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CHAPTER 1

Introduction

The success or failure of orthodontic treatment 1s predi-
cated on the level of patient cooperation. Only God and the
child will ever know the absolute truth in this matter. It 1=
strange that the question of the level of cooperation has never
been seriocusly investigated by orthodontists. The only recorded
attempt to do this was a recent study by Cavanaugh and Campisi
of the Orthodontic Clinie of Loyola Unlversity. They found,
using a “lie-detector’, that patients tend to exaggerate when
they report how long they wear the headgear and elastics, Cava-
naugh and Campisi were not, however, able to estimate the extent
of exaggeration,

The purpose of this study was to estimate the extent of
exaggeration contained in cooperation charts commonly used by
orthodontists. The method was to eatimate the level of cooper-
ation by a media common in orthodontic offices. Then to compare
the findings obtajined by this method with the results found by
two more elaborate technigues., The estimates used were:

1) record carda kept by the subject; 2) results of extensive
interrogation; and 3) an expert's evaluation of polygraph (" lie-




detector’ ) results,

In the first part of this study, each child was told to re-
cord daily the number of hours during which he (she) wore head-
gear and the number of hours during which he (she) wore intra-
oral elastics. This is the typs of resord commonly used by
practicing orthodontists, The patients were not warned in
advance that these records would subsequently be sorutinized or
questioned,

One of the more elaborate estimation technigues invelved
the use of a third party, a researcher not famillar to the
patient, interrogating the child. The interrogation procedure
invelved galning the child's confidence. The subject was told
that there was nothing to be gained by lying as the results
would not be revealed to the clinical orthodontist,

The second of the estimation techniques involved an exami.-
nation by meana of a polygraph machine and an expert's evalua-
tion of these charts, Psycho-physiologie behavior of autonomic
origin cannot be controlled by the patient, It 1s felt there-
fore that an examination of respiration, heart, and galvonle
skin responses would yield a reasonadly infallible eriterlon

of patient truthfulness,




CHAPTER IX
Review of the Literature: Interrogation, Autonomlie

Nervous 3ystem, and Physiological Detectlon of Deceptlon

A, Interrogation Procedure

Interrogation procedures have been ewployed by persons
attempting to discover the truth for thousands of years. Over
the years, certaln procedures were found to be more useful than
athers in detecting deception. As early as 900 B,C. there were
apecific inatructions for detecting polaocnera by their behavior
during questioning: 'a person who glves polszon may be recogniz-
ed. He does not answer guestions, or they are evaslve anawers;
he speaks nonsence, rubs the great toe along the ground, and
shivers; his face i3 discolored; he rubs the roots of the halr
with his fingers; and he tries by every means to leave the house.|

One interrogation procedure that has often led to the truth
is convincing the subject that asome infallible test exists, If
the subject belleves such & thing exists he will reveal the truth
even though the "test 1is a hoax. For example, the Hindus of
India had such a practice: ~"Suspects were told that a sacred
ass would bray when a guilty subject graaped its tall. Prior to
the examination the animal's tail would be duated with lamp bluck]




b4
]

pased upon their belief, stemming from interrogatlon; of the
animal's unusual power, the gullty suspect, when sent alone into
the ochamber with the gullt-detecting ass pasaed 1t by without
zrasping the tall, whereas the inncecent aublect zrasped the tall
accopding to instructions and came away with the lamp black on
nis hand. The gullty subject on the other hand came from the
chamber with clean hands and was in this way revealed.

It is essential for the interrogator to display an air of
confidence. This doesn't mean to have 2 supercilious or bullyling
attitude, but rather one which will convey to the subjeet the
impression that the interrogator is "sure of himself’ and that he
"means to find out the truth”’, The impression wmust be conveyed
to the subjeect that there isn't really any use of lying, It 1is
known that his original statements aren't correct, and the true
values cannot be successfully supressed.

Investigating sgencies frequently have employed an interest-
ing taetic¢ in interrogating two subjects involved in the same
erime, It is termed simply "play one against the other”, There
are two versions of this technique, In the first one, the sub-
jeet enters the interrogation room just as the other suspect 1s
leaving. The first question then put to the new arrival 1is
simply “Well, that other fellow has straightened himaself out,
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novw how about you?" The second method i3 more elaborate and re-
quires office teamwork. It 1s used when neither of the two sus.
peets will eonfesa. It follows this pattern: Subject 4, after
unguccessful questioning, 1s told to walt In the reception room
while his friend, Subject B, 15 interreogated. In ten minutes,
the searetary, whose desk is near suspect A, is summoned into
the interrogation room, Pollowing a thirty minube interval she
returns and begins typing a report from her notes, She atops In
the middle of the report, turns to the nearby guard and asks
“shat cellblock iz the suspect (B) in now?  Shortly, suspect

B is hurried out, and A is returned to the interrogation room.
The investigator looks at A and says simply, "%ell, what have
you got to say for yourself:”

An important rule is that any interrogation procedure must
be carried on in private. It has been demonstrated frequently,
in the legal profession, that a person is not going te initlally
confess his prior acts in front of a group of onloockers. On the
other hand, if the room is free from outside interruptions and
the only other person present is a seemingly understanding inter-
rogator, & subject will often confess,

itnother technique used frequently and which works well with

tesnagers, is the "mutuasl interest approach’. The first twenty
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to twenty-five minutes of the interrogation 1s apent talking
about things the subject is interested int football, tennis,
baseball, ete. After the interrogator has established a common
jevel with the subject, the wain questlion to be anawered ia then
asked very firmly, The child by now la off guard and usually
answers truthfully,

B. The Autonomie Nervous 3ystem

Patient reliabllity can be assessed physlologleally. More
specifically, certain autonomic responses to questions concerning
cooperation will be reviewed, The three recorded polygraph re-~
sponses that shall be discussed are: 1) changes in peripheral
blood pressure; 2) respiration; and 3) changes in skin resist-
ance,

wWith the 'blood pressure cuff assembly of the cardio-
sphygmograph unit, being placed on the brachial artery, we are
sctually measuring cardlac actlvity as reflected in an extremity.
The blood pressure changes, therefore, would depend on two active
1ties: 1) cardiac stroke-volume; and 2} peripheral resistance.

During emotional stimulation there is increased activity
of the posterior and lateral portions of the hypothalmus, This
stimuiztion results in inereased activity of the medullary vas-
omoter center, leading to intense sympathetic discharge and a
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marked inerease in arterial pressure and heart rate. The sympa-
thetic nerve endings have the capaclty to release two hormones
in varying amounts: 1) norepinephrine, which potentially causes
greater vasogonstriction of essentially 211 the blood vessels of
the body, thereby inereasing the total peripheral resistance and
consequently elevating the arterial pressure; and 2) epinephrine,
which 1s the more potent of the two in increasing cardlac activ-
i1ty, which results in increasing cardiac rate and stroke volume,
Epinephrine also has a strong influence on inereasing the metab-
olic rate of the body,.

™he muscles of respiration are innervated by somatic motor
fibera, with the autonomic fibers belng concerned primarily with
changes in the amount of conastriction of the bronehi and blood
vessels. Neurons of the reticular formation extending from the
level of the pons to the lower apex of the fourth ventricle are
grouped together functionally as a lower respiratory center
regulating inspiration and expiration. The sensory drive, apart
from consclious control, can be affected by: 1) carbon dioxide
eontent of the blood in direct contact with the respiratory
center; 2) afferent impulses coming from the vague sensory end-
ings in the lungs; and 3) sensory impulses from the carotid and
aortic bodies chemoreceptors, to the senter by way of the vagus
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and glossopharyngeal nerves. It is known that higher levals can
alter the discharge of the respiratory centers, The descending
pathways to the reapiratory centers are not fully delinated, but
1t 1s known that neurcns arising in certain cortical areasz can
discharge directly, or by relay in the hypothatmus, to thease
ecenters, It is generally believed that these paths are involved
in the respiratory responses to emctional situations.

The sudomoter nerves are poatgenglionic fibers diastriduted
to the sweat glands of the skin by way of the cutaneous branches
of the somatic nerves, However, these aympathetlc fibers to the
sweat glands secrete acetylcholine at thelr terminals rather
than epinephrine or norepinephrine. These fibers are regulated
mainly by nucleil in the hypothalmus which are normally considersd|
parasympathetic centers.

. Physioclogical Detection of Deception
1. Farly and erude uses of physiologlcal reactions for detect~
ing deception.

Many old legends and historic facts are noted in the liter-
ature concerning deception. Examples could be discussed that
are both interesting and entertaining, but their objectiveneas
{s gquestionable. Lea, in his treatise on "Superatition and
Force' 1in 1B66, dlscussed at great length the many forms of the
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Ordenl used throughout the ages in the detection of deception,
The Ordeal technique la not based on any pecullar inasight into
the physiologleal proceases underlylng awvareness of gullt; rather
it ariges out of superstition and religlous faith, Of the vast
mumber of Ordeals reported by Lea, two shall be mentioned s0 as
the reader shall better underastand more refined methods to come,

The Red Hot Iron Ordeal. This trial was used by the hill
tribes of north Berngal, where the agcused was told to prove hia
innocance by applylng his tongue 4o 2 red hot iron nine timea,
If burned, he was put to death. (It was felt that a sense of
zullt made the mouth dry; although fear would probadbly do the
same. )

The Ordeal of Rice Chewing. This ordeal was extremely
popular in Furops throughout the dark ages and was wnodifled to
various socleties {'rom the baasic technique employed by Indla.
The person on trial chews the dry rice with his face to the East,
and then splts upon a peepal leal, If the rice 1s dry, or the
salive is mized with bleod, or the corners of his mouth swell,
or he trembles, he is declared to be & liar,

The Case of the Nobleman's Wife, One very interesting
obgervation was described concerning a nobleman of the middle

ages who suspected his wife of infidelity, and told his suspi-
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slons to one of his advisors, who agreed to make a test bto daotar-
mine the Pasts. The advisor engaged the suapected wife ln con-
veraation and placed his hand on her wrlist, During a briel
convarsation he mentioned the name of the wman suspected by the
nobleman, whereupon the lady's pulse qulckened; later he brought
up the name of the husband with no similar response., It was

sald that a confession was later obtalned.

n. Development of physlological measures and the early use of

wmeasuring physiological reactions for the detection of deceptlion.
Clendening reported in his book that Gallleo Galllel, while

attending church at the Cathedral of Pisa (1521) watching 2
swinging chandeller, began to formulate an idea for his future
development of the pulse counter; matching the regular awinga of
the chandeller with his pulse. Thus from Gallleo's thoughts two
1deas sprang; one concerning the timing of the pulse and one the
relation of the pendulum's weight and arc to the perlod of 1its
swing. Me began comparing his own pulse under different con-
ditions - after running and at rest - and found 1t varled, also
that other people under varying conditions and ages varled too.
s he eonstructed the firat Instrument with whish to measure the

pulse: Galileo's Pulsilogram., It was a very slmple thing hased
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on his atring and welght idea, The string wound up on a wheel
vahind a dial. The dial had a pointer on i%t, ¥hen the pendulum
swung synchronously with the patient's pulse the polnter ingi-
cated the rate at which the pulse was goling.

A Roman court physician, Lancisi, in 1728, noted that emo-
tion is related to the functions of the nerves, gangllia, and the
sovonary vessels of the heart., Emotions are produced, he felt,
by wmore or less forceful heart action, From thia he inferred
that the characteristics of the mind was derived from the struc-
ture and physical changes going on in the body. Today we know
that his theory was exactly backwards and that the physical
changes in the body are caused by the thought processes, How-
ever, the work of Lancisi stimulated much of the later physio-
logical experimentatlion on the sctlon of the heart during emotion]

An English clergyman named Halee, who beginning in 1733,
recorded obaservations on the dlood preasure of dogs. He in-
serted a glaas tube directly into the left auricle and metsured
its height., Later he did wore refined work on does and horaes.
Many lnvestigators contributed to the development of the current
sphygomomanometer. For example, Ludwig in 1847, developed a
float on a mercury c¢olumn and had It write the preasure level on

a recording drmm. Palvre in 1856, made the first measure of
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blood pressure in men., Riva-Roeci 1896, developed the rubber
cuff-manometer method., 4And in 1897, Hill added to this wmethod a
means of calibrating preasure.

Much eredit should be given to an Itallian paychologlst
Mosso (1885) who, like many other men in this field, didn't in-
vent a4 "lis-detector”, He did make many chservations which
formed the basis for detectlion technigues., Mosso recorded many
studies of fear snd its influence on the heart and respiration,
He was able to demonstrate periodic undulations in man's blosd
pressure caused by the respiration cycle, and he opened new doors
with his atudies of the c¢irculation of the hlood in the brain
and its association with fear. He not only performed wmany care-
fully controlled experiments on bleood preasure and pulse In emo-
tion, but his cobservations of pallor and blushing, of respira-
tion, of trewbling, of faclal expression, and of maladles producef
. by fear are all of unusual aignificance to research In emotion
(Pigure 1).

Lombroso was one of the cutstanding oriminologlsts of this
period., He has been glven undisputed credit for putting to
practical application aome of the observations made by his
nredecessors. He was the first to explisitly uase physiologieal
instruments for the purpose of detecting deception, He also de-
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Mosso’s Scientific Cradle

This “cradle” was so constructed that a person remaining quiet on it would
reveal emotional or other disturbances by the tilting of the plank on which he lay.
The top of the table rested on a delicate knife-edge fulecrum (E) and equilibrium
of the body was essentially determined by moving the weight (R) to proper setting.
To prevent constant swaying of the balance with every small oscillation of
respiration, Mosso attached a heavy metal counterpoise (I) which could be
screwed up or down (on GH), being fixed vertically in the middle of the plank
(DC) and secured by the bars (ML). Thus the smallest oscillations were com-
pensated by the counterpoise, and the balance remained sensitive enough even
to “teeter-totter” to the rhythm of respiration. During emotion the blood would
“rush to the head” and throw the bed out of balance. This movement would be
written on the revolving smoked drum (S) appearing in picture at left. The
rubber cuff about the foot was attached by the tube to a tambour, recording
pulse fluctuations. A similar recording was obtained by a modest “cardiograph”
attached on the chest over the heart.

Figure 1

Photograph: Courtesy of Paul Trovillo
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veloped the hydrosphygomograph (Figure 2), a water filled tank
into which the hand was ismersed and sealed, and in which pulsa-
tiona of the blood caused a rising and lowering of the water lev-
¢l whieh was recorded on a smoked drum, This device was used in
many cases to ald the Itallan pollice. For example, Lombroso
refers to his use of the hydrosphygomograph in proving that a
suspect, while innocent of the crime of which he was accused
(robbery of 20,000 francs from a raillroad), was guilty of another
orime (stealing certain documents and passports).

3, More refined methods of detecting deception,

By 1908, the American paychologist Musterberg was urging
the practical application of experimental psychology. He had
many ideas for applying psychological principles which have not
been superseded. One method was advocating the appllication of
the word assoolatlion technique for dlagnosing gullt.

Berussi (1914) reported partial success in detecting decep-
tion by the "inapiration-expiration” ratio. He measured the re-
corded respiratory curves from a pneumograph and found that 1f
length of inspiration were divided by length of expiratlon the
ratlc was generally greater before answering truthfully than
afterwards, However in 1921, Benussi expressed doubts about the




——

sovillio
of Poul Trovi
BBy

15




reliability of this index for detecting deception.

parrow (1910), demonatrated a way for determining the abso~
jute systolie and diastolic blood pressures. Later he concluded
that this refined measurement of absolute pressure is not needed
for purposes of detecting deception. Darrow devised a very
elaborate behavior research polygraph (Pigure 3).

Larson {1920), did wueh to develop the applied use of the
polygraph for the detection of deception, In 1921, using an
Eplanger sphypmomanograph and pneumograph, he questioned some
four hundred police suspects, He reported a high degree of

accuracy in detecting deception., It is reported in the litera-
ture that Larson felt "that all deceptlon tests should be part
of an analysis of the orime setting integrated with each indi-
vidual personality analysls, HNelther medical nor oriminological
training alone 1s a requiaite but a combined gtaff econsisting of
the investigators, the examiner ldeally with legal psychologlical
training, and a psyehologist and a licensed physlelan, The laat
three named should be present throughout every examination”,
Keeler (1930), became 2 member of the atalf of the Chloagoe
Juvenile Research lLaboratory, and for eight years utilized the
biood pressure, pulse, and respiration patterns for detecting

eriminal guilt. He and his assoclaten reported successes in
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diagnosing decelt in experimental cases 8% percent of the tlme,
and in obtaining confessions from criminal suapects in 75 percent
of the sases in which the polygraph records indleated deception,

Keeler, Larson, Darvow and the others did not really invent
a lile-detector machine . They wsed existing physlologlical in-
atrumenty lor the applled purpose of detecting emotlional reé-
sponges during interrogation,

“Lie-detection’ 1z the colleotlon of standard physiologlaal
data under controlled conditlona that enable the operator to
draw inferences about attempted deception. Clroumstances under
which the data are recorded (room, wording of questions, elimi-

natlon of distractions, ete.) are of crucial importance.

4., Present day uses of the polyzraph.

The use of the polvsraph for the purpose of detectlion has
vacome wide spread. Many majlor companles now require all new
potential employees Lo take a preemployment examination, Bond-
ing companies, insurance companles, law enforcement agencles,

banks, etec., are increasing thelr uwae of the polygraph.

5. Polygraph uses 1ln dentistry.
It waa in 19588 that the first research In dentistry util-
izing the polygraph was reported, At that time Lewls and Law
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conducted a study relating autonomic responses t{o dental stresas,
The responses studied were: heart rate, external face and hand
temperature and galvanic skin response., It was a test desligned
to determine if the presence of the parent influences the autono-
mic reactions of children to a routine dental prophylaxis. Thelr
findings indicated that the presence or absence of the parent
made no aignificant difference in autonomic responses of those
children,

In 1961, Lewis, Law and Roder, set up another stimulus re-
setion wheredy they could record the sutonomie reaponses of the
dentist to the presence or ahsence of the parent in and then
out of the operatory. HNo appreclable difference in autonomic
ragponses was noted,

4lso in 1961, a Japanese orthodontist, indo, studled gal-
vanic skin responses of patlents undergoing various routine
¢linical procedures. Hia findings indleate that Temale patients
zive less response than males; and that the older patients give
legsz reasponse than do the younger patlents,

Cavanaugh and Camplizl (1963), performed 2 study on truth-
fulneass about levels of cooperation on orthodontle patlents.
Thay resorded: heart rate and blood pressure, respiration, and

gaivanic skin reaponse. They found that the patlents tended to




exaggerate about the amount of time they wore their headgears
and elastles. They dld not examine the magnitude of this

exaggeration,




CHAPTER III
Methods and Materials

A. Selection of Patlents

The subjects for this study were twenty-four children;
eleven boys and thirteen girls, randomly selected from the ps-
tients at the orthodontiec e¢linic of Loyola University. Thelir
ages ranged from eleven to fifteen yeara. All patients were
required to wear both extra eranial headpear and intraoral
elastics. The patients were encouraged to wear the headgear as
much as poasible (even to school), They were told to wear thelr
elastics cil the time except when brushing the teeth or eating.
The patients were instructed te change both the headgear elas-
tics, and intraoral elasties at least three times & day to
achieve the desired tooth movements. The headgears used in this
study were forty percent of the cranial type and sixty percent
of the cervical type,

B, Materials
1, Time records
A time card of the type in common orthodontic use was given

to the patients (Flgure 4), Complete instructions as to its use

21
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Pigure 4
Time Card
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was given to both the child and parent. Accuracy was emphasized,
There was no mention of minimum or maximum hours; simply be
honest and record everything daily. These cards were collected
each three weeks, checked, and a new one recirculated., This data

collection continued for aix months,

2. Polygraph equipment,

The Keeler Polygraph, model 302C was used in this study
(Pigure 5). It 1a designed to record physiological changes
which accompany the effects of questlioning of the subject. The
302C contains a cardiosphygmographic unit for recording changes
in blood pressure (based on stroke volume and peripheral re-
slstance) ‘Pigure 6); a pneumograph unit for recording amplitude
and pattern of respiration (Figure T7); and a galvanometer unit
to record changes in skin resistivity of the person being in-
terrogated (Pigure 8).

3. Polygraph examination room,

A four by nine feet room, lined with acoustical tile was
used as a polygraphic testing center and for secondary interro-
gation, This isolated the subject and provided privacy with a
minimal number of outside distractions, This room had a ventila-

tion system and indirect fluorescent lighting. The subject was
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Pigure 5
Keeler 302C Polygraph Unit




Pigure 6
Blood Pressure Cuff Assembly
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Plgure 7
Pneumograph Assembly

26




Pigure 8
Hand Electrode Assembly
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seated in a large comfortable chair. The chair had wide arms
which supported the patient's entire forearms and hands (Figure

9).

4, Interrogation room,

The primary (initial) interrogation was done in a room
adjacent to the polygraph room. This interviewing area alaso was
quiet and free from distractlons. Any telephone, plctures, or
the presence of a large desk or table (separating the subject
and interrogator) was eliminated,

C. Experimental Procedure

The patient was brought intc the interrogatlion room and
seated in the chalr provided. The subject was asked to cooperate
further in this study. The interrogator (a researcher not famil-
iar to the patient) assured the subject that all answers would
be kept in confidence.

Three of the subject's time cards were selected. Each card
covered a period of three treatment weeka, The first card
covered a period in the third month of treatment, the second
covered a period in the sixth month of treatment, and the third
card covered a period in the ninth month of orthodontic treat-

ment.




Pigure 9
Polygraph Examination Room
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The pattern of questioning ran along these lines:

1. The purpose of the time charts was agaln explained
to the patient,

2, Pmphasis was placed on truthfulness especlally now
during this interview and testing period,

3, Emphasis again placed on the confidential nature of
these questions and answeras,

4, The patient was asked to carefully study the first
of the three time cards.

%, Again the child was told that if he or she is with-
holding any information that "now 1s the time to
come clean ,

6., The polygraph or "truth machine was explained as to
its primary function and purpose.

7. The patient is again asked if he 13 sure that all
answers are correct,

8, Ir admiasions were given and the operator noted vari-
ations, during thiz time pericd, he would try to
establish reasons for these "ups and downs by way
of open and closed end questions,

After the operator was convinced he had done as much as he

could to persuade the subject to tell the truth, the patlient was
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shown into the polyzraph room and prepared for teating (Pigure
10),

In order to impress the patient that this machine was really
accurate, a card trick was employed, The subject was told to
select a card, remember it, and return it to a stack of ten
cards, The polyzraph machine was then astivated, The patlent
was told only to view, not to respond orally, as he was ahown
the eards one by one, At the end of this sequence the polygraph
reaponses always clearly showed the card that the patient was
concentrating on. (To avoid any possible chance of a mlstaks,
and sllow the patient to think that this 'magic machine” wasn't
really magical, a marked deck, unknown to the patient, was used.)

With the subject properly impressed with this "unbeatable
truth machine’ the interrogster proceeded with the standard test
questions (Figure 11), (These polygraph questlons were planned
and formulated with the advice of experts.) All subjects were
instructed to remain still, look directly ahead, and answer all
questions simply "yes  or 'no’.

1. Is your first name 7

2. Did you tell the complete truth on the firet card?
3, Do you drink water?
4. Are you sure that you wore yosur ELASTICS hrs/day*




Flgure 10
Attachments Connected to the Patlent
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Pigure 11
Examinor Giving A Polygraph Test
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G, Are you sure that you wore your HEADGEAR __ hrs/day”

6. Do you like school?

7. Have you told me the complete truth in here today?

8, Are you ___ years old?

9. Do you dislike wearing your ELASTICS?

10, Do you disllke wearing our HEADGEAR?
11. Have you answered all of my questions truthfully?

At the conclusion of this test the operator vented the blnaq
pressure ouff assembly around the arm. The investigator was not
an expert at interpreting polygraph charts, However, if in his
opinion, the chart indicated attempted deception he again urged
the subject to think carefully and help clear up irregularitiea
on the chart. If several "doubtful” reactions were present the
test was repeated. When the interrogator was convinced he had
2 ‘elean chart’ he then gave the subject a short rest period
and began on the next time card.

The same baslo procedure of emphasizing the truth as out-
1ined for the first card was repeated for this second sard,
Pollowing an oral discussion the polygraph asseudly was reacti-
vated and the second saries of polygraph gquestions began:

1. Do you like comedy movies?

2. Did you tell me the ecmplete truth on the second card?
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3, Are you comfortable?

4, Ape you sure you wore your ELASTIC3 hrs/day?

5, Are you sure you wore your HEADGEAR ___ hrs/day?

6. Have you lled to any of wy questions?

At the end of the second polygraph test the arm ocufl was
deactivated and another short rest period was given. The exam-
inor again reviewed the polygraph charts to clear up any irregu-
larities. After being satisfied that the subject 1s responding
favorably, he proceeded to the next card.

Using the same procedure as before, the figures on this
third and final card were examined., The questions were as
follows:

1. Have you now told me the complete truth?

2. Did you tell the complete truth on CARD number 27
., Do you like soda pop?

3

4. Are you sure you wore your ELASTICS __ hra/day?

%, Are you sure you wore your HEADQEAR __ hrs/day?

6., Do you like movies?

7. Was Dr, _____ your doctor?

8. Do you think that by now I can find out if you are
really telling the truth?

Following this series of polygraph testa, the patient was
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again allowed a few minutes to relax, The interrogator then
questioned the patient about, if noted, reasons for sectional
plses or falls in the cooperation level., Finally, the operator
probed, if appropriate, for the reasons why the sub ject was
untruthful in £1liling out the time card.

411 of the charts were then examined by a polygraph expert,
and those cases in which he suspected that the subject was not

"eoming clean’ were retested by him.

D. Chart Interpretation
In the analysis of the physiologle responses, as recorded on
the polygraph, the tracings of the pneumograph, galvanograph,
and the cardiograph were evaluated (Pigures 12 and 13). If therq
is deception the recording will show a variation from the normal
pattern in at least one of the three recorded responses, I de-
ception is very evident we way see a change in the pattern of
all three responses. Thers are some basic items to examine in

ahart evaluation to determine if deception is present:

1. Galvanograph tracing. We would expect to see, In deception,
& notlceable response in this tracing., Any decrease in the skin
resistance (from sweating) will result in an upward shift of the
recording pen. In Figure 12, the galvanograph tracing "B is
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Polygraph Chart Showing Deception

A Pneumograph tracing
B Galvanograph tracing
¢ Cardiograph tracing

& Ouestion e aitiva deception
responses in al hmaa recordings
b Dierotliec noteh elevation
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Pigure 13
Polygraph Chart Showing No Deception
A Mmmph tracing
B ’gh tracing
c Mima tracing
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elevated as a verbal stimulation ias glven at a concerning

whether or not the patient has been telling the truth.

2. Pneumograph tracing. Here the examinor would expect to see
either & change in the rate or amplitude of the patient's res-
piratory pattern. In Figure 10, the pneumograph tracing AT
is altered in both ways from a verbal stimulus at "a'; we see
in this tracing that the patient actually stopped breathing
temporarily (apnea). Following this apnea {(Figure 12), the
patient took a deep breath and soon returned to a normal brea: h-

3, Cardiograph tracing. In this tracing, deception may mani-
fest itself in any or all of three ways: the rate may alter;
the amplitude of the recording pen may change from the baseline;
and we may see & change in position of the dicrotic noteh, In
Figure 12, the cardiogrsph line "C’ indicates that when the
verbal stimulus 1s given at "a’ we see all three of these de-
ception indlcators: 2 change in rate; amplitude; and dlerotlc
noteh elevation "B,

Care must be cxercised that any abnormal movements are
noted at the time of the recording. If the patient moves hia

arms, sighs, coughs, sneezes, or talks, these all will result
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in an irregular tracing.

The questions must be properly spaced Lo give the indi-
vidual's reaponses a chance to return to thelr normal base line,
before asking the next questlion, In Figure 13 we note that
this subject appearz to be Cree from any decaption as three
questions, asked at "a' produce no appreciable change ln any
of the recordings; { b 1a not a reaction to the verbal stim-
ulus, but rather a sigh).




CHAPTER IV
Experimental Resulis

With the random selectlon of twenty-four orthodontic pa-
tients, eleven boys and thirteen girls (all wearing headgears
and elastics), the following results were obtained from this
atudy on cooperation.

A. Hours Reported
1. Time Card Reports (Tabvle 1)

Card 1 - covered the third month of treatment, Indicated
that this group wore their headgear an average of 12.2 hours
per day, and wore their elastics an average of 20.9 hours per
day.

Card 2 - covered the sixth month of treatment. During this
periocd the patients recorded that they wore the headgear an
average of 12.0 hours per day, and the elastics 19.4 hours per
day.

card 3 - covered the ninth month of treatment. The patienty
reported that they wore thelr headgear 11.3 hours per day, and
the elasties 19.4 hours per day.

1




TABLE -1 -

Time Card Reports
(hours)

B2

Headgear Elastics
cards:
Subjects 1 2 3 1 2 3
| A 10 11 10 20 20 20
j B 12 10 10 ou 4 8
| c 11 10 10 20 19 17
| D 14 10 18 19 16
| E 12 21 21 12
| F 14 14 13 20 20 20
| G 14 14 12 ; 24 24 24
i H 12 11 11 19 20 19
§ 1 10 9 8 20 12 12
| J 13 10 | 23" 23 2%
§ K 11 12 8 19 18 16
| L 13 10 ou 24 24
i I 11 21 23 23
| N 13 14 14 21 19 20
| 0 13 9 | 13 10 13
| - 19 17 % 24 24 24
Q 14 14 | 15 20 23
R 10 | 12 1 22 22 22
5 14 14 14 %% 23 } 22 i 21
o013 [ 13 ) 12 | 22 | 16 | 22
U jz 11 12 11 1 24 4 23 | 23
v 13 13 T3 W B> R 5
W {2 8 9 1 22 | 21 | 22
X § 15 14 8 i 2 . 2 | 2
leans T12.2] 12.0f 11.3 | 20.9 20.3: 19.4
oY 1.69] 2.37, 2.4t ]i 2,75 3.47  4.34




2. Interrogation Admissions (Table 2)

Thene figures were obtalned by the researcher doing the
interrogation. They represent the patient’'s admitted recollec-
tion of the "trus wearing hours’ .

Card 1 - The patients reported that the headgear was really
worn 8n average of 9.8 hours a day. The elasties were worn an
average of 16.9 hours a day.

nard 2 - During this peried the patients reported that the
neadgear was worn 9.6 hours per day, and the alastica averaged
15,7 hours per day.

gtard 3 - The gverages reported during this perlod showed
that the headgear was worn 9.1 hours per day, and the elastics
16.6 hours per day.

3. Polygzraph Results (Table 3)

Of all the charts checked and evaluated by the expert
only Pive, of the twenty-four subjects, required retesting.
Table 3 represents the expert!s final evaluation of all subjects
regarding the number of hours the elastles and headgeanr were
worn,

¢ard 1 - The group evaluation indicated that they wore the
headgear an average of 9.1 hours per day, and the elasties 15,4

nours,




TABLE 2

Interrogation Admissions he
(hours)
Headgear Elastics
cards:
SUBJECTS 1 2 3 1 2 3
A 10 11 10 20 20 20
; B 7 5 7 15 13 T
. c 11 10 10 19 17 17
D 7 6 9 9 11
B 12 21 21 12
P 5 5 1 12 5 | 5
¢ 12 12 11 22 | 22 22
H 9 8 8 16 | 16 18
I 10 9 8 1 o1 | 12
J 8 1 6 20 | 18 18
x| 8 | 8 8 10 ¢ 9 | 9
. 11 | 10 22 | 22 | 22
Lw 11 | 16 | 13 21
I S 12 12 | 12 21 | 19 20
0 11 9 | .11 | 10 10
B 16 % 15 | 20 | 20 20
i Q 11 1 5 1 3 21
R 10 | 12 11 22 | 22 | 22
s 0 | 9 | 5 10 15 8
| 7 12 | 12 1 12 a1 13 21
| U 9 10 10 22 21 | 21
v 10 10 19 17 | 19
S 7 8 21 19 | 22
X 12 12 8 21 b2 o2l
Means 9.81 9.6 9.1 | 16.9]| 15.7° 16.6 |
SD 1.93 2.62  3.19 | 5.1o§ 5.45  5.53 |




TABLE 3
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Polygraph Results
(hours)
Headgear Elastics
cards:

SUBJECTS 1 > 5 2 ) 5

A 10 11 10 19 19 19

B 6 5 7 13 13 7

c . 10 10 10 16 15 15

D | 5 5 7 7 9

5 12 19 19 12

¥ 5 5 1 11 5 5

G 11 11 11 20 50 20

{ H 9 8 8 16 16 18

I 10 9 8 11 11 12

J 7 6 20 18 18

K 7 7 1 8 8 8

L 10 10 0 o1 1

g J 13 13 20

N 9 9 10 19 19 20

0 2 9 9 9 10

£ 14 14 17 17 17

° 10 10 5 3 21

R 10 12 11 21 o1 o1

5 10 9 5 10 15 8

T 11 11 11 20 12 20
U 9 10 10 17 17 17 |
M 0 410 16 15 16 |

! T & REEEE 19 22
X 12 12 12 ! 21 21 21 AJ
Means 9.1 | 9.1 | 8.7 15.4 | 14.7 | 15.7 |
2 1.94| 2.39| 2.96]] 4.95| 4.80 5.26
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Card 2 - The expert's oplnion wWas that the headgesar was on
9.1 hours every day, and the elastics 14.7 hours,
‘ Card 3 - The expert's opinion was that the headgear was on
8.7 hours per day, and the elastles 15.7 hours per day.
In Figure 14 we have graphically shown the results of the
tabulations from Table 1, Table 2 and Table 3.

B. Changes in Cooperation as Treatment Progressed
1. Relating to Time Card Reports (Table &)
Headgear - The only statistical signiflcance was between
headgear cards 2 and 3.
The decline of 1,33 hours resulted in a "t’ ratlo of
2.39 which was significant at the 08 level,
Elastics - No significant difference was found,

2, Relating to Interrogation Admlsslons (Table 5)
Headgear - No significant difference was found.
Elastics - Between card 1 and card 2 {-1.25 hours), there
was & significant difference at the .05 level.

3. Relating to Polygraph Results {'Table 6)
Headgear - No difference of any significance was noted.
wlasties - Nothing of signiflcance was found,
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l TABLE &4
Changes in Cooperation as Treatment Progressed
relating to Time Card Reports

Headgear Elastics
cards:
1l & 2 1 &3 2 & 3 1 & 2 1 &3 2 & 3
Mean - 062 -1.29 -1-33 - 063 -104‘6 d 083
S 1.79 2.33 2.10 2.49 4,55 4,14
X%
Si]_ig 040 065 056 052 095 086
" 1.55 | 1.99 |* 2.39 1.21 | 1.54 .97
ratio

% Statistically Significant at the .05 level




TABLE 5

Changes in Cooperation as Treatment Progressed
relating to Interrogation Admissions

Headgear Elastics

cards:
1 & 2 1 &3 2 & 3 1l & 2 l1 &3 2 & 3
Mean - .33 -1.14 -1,00 ~1.25 - .29 + .96
S 1.10 2.17 1.95 2.72 4,56 5.12
s}-(-‘-io 025 .60 152 057 095 1.07
t 1.3%2 1.90 1.92 * 2.19 «31 .39
ratio

¥ Statistically Significant at the .05 level
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TABLE 6

Changes in Cooperation as Treatment Progréssed
relating to Polygraph Results *

Headgear Elastics
cards:

1l & 2 1 &3 2 & 3 1 & 2 1 & 3 2 & 3

Mean O-OO - 062 bl 053 - 071> + .29 +l.OO

S .75 1.88 1.91 2.40 4,3%2 4,97
¥y =X
1 "2

Si _}-{ 017 .54 052 050 090 loOL}’
1 72

t 0.00 1.15 1.02 1.42 .32 .96
ratio

* None were Statistically Significant at the .05 level
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4 summary of these three perlods indicates that there is
no clear cut evidence of any cooperatlon variations concerning
time changes.

For a composite comparison of these three carda observe

Pigure 14,

€. Comparisona
1. Between Time Card Reports and Interrogation Admissions

{Table 7)

Headgear - In reference to the period covered by card 1;
the time card estimstes average 2,484 houra higher than the
average figure glven under interrogation. This is aignificant
at the .01 level, Remarding the perilod eovered by card 2,
again the average time card estimates was 2.41 hours higher than
the average report during interrogation. This is significant
at the .01 level. The pericd covered by card 3, indicated the
groups average original figure was 2.20 hours higher than the
average figure given at interrogation, ™hiz was not quits
significant at the .05 level.

Elasties - 4 asignificant difference wWas found between eaech
of the original time card averages and the corvesponding inter-
rogation average. Card 1 indleated a difference of 3.9€ hours;
card 2 had a difference of 4,58 hours; and card 3 showed a




TABLE 7
Comparison
between
Time Card Reports and Interrogation
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Headgear Elastics
caris: .

1 &1 2 & 2 2 & 3 1&1 2 & 2 3 & 3

Mean -2 44 -2.41 -2.20 -3.96 -4.,58 -2.79

Sx - 3.36 2.25 4,11 5.55 6.63 4,79
1 "2

il'iz .72 .71 1.10 1.17 1.38 .99

1 ¥ 3.39 1§ 3.39 2.00 ¥ 3,39 | ¥ 3.32 2.82
ratio

* Statistically Significant at the .01 level




difference of 2.79 hours, .11 of these three time periods

showed a statistically significant difference at the .01 level.

5. Between Interrogation idmissions and Polygraph Reports

{Padble 3)

Headgear - Tha perliod covered by card 1, indicates that the
average interrogation result was .74 hours higher than the aver-
age determined using the polygraph, This difference was sig~
aifteant at the .01 level, Card 2 shows the average estinate
reached by polygraphic interpretation, was A6 hours lower than
the time card. This was significant at the .01 level, The third
card shows a difference of .33 hours {rom Lhe average fnterroga-
tion, for this perlod, and the polygraph evaluation. Thia iz not
significant at the .05 level.

riastics - In reference to the period covered by card 1;
the difference between average interrogation admission and
average polygraph result was 1.50 hours, This was enough to be
significant at the .0l level. 'The perliods covered hy cards 2
and 3, both indicate a difference of .96 and .92 hours respect-
iyely, Doth of these values are enough to be significant at the
.01 level,

The statistical significance between the polygraph and
interrogation admissions ghould be noted carefully, as the




TABLE 8
Comparison
, between
Interrogation Admissions and Polygraph Results

Headgear Llastics
cards:

1 &1 2 & 2 3 & 3 1 &1 2 & 2 3 & 3

Nl'.ean - 074 - 046 - 033 -1050 - 096 - -92
S 1.11 .90 .67 1.98 1.47 1.48
S;{l-}-{Z 023 019 018 oq"l .31 031
% i 3.22 % 2.48 1.83% % 3.07 | ¥ 3.10 |X 2.97

ratio

* Statistically Significant at the .0l level
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magnitude of the overall hourly difference of these two combl-
nations is much less than betwaeen time card reports and interro-
gation,

A1l of these comparisons may be seen graphleally in Pigure
1k,

3. Between 3exes

a. Relating to Time Card Reports (ravle 9)

Regarding both headgear and elastica, during all three
pericds tested, there were no dirferences that were statiastically
significant,

b. Relating to Interrogation Admisalons (Table 10)

¥o significant differences noted in any treatment period
for either headgear or elastica, That is, differences of this

magnitude occur by pure chance.

D. Recording Reliability

The index used for this determination 1s "patient recording
peliabllity’ which is defined as the figure given under interro-
gation expressed as a percent of the figure subjects gave on the
original time card., Figure 15 shows the relative frequency with
which various degrees of rellabllity cocurs. Thia 1s not a

' cocperation’ graph, as it relates only to how honest the




'TABLE 9
Comparison
of
SEX DIFFERENCE relating to Time Card Reports

*

Headgear Mean sD N
boys 12.0 1.86 11
card 1
girls 12.4 1.50 12
. boys " { 11.8 1.90 11
card 2
girls 12.3 2.69 12
boys 11.1 2.17 7
card 3
girls 11.4 2.64 8
Elastics
boys 21.6 1.55 11
card 1
girls 20.2 3.26 13
boys 20.0 3 .46 11
card 2 '
girls 20.5 3.36 13
boys 20.5 3.35 11
card 3
girls 18.5 4,78 13

* None were Statistically Significant at the .05 level




TABLE 10 .
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Comparison
of

SEX DIFFERENCE relating to Interrogation Admissions *

Headgear Mean SD N
boys 9.6 2.19 11

card 1
girls 10.0 1.63 12
boys 9.5 2.50 11

card 2
girls 9.7 2.77 11
boys 9.0 3.61 7

card 3
girls 9.0 2.59 8

Elastics

boys 18.3 4,58 11

card 1
girls 15.8 5.25 13
boys 16.1 5o 44 11

card 2
girls 15.3 5.37 13
boys 17.5 5.73 11

card 3
girls 15.9 5.25 13

*
None were Statistically Significant at the .05 level
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subjects were. It is to be noted that this is an extremely
skewed distribution. Most subjects were relatively reliable
(L.e. 80% or better) but some of the ones who were unreliable
were extremely unrellable,

Figure 16 indlcates the "actual hours of cooperation based
on interrvogation”. It represents the direct wearing potential
of this sample of twenty-four subjects. It is to be noted that
the slastics gave a bimodal grouping. This means the "average
subjeet” 1s rare, They tend to be either quite reliasble or
quite unreliable., On the other hand, headgears indicated a
unimodal symmetrical distribution,







CHAPTER V

Discusasion

4 level of cooperation was established, based on patient
time card reports. The wain purpose of this experiment waas to
estimate the extent of exaggeration contained in these time
card’ figures, This was done by comparing these "time card’
figures to eastimates achieved by means of two wmore elaborate
techniques: interrogation and polygraph testing,

The interrogation was done by an orthodontist unfamillar
to the subjects, He assured esch subject that: 1) deception
was unnecessary, since the research results would not be revealed
to the elinical orthodontist caring for the patient; and 2)
attempts at deception were futile, since a “magle instrument’
would find the truth anyway., The interrogator then demonstrated
the magic properties of the instrument. He asked the child to
select a card from a standard deck of playing cards. Using the
polygraph, the interrogator named the various cards in the deck,
and by obaserving the autonomic responses being recorded, he told
the child which card had been selected originally. To insure

there was no possibility of a mix-up, the interrogator used a
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marked deck. Followling this impressive demonstration, the inter-
rogator questioned the child about the figures on the "time
eards’ .,

m™a estimates achieved by this method differed considerably
from the original 'time card” estimates. Average time card
estimates were 11.8 hours per day for headgears and 20.3 hours
per day for elastics, Average interrogation estimatea were 9.2
hours & day for headgears and 16.% hours & day for elastics,

mnis does not wmean that the clinieian should, or indeed
gould, do a similar interrcgation, As an sxperiment, two cases
were selected where the children had already adumitted to the
interrogator that the figurea on the time cards were exaggerated
(300-400%). The investigator asked the clinlecal orthodontist to
gquestion the children and estimate the cooperation levels, The
cliniecal orthodontist was permitted to aee the original “time
card”, but was not permitted to see the results of the inter-
rogation or polygraphic testing. Despite the fact that both
children had already admitted 300-400% exaggeration factors
to the interrogator, neither would admit any substantial exag-
geration to the clinical orthodontist. Comsuon sense would
indicate that a thief wouldn't normally volunteer information

concerning his actions to the victim; the same should apply to
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patients who have wmade incorrect entries on their cooperation
charts.

The polygraph tesating was alsoc done by the same research
orthodontist who did the interrogation., The questlions were pre-
pared with the aid of professional polygraph exapinors, The re-
sulting polygraph charts were interpreted by an experienced poly-
graph examinor. In five caszes, the polygraph examination was
repeated. The estlmates achleved through the use of the poly-
graph were lower than those obtained through interrogation
(statistically significant at the .01 level), but the differ-
ences in these estimates were of small magnitude,

Orthodontists have e..pressed the pelief that eccoperation
ievel changes in different phases of treatment, While this ma$
be true in individual cases, there is no indication that there
are any systematlic trends during this six month test period.
Orthodontists have also expressed the belief that there 185 a
sex difference in cooperation levels, There is no indication of
any sex difference in this data.

when a frequency polygon 1s made deplecting the relatlive
frequencies of the varloua ¢ooperation levels, it 13 noted that
elastlces cooperation follows a bimodal distribution. This means

that patients either accept the elaastics and are very rellatie’




&h

wearers, or reject them and are ‘unreliable’ wearers, with few
patients in the midregion, This is not the case for headgear
cooperation, where the distribution 18 unimedal and symmetrical.

The frequency pelygon for “patient recording reliabllity’
is extremely skewed. This means that the "average 1s 8 mis-
leading figure. Most of the patlents were quite reliable in
completing their time cards. But some of those who exaggerated
tended to greatly exaggerate,

The reader should be made aware of the selectlivity of this
sample of twenty-four patients. Being in & teaching institution
for treatment, this allows the orthodontlat to put a great deal
of pressure on the patlecta to cooperate in every mone of treat-
ment. This type of pressure isn't usually applied in most
private practices, The point to be made 13 that this is a very
selective group, and could be considered an “upper level”

aooperative prone group.




CHAPTER VI

Summary and Conclusions

A, Summary

As orthodontiasts, we know the tremendous importance that
patient cooperation plays in treatment, For some unusual reaaon
this area of 'patient assistance has not been investigated be-
fore in any detail, In thls atudy, an estimate of the cocpera-
tion level was first established by the patients thru record
cards. This recorded level was then compared to interrogation
and finally polygraph cooperative levels,

Twenty-four patients: eleven boya, and thirteen girls
were selected for this study. They were randomly selected for
this study from the orthodontie clinie of Loyola University
Sehool of Dentistry. They were all between eleven and fifteen
years of age. These patients represented all forms of mal-
ocelusions and had been under treatment for three months at the
beginning of home record keeping. 411 were wearing headgears
and elastics,

Following six months, of daily reporting the number of hours

the elastics and headgears were worn, theae patients were
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subjected (without previous warning), to interrogation and poly-
graphic testing,

As 1t was mentioned earlier, the presence of a third party
doing the interrogation, was a definite advantage. He was able
to convince them that thelr answers would go no further, 8o why
not tell the complete truth? Later, he would further convince
them of the "Putileness of lying' as the polygraph was his
“donkey's tall", and he would surely find the correct answers
anyway,

The results obtalned were all evaluated by atatiatical
methods., They were tabulated in such & way that any tendencles

or patterns would become evident,

B, Conclusions

1. 4 econventional level of cooperation was established using
time cards. This level, when averaged, was 11.% hours per day
for headgears, and 20,3 hours per day for elastics,

2. Dramatically lower estimates were obtained when the patlents
were interrogated., This ~interrozation level established the
average headgear was being worn 9.2 hours per day, and the
elastics were averaging 16.4 hours each day.

3. This "interrogation level” ia slightly high when compared
to the results obtained from the polygraph, This “polygraph
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level gives the headgear averages at 9.0 hours and 15.3 hours
each day for the elasties.

k., It was shown that there were no systematlic changes 1n co-
operation level as treatment progresaed,

5, It was determined that cooperation levels are not influenced|
by sex.

6. The best estimates of elastles cooperation gave & bimodal
distribution. This indlicates that the patients were elther
very rellable or very unrellable'. Headgears gave a unimodal
distribution,

7. The “patient recording rellability’ ylelded a skewed dis-
tribution as most of the patients were reliable, but a few were

very unreliable,
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GLO3S3ARY FOR POLYOGRAPH TERMINCLOQY

Apnea - a temporary arrest in respiratory activity.
Paseline - the loweat points of the recording cycles.

Cardiograph - an instrument for recording the force and form of
the heart's movements,.

Disstole - the heart is relaxed, following the forceful exit of
the blood from the heart; allowing the cardio record-
ing pen to "come down” on the chart,

Dicrotic Noteh - following systole, the backward flowing blood
“bounces off the valves and starts to flow
forward again, This temporary forward movement
of the blood is reflected in the tracing as 2
very short horizontal line.

Galvanograph - & hand electrode instrument for registering very
minute electric currents,

Pneumogreph - an instrument for reglistering the respiratory
movements,

Systole - the heart contracts forcing the bdlood into the asrta;
foreing the cardio recording pen "upward on the chart.
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