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CHAPTER I

TNTRODUCTION

Two lines of research inspired this paper. One line involves
over 80 years of research and verification; the other has less than 20
years of testing amid controversy. Skin resistance has been used
since 1890 as an effective irdicator of autonomic arousal, anxiety,
and stress.i’2 Cognitive dissonance has been tested and attacked since

3'435

it was introduced in 1957 by Leon Festinger., The major problem

with cognitive dissonance has been the inability of most researchers to
use an independent variable representative of dissonance,6 Cronkhite
complained of this very problem in his doctoral dissertation. Nonetheless,
his use of heart rate change provided a foundation for the use of other

psychophysiological variables.? Skin resistance seemed like the next

most reasonable choice after reviewing the previous research.

1Stephen Rothman, Physiology and Biochemistry of the Skin,
(Chicago: Univ. of Chicago Press, 1954), pp. 17-20,

ZA. Jo Silverman, S, I. Cohen, B, M, Shmavonian, "Investigations
of Psychophysioclogic Relationships with Skin Resistance leasures,!
Journal of Psychosomatic Research, 4 (1959), pp. 65-87.

3Leon Festinger, A Theory of Coecnitive Dissonance, (Stanford:
Stanford University Press, 1$57).

4N. P. Chapanis and A, Chapanis, "Cognitive Dissonance: Five

Years Later," Psychological Bulletin, 61 (1964), pp. 1-22,

SGary Cronkhite, Persuasion: Sveech and 3ehavioral Chance,
(Indianapolis: Bobbs-lerrill Co., Inc., 1509), pp. 50-00,

Ce He Zastrow, "The Theory of Cognitive Dissonance,"
Psycholozical Record, 19 (1969), pp. 391-399.
7Heart rate did not significantly correlate with the experi-

rmentally induced dissonance. Gary Cronkhite, "Autonomic Correlates
of Attitude Change}' (Ph.D. dissertation, State University of Iowa,

1965).
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of coznitive dissonance, For exarmle, he says, "The existence of

' . e P - B : .
dissonance is psychologically uncomfortable, He continues by saying,
The presence of dissonance gives rise to pressures to reduce or
changze the dissonance,..(and) dissonance acts in the same way aS...

9

tension.,"” Skin resistance is, by previous literature, also related

to stirmmii that are "psychologically uncorfortable! ard resultive of
. fie .. . . - 10

tension., Alrsady, skin resistance correlates with neasures of fear,

; 11 Y 12 i3 ; % i "
amgiety, prejudice, siress, ard disturbing or contradictory
4 : 14 . . .
information, In the preceding research, no overt mention is made
of cognitive dissonance, but common ground can still be fourd in the

comonality of stirmli in dissonance and skin resistance studies., Two

such stimuli that come to mind are andety as measured by the Taylor

3Festinger, A Theory of Cognitive Dissonance, pe3.
Tbid., pe3.

10Ja.mes H, Geer, "Fear and Autonordic Arousal,” Journal of
Psychosomatic Ressarch, 7 (1954), pp. 283-2%%.

11Lorna wing, "Physiological Effects of Performing a Difficult

Task in Patients with Anxiety States," Journal of Psychosomatic
Ressarch, 7 (1564), pp. 283-2%4,

12&. Be Cooper and HE. E. Siegel, "The Galvanic Skin Response as

a easure of Euotion in Prejudice," Journal of Psycholocy, 42 (1956),
149-155,

13J. C. Speisman, J. Osborn, and R. S. Lazarus, "Cluster Analyses
of Skin Resistancs and Heart Rate at Rest and Urder Stress,"
Psychosomatic lledicine, 23 (1961), pp. 323-343.

lHF. R. Westie ard !i, L. DsFleur, "Autonorric Responses and Their

Relationship to Racial Attitudes," Journal of Abnormal and Social
Psvcholosv, 53 (1959), pp. 340-347.

Mo
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Manifest Amdety Scale ard the use of affectively loaded words.15'1”

Further, circumstantial proof of a link between skin resistance ard
dissonance can be fourd in a nurmber of studies.that assumed that such

a
17,18,15 Proof of this connection can wait till

a link exists.
Chapter IT but, the sm2ll matter of definitions should be dealt with
first.

Sorie of the more frequently used terms are listed below. The
nain determiner for their inclusion is their use in the studies used
in Chapter IT. These will also bé the definitions used in this paper.

Galvanic Skin Response - The frequency ard/or the

arplitude of the deflection of the needle on the ammeter

when measuring the electrical flow through the skin.
This includes both conductance and resistance measures.

Skin Resistancs leasures - Direct or representative
measurement of the resistance that the skin provides to
the electrical flow.

15Taylor llanifest Anxiety Scales were used in R, N, Suinn's
Y"Armxiety and Cognitive Dissonance" (Journal of General Psvcholozy,
73 (1955), ppe. 113-116) ard E. S. Katkin's "Relationship between
Manifest Amdety and 2 Indices of Autonorric Response to Stress,”
(Journal of Personzl and Social Psycholozv, 66 (1$63), pp. 30-35),
Both showed significant correlation between GSR and dissonance.

