (critical stimulus) vwere
larger than the average of responses to noncritical stimuli
over groups and significant detection rates were found in
each group. In  Experiment Two these results were
replicated. In addition two blocks of five trials were
presented to each ‘subject, Differential resvonding to ths
critical gquestion was evidenced over the first block but not
the 1last block in all three groups. No differences emerged
between the groups on habituation trials., The fact that the
control gqgroup evidenced differential responding to critical
stimuli suggested that a "lie" was not a necessary event in
the detection of deception paradigm. It was conclud=sd that

" short term attention” is a sufficient condition to evoks



differential responding in this paradigm. It was also
concluded that detection was most likely te occur on  =arly

trials, rather than later ones.
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Responses of physiolcgical systems innervated by the
autonomic nervous system (ANS) have been used as indicies of
emotional, sensory and mental activity {Sternbach, 1966).
Generally, these responses have been considered involuntary
or at least difficult tc control when a subiject is exposed
to meaningful stimuli and to the degqgree that this 1is true
represent obijective physiolecgical manifestations of on going
psychological phenomena.

iie detection® methecds o¢f police, government, and
enplovers have relied theavily on the measurzment of
autonomic responses as indicants of a suspect’s attempts to
conceal, mislead or lie during an interroaationv(lnbau and
Reid, 1966). Usually several measures are taken and recorded
on a device known as a pclygraph. Those who use the
polyvgraph for applied or practical purposes claim that it is
a scientific assessment of a suspect?!s gquilt or innocence.
However, many polyvgraph experts have difficulty when asked
to verbalize just what the specific indicants of deception
are. Over all, the judgement process appears fo be very
subjective ({(Davis, 1961). To the scientist this state of
affairs is unsatisfactory. One preliminary task should be
aimed at objectively delineating the responses conconmritant
with deception. Further work is also needed in identifying
specific aspects of situations ard individuals Which make

the detection of deception possible.



History of Lie Detection

Historically the belief that certaiﬂ‘ types of
cognitive activity are accompanied by perceptable
physiolegical or behavioural alterations has been prevalent.
This is especially +true with «regard to the detection of
deception or "lie detection" {Bering, 1942: Larson, 1932;
and Trovillo, 1939y, Persons suspected of attempting
deception were often subjected to special ordeals. It was
believed +that only a person not quilty of deception could
pass these ordeals. Zoroaster proved the truth of his words
by touchinag a red hot iron to his tongque nine times without
scorching it, anéient Chinese were required to speak with
their mouths full of rice to prove their innocence. In both
cases if emotion interfered with salivation +the suspects
might have failed in their tasks. Witchdoctors sometimes
leapt at suspects smelling them feverishly. Distinctive
odours indicated gquilt and it is possible that the fear of
being caught produced such.ag cdour. Another test had the
suspect immerse his arm in boiling water and if it blistered
the next day, he was considered quilty.

How effective these ordeals were 1in discriminating
between quilty and inncocent individuals is debatable ; Som=2
ordeals such as the one reserved for the Roman Catholic
clergqy 4in the middle aqges, were very unlikely to cause

anyone to be declared gquilty. The accused clergyman was



instructed to eat a piece of barlieyv bread and cheese while
other clergymen praved for an ardel to stop the accused’s
throat if he was quilty. There is no recorded instance of a
priest having been choked in this manner ({Trovilio, 1939 .
Another ordeal involved the use of a very accurate balance
beam. The accused was placed in one scale while the other
side was carefully counterbalanced. & groove was filled with
water for the purpose of detecting the sliqghtest deflection
either wav. The suspect then stepped out of his scale,
listened while a dudge exhorted the balance to discover the
¢truth, and finally got back in. If he were lighter than
before he was considered innocent. Such a test depends more
onlhow long the judge takes to make his speech than guilt or
innocence since the body undergoes a constant loss of water
of about 12 grams per hour. A long speech would free the
accused {Trovillo, 1939).

More wmodern and scientific., investigation into
behavioural and physiclogical differences accompanying
deception began around the turn of the century. In 1906 Jung
{see Crne, Thackray and Paskewitz, 1972) studied
differential reaction times to stimuli on which subiscts
hoped to deceive +the experimenter. Inbau and Reid {1953)
report that Ceasare Lombroso used a "hydrosphygmograph" to
record blood pressure changes during interogation. Blocd

i

pressure was measured with this instrument by having the



suspect place his hand in a vessel of water topped by a
rubber seal. Pulsations of blood caused water level <changes
which affected an attached air filled tube. These changes
were recorded on a revolving drum. Marston {1917) used a
sphygnomanometer to record blood pressure during guestioning
and reported 96% accuracy in detecting deception with the
device. Luria {1932) showed that psychomotor responses can
be impaired while the subiject is 1lying. He required the
subject to hold one hand steady while depressing a plunger
with the other. Munsterberq {Trovillo,1939) pointed to the
possibility of using the galvanic skin response {GSR) for
lie detection purposes. Larson ({1921) put together an
instrument capable of taking blood ©pressure, pulse and
respiration all at once and finally Keeler (1930) developsed
the polygraph. His device measured respiration, relative
blood pressure and the GSR., These have remained the ma-jor
physiolocgical measures in "lie detection" since that time

{Davis,1961).,

Field Herk

Field work or the ©practical application of lie
detection in <criminal investigations has dominated much of
the work in the detection of deception. Orne, Thackray and
Paskewitz {1972) nmention that little systematic scientific
investigation has been done. Practitioners involved in 1lie

detection specifically +try to structure a situaticn to



achieve the goal of a successful diagnosis of deception. How
+hey achieve this goal is, in part, 1left up o the
individual discretion of the investigator. Further, there
have been few reports that deal with attempts to validate
findings. Field work is characteristically more of an art
than a science. Inbau, Moenssern and Vitullo (1972) stress
that since the polvgraph technigque in criminal investigation
involves a diagnostic procedure rather than a mechanical
operation, an examiner must be intelligent and well
educated, with suitable personality characteristics "to get
along well with éthers and to be persuasive in his dealings
with them." (1972, p.153).

The recording of autononmic responses on the polygraph
represents only part of a structured interrogation session
aimed at convincing the suspect of the infallibility of the
lie detector. To accomplish this, dindividual interrogators
may alter their stvle , mannerisms , subtle ctues , and tone
of voice as they see fit. In addition the scoring of
responses has not been specified 1in quantitative terms.
Inbau, Moenssens and Vitullo (1972) write that in
approximately twenty-five percent of +the examinations
conducted by a competant polygrapher , truthfulness or
deception is so clearly disclcsed that any layman could be
shown the results and convinced of their significance.

However, in sixty-five percent of the cases , the indicators




are sufficiently subtle as to require expert interpretation.
This expert interpretation is carried out in the context of
an investigation where the interrogator may already possess
much other information including the investigative knowledge
and conviction of his colleaques as to the suspect?s guilt.
This alcne may be a powerful source of bias affecting the
subijective interpretation of cbjective records {Orlansky ,

1962) »

Questioning Technigues_in_the Field

Practioners in criminal lie detection have develcped
and come *to rely on certain techniques and procedurss to
present questions during an interrogation.

The gnuilty person _technigue The gquilty pDErson

technique {Lyvkken , 1960) cor “undisquised guestion method®
{Burack, 1955} is a modification of a direct -confrontation
quastions such as "are you quilty?", The suspect is asked
several guestions, some relevant, some irrelevant to the
crime. If responses to relevant questions differ from those
to irrelevant guestions the suspect is considered quilty.
Reid has formulated this procedure, labelled the Reid
Control Questioning Technigue, such that four relevant
guestions are asked along with four irrelevant guestions
{Reid and Inbau, 1966). Unfortunately, questioning a suspect
about whom he mnay have killed can yield responses

interpretable as deception even though the suspect 1is



innocent {Burack, 1955). Orne, Thackray and Paskewitz {1972)
have called for more investigation 1into what is termed
Hfalse positives" where because of innocent fear, for
example, a suspect may respond as if quiltyv. Inbau and Reid
- {1966) have suggested the addition of control <gquestions
which are irrelevant to the crime being investigated but arse
guestions to which a suspect will probably respond with a
lie. These <could be gquestions such as "did vou ever steal
anvthing else"? The particular guestions are worked out for
each individual suspect by the interrogator in a pre-lie
detection test interview to insure a lie response. If the
lie reaction +to the irrelevant question is the same as or
greater than the response to a gquestion Televant to the
crime then the suspect is considered innocent. An additiocnal
guestion about a fictitious crime of the same seriousness
mav be asked and if the suspect?s reactions to this question
are equal to or greater than the respohsé to the relevant
guestion then the suspect is considered innocently nervous.
Lee (1953) has added "secondarv relevant questicns?
which concern themselves with details only a quilty suspsect
could know. Since the innocent suspect could have no
information about certain aspects of the crime it is assumed
that questions about those aspects would be considered

irrelevant and nonthreatening and thus would not be expected

to create strong reactions.



The above technigues have been based on the assumption
that a Y"lie response”™ 1is being measured rather than an
emotional reaction %o the content and implications of such
guestions. But, the literature does not support the
conception of a M"lie response” {Kugelmass, Lieblich, and
Bergman, 1967). Day {1972) states that a lie 1is not a
critical factor in causing a detectable physiological
response., Orne , Thackray and Paskewitz {1972) sﬁqqest that
"no specific physiological responses are pathognomic of
lying " {1972, p. 755).

The disquised guestion technigue Another technigue,
actually anticipated by Lee (1853) termed the "disquised
gquestions test" (Burack, 1955) or the ‘*quilty knowledge
technique" (Lvkken, 1960) relies on the differential impact
of questions on knowledge only the quiliy person could have.
One variation of the technigue presents stimuli in serial
order and the interrogator looks for a gradual Trise {or
fall) of Dbaseline readings which reach a peak at the item.
Thus a series of guestions could be asked all in the form of
"3did you steal $100.00? " and continue through to the actual
amount stolen. Day ({1972) points out that the disqguised
guestion or quilty knowledge technigue has a fairly solid
rationale in that there may be some involuntary

physiological response to remembered details of a crime.

Measures _used in_the Field




The ANS responses measured for the detection of
deception in field work have been generally 1limited to
respiratory responses, cardiovascular responses, and the
galvanic skin response {(Inbau and Reid, 1966).

Respiratory responses Inbau and Reid (196%6),

acknowledqged experts in the lie detection field, consider
respiration to be  their nost reliable measure.,
Unfortunately, although respiration measures have long been
used in the detection of deception‘(Trovillo, 1939y, field
workers have not identified a specific response as an
indicant of deception. Instead they have tended to judge any
marked <change frem the baseline of breathing rate {(cycles
per second) and/ or amplitude as indicative of deception.
Thus, a suspect could speed up or slow down his breathing
rate and or increase or decrsase amplitude. Any of these
responses would arouse the interrogator?s suspicion. Davis
{1961) has noted that respiration in the early part of an
interrogation session is often irreqular and as such is not
a good indicator of deception responses., However in a lcnger
test session discrimination becomes much better. The early
irreqularity is thought to be a response to the general
interrogation situnation {( Davis, 1961 ).

Horvath and Reid (1972) may have overcome scme of the
difficulties associated with respiratory measures. They

found, in a field investigation, that differences between



respiratory responsses to critical and neutral guestions were
enhanced when the suspects were requested to remain nmute
during the dinterrogation session. The enhancement is
attributed to elimination of sourcss of variability
associated with talking. Horvath and Reid {1972) thave
outlined several respiratory irreqularities associated with
an audible answer. Having the suspect remain mute
eliminates distortions where a suspect may either inhale or
suppress inhalation just to give an audible answer. Ansvers
given at the height of iphalation can produce substantial
distortion. Subijects who prepare for an audible answer by
physical mnmovement cause distcrtion, as do those who loudly
bellow their answers, feel compelled to talk in addition +to
a "yes"® or "no", or have throat irritation when they
respond. Unfortunately, Horvath and Reid {1972) have only
presented selected sanmples of the polygraph record. These
samples illustrate instances df relatively dramatic
differences between neutral and critical guestions but
Horvath and Reid (1972} failed to supply data of the
over-all rate of detecting deception responses.
Cardiovascular responses Blood pressure is the
neasure relied on by most practitioners in the field {Davis,
1961). A measure of relative bloocd pressure is obtained by
inflating an arm or wrist cuff to a point egual to0 the

pressure half way Dbetween systolic and diastolic blood

10



pressure levels,. Unfortunately, the apparatus cam be
painful and dangerous since the cuff pressure far exceeds
vein pressure and does not allow the blood to return fron
the arm or the hand. It is guite possible that the rpain
produced using the pressure method may result in reactions
of other autonomically controlled responses including blood
pressure itself. In spite of ‘this, Davis ({1961) has
reported that blood pressure is one of the better indicaters
of decepticn. A drawback with the blood pressure neasure is
that discrimination 4is poor (almost nil) in the early part
of the session. However, it does improve greatly later on
{Davis,1961).

The galvanic skin responss It 4is not clear how

useful the GSR is for lie detection in the field. Davis
{1961) has concluded that the GSR is the best indicator of
deception in short time Aintervals but poor in longer
questioning periods. Inbau and Reid (1966) criticize the GSR
because they are unable to obtain a high degree of accuracy
with it. The GSR is easily txridgered but slow in recovery
and in a routine examination the next gquestion may be
introduced before Tecovery to baseline is complete, In a
series of guestions the GSR may adapt out simply because
each new guestion 1is asked before the GSR has returned to
the level it was at when the prior question was asked.

The opposite problem cf failure for the GSR to occur

11



has also been brought up. ¥oodworth and Schlesberg (1965)
have documented evidence suggesting that the GSR is an
inadeguatse measure during strong emotion. Part of this
evidence is dependent on Darrow?s {1936) findings that
adrenalin, contrary to the expected effect, seems to inhibit
the GSR. Such svidence would be consistent with the clainm
of Inbau and Reid ({19é6) that the measure is poor for field
work since many suspects could be highly emotional.

Another possibility for the failure of the GSR in
field work has been raised by Ferquson {1966). He reported
that a conmonly used field dinstrument employving a self
centering pen feature reduced the effectiveness of the

instrument 75-80 percent.

Laberatorv Research.

In general, although the polygraph "lie detector? is
construed as a scientific instrument (which it 1is), anmple
room in its application is 1left for uncontrolled and
nonsystematic sources of variance. Previously it vas
mentioned how various factors releqéte the field
interrcgaticn procedures to an art. In spite of +this, the
detection of deception situation or paradigm is appropriate

for laboratorv investigation.

Questioning Technigues in_Laboratory Research

Oorne, Thackray and Paskewitz (1972) have discussed the

12



major experimental designs wused 1in the detection of
deception paradiqgm. These involve the guilty information
techniqgue, the guiltv person technigue and the mock crine
situation. |

The guilty information technigque The guilty

information situation is structured so that the subiject is
known to be quiltyv of attempting to deceive the experimenter
about a particular item of information. Cards or numbers are
presented +o0 the subject who is instructed to choose one,
keep his choice in nind and answer "no" to all questions of
the nature "Is it card (or number) __.?"., The result of this
format is that the subiject tells the truth on all cards
except for the one selected, which 4in following the
instructions he automatically lies about. The experimenter?s
task is to identify the specific card or number on which the
subiect is attempting deception., This procedure has been
fairly common ({(Alpert, Kurtzberqg, amnd Friedhaff, 1963;:
Block, 1957:Block, Rouke, Salpeter, T&bach, Kubis and %Walch,
1952; Burtt, 1921; Geldreich, 1941; Landis and Wiley, 19263
Langfeld, 1921; Obermann, 1939; Van Buskirk and Marcuse,
1954) .

The guilty person technique The quilty information

situvaticon is contrasted with the guilty person procedure in
that the experimenter attempts to discriminate between a

guilty or innocent person, which more closely resembles the

13



situation in the fisld. Gustafscn and Orne {1964) found that
it was easier to detect subjects who thought the experiment
was an attempt to detect quilty subijects among the innocent
than to detect information (the number or card) that the
subject was attempting to conceal,

The mock crime situation The mock crime situation has

been used extensively in laboratory investigations, (for
example, Berrien, 1942; Berrien and Huntington, 1943;
Lykken, 1959). The attempt has been to achieve realism and
approximate a field situation, with the subiject usually
being an observer or participant in a "crime". Here again
the subject <can either view himself as having "qguilty
information" or as being a "quilty person'" {Berrien and

Huntington, 1943).

Measures used in Laboratory Resegarch

Measures used in laboratory detection of deception
situaticns have not been limited %0 those popular in the
field. A much wider arrav of measures both autonomic and
nonautonomic have been used. Cutrow, Parks, Lucas and
Thomas, (1972) have used eye blink rate, eve blink latency,
eye novements and voice latency. Several cardicvascular
measures have been used including blood pressure (Marston,
1921), plethysmcgraphic monitoring of pulse ({Brown, 1967)
and heart rate {(Berkhout, Walter and Adey, 1970). Oberman

{1939 has used the electroencephalogram and pupillary

14



dilation was investigated by Berrien and Huntington, {1943).

Cardiovascular responses The early laboratory studies
of Chappell (1929) and Marston (1921) reported high rates of
detection, 87% and 94% respectively, using a blood pressure
measure. However, wmore recently investigators such as
Thackray and Orne ({1968) have not been able to detect
deception using blood pressure measures. Orne, Thackray and
Paskewitz (1972) have suggested that since the earlier
studies used manual devices to msasure blood pressure and
the measurement of the response was taken immediately after
each «questicn the response was time locked to the gquestion
nore closely than with modern devices which inflate the cuff
automatically at fixed intervals.

Other cardiovascular measures have not been very
satisfactory in discriminating deception responses in the
laboratory. Davis (1961}, based on his preliminarvy studies,
had predicted that a pulse rate <change index would be
noderately successful but Kugelmass and Lieblich {196%)
found that it gave detection results no better than chance,
Ellson, Davis, Saltzman and Burke ({1952) cited in Crne,
Thackray and Paskewitz (1972) fcund heart rate to be a more
successful discriminator than pulse volume but both these
measures were inferior +tco the GSR and systolic blood
pressure. Kugelmass and Lieblich {1966) and Kugelnass,

Lieblich, Ben-Ishai, Opatowski and Kaplan {1968) have found
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that heart rate discrimipates no better than chance,
Cutrow, Parks, Lucas and Thomas {1972) used several measures
and although heart rate and finger pulse volunme
discriminated deception better than chance, with finger
pulse volume superior to heart rate, the measures wers
considerably pcorer than the GSR.

Respiration In 1914 Benussi {Davis, 1961)
experimented with respiration as an indicator of deception.
Benussi developed the I/E ratio, time of inspiration divided
by time of expiration, and found that the ratio increased
during 1lving. This ratio has been neglected in both
laboratory and vpractical work because it is difficult to
delineate between periods of inspiration, expiration and
rest {Davis, 1961). However, guantifiable features of
respiration such as breathing rate (cycles per second) and
amplitude have been compared in the laboratorv. Cutrow,
Parks, Lucas and Thomas (1972) found that these measures
discriminated deception better than chance when the criteria
for a lie response was the smallest breath amplitude and the
longest time for three inhalation - exhalation cycles.

The agalvanic skin 7response In contrast to the GSR
being regarded as a very poor indicant of deception in the
field {Inbau and Reid, 1966) it has been one of the most
reliable and sensitive indicants in the laboratory {Cutrow,

Parks, Lucas, and Thomas, 1972; Davis, 1961). Laboratory
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investigators {Cutrow, Parks, Lucas and Thomas, 1972;
Thackray and Orne, 1968) who have used multiple ANS indicies
agree that the GSR is superior to other variables in the
detection of deception. Orne, Thackray and Paskewitz (1972)
report that field investigators think the GSR may be too
responsive t¢ any stimulus in a réal life situation where
+he emotional or motivational level of the subiject may be
very high. Some investigators have carried out laboratory
studies where an attempt was made to create strong emoticnal
or motivational involvement, for example Kubis ({Orne,
Thackray, and Paskewitz, 1972) emploved nock crimes,
Violante and Ross (1964) used aversive noise, Kugelmass and
Lieblich (1966) used policemen who were told that their
career future may depend on the experimental results. Even
with these arousing manipulations the GSR was still found to
be highly effective.

Ocular responses The eye has been another organ

studied in deception. Berrien (1942) cocunted eye uovements
during deception and found that the gaze of guilty susrects
became more fixed or steady during a lie. Berrien and
Huntington (1943) have detected deception by measuring
increases in pupil size. The pupillary response of a slow
negatively accelerated dilation, 1lasting 1-5 seconds,
followed by a rapid constriction yielded correct

discrimination in 70% of the cases. Generally the pupillary
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response in lie detection has been neqlected because of
measurement problems. However, Orne, Thackray and Paskewitz
{1972) pvpredict that nmore recently developed television
pupillometers will facilitate further research with this
measure.

In summary there 1is much need of improvement in
measures used in the detection of deception. The GSR, the
most accurate measure in the laboratory situation does not
seem tc perform as well in the field, Cardiovascular
measures except for blood pressure (Pavis,1961) have not
been very accurate in detecting deception., Respiratory
measures have been difficult tb cbijectively guantify while
still maintaining the accuracy of detection that experienced
field workers such as Inbau and Reid {1966) claim to obtain
by subijective -Hjudgement. Work on the pupiliary response in
lie detection has been delayed because of the equipment
involved and the lack of instant feedback on the response

{develoring £film and measuring) {Day, 1972).

Laboratory Research and Field Work Compared

Caution is necessary when drawing inferences from the
iaboratory to the field, especially since the consaguences
of the test 1in a criminal interrogation or employment
interview can be very important to the individunal involved,

whereas an interrogation in the laboratory may be of almost

no importance to the subiect.
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The degree to which the laboratory and field
situations may differ is considerable and these differences
may have great effect on the results of investigations. One
apparent difference occurs with respect to levels of
motivation. Investigators in the field have assumed that the
suspect?s concern or motivaticn to avoid detection results
in enhanced lie responses {(Horvath and Reid, 1972). Ons
laboratory study, using college students who were told that
only those with superior intelligence and emotional control
could avoid detection (Gustafson and Orne, 1966) supports
this <contention, but neither Day (1972 nor Lieblich,
Naftali, Shmﬁéli ard Kugelmass {1974), in their laboratory
investigations have found anyv effect due
to varving levels of motivation. Lieblich, Naftali, Shmueli
and Kugelmass {1974) used the same manipulation to increase
motivation as Gustafson and Orne (1963). Laboratory studies
{Gustafson and Orne, 1965} vield the conclusion that
‘requirinq a subiject to wmake an overt verbal response
facilitates the detection rate over a situation requiring a
subiject to remain silent in response to the interrogation
gquestions., Horvath and Reid (1972) in a field investigation
found that requesting the suspects to remain silent in
response +to interrcgation guestions enhanced the difference
between ANS responses to critical and neutral guestions. The

response of interest was respiration and, as noted earlier,
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part of the improvement was due tc elimimation of variation
associated with an audible response. However, the GSR and
blood ©pressure responses showed sone indication of
enhancement in the mute condition. Unfortunately, these
measures were not systematically evaluated by the authoers,
making it difficult +to tell if these were dramatic, but
isoclated results.

Further differences between fisld and laboratory
~investigations have occured in relation to instrumentation
used. Laboratory investigators have had much success with
the GSR {eq., Kubis, 1962), whereas some field investigators
have found the GSR to be a rpoor discriminator ({Reid and
Inbau, 1966). The fact that there are discrepancies between
field work and the laboratory should not deter investigation
in the detection of deception. On the contrary this should
encourage more systematic experimentation to resolve and

clarifyv these issues.

Theoretical bases for physioclogical responses in deception,

Several theories have been advanced to explain why
physiolcgical responses are differentially enhanced to
critical stimuli in the detection of deception paradiqm
{Davis,1961). The conditiocned responée theory suggests that
critical stimuli play the role of conditioned stimuli. As
conditioned stimuli they may evoke emoticnal responses that

had been associated with these stimuli in the past, This
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theory appears reasonable when considering an intensely
emotional field interrogation but does little to explain
good results obtained in the 1laboratory where emoticnal
invclvement may be +trivial ({Davis,1961). Conflict theory
proposes that physiological disturbances occur when
incompatible response tendencies are aroused at the same
time. Habit may dispose a subiject +to answer a gquestion
truthfully and this would compete with a 1lie respoase
(Davis,1961). A third theory is based on the threat of
punishment and states that the physiological responses are
due to anticipation of negative consequences if the suspect
is discovered in the attempt to deceive,

Day and Rourke {1974) noted that in each of the above
mentioned theories there is the supposition that the suspect
is aware of being in a lie detection situation. If such
awareness 1is not necessary for the production of
differential physiological responses then explanations based
on fear of vpunishment or motivations to deceive the
experimenter are not mnecessary. Day and Rourke (1974)
included conditions where subjects did not realize they wsre
in a lie detection situation. They hypothesized that "short
term familiarity" is a sufficient condition for differential
physiolcgical responses. For one short term familiarity
qroup significant rates of detection were found giving

support to the hypothesis that maintaining atterntion may be
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a sufficient condition for detection. The detection rates
for this qgroup did not differ from those of two other groups
who were awars thevy were in a lie detection experiment and
yere motivated to deceive the experimenter.

This result fits well with data suggesting that
differential physiological responses in detection
experiments are ncot contingent upon overt or actual lying by
the subiject. Horvath gnd Reid (1972) <could detect gquilt
when suspects remained mute to all questions. Gustafson and
Orne {1965) could also detect critical items when subijects
remained nute in respcnse to guestioning. Kugelmass,
Lieblich and Bergman {1967) found differentially enhanced
physioclcgical responses to critical items when the subijects
answered truthfully about these items and 1lied about the
irrelevant stimuli. Berkhout, Walter and Adey{1970) found
equivalent autonomic responses whether the subdjects admitted
or denied indulgence in certain sexual practices.

Day and Rourke {1974) noted the observation of Orne,
Thackray and Paskewitz (1972) that the designated critical
stimulus becomes a fiqure in a fiqure-ground relationship
among stimuli and it is not why the subject pays attention
to a given stimulus but how much attention is paid to the
stimulus that is important. Day and Rourke (1974) found the
poorest detection rates for those who were bored or claimed

their mind was wandering.
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Habituation of respcnses_during deception.

One method of increasing the probabilty of the correct
detection of deception is to increase the number of trials
available tc¢ compare critical stimuli to control stimuli
{Lieblich, WNaftali, Shmuesli and Xugelmass, 1974), The
simplest way to accomplish this is to repeat the critical
and control questions several times, However, since ANS
responses habituate with stimulus repetition the utility of
this approachk depends on the rates of habituation of
responses to the control and critical stimuli. Differences
between the critical and neutral stimuli may only occur on
the first few trials because the response to the critical
stimulus may habituate rapidly. A confusing situation cculd
arise if the response to the critical stimulus habituated
more rapidly than responses to one or some ©0f the control
stimuli. Little or nothing would be gained by extensive
repetition of the critical stimulus if the above held true.

Differential habituation to stimuli Ellson, Davis,

Saltzman and Burke ({1952) «cited in Orne, Thackray and
Paskewitz {1972) found that the rate of detecting critical
responses declined over trials. Ten subjects were given two
series of five trials with each trial consisting of the
names of six months, one of which the subdject had selected
previously. Detection of the selected month names went fronm

80% in the first series of trials to 70% in the second
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series. On the other hand Thackray and Orne {1967} fcund
t+hat detection became possible cnly after many presentations
of the stimuli. This experiment was notable for a great deal
of initial responsivity to control stimuli, which then
seemed to habituate more rTapidily than responsivity to
critical stimuli., Peterson and Jung {1907) alsc report that
responses to control stimuli habituated more rapidly than
responses to critical stimuli over three trials. Jones and
Wechsler (1968) using a list of emotional and neutral words
found response habituation +to aneutral words but not to
emotional words as the end of the list was neared.

Geldreich {1941) habituated responses to control
stimuli while  minimizing or preventing habituation to the
critical stimulus. He presented a set of five cards to omne
group of subijects regquesting that they chose one. Then he
asked a single series of gquestions about which card they had
chosen, For this qroup‘he detected 74% of the chosen cards
correctly. The second grour was also requested to pick a
card but they were asked a series of twenty to fifty
gquestions about cards, none of which included +the original
five <cards from which they had chosen, After this they were
asked atout the five cards. The GSR?s to non-critical
guestions were substantially reduced while the GSR's to the
critical stimulus remained large. The detection rate for

this gqroup was 100%. This approach was effective for
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increasing detection and may hold promise as a methodolqgy in
future.,

Another attempt at improving detection rates involved
the combination of trials ccmparing the critical and control
stimuli. If the response to the critical stimulus is slow to
habituate, then combining trials should lead to more
accurate detection. Gustafson and Orne in an unpublished
study, c¢ited in Orne, Thackray, and Paskewitz (1972),
combined trials one and two of a simple card test that had
been repeated five times . This 1lead to an increased
accuracy over the first trial alone. However, adding the
results of the third +trial 4did not augment detection and
combining all five trials decreased the detection rate from
that of the first trial. Lieblich, Naftali, Shmueli, and
Kugelmass {1974) demonstrated a marked improvement in
detection rates by repeating the stimuli and combining all
the trials. The response to the critical stimulus 4did
habituate over +trials such that in the first trial it was
largest 60% of the time but declined by the tenth to whersa
it was largest 48% of the time in the low motivation group.
In the high motivation group the critical response went from
being largest in 55% to 50% of the trials. Combining all
trials yielded detection rates of 96% in the low motivation
group and 93% in the hiqh motivation group. Repetition aided

in this instance but there is a very important element to be
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noted . The subiect’s name was used as the critical stinmulus
and responses to a person's own name do not readily
extinguish {Lvnn,1968).,

Ben Shakhar, Lieblich, and Kugelmass (1970) used an
approach which involved the presentation of many critical
items. With this method the subiject attempts deception in
response to different specific gquestions and therefore
cannot habituate to a specific repeated stimulus but has to
adapt to repeated lying about many different questions . The
experimenters reported a detection rate of 77% using this
method. It is impossible to conclude from the report of Ben
Shakhar, Lieblich and ‘Kuqelmass {1970) at what rat=
responses may habituate but since detection rates remain
high habituation should be studied in that situation.

ANS measures and habituation Habituation mayv occur at

areater or lesser rates depending on the nmeasures used
{Davis, 1961). All of the studies on habituation cited in
the section above have used the GSR, which appears to take
the 1longest of the commonly used measures to habituate.
Solomon, Black, Watson, Huttenlocker, Turner, and Westcott
{1958) cited 4in Orne, Thackray, and Paskewitz (1972) found
that human heart rate, and respiration responses extinquish
very rapidly in a conditioning paradiqgm whereas the GSR
persisted over a long period of time, Seward and

Seward (1934) cited in Orne , Thackray , and Paskewitz (1972)
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found that both body movement and respiration habituatsd
more rapidly to shock than the GSR.

Studies designed to systematically investigate the
habituation characteristics of different autonomic responsss
in various detection of deception situations would be a

great asset in understanding lie detection phenomena.

The pupil response_in the detection of deception

The present study will focus on the pupillary
response, Berrien and Huntington {1943) have shown the
pupil toc be an indicant of deception but beyond +that study
the measure has been ignored in the detection of deception
literature,

The pupillary response has not been neglected in other
areas o©f vpsychology. Many researchers (e.gd., Hess, 1972)
have ccntended that there is ar intimate relation between
the activities of the pupil and brain activities; The number
of possible influences on the pupil from various brain arsas
has made this seen likely, Both synmpathetic and
parasympathetic divisions of the ANS innervate the pupillary
response with the sympathetic division controlling the
dilator muscles c¢f the iris and the parasympathetic division
controlling the sphincter muscles of the 4iris ({Lowenstein
and Loawenfield, 1362 . In addition,
hypothalmo-thalmo-cortical activity effects pupil size.

Dilation of the pupil can be evoked by stimulation of
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cortical areas around the orbital cortex, temporal tip,
cinqulate gyrus, insula, rhinal fissure and hippocampus in
additicn to the basal telencaphalon, hypothalmus, septum and
thalamic nuclei (Delgado,1966). Hakerem (1970) suggests
that the pupil 1is such a precise indicant of cerebral
function that he refers to it as as "a permanently implanted
electrode in man" (1970 p.59).

Goldwater {(1972), Hess {1972), Janisse {1973) and
Janisse and Peaver (1974) have reviewed literature showing
the wutility of the pupillary response as a dependent
variable when investigating pheromena such as mental effort,
arousal or emotion. Hess had hoped to demonstrate that the
pupil responded by «constricting to aversive stimuli,
however, Janisse (1973) questicned this hypothesis in a
review of the 1literature and fourd that any constriction
effects were probably due to inadeguate controls when using
visual stimuli. Janisse {(1974) did find that the greater
the intensity of a stimulus whether positive or negative the
greater the dilation response. Thus, the pupillarv respoanse
is unidirectional no matter what the valence of the stinmulus
and it is dintensity +that determines the magnitude of the
response.

Voluntary Control of the Pupil
An important question especially in the detection of

decepticn ccnecerns voluntary control of ANS response
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systems. Prather and Berry {1973) demonstrated +that +the
pupillary response can be shaped by instrumental
conditioning. If ANS responses were easily controlled a
subject could avoid detection. Bumke {1911) cited by Hess
{1972) <considered that the pupil can be influenced
indirectly by changing visual accomodation from near to far,
holding one's breath, exerting one’'s nmuscles, self
infliction of pain or performing mental calculation, but
that it could not be contrclled directly. Not only does the
performance of such tasks result in pupillary dilation but
Simpson and Paivio (1968) have éhown that this dilation can
be enhanced when an overt verbal or motor resconse is
required. They used a coqnitivs imaging task. Thus the
pupillary response is an involuntary concomitant of the
above mentioned physical and cognitive acts and can be
additionallv influenced during a <cogpnitive task by the

performance of an overt response. When subjects were asked
directly to inhibit dilation in response to stimuli they did
not succeed in decing so {Krueqer, 1967). Clark and Johnson
{1970) informed, misinformed and did not inform different
groups about the dilation and constriction effects expected
as a result of mental effort. This manipulation did not
result in differential pupillary responses during the tasks.
Overall it appears that the pupillary response can be

controlled indirectly, that is made to dilate as a result of
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enqaging in some motor o©r cogqnitive activity. However
suppression of dilation has not been found &£xcept in the one
experiment by Prather and Berry (1973) where real time
feedback of the purillarv activity was necessary for the

subject to gain the control.

Habituation of the pupillary responsec.

An important topic for the research in this paper is
the habituation of the pupillary response to psychosensory
stimuli. Unfortunately there has been no work directly
concerned with habituation of the pupillary response in a
detection of deception paradigm. Reliance must be placed on
data from habituation studies extinction in <conditiocning
studies.,

The pupillary response is a component of +the
generalized orientation reactién and is typically obtained
with decreasing intensity for something 1like 10-15
stimulations (Lynn,1968)., Clvneé (1962), cited in Goldwater
{1972), found that the pupillary response did not habituate
to tones or clicks over several hundred frials. This lack
of habituation may not be surprising since Goldwater {1972)
noted that the later responses were generally small and he
suggested that the method of evaluating habituation may give
the impression of lack of habituation. Goldwater (1972)
thought that a reanalysis of the data would reveal both

diminution of response and spontaneous recovery within <+he
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blocks of trials evaluated by Clvnes (1962). Nunally, Xnot,
Duchnowski, and Parker (1967) found +that a differentially
large rupil response habituated to novel stimuli. Within
two trials the responses vwere of the same magnitude as
responées to control stimuli.

Extinction data from experiments of Baker (1938),
Cason {1922), and Hudgins (1932) suggested that the
conditioned pupillary response did not extinquish. However,
all these experiments attempted to condition the ©pupillary
reflex using light as well as an unconditioned stimulus and
it is ncw believed that the experimenters did not obtain
successful conditioﬁinq since all replications have failed
and the original studies were done with very crude
instruments {Younqg,1958) . - Successful conditioning of
pupillary dilation with shock (Harlow, 1940) and auditory
stimulation ({Kugelmass, Hakerem and Montgiaris, 1969) has
been obtained. Goldwater {1972) states that the weight of
e?idence suggests that some type of motivational compcnent
is necessary for classical cenditioning., Once conditioning
had been obktained with shock, Gerall and Obrist {1962) fcund
no tendency for the pupillary response to habituate over

fourteen trials.

T R A O S S M S e o, i TS

The first experiment was desiqned +o assess the

effectiveness of the pupillary response for the detection of
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deception. The experiment included three groups. The first
group attempted to "lie® verbally, members of +the second
group were told to "lie" silently to themselves. The third
group also remained silent, but unlike the other qgroups made
no attempt to lie. It was predicted that the magnitude of
the pupillary response to guestions concerning the critical
item would be larger than responses to the noncritical
guestions in both the 1lie groups and control group.

Detection rates for all groups including the control group
wvere predicted to be greater than chance. This prediction
was Dbased on Day and Rourke?s (1974) finding that even nmere
exposure to a stimulus is sufficient condition for
subsequent detection. 4Anv enhancemnent of detectability due
to lving {Davis, 1961) would be evidenced on a' groups X
question interaction., If overt responding (Simpson and
Paivio, 1968) further increased the difference this would be
evidenced on the same interaction. These h&potheses, that
lying and overt responding enhance the rpupil response, would
be substantiated if post-hoc tests following a significant
groups by guestions interaction revealed significant
differences between each grcup on the critical question with
the means of group A the largest and group C the smallast.

M-;et hod

Subiects

Subjects were 60 male university students who took
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part in the experiment to fulfill an introductory psychology
course reguirement. Twenty served in each of the three

conditions which were Overt, Covert and Control.

Apparatus

A Whittaker Space Sciences Evye vView Monitor and
Television Pupilliometer was used. This dinstrument was
desiqgned to provide an accurate assessnent of pupil diameter
and record this on FM tape. In addition, eye movements
within the range of 30 horizontal and 25° vertical can be
monitored. The apparatus has twe television cameras, one to
monitor the pupil, the other to monitor the areas of the
visual stimulus upon which the subiject has focused.

The derived data was recorded in digital form on a
Kennedy incremental magnetic tape recorder, Model 1600,/360.
Verbal stimuli were presented via a two channel Sony tape
recorder. The onset of stimuli can be wmarked on the digit
tape by pressing a connected hand button.

The apparatus was set up in an all white experimental
room illuminated by three 100 watt bulbs which were placed
directly above the subiject and approximately 3 1/2 metres
from the visual target. The bulbs were positionad to
provide uniform illumination of the target area. Under these
conditions the illuminance was 72 lux at the target surface
and luminance, the amount of visually effective light from

an extended source, was 25 nits at the pupillometer
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headrest. These bulbs were connected to a 25 ampere constant
voltage transformer to provide a steady nonfluctuating power
source to prevent change in illumination due to power surges
in the external electrical supply.

The pupillometer cameras and a head rest for subijects
were positioned on a moveable tray mounted on a swivel stand
by the subiect?s chair. The chair was ad-ijustable so it cculd
be raised or lowered., Fhen the subiject was seated, the
experimenter could move the tray towards the subiject so that
a comfortable position could be obtained.

Numerical stimuli were stenciled on heavy white index

cards and served as the stimuli in the experiment.

Prior to +the arrival of a subiect at the laboratory
the experimenter determined +the order of conditions and
numbers assigned to each condition using a random numbers
table {Runvyon and Haber, 1967). The restrictions were such
that there were to be twenty subijects in each condition and
that each of the five numbers from one to five served as the
critical stimulus four times in each condition. Thus as
each subject entered the labecrateoryv he was assigned the next
condition and number in a randomly determined sequence.

A1l subjects were informed that there would be a 10
minute wait while their pupils adapted to the room lighting.

During this time they sat at a table beside the experimental
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chair and read their instructions.

A1l subdects, whether they were in the "lie" qgrourps or
the control group read that they were participating in an
experiment concerning physiological responses used in 1lie
detecticn. The instructions said that the pupillometer
measures changes in the size of the pupil and by these
changes the experimenter can tell if the subject is lying.
Subjects in the first group, the "Overt lie" condition read
that they were to answer "no" to all questions in an attempt
+0o conceal the number thev had chosen. The second group, the
"Covert lie"™ group read that they were to remain silent
during the guestioning but to "think no" in response to the
questions, in an attempt to conceal the chosen number. The
third group, the Control group, were told o remain silent
and dust 1listen to the guestions since they were not
attempting to conceal the number.

Once seatsed in the pupillometer chair subijects picked
one card from a set of five, numbered individually from one
to five, The choice of the card was made while the
experimenter held them face down s¢ that neither the subiect
nor the experimenter could see the number chosen, The
experimenter insured that each subject chose the correct
number for his particunlar condition by having five dscks of
five cards with each of the cards in a deck having the same

nunber. Since the experimenter held the deck in such a way
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as to conceal the numbers from the subject they did not
suspect this ruse.

After choosing the card the subijects memorized the
number. The Overt apd Covert groups had previously read that
they were to conceal the number whereas the control group
had been instructed not to hide it.

Next the subijects placed their heads on the head rest
and focused on the middle of a target positioned on the wall
3,5 metres in front of them. The experimenter then made
adjustments to the chair and the head rest to insure their
comfort, and then adjusted the pupillometer. The subijects
were informed that +there would be a fifteen second silent
period from the time a tape recording of the gquUestions was
turned on to the first gquestion and thereatter a seven
second interval between each question. When the guestioning
was finished subjects would be told to rest. The order of
presentation of the five tape recorded gquestions had been
randomly determined before the experiment. The tape
guestions were of the form "Is it one?", "Is it two?", etc.
| As a final instruction all subjects were told not to
let +their focus of vision wander off the target, keep their

eves open wide and try not to blink.

Analysis

A critical response was defined as the pupillary

response occurring after a subiject was asked about the
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number ke had actually chosen. A noncritical pupillary
response followed guestions about any other number in the
guestioning series.,

The basic unit of analysis was the per second average
of pupil size <calculated from pupil measurenments recorded
every 1/60 of a second. There were 7 ssconds following each
guestion. The first U seccnds were designated the responsse
period. The remaining 3 seconds comprised the bassline
period. The 3 seconds following a response on one gquestion
were sequentially prior to the next guestion and as such
served as a prequestion baseline for that following
question., Pricr to the first question the last 3 seconds of
the initial baseline were used as the first pre-guestion
baseline. The distinction between the 4 second respohse
period and the 3 second baseline was primarily for the
detection rate analysis as described below,

The data analysis was carried cut in two wavs., The
first used the basic unit, actual pupil size, in analysis of
variance procedures. Since the experimental design involved
repeated measures and it was not knewn if the egquality of
varianée-covariance matricies assumption would be violated
conservative degrees of freedon, adjusted by the
Geisser-Greanhouse (1958) +technique, were used. The second
part of the analysis involved tabulation of the number of

times +that critical ‘"peak scores', "mean scores", and
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“difference scores"™ exceeded all noncritical scores of their
respective type in an appropriate set. "Peak scores" used
the largast, or peak, of the 4 actual pupil size values
{fone per second) in a response period. W"Hean scores?,
invelved the average of the four actual pupil size points in
a response period to form one value for that period.
#"pifference scores" were calculated from the mean of the
response period subtracted from the mean of the appropriate
pre and post baseline periods. Successful detection was
scored if the magnitude of the critical response was larger
than all of the four noncritical —responses in a set of
gquestions.
Results

The means of actual pupil size during the three
seconds of initial baseline prior to any guestioning were
4,57, 4,66, and 4.64 millimetres respectively for Overt,
Covert and <Ccntrol. These values were not different fron
each other F¢1.0.

Figure 1 shows actual pupil size data collapsed over
the 20 subijects in each group for the «critical and
noncritical questions across the seven second post gquestion

period.
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An analysis of variance on this data showed that the
pupil size following a critical guestion was found +o be
greater than the averade of pupil sizes following
noncritical gquestions ¥{1,57) = 19.2 p<.01. Differences in
the 7 «consecutive values in the post response period were
found F{1,57) = 36.1, p<.01. No significant effects wers
found for the groups by question interaction F<1.2. {A
summary table of the above analysis is presented in Appendix
A.)

The pupil size values, with a mean of 4,92
millimetres, in the four second response part of the post
guestion periocd were found +to be larger than the three
values, with a mean of 4.81 millimetres, in the three seccnd
baseline when Scheffe’s post hoc technique was used F({1,57)
= 38.7 p<.05 (A summary table of the above analysis is

contained in Appendix B).

Freguency

The number of times the pupillary response following
the critical <questions exceeded all responses in the
appropriate set following noancritical gquestions was counted.
The binominal test was used to detect deviation gqreater than
the expected chance rroportion of .2 or # successful
detections out of 20. Anv number of successful detections
equal tc¢ or more than 8 was greater than chance beyond the

.035 level. Table 1 shows detection results using analysis
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of mean scores, peak scores and difference scores for each

of the three groups.
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In Table 1 it can be seen that detection rates were
significant using mean scores in groups B and C, for peak
scores in group A and C, but were not significant for any
group using difference scores, An overall X* using the
averaqge detection rate for all nmeasures failed to reveal
superiority of any one measure.

Discussion

There are several points to note in this experiment.
Overall at the ogroup level the pupillary response vas
differentially sensitive to numbers brought to the attention
of the subiject prior to guestioning, The experiment doszs
not offer support that the lie detection paradigm enhances
detectability since the detection rate data fails to reveal
differences between the <ccntrol and 1lie groups. This
conclusion is supported by the pa;ametric analysis in which
the group by question interaction does not obtain
significance. A hypothesis proposed by Day and Rourke {(1974)
that "short term familiarity" is a sufficient condition for
differertial responses seems mCre appropriate. At a more

general level this finding implies that procedures designed
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to differentiate a stimulus from a set of stimuli will
result in an augmented respconse to that stimulus. Whether
detection rates using the ©pupillary «response could be
differentially enhanced for the lie groups with the addition
of stressful or motivating factors remains an open question.

The lack of a significant group by guestion
interacticn precludes finding differential enhancement of
the pupillary response due to overt responding., This is
contrary to the findings of Gustafson and Orne {1965) who
found subijects in the verbal response group easier to detect
than subijects in the mute group. However Orne, Thackravy aznd
Paskewitz (1972) suggest that the role of verbal responding
in 1lie detection remains unclear. Simpson dnd Paivio {1968}
have concluded that overt responding whether verbal or
motor, augments the pupillary response but their studies
have concentrated on cognitive imagqging tasks and not lie
detection.

Although significant detection rates were found in
cach of the three groups this was only when all three
methods of measuring a response were considered. No method
was significantly better than another so there is no way to
suggest which of the three measures would b2 most fruitful
for further research.

Detection rates were lcw compared to those found in

other laborateory experiments using comparable stimuli,
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numbers, letters or geometric designs and different
physiological measures, predominantly the galvanic skin
response. The detection rates reported in the 1literature
ranged from 40% to 83% with a median value cf 73% {Orne,
Thackray and Paskewitz, 1972). In this experiment detection
rates ranged from a low of 25% to a high ¢f 50% with a mean
rate of 36%{Table 7).

Compariscon with other experiments may be misleading
since no buffer item was used to attenuate the orienting
reflex. The orienting reflex is a physiological response
that may occur solely as a result of exposure to a novel
stimulus regardless of the significance or lack of
significance that stimulus has £o the subiject {Sokolov,
1963)., This response to novelty may actually be larger than
responses to critical and noncritical gquestions. The buffer
item is usually in the form of an initial guestion that
allows the subject to Dbecome accustomed to hearing the
questions thus reducing the novelty.

Overall it mav be concluded that measurement of the
pupillary response is effective in the detection of numbers
+0 which the subject has been pre-exposed. This provides
added support for the attention hypothesis of Day and Rourke
{1974) which states that mere pre-exposure to a number
before gquestioning is an adequate condition for datection .

Experiment 2
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Experiment 2 was designed both as a replication and
extention of Experiment 1 and to study the habituaticn of
the pupillary response over repeated trials. The effect of
repeated presentations of stimuli remains an important topic
in the detection of deception since the probability of
successful detection may be raised by increasing the number
of trials available tc compare the critical and neutral
responses.

Optimal detection would occur if habituation to the
critical stimulus cccurred less rapidly than to neutral
stimuli, Repetition would be valuable even if habituation
occurred at the same rate for critical and noncritical itens
if the general relationship of the critical response being
larger than the mean of the noncritical responses held., Any
one of +the noncritical responses may be larger in a given
trial but it would not be expected that any noncritical
respons€e would be systematically larger over several trials.
If the c¢ritical response habituated at a more rapid rate
than the noncritical response, repeated trials would only
obscure detection. Neither 1lving nor overt responding
emerqged as important factors in Experiment 1. If either of
these factors do have an enhancing effect that emerges over
trials then a group by question by trials interaction would
be expected.

Method
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Subiects

Subjects were 60 male university students who took
part in the experiment to fulfill an introductory psycholoqy
course reguirement. Thev were not allowed to serve in this
experiment if thevy had served in the first experiment in

this report. 20 subjects served in each of the three groups

Overt, Covert and Control.

Procedure

Procedural details conceruinq. general instructions
given to subijects, and the method of card choosing remain
the same as those reported in Experiment 1l. In addition to
receiving the =same instructions, as reported in Experiment
1, subdects were instructed that sets of questions would be
repeated five times and that they were to remain in the head
rest apparatus looking at the targst until theyv heard a
taped voice say "rest", The rest would be 30 seconds long.
During this time subjects were to withdraw their heads fronm
the head xrest apparatus and 1look at the number on their
chosen card. They were to continue to conceal the number
from the experimenter. At the end of the rest periocd the
experimenter would again set them up im the head rest
apparatus ready for another five trials.

The +tape recorded questibns for +this experiment,
consisted of 10 sets of five gquestions about the nunmbers

presented in random order. Theére was a 15 second basSeline
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period before and after the first five sets of guestions and
the second five sets of questions. There was a 7 second
period between each question, the initial 4 seconds of which
comprised the response period and the following 3 seconds
the baseline. This distinction was most important for the
detection rate data.

No buffer item was presented in this experiment since
the first trial was to serve as a replication of Experiment
1. After the first trial novelty effects should have worn
off., |

Results

Replication Data

The means of the actual pupil size during the three
seconds of initial baseline before questioning were 4,88,
5.00 and 5.01 wmillimetres respectively for Overt, Covert
and Control. These were not different from each other ¥<1,

A three factor analysis of variance was carried out on
the pupil sizes measured during the first trial. These means
collapsed across groups and subjects are presented in Table

2.
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Differences between dgroups were not significant F<1. Pupil

size following a critical guestion was larger than pupil
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size following a noncritical guestion F(1,57) = 18.1, p<.01.
A significant differencs Dbetween the values in the 7
consecutive seconds following a question was also found
F{1,57)y = 48.7, p€.01. As in Experiment 1 no significant
groups by guestion interaction was found. {A summary table
of this analysis is contained in Appendix C).,

A post hoc analysis using Scheffe?s technigue on the
four values of +the respose period, with a mean of 5.16
millimetres, revealed that they were larger than the three
values in the Dbaseline vperiod, with a mean of 4,98
nillimetres, F(1,57) = 55.4, p <.05 (A summary of this
analysis is ccntained in Appendix D).

‘As in Experiment 1 the number of times the pupillary
response following the critical questions exceeded all
responses in the appropriate set following noncritical
questions was counted. Any nunber of successful detections
equal to or more than 8 was dreater than chance beyond the
«035 level {See Table 3). Detection rates greater +than
chance were found only in the covert group and these

occurred with each of the three methods of analvysis,
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An overall comparison o¢f the detection <ratses in

Experiment 1 and 2 showed them not to be significant x‘= o 1o

4o



Habituation Data

This section of the results examines the change in
pupil size over the course of ten repeated trials. Figure 2

presents this data collapsed over subjects and trials.
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A five factor repeated measures analysis of variance
carried out on this actual pupil size data Tevealed that
there were no significant differences among the levels,
overt, covert, and control of the only between factor, §< 1.
Regarding the repeated factors, differences between the
first and second block were found, F(1,57) = 78.7, p<.01, as
wvere differences between, trials within these blocks, F
{1,57)= 128.6, p<¢.01. Respounses to critical questioﬁs wverse
greater than to noncritical questions F(1,57) = 18,7, p<.01,
It can be seen from Figure 1 that pupil size declined over

the seven second post guestion interval and this was

i

significant F(1,57) 112.0, p<.01. The predicted groups by
trials by <questions interaction was not found F<1. {A
summary table of this analysis is contained in Appendix E).
It was necessary to carry out simple main effects
analysis where main effects were involved in significant

interactions ({Kirk, 1968). There were several such

interactions, blocks x trials, blocks x questions, blocks x
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post guesticn interval, trials x post gquestion interval,
group x post question interval, and finally guestion x post
guestion interval. Simple main effects revealed that pupil
size became smaller over successive trials in each of the
two blocks, F{1,57) = 107.5, p<.01, F{1,57) = 70.7, p<.01.

The difference between <critical and noncritical
questions was found to be significant in the first block but
not in the second. The respective values being, F(1,57) =
22.1, p<.01, F11,57) = 2.7, p<. 11,

The difference among ypupil size values in the post
question interval was significant for each block, ¥ (1,57 =
90.5, p<.01, ¥{1,57) = 50,5 pn¢.01.

The post question interval difference held across each
of the five trial levels collapsed across blocks (A sumnary
of this analysis is presented in Appendix F).

In each of the groups actual pupil size differed
through the post-response period, F(1,57) = 66.2 p<.01,
F{1,57y = 38,6, p<.01, F{1,57) = 16.4, p<.01. Differences
between critical and noncritical gquestions were found to
held conly over the first four values of actual pupil size in
the post gquestion interval {A summary table of this analysis
is presented inr Appendix G).

Tukey's honestly sigpificant difference test
{Kirk, 1968) was used to eXamine the difference between

critical and noncritical guestions with each individusl
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group and Dblock. These differences ranged fron 0.001
millimeters to 0.082 milimetres and are presented along with

their significance values in Table 4.
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Insert Table 4 about here,
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Overall the differences in the first Dblock of each group
were significant but these differences failed to obtain

significance in any of the groups in the second block,

Frequency- Data

The number of times the magnitude of +the rpupillary
response following the «critical queétions exceeded the
maqnitﬁde of all pupillary responses following noncritical
guesticns arpropriate for a particular trial was counted for
each trial. The binomial test was used to detect deviation
greater than the expected <chance proportion of .2 or 4
successful detections out of 20. Any number of successful
detections egqual to or more than 8 was greater than chancs
beyond the ,035 level, Table 5 shows detection results for
mean scores, peak scores and difference scores over the 10

trials in each of the three groups.
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Even though the data was dichotomus in nature analyses
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0f variance were carried out on the detection rates for
means, peaks and difference scores. Lunney {1970) has shown
the analysis of variance with dichotomous data to be robust
if the propcrtion of the smaller response category is equal
to or greater than .2 and there are at least 20 or nmore
degrees of freedcm for the error term

The analysis of variance for mean scores was carried
out with the three groups as levels of the between factor,
and trials 5 per block as the second within factor. ©No
significant differences were found.

The same format analysis failed to yield significant
differences for peak scores and difference scores, {Summary
tables of these analysis are presented in Apvendicies H, I
and J respectively).

Looking at the total detection rates for each block it
can be seen that only difference scores vielded significancea
for all three groups in the first block. Peak scores
vielded significance only for the covert group and mean
scores yielded significance for both the covert and control
groups.

Table 6 presents detection rates derived by averagqing
the resronse magnitudes for the critical questions over each
of a subiject?s five trials in a block and comparing them
with the averaqge of sach of the noncritical numbers. If the

mean of the critical gquestions was larger than the means
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appropriate +to each o¢f the noncritical questions then
detecticn was successful. The binomial test was used
revealing that anv value over 8 was significant beyond the

«0325 level.
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The first trial in Experiment 2 served as a
replication of Experiment 1. The parametric analysis of the
appropriate data revealed fundamentally the same results as
found in Experiment 1: no differences in pupil size Dbetween
the three groups; differences between critical and
noncritical questions: differences betweern the designated
response period and its subsequent baseline period; no
differences between the groups on 3initial baselines. 1In
addition, there were no differences in overall detection
rates between Experiment 1 and the first trial c¢f Experiment
2 for all groups, on all methods of scoring { peaks, mneans
or difference scores) when an expected value derived from
the mean of detection rates appropriate to the particular xﬁ
analysis was carried out. Thus the findings of Experiment 1
have been successfully replicated. However the
rearrangenents of detection rates different from chance

between groups from Experiment 1 and Experiment 2 suggests
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that for anvy one group and measure the obtaining of
significant detection rates is not a highly reliable
phenomena even though the underlying parametric data is
replicable.

In Experiment 2, no differences were found between any
of the three groups in detectior rates over repeated trials.
Again the findings by Gustafson and Orne {1965) that, lying
overtly led to hicgher detection rates than 1lving covertly,
were not supported., Day and Rourket's (1974) finding that
mera2 pre—-exposure to a number vields differential responding
recaives support from the detection rates during
habituation.

In spite of the prcbable lack of relevance the
numerical stimulus had to the subijects in this experiment,
the overall detection results are very close to those
reported by Shakhar, Lieblich and Kugelmass (1975) in their
study of habituation. Using the GSR they observed a
detection rate of 34%. In Experiment 2, a detection rate of
31% was found. Shakhar, Lieblich and Kugelmass {1975) used
the subject®s own name or the names of family and friends as
the critical stimuli. These stimuli as Oswald , Tavler and
Treisman (1960) have found are particularly relevant to the
subject and continue to evoke physioclogical resposnses for
many trials. Thus the slightly lower detection rates in the

present experimernt mavy actually be guite impressive
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considering the stimuli used.

Even thouqh a habituation paradigm does not enhance
detaction rates on anvy given trial, it may be used to
‘advantage by combining the results ¢f trials. Combining the
results of trials is done by finding the average response to
the critical guestion over several trials and ccmparing that
average with +the average o¢f responses +to noncritical
questions calculated across the same number of trials. This
was done and detection rates in one group were as high as
75% in block one when the averads of the responses to the
critical questions was calculated from the first 5 +tzrials
and compared +to the averaqges derived for the noncritical
guestions. The detection rates diminished in block 2.

If only detection rates are considered the
differential pupillary response to critical stimuli does not
appear that impressive. However, the nore powerful
parametric statistical analvses on the actual pupil size
data revealed that the pupillary response, 1in the first
block, was larger +o the critical question thaﬁ +o the mean
of the noncritical gquestions. It was not until the second
block that the pupil response became the same for all
guestions,

The theories of lie detection described by Davis
{1961) and _discussed earlier in this paper would have

difficulty in accounting for the data, especially since
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differential responding was evidenced in the control group.
In none of the three groups were the stimuli likely to evoke
a conditioned emctional response, and in the control group
specifically there was neither need to deceive nor conflicts
between lying and telling the truth. Again +the hypothesis
proposed by Day and Rourke {1974), that ‘'short +term
familiarity"Y is a sufficient condition for differential
responding is supported. Speculation on this finding carried
to its ultimate extent would suggest that a suspect would
merely have +to attend to a 1list of stimuli to evidenca
detectably different physiological responses.

Establishing +that ‘'short term familiarity" is a
sufficient condition for detection does not preclude the
possibilty that stressful or motivating factors associated
with 1lying about a specific item could enhance detection
rates. However, little comment can be made on this issue
here since this experiment was not designed to account for
motivational factors and the results in the literature
remain mixed {(Day,1972; Gustafscn,and Orne, 19463),.

The results of +this experiment show that an "“overt
lie™ is not only not necessary for detection but also fails
t0 enhance the physiological response, This finding is in
ppposition tokthat cf Gustafson and Orne {1965). Thevy used
the GSR as the physiological measure and found that a verbal

lie facilitated detection.

54



Experiment 2 also provides information on habituation
of <the pupil response in the lie detection paradigm.
Differential responding to the critical stimulus was fcund
in the first Dblock but dissappeared by the second block.
This occurred even with the short rest interval between
blocks. Ben Shaker, Lieblich and Kugelmass (1975) found that
responses to «critical and noncritical items exhibited
habituation curves that were similar in form. To account for
differential responses tc <critical and noncritical items
they formulated the npotion of dichotomization. Items are not
differentiated on an individual basis by the subiject but are
put dinto one of two cateqories, the critical item in the
relevant cateogory and the noncritical items in the
irrelevant category. In any situation where there are more
noncritical items than critical, the irrelevant category
will be presented more often and will be habituated socner
by virtue of greater frequency of occurrance. Their data
appears to support this notion and presents intriguing
possibilities of improving detection rates by increasing the
ratio of noncritical to critical items. Evidence to this
effect already exists. Geldreich (1941) acheived 100%
detection rates when the responses to noncritical items were
habituated over a series of twenty tc £fifty trials before
questions about critical items were asked.

With the above gualifications 4in mind, the data in
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this experiment show that there is little to gained, on a
per trial basis, by presenting more than five trials in the
hope of improving detection rates when the ratic of the
noncritical to critical items is 4:1 and the critical itenm
is presented on every trial.

Theoretical arproaches to 1lie detection postulating
concepts such as guilt, 1lying, conflict, fear, etc. as
psychological states necessary fer differential responses to
critical gquestions may merely represent extreme cases of a
more general theory. Detection <could fit into a brcader
paradigm where any operation designed to bring an item to
the attention of a subdect {Day and Rourtke,1974) will result
in that item being classed into a Y“relevant" cateocqgory for
that subject. Once an item has been classed as "relevant®
the efficiency of detection depends on how many "irrelevant”
items it is presented with in =a trial ({(Ben Shakhar,
Lieblich, and Kugelmass, 1975). Thus a differential response
can be explained simply by the notion that the subiect has
classed an item as "relevant" and has less habituation
trials on Y"relevant" items than on the greater number of
subiectively undifferentiated "irrelevant” items. One
interesting prediction for the data collected in Experiment
2 would be that habituation curves generated from each
critical stimulus in five consecutive trials would be most

like habituation curves generated from +the first four
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noncritical stimuli in the first trial and the first
noncritical stimulus in the second trial.

Overall it may be concluded that the pupillary
response can be used to measure differential effects of
psychosensory stimuli. This vas demonstrated in two
experinents. Repeating trials was not found to be an
effective method of increasing detection Trates on a per
trial basis. However, comparing the mean of the critical
responses over a block of trials to the means of the
noncritical responses does result in improved detection
rates. Overt lying did not facilitate detection over covert
lying and 1lving either overtly or covertly was not more
readily detectable than having the number merely brought to
the attention of the subject. Thus, traditional theories of
lie detection have been brought into question. An
explaination of differential responding vas offered
considering differential opportunities for habitunation of

cateqories of "relevant" and Yirrelevant!” stimuli.
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Tabla 1 ‘
Trequency of times subjects vere detected

group by cifferent scoring methods.
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"Table 3
Frecuecncv of times subjects ware detectad in each

group bv different scorin methods (crial 1).

Overt Covert._ " Control
Peal:s 5 11= - &
Means - 5 _vll*' v 7
Differenccs‘ 5 . 8= ' 6

%5<,035 binomial test



Table &

A comparison of auastions(Q) in each anf the grouos (G} :}LEQ

ar each level of blocks using Tukev®s H3D statistic.

. pifference a i
Q at Gl in BLL 0.070 5.75% )
Q at Gl in PL2 0.00C1 1.30
Q at G2 in BL1 0.082 . 7.39% )
0 at G2 in BL2 0.0e3 2,63
Q at 63 in BL1 0.037 3.37%
Q at €3 in BL2 9.020 1.77

q(.0531,57)

‘Fp<.05
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Tab

5

j~
W}

Frequencias of detection over prouwns for cach
trial by the different scoring nmethods.
BLOCY 1 BLCCR 2

Trials 1 2 3 & 5

you
1
[SY
o
1%}

Group A 5 5 6 5 5 t £ 5 6 8=
Group B 11 6 6 7 3 7 3 7 4% 4
Group C 7 6 167 5 3 L 71 5 5 5

Group A 5 3 7 83 -5 & 5 3 6
Group B . 114 6 5 6 3 6 & 5 7 &
Group C 6 & 5 71 & 3 2 4 68 7

O
}'u
wu
t
o)
oo
w
[}
(04
w
18]

Group A 5
>Gr0llp 3 87'-‘ 7 10;': 9-,': L_ 5 L ? 4 6
GroupC 6 5 12+ 6 " 3 3 6 6 L Z

#5<.035 binomial test



Tablz O

Detection rates derived bv the comparison of

average responses to <¢ritical questiomns to the

(2]

average responses to noncriticzl questions using

mean and difference scores. . -
Grouns -
A 3 C

Block 1 15% 107 & _
2 I E g= 6
Differences
Bloclk 1 13# 11= 7
2 _ 10% ' 6 7

*p<.035 binomial test
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A 3x2x7 Anova on actual pupil

guestions(Q), and post-gasstion

Source

G

GxQ

"ERROR2Z2

QxP
GxQxP

ERRORS

*F<,01

d£

2

57

wt
-~

(4,

o
N

342

ON

342

5

18

15

22

13

14

size for groups(l),

periad(?)-

k=4
»

0.310

19.150=

1.31L



Appendix B



Scheffe's analysis on the ost-response period usin
P P g

(a4
=3
\J

first & actwal pupil size values as the responsc and

las

]

t 3 valuas as the baseline.

re
g
¥

s . _106.671- 104.445 _
: 18.430( .0047) = 38.732%

#F.(.05,6,342)= (7-1)(2.10)= 12.60



Appendix C




A 3xu2x7 ANQVA on actuzal pupil size for groups{G),

questions(Q), and post-rasponse period(FP).

source df M3 L
G 2 . 3739 0.852 ~
TRROR] 57 3375 S
| Q v 2212 £8.982%
GxQ - .2 . . -135 1.102
ERRERZ 57 12
P ' 6 710 43;?13*
GxP 12 %0 2.7L7
ERROR3 342 . 15
QxP 6 25 2.048
GxQ=P ' 12 ‘ 5 b-SIZ
ERROR4 342 12

*P< D1




Appendix D



od

(ol )

Scheffe's analvsis on the nost-rassense dET

rst & actual nunil size walues ns the rasnonse

[+
(0]
ol
3
N
s
0
tHh
e

and the last 3 wvalues as the basslines.

108.79 - 104.9% .
14.575(C .0047) 55.432%

!

*Fc(.05,6,342) = (7-1)(2.10) = 12.80



Appendix E



A 3x2x5x2%7 ANOVA or actual pupil size for groups(G),

tiocks(BL), trials/T), questions(Q)

period(P).
Source
G
ERROR1

BL

ERRORY

d€

ro

w
~J

X

57

228

371

72
269
31

115

and post—-response

"y

0.150

128.577%

2.495

11.535%

0.242

18.718%

0.703

5.0089=

0.390

2.33¢

0.236



GxP
FRRORY
BLx%?
.GxBL=xP
ERRORI1O
Tx¥
CxTxP
ERROR11
BRLxTxP
GthxTxP

ERROR1Z

QxP

GxQxP

ERRORI3

BL¥QXP

CxBLxQx?P .

ERROIL4

TxQxP

CxTxQxP

BLxTxAxP
CXxBLxTxExP

ERRORI!G

df

12
342

24

342
24
48

1368
24
49

13686

MS

&4

109

77
21

16

15
232
31
17
33
17
19

17

5.493%

2.170

4.528:':

1.245

0.483

0.668

13.521*%

1.797

1.708

0.891

0.933



Appendix T




Post-response pariods(?) =2t each rrial(T).

Source : df MS ¥
P at T1 6 1154.45  53.22%
P at T2 6 700.94 "38.393=
P at T3 3 S47.57 29.997
P at T4 5 28%4.57 15.58%
P at TS5 6 236.93 iz .97= -
ERROR 1719 15.26
‘a

pooled errer tarm

#p<.01 (Geisser-Oreenhousz df=1,57)
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19

Simnnle hain effects analysis of questions(q) at
each of the 7 consecutive seconds in the post-response

period(P).

Source : af _' MS F
g at P1 1 548.37 19.79%
n at P2 1 1109.38 4G. 635
q at P3 1 821.71 2965+
Q. at P& 1 291.07 10.50%
0 at 5 1 104 L4 3.95
Q at PG 1 5.75 9.270
Q at 7 1 79.57 2.87

ERRORE 399 27.71

a

nooled error forn

*p<.01 (Geisser—Creanuouse d£=1,57)



Appendix H




A 3x2x5 ANOVA with dichotomous

.ERRORZ

T

GxT

ERROR3

T groups(G),blocks{BL} andd

data for

o

0.830



d
[t
[
N




A 3x2¥5 ANOVA with dichotomous data for frecuencies
of detection over grouns(n), blocks(5L), and trials(T)

using peak scores.

Scurce af MS - F

ERRORI 57 0.234

GxBL 2 0.022 0,101
ERROR? 57 0.212
T ¢ 0.193 0,894

cxT 8 0.113

o}
¢
ur
t
W

ERROR 228 0.216
BLxT ’ 4 0,373 1.640

L=T 8 0.264 1.160

-~ T2
GCxB

et

ERRO1A

]
2]
<o
[
3
o
~J




Appendix J




- . .
A 3x2uS5 ANOVA vith dichotonous -data

using difference scores,

Souzrce d s N3
G 2 0.522
ERTDOR1] 57 0.250
BL 1 0.9583
CxBL 2 0.218

“RROR2 57 0.287

BLxT & . 0.033

- n
CxbLx=T a n,a2n4
ERRQOR4A 228 0.2246

Rt

grouns (%), blochs (3]

3.345

0.757