16Affectively loaded words were used in H. W. Dickson and
E. IcGinnies! "Affectivity in the Arousal of Attitudes as lleasured
by the Galvanic Skin Response" (A=erican Journal of Psvchology,
79 (1965), pp. 53%-539) and li, T, Feather's "Cognitive Dissonarice,
Sensitivity, and Evaluation" (Journal of Abnormal and Social
Psycholo=v, 05 (1%3), pp. 157-153), 3oth showed significant
correlation between GSR and dissonance,

3 - - i . ; 3
?D. B. Zerlyne, Conflict, Arousal, and Curiousity, (Hew York:

MeGraw=iill Bcok Co., Ince., 190), pp. 233, 255-303.

183. G, Gallimore, "Reduction Styles amd Dissonance-Associated

Autonoric Activity" (Ph.D. dissertation, Lorthwestern University,
19%64).

19J. L, Dawson, R. E. Vhitney, ard T. R. Lau, "Attitude Conflict,
GSR, and Traditiomal-iloderm Attitude Change Amonz Eong Kong Chineses,"
Journal of Social Psvcholozy, 83 (1972), pp. 163-170.

20 P
A very cormon cdefinition that has been accepted since the

pnenorena was discoversd around the turn of the century,




Skin Corductance Measures - Dlrect or representative

reasurerent of the abiliiy of the skin to allow electrical

flow. This can be arrived at by direct measuremsnt or oy

Eznr%{tlng siin resistance to its inverse by use of Ohnm's
‘E.]'.

Oan's Ta2w - An electrical relationship expressed by the
forrmla z=I/R where E is voltage I is current, and R
is resistance, Briefly, if Z is kept constant, then I

is the inverse of R.

Cognitive Dissconance = For this study, dissonance is the
difference in the scores on the attitude test ziven before
ard after the experimental stimuli., This follows previous
patterns of "measuring" dissonance, In this case, pre=-
and post-testing hypotl eulcallj nmeasures dissonance since
the only difference will be the experirentally nglgglated
contradictory inforration provided the subjects.,

One final concern should be reviewed before concluding this
introduction: the statement of hypothesis amd variables, The research
hypothesis is that cognitive dissonance, as defined by Festinger,
produces physiological change, as measured by the galvanic skin
. response. The deperdent variable is the GSR; the indeperndent variable
is presence (or absence) of the experimental dissonance., The null
hypothesis to be tested is that there will be no GSR when the

dissonance is present.

2ichester Darrow, "The Significance of Skin Resistance in the
Light of its Relation to the Amount of Perspiration," Journal of General
Psycholozy, 11 (1G34), po. 451-452,

ZCPren and post-testing of attitudes is a corrmon method of checking
attitude change due to supposed dissonance, Suinn (MArxiety and
Cogznitive Dissonance," Journal of Censral Psrcholozv, 73 (1965),

p. 11%) ard Feather ("Cognitive Dissorance, Sensitivity, ard “valuatior,“
Journal of Abnornal and Social Psvecholozv, 06 (1953), p.133) used thi
:ethoi. 0f course, restinger used this rmethod also (p.12%).

ras*lﬁ:e“‘s staterent of dissonance is, "...(T)wo elements
are in a2 dissonant relation if, considering these two alons, the
cbverse of one element would follow fronm the other" (p.13).



CHAPTER IT
PRICR RESZARCH

Electrodermal Research

Electrodermal research is, generally, divided into skin potential
(abbreviated as S.P.) and skin response (abbreviated as S.R.) measures
of electrical flow. For this paper, we will only be concerred with
skin response measures, This limitation is not an arbitrary one. A
review of the literature demonstrates two characteristics concerning
skin potential: S.P. requires more sensitive equipment than S.R.; and

1,2 So, in the face of S.P.'s difficulty of

S.P. correlates with S.R.
measurerment and S.P.'s redundancy with S.R., a review of prior S.P.
researcn is excluded from this paper. What will concern us are the two
principal skin response measures: skin resistance response and skin
conductance response (abbreviated respectively S.R.R. and S.C.R.). In
discussing the background research of S.R., the following forrat will
be used:

1) Physiological definition;

2) Psychological explanation;

3) Factors affecting measurerent;

L) Factors related to S.R.

Speculation on the mechanisms of skin response has a long history.

1Skin potential is an endodermal measure of natural body electricity
while skin response is an exodermal measure of artificially supplied
electricity through the skin., S.P. is generally 10 7 less in strenzth.
ZR. C. Wilcott, "Correlation of Skin Resistance and Potential,"
Journal of Cormarative and Fhvsiolozical Psveholozv, 51 (1358),
pp. 091050,
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From 1532, the year that it was discovered, S.R. has had several

3

theories offersd as possible explanations for the phenomsna,” Fron the
1930's on, the most accepted view has cantered on the eccrine sweat
glards and the layers of skin as the main mechanisms., Several studies
have connzcted these mechanisns to S.R.

The hypothetical construct of sweat glards and skin layers has
been forrmulated by ssveral autho:‘s.Z1L Basically, the skin has been
viewsd by researchsrs as having two layers: (1) a top, highly
absorptive and conductive layer; and (2) a highly resistive barrier to
water and cherdcal ions, with a piercing of both layers by the sweat
glards, From a logical standpoint, this can be viewed as a structure
designed to meet the thermoregulatory and chemical nessds of the body.
The barrier limits the loss of water and necessary cherical ions. The
sweat glands allow a pathway for the dispersal of water and chemical ions,
The outer layer absorbs and spreads the water and chemical ions for morse
efficient elimination and cooling,

There ars two rain groups of studies that prove the existence of
an analogue of this construct. The first group correlates sweat gland
activity with S.R. This relation was suggested by the observation that
S.C.R. freguently was greatest where sweat glands were the densest - i.e.

the palms of the hands.5 {fore direct proof was provided by direct

control of the sweat glands. In ons study, loss of nervous control of

3R. A. IcCleary, "The Nature of the Galvanic Skin Response,!
Psvcholozical 2ulletin, 47 (1950), pp. 99-104,

bR. Edelbersg, "Zlectrical Activity of the Skin," Handbook of
Psychovhvsiolosy, eds. Ne Se. Greenfield and R. A. Sternbach, (liew York:
Holt, Rinshart, and Winston, Inc., 1972), pp. 384-392,

SI. Martin and P, H. Venables, "Mechanisms of Palmar Skin Resistance
and Skin Fotential," Psvcholosical Bulletin, 66 (1966), pp. 481-484%,




sweat glands was studied in hospital patients with peripheral nerve
sections or syrpathetic ganglionectorfy. These operations elirtinated
S.R. corpletel .6 Similarly, patients suffering from congenital absence
of sweat zlands showed no S.R. (or S.P.).? A further study used
norral subjects, These subjects were given an application of atropine,
a cherical blocking agent that inhibited excitation of the sweat glards,
This cherical application elirrdnated S.R.8 This line of research
provided proof that sweat gland activity was related to electrical
flow in the skin, The view of the Sweat glands as electrical pathways
is related to the next group of studies,

The proof of an analogue of the barrier is harder to gain from
the previous research., The proof of its existence is without doubt.
Its exact location, though, is without solid data. Three studies are
indicative of the existence of this barrier. The first and the oldest
étudy exarined S.R.R. before and after pinpricks to the skin under the
electrode, After the injury, S.R.R. decreased.9 (Corparably, a skin
physioclozy textbook warned the fledgling researcher of possible error in

measurenent if the slizhtest cut existed in the skin around the electrode.10

6C. P. Richter and 3, G, Woodruff, "Changes Produced by
Syrmathectory in the Zlecirical Resistance of the Skin," Surgerv, 10

(1941), pp. 957-970.

?H. No ¥agner, "Electrical Skin Resistance Studies in Two Persons
with Congenital Absence of Sweat Glands," Archives of Dermatolocy and
Syphilolozv, 65 (1952), pp. 543-548.

%, #. Lader and J. D. ontagu, "The Psycho-galvanic Reflex: A
Pharmacolozical Study of the Peripneral ifechanisnms," Journzl of
Neurolcsw, Neurcsurzery, and Psvehiatry, 25 (1962), pp. 125-133.

%c. P. Richter, "Physioclozical Factors Involved in the Electrical
Resistance of the Skin," Arerican Journal of Pavsiclozv, 85 (1929),
PPe. 596'0150

10, . . C oms s i s ;
S. Rotarman, Phvsiologv and Biocheristry of the Skin, (Chiecago:

University of Chicazo FPress, 195+), prp. 10-17 and pp. 21-22,




In the sscord experirent, researchers siripred avay thin layers of skin
in successive siscs. In betuzen each step, the researchers measured
the rate of water loss throuzh the skin, Gernerally, the rate remained
constant till the tenth layer, This placed a water barrier at the
P s 11,12 . ... . N . s
botton of the strztum cornsuns, The third experirment exarrined the
ion barrier characteristics of the skin. One experimenter hypothesized
that the cornsum would absorb a pnotozraphic solute down to the barrier,
but not below the barrisr, An application of silver nitrate was used
or. the skin, The skin was exposed to the solute for thirty rminutes,
exposed to licht, and reduced by a photographic develeoping solution,
Histological examination showed the corneum to be perresated with the
reduced silver, The lower bourdary of this darkened zrea was just
5 " L3 ea . .
above the stratum granulosum, Similarly, another experimenter has
used successive skin stripping to fimd a cherdcal barrier at the
1 : ;
granular level, Unfortunately, these experiments cannot be considered
definitive since another ion barrier has been found using radiocactive

15

tracers in the dermo-epidermal junction,

111 H, Blank, "Further Oboservations on Factors “hich Influence
the Water Contert of the Stratum Corrnsum," Journal of Investizative
Derratology, 21 (1953), pp. 259-271.

12The top three layers of the skin, in descending order, are
stratun cornsun, stratum granulosum, and stratum lfalpighii., These
three layers are the epidermis. The fourth amd last layer is the
dermis.

13R. Zdelberg, "Develorment of an Electrode for Lonz Tern

Application in slolc:lcal Recording," NASA ilanned Spacecraft Center,
Contract Report NAS $-445, (Seot. 1703), PDe 5-17.
14

I. E. 3lank and 2, Gould, "Fenetration of Anionic Sur-
Surfactants (surface active agents) into the Sikin: 1, Penstration of
Sodiun Lauraie and Sodium dodecyl Sulfate into Zxecised Zuman Skin,"
Jourral of Investicative Dermatolocv, 33 (1959), pp. 327-33.

15, .. - . o -

>, H. witten, !, S. Ross, Z. Oshry, and A. B, Zyman, "Studies

f Thorium X Aprlied to Huwman Skin: 1, Routes and Desree of Fensiration

and Sites of Depositicn of Thorium X in Selected Vehicles," Jourmal of
Investizative Dermatolozv, 17 (1931), po. 311-322,

(@8]
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One other phenormesna should te exarined in this review since it,
specifically, applies to the palms, and generally, to the skin: the
absorptiion phenomena, Zasically, researchers have defined this phenorena
as a bi=directional flow of water in the epidermis. This bi-directional
flow was shown in a vapor pressure experiment in 1959. A vapor
pressure charber was attached to the skin to control the level of
hurmidity of the air in contact with the skin., Weight changes were
measured as vapor pressure was varied, The change in flow was ocbserved
around 86% relative humidity., ZEsssntially, water diffused from the skin
up to 865; water was absorbed into the skin after 865.16 A further set
of experiments showed that this phenomena had reflex properties.

A device, able to measure hydration of the skin, was used in conjunction
with vapor pressure equipment. A simultaneous recording of hydration,
vapor pressure, and S.C., was also useds The results indicated that
while vapor pressure indicated an outflow from the skin, hydration of
the skin declined, (S.C. increased and decreased with water vapor.)
This would be reasonable as sirple evaporation from the skin, but the
hydration device was designed to prevent evaporation. The studies
concluded that permeability of the skin increased during electrodermal
responses, To insure reliability, two other devices for measuring
hydration were used in these studies, The results still indicated a

reflexive water absorption related to S.R.l? Several researchers have

16,

¥, J. K. Buettner, "Diffusion of Water Vapor through Small Areas
of Fuman Skin in liormal EZnvironment," Journal of Apvlied Physiology,
14 (1959), pp. 209-275.

l?R. Zdelberg, "Skin Potential and Skin Conductance: An Attempt at
Integration," Presidential Address presented at the 6th Annual leeting
of the Scciety for Psychophysiological Research, Denver, Colorado,
October, 1956, Further research with different hydration devices is
found in later research by Edelberg reported in "The Information Content
of the Recovery Limdb of =lectrodermal Response," Psychovhysiolozv,

6 (1970)! DDe 527'539-




atterpied an explanation but, no conclusive work has resulted,
Gensrally, it is agreed that some method has evolved in the skin %o
control the level of hydration of the cornsum and water absorption

thru the water barrier, In short, a water gate has evolved,

'he irportance of the previously discussed physiological corponents

18 , .

can be seen in the various models proposed by researchers, A review

=]

of the basic points of the various models would help provide a firm
foundation for venturing into the psychological aspects of S.R.

Host models use the sweat glands, the barrier level, and the

absorption capability. The models hypothesize that electrical current
can flow through the corneum, if hydrated, through the sweat ducts, if
full, and through the derris, if a pathway exists. Resistance would,
then measure the relative cormpletensss of these conditions. For
exarple, as the sweat ducts filled, conductance and potential would
increase. As the cornesum becomes hydrated, the conductance and potential
would slowly increase since a new pathway of low resistance has been
formed, As the sweat is diffused and evaporated, conductance and
potential would declins, At this point, the model can only explain a
relatively slow rise and fall in the conductance. (This is charted as

a nezative wave.) Howsver, if the sweat ducts stayed full, and the
corneun constant in hydration, there should bs no response changes,

if we stop here., Yet, there are response changes under such conditions.
Thus, the absorption capability is concluded to produce the responses
by rapidly altering the hydration level of the corneum. This particular

series of events explains the measuring of base levels and response

185delberg, Zandbook of Psvecho-ohysiolosv, pp. 354-392,




levels, 2ase level is relative to the fullness of the sweat ducts;
Response level is relative to the absorption mermbrane capability. Of
course, this generality is subject to the provisio that rmesasurements
are valid only at the tire of measurement since base level and response
level can change over tirme,

The overriding question, at this point, is why do these changes
in skin's electrical behavior take place, One author surmarizes the
possible reasons for the S.R. as follows:

1) "Thermoregulation to corpensate for vasocon-
striection"
2) "Thermal preparation for a heat load of
ruscular origin'
3) "The adjustment of physical properties to
favor manipulative contact"
4) "The adjustrment of physical properties as a
defense against abrasion"
5) "The ernhancement of tactual acuity either
mechanically or neurochemically"
6) "The secretion of a characteristic odoriferous
substance that facilitates tracking by other
members of the sPecies"19
Previous research provides explanations for these six points.
A series of experiments into thermoregulation show two processes

taking place, ihen startle and tension preducing stiruli affect the

193delberg, Zandoock of Psvcho-vhvsiolozv, ppe 402404, "The
selection of the aprrovriate interpretation rmust await experimenis
desizred to allow identification of the nature of the biological
adaptation,"

11
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subjects, cutaneous vasoconstriction takes place, This is a bioclogical
adaptation to rediresct blood flow away from the skin to lessen the loss
of blood througn surface injuries ard to increase tlood pressure for
o . 20 4 . ; 5 "
better perfusion of the muscles, 2y redirescting blood flow, the
blocd is rot able to carry as ruch hsat to the skin surface for
radiatior., An alternate systen of hzat loss, sweating, is called into
. 21 _ g e

operaticn, In brief, sweating corpensates for vasoconstriction ard
prepares the body for possible metabolic activity.

Another group of studies have shown the adaptive ability of the
skin. One experimenter has interpreted the hydration of the cornesun as

g 4 ; . : x s s 22 g
aiding in grasping and manipulating objects, A previous researcher
. . , . £ . . 23

presents evidence that moist skin is more sensitive than dry skin, In
fact, hydration of the corneum increases the skin's resistance to tearing
and abrasion while increasing tactual acuity. In rdcrosurgery, it is
almost impossible to cut a piece of epidermal material from a profusely

; S ; . 24
sweating irdividual because of its rubbery, slippery texture.

However, these studies also indicate an inverted U=-shape function in

the reasurements of tactual sensitivity ard facility. This is seen in

20D. T. CGraham, "Cutaneous Vascular Reactions in Raymaud's
Disease in States of Hostility, Anxiety, and Depression,' Psvcho-
somatic lledieins, 17 (1955), pp. 200-207,

21C. W. Darrow, "The Galvanic Skin-Reflex and Finger Volure
Changes," American Journal of FPhysiolozv, 88 (1929), pp. 219-229,

220. . Darrow, "The Galvanic Skin Reflex (sweatinz) and Blood
Pressure as Prepatory and Facilitative Funetions," Psychological
Bmetint 33 (193‘6): PP ?3"9‘4‘0

23D° Katz, Der Aufbau dsr Tastwelt, (Berlin: 3Barth, 13525),
po. 176-173, cited by C. W. ODarrow, rsycholozical Sulletin, 1532,

24 - . X A . o
"Ro 3delberz, Mferoelectrode Study of the Galvanic Skin

Response,! Federation Proceedincs, 20 (1961), p.322,




the decline of sensitivity and friction after intermadiate levels of
hydration are reached.zs Thus, it is necassary for the body to
develcp 2 M"fine tune! control of hydration. The logical choice is
the 2bsorption mermbrare, A further control of tactual acuity is the
lowerinz of touch rzceptor thresholds by neural irpulses, “While this
is not 25 dominant as the sweating process, neural control of tactual
thresholds is positively correlated with S.C.R.26

Cne last explanation for electrodermal activity is based on a
carry-over from species protection in the far past., Quite simply,
when man had a much more sensitive nose, man could identify his
species ard individuals in the species by the smell of their sweat.
Sweat is corposed of not only NaCl, but also a corplex mixture of
organic compounds. Indeed, some researchers have hypothesized that
sweal during emotional stimuli may contain a cherical equivalent of a
cry for help.z?

A brief discussion of physical factors affecting measurement
would be appropriate right now. Basieally, S.R. is measured by
running a flow of electricity through a '"balanced" system. This
palanced" system usually consists of several resistance units with
known values and a resistance unit of unknowm value through the skin.,

The system is balanced by altering one of the known resistors until

an attached meter shows no deflection. Then, since all the knowm

25?. Adams and W, S. Hunter, "HModification of Skin liechanical
Properties by Ecerins Sweat Gland Activity," Journal of Avolied
Physiolozy, 20 (1959), pp. 417-419,

—

<0

ia
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Ho Kave and L. P. Lippsitt, "Relation of Electrotactual Threshold

to Basal Skin Conductance," Child Develooment, 35 (1964), pp. 1307-13i2,

2?Rothman, Sxin, Chapter 7.
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resistors can't charge, any change in the skin's resistance will
unbalance the system and cause a deflection in the meter. So, anything
that affects the resistance of the skin becomes irportant. 3y far, the
factor most in need of control is air terperature during the experirment,
Generally, resistance increases (conductance decreases)as temperature

2e Another factor is humidity.

decreases in a ratio of 3% /OC.
Huridity needs to be controlled since it affects evaporative water loss.
However, hurridity is determined by location of electrodes. For
instance, one might expect a high humidity rate to inhibit evaporation
causing sweating to increase to carry the heat load., This would raise
skin conductance, Negative correlations, though, have been found
between palmar S.C. and relative humidity. This would suggest the
strong activity of the absorption mermbrane in the palmar surfaces.29
A further control needs to be exercised on the electrode and electrode
Eontact paste used in the experiments, The wrong paste can elevate
the response beyond actual values while the wrong electrode metal can
produce artifacts and polarization potentials masking true values.,

The nost cormon system of electrodes is Ag-AgCl electrodes and .05

[ RaCl paste. Eowever, copper or solder may be substituted for the

electrodes.30 One final factor needs to be mentioned - the factor of

28R. L. }Maulsby and R. Edelberg, "The Interrelationship betw=en
the Galvanic Skin Response, Basal Resistance, and Termperature,! Journal
of Cormarative and Phvsiolezical Fsvcholosy, 53 (1960), ppe. 475=475.

29, o . : — ~
“Pe He Venables, "The Relationship between FGR Scores ard

Terperature and Fuwtidity," Quarterly Journal of Ixverimental
Psycholozv, 7 (1555), pp. 12-18,
15 I _ ; G o B
R Zdelberg and I, Burch, "Skin Resistance and Galvanic Skin
Resronss: Influence of Surface Variables and liethodological
Irplications," Archives of General Fsychiatry, 7 (1552), pp. 163-153G,




current density., Current density is the measure of current per unit of
area, The irmortznes of current density is in its lineariiy of

current to voltaze, Tmnen current is linearly related to voltage, a
true ohric relationship exists and no outside electrical influsnces

are affectinz experirmental measursment., This ranze of linear values
represents the optirum ranze for measurerment since there is no inherent
sldin reaetivity to the electrical flow above and beyond the stirmidi.
-6a/ i

The optirum range is 8-12 x 10 cm o An added advantage of low

current density is that low current density and a good electrode/
electrolyte system controls the polarization error.31
The last area of discussion on electrodermal research concerns
S.R.'s relation to a variety of variables, Researchers have argued
the question, 'that does S.R. measure?," long enough that a nurber of
theories with the appropriate nurber of believers exist. In fact, a
.cataloguing, of the various indices S.R. is supposed to measure,
provides a good review of the theories. The list is:
1) Indices of level of arousal
2) Level of alertness or attentiveness
3) Stirmulus specificity by type and magnitude of
body reaction
4) Body adaptation to stirmli
5) Discernrent of orientinsg reflex from defensive
reflex 3
6) Ieasure of individual differences in responsive-

ness, corditioninz, stress, and amnxiety.

1 . . .
3 e umeloaﬂg and i, Burch, Archives of Gensral Fsychiatry,
7 (19‘52)' v""- 103‘100
: . L -~ -~
= nss, oio2lectric Aecordirnz, or. 272 and 200,
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7) lieasurs of differences among psycho- and physio-
diaznostic groups.32
In gereral, though, most theories use 5.R, as a dependent variable
measuring body reaction to enervating stimuli. (For lack of a better
word, this will be referred to as "arousal"' from now on).

Arocusal, as a heading, includes emotion, attention or orienting
reflexes, amdety, riental effort, vsychological discomiort, etc.
Unfortunately, it is used to cover almost too ruch grourd. A series
of experirents rdght help bring arousal more into focus. The idea
that attention requires the body to be ensrvated receives fairly
conclusive evidence. One researcher used photographs that were rated
for attention ard for emotion, Later, he showed these photographs to
subjects wired to S.C.R. devices. His conclusions showed a +.64
correlation between S.C.R. magnitude and the attention rating and only
-a +,32 between 3.C.R. magnitude and emotion rating.33 An experinent
on task difficulity used attention as the differentiating medium,
Subjects were told to listen for stirmlus words in long series of
words, They used four experimental task conditions: press a foot
pedal to stimulus; mentally note occurrence of stimulus; count the
nurber of tinmes the stimulus occurs; or merely listen. The magnitude of
S.C.R. was related, in high to low order, to motor response, irplicit

association, counting, and listening, The researchers concluded that

3 D, Co Raskin, "Attention and Arousal," Ilectrodermal Activiiv
in Psrcholozical Zsssarcn, eds. W. Fo Prokasy and D. C. Raskin,
(New York: Academic Frass, 1973), pp. 125-155.
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the greater the task requiremsnt the greater the attention reouired.3~r
A further exverirment was corducted in a series of three studies. In
the first experinent, subjects were asked to either respond or not

m

respond verbally to stirmli, To measure response separate from the
stirmlus, subjects were told to wait 10 secords before respording.
In this cass, subjectis told to respord had higher S.C.R. magnitudes,
In the secord experiment, the experimsnial subjects were given finzer
movenents to perform in relation to stirmli. The experimental
manipwlation was to vary the number of finger movements. The results
showed that S.C.R. increased directly with the nurber of finger
moveriencs, The last experirenc gave an option of response. The
experinental subject had to chooses which of the several proper
responses he would uss. Again, S.C.R. irnecreased directly with the
number of alternatives.35
ijhile attention providss a method for viewing arousal, it has

»

limitations. llost of the attention experiments suffer from the
assurmtion that attention is necessary for arousal. This is not true,
One researcher used classical cornditioning (shock/stiruli) to establish
a S.R. pattern in subjects. He, then,assigned these subjeets to
attention experinents involving different sound channels into each ear,

The instructions were to aitend to only one channel, He, then,

inserted the previously conditionsd stimmili into the unatiended ear

3h"I. ¥altzran ard D. C. Raskin, "Iffects of Individual Differences

in the Ordientinz Reflex on Conditioning and Cormlex Frocesses," Journal

of Dpari-anial Ressarch Into Personelitv, 1 (1965), po. 1-16,

)3.. Germana, "Responss Characteristics and the Orienting Reflex,™
Journal of Ixperirental Psveholosv, 78 (1%5), pp. 610-516.




channel, 35.R.2, showed significant Y"arousal" when the stiruli was

3,7 Zven rore irpressive data has besn siown in subcepiion of
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sti=mmli, In tnis study, experinental conditions were ranipulated so
that subjscts could rmake no conscious deterrrination that the stimuli
has besn presented., 3y using a classic conditioning systen, subjects

were given reaction patterns to stirmli, They were, then exposed to

the stirmli by means of a tachistoscope set for levels beyond
conscious discrimination. Subjects were further asked to try to
diserirmirate when stimuli was presented, The scores between correct,
conscious, discriminations ard S.R.R. scores of arousal to conditioned
stirmli and uncorditioned stimuli were ussd., The researcher defined
the "subeeption effect! as the difference between the mean wrong
guesses of the conditioned stimuli and the mean wrong guesses of the
uncorditioned stimuli, Results for subception were significant, Wuhile
subjects could.not discriminate consciously, they could subconsciously
and have a significant S.R.R. "arousal" score.B?
Perhaps the best statement one can make in defining arousal is
that arousal is a general body enervation directly influenced by the
needs of the surrourding environment., In a1l the previous studies,
the subjects reacted to their environment whether it involved attention,

task difficulty or comditioning., This can be seen in three studies

involving fear, test anxiety, and psychological discorfort. All have

.
BDR. 5. Corteen and 3. iood, "“Autonomic Responses to Shock
Associzted Yords in an Unatiended Charnel," Journal of Zxperimental

Fsycholozy, % (1972), pp. 308-313.

3?R. 5. Lazarus and R, A, McCieary, "Autonorrdc Diserirdnation
Without Awarensss: A Study of Subception," Psvehological Review,
58 (1951), po. 113-122.
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the same gquality - body reaction to the experimentally controlled
environment,

The first study used two experirental grouﬁs differentiated by
their fear of spiders. Both the hizh- and low-fear experimental
groups and controls were exposed to a series of slides of animals and
insects, The orienting reflex was reduced by slides of previously
deterrined neutral animals, The experinental and control groups both
saw a series of ten slides, The difference between the two groups =mas
that ths stimclus siidss were different. The experimental group
viewed spiders in slides 8, 9, and 10, The control group viewed
snakes in 8, 9, ard 10, This way, actual fear of some thing could be
measured nore easily., DZach slide was controlled for equal viewing time
by subjects. S.R. was measured during each slide and averaged for each
slide. On the first stimulus slide, the high fear experimental group
vas significantly different on S.R. from the low fear and the high fear
ard low fear control groups. On the last two slides, high fear
experimental was significantly greater than both controls ard
significantly different on the second slide and almost significant on
the last slide (p<.08) from the low fear experimental group.38

Another example of envirommental effects on arousal is test
anxiety. This study tested and grouped subjects into high ard low
test amxiety grouvs. They were given 30 minutes of instruction in
test taking with a successful exarple by all subjects in answering
test questions. S.R. base readings were the averages for this 30

rinutes. They were, then, given an unsolvable test problem, The

38Janes 4, Geer, "Fear and Autonomic Arousal," Journal of
Abnor=al Psrcholo~v, 71 (196%), pp. 253-255.
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S.R. scores for the high and low groups showed significant differences,

One other factor can be related to arousal - psychological disco~forti,
In this study, the researcher ussd a stressor film called Subincision,.
This film showed the ritual surgery used by male aborizines to mark
their genital organs., The subjects were asked to provide psycholozieal
self-evaluations of three mesasures: pleasantness, excitement, and
tension, Continuous measurement of 5.C.R. was grapned during the film,
Both measures paralleled the content of the movie with peaks occuring
during the surzery scenes and troughs in the more rmundane scenes.39

The correlation of S.R. and arousal has a long history., In 1950,
one researcher reviewsd previous literature for studies showing
correlations between self-reported levels of magnitude to a variety
of experiences and S.R. In the 19 studies reviewed, correlations
ranged from +.,45 to +1.00 with a median value of +.75.40 lMost of these
studies tested. responses to attitude- or emotion-loaded words.
Another review of the literature in 1959 prorpted a researcher to test
loaded words and S.R. specifically. In three separate tests,
correlations reported were +.89, +.87, and +.%%. The conclusion
stated, "...(W)e are certainly willing to entertain the suggestion
that the differential magnitude of the galvanomeiric deflections to
words is one of the most relisble phenomena in psychology todayl"hl

With this base, it was a short jurmp into attitude studies.,

39&. M, Yordkoff, "The Relations between Fhysiolozical ard
Phenomenologzical Indices of Arousal," (Ph.D., dissertation, University
of California, Berkely, 1353).

HQH. G. MeCurdy, "Consciousness and the Galvanormeier," Psycho-

locical Review, 57 (1950), pp. 322-327.

QIJ. I. lLacey, "Psychopnysiological Approaches to the Evaluation
of Psychotherapreutic Process and Ouicome," Research in Psychotherary,
eds. ., A. Rubinstein and [, B. Parleff, (Wasainzston, D.C.: Armerican
Psycholosical Association, 1959), pp. 160~203,
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In a series of studies by Cooper ard various junior authors, the
studies justified the use of S.,R. to =measure prejudice because S.R.
would rieasure the subjescis' reactions to ’c.er'n,sic,\n,“'2 e:m-.:fciona.l,L"3
msaningful,u# ard conflictin345 stirndi, The basic design of these
experinants was comparable, Subjects rated and ranked 20 ethnic and
nation2l groups according to their preferences, Then, derogzatory and
corplinmentary statements were made, The experimenters insulted the
subjects' rost liked group and corplimented the subjects! most
disliked group. Neutral groups received both complimentary and
derogatory statements, Generally, significant S.R.R.'s were showm
when there was conflicting attitude and statements (p <.005). One of
the studies reversed procedure and tried to use S.R.R. to predict
prejudicial rankings. A rank order correlation of .82 was reported,

In a study on attitudes about organized religion, S.R.R. was used
to measure subjects! reactions to three groups of statements: pro-
church; neutral-church; ard anti-church, Previous attitude
questionnaires were used to select three experimental groups of pro-,

anti-, and neutral-church groups. Specific instructions directed

I'LZR. S. VWoodworth and H, Schlosberg, Exverimental Psycholozv,
(New York: Holt, Rinehart & Winston, 155%),

“3g MeGinnies, "zZmotionality and Perceptual Defense," Psycholozical

Review, 56 (1349), pp. 244-251,
iﬂﬁf. E. Binghan, Jr., "A Study of the Relations thich the G3R and

Sensory Reference Sears to Judgments of lleamingfulress, Significance,

and Irportance of 72 Vords," Journal of Psveholozv, 16 (1943), pp. 21-3%.

45L. H, Lanier, "An Experimental Study of Affective Conflict,"
Journal of Psvcholocv, 11 (1941), pp. 153-217.

QOJ. B, Cooper and H, E, Siegel, "The GSR as a leasure of
Emotion in Prejudice," Journal of Psvcholozv, 42 (193), pp. 149-1535.
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the subjecis! attention to the affective corponent of their attitudes.,
A1l three zroups were presented an equal nurer of pro-churcn; nsutrei,

ard anti-church statements, The results indicated no siznificart

in 3,2.2. scores among the groups, but siznificant
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differences wers fourd in 3.R.R. scores to contradietory staterents,
In surrary, it would appear that 3.R. is an eifective measure of
a body's reaction to 2 variety of stirmli, The stizmli can best be
generalized into stirmli that activats the body into a higher energy
state, %hether this hicher energy state is due to one particular
biological reflex or several is open to question, but it is proven
that 5.R. can reasure reactions to mental stixmuli that affect
cognition., This is particularly significant when affectively loaded
words ard phrases are used, Other factors that affect S.R. include
task cormlexdty, attention, amxiety, emotion, ard psychologzical
discorfort. As a result, S.R. is abls to measure a body's reflexive

action to stirmli as it decodes, comprehends, and encodes a responsa.

Cognitive Dissonance

This section will not be as extensive as the previous section,
The reason for this limitation is lack of proper definition of
cognitive dissonance. Previous studies have not properly defined
cognitive dissonance, They either conclude that their experirmental
nanipulation will cause cognitive dissonance or state that cognitive

. . . . <
dissonance exisis amd their experirent controls it. heither

Iy

T3, . Dickson and 3, lieGinnies, "Affectivity in the Arousal
of Attitudes as ileasursd by GSR," Anerican Journal of Psvcholocr,
79 (1%3), pp. 53%=339.
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situation provices an odjective (or sven serd-ob’ective) reasurs of
cosnitive dissorarce itself, They all purport to msasure the effecis
of cogniltive dissorance. As 2 result, this auther w11l not uss
pravious studies, but will rely on the original theorstical stzaiermesnt

definins coznitive dissonance

+3

The forrulator of cognitive dissonancs defires cognitive
dissornance as, "These two elerments are in a disscnant reiation i1,

¢snsicerins ihese two alore, the obverse of one element would follecw

I
from the o‘chml-'.“"9 Further, the existence of cogritive dissonanc
5 5 S R
is psychologically uncorfortacle ard tension producirz, So, the basic
elements, as related to this paper, are the existence of cognitive

dissonance and the measurerment of that dissonance. (For the sake of
clarity, these two components will be called dissonant situations ard
. . 51 . . .
dissonance produced arousal,”” ) Since previous studies do not
adequately proye the existence of cognitive dissonarce, this author
will use the original statement of definition of dissonant situaticns
by the formulator, This author will, then, use S.R. to reasure the
physiological effect of the theorized dissonant situation, A pre-

ard post-stimuli questionnaire will check for an attitude change.

. . . 1™

Cozmitive Dissonance arnd Phvsiolozical Arousal

Three studies will be used in this section., IZsserntially, they
will show that a cornection between coznitive dissorance and psyche-

physiclozical measures has been hypeothesized oty these researchers,

5 . s : "
e Festinzer, A Theorv of Cozmitive Dissorance, (Stanford:
Stanford University Fress, 1557), p.l3.
sC

L., Festinzer, Coznitive Dissconance, Dels




The first study used the basic dissorance hypothesis that
dissonance causes arcusal., The specific mesasure of arousal was heart
rate., The sudbjecis irnitially corpleted an attitude questionnaire on
John Glern and the adrdssion of Red China into the United lations,
Thee2 vho favored Glenn and disfavored Red Chinal's adrission were
considerad dissonant; those who favored both were consonzart. All
subjects, then,heard a 9 secord speech purported to be by Glenn on
allowing Red China's admission. Zeart rate was measured continuously
from 30 seconds prior to speech to 4 minutes after the speech. A post=-
speech questionnaire on attitudes were administered after the speech.
The experirenter soucht to correlate the dissorance reported with the
change in arousal, Unfortunately, the correlation was not significant.
(In fact, none of the hypotheses of cognitive dissonance were validated.)52
Potential reasons for failure included wrong use of measure, improper
stimulus, and irproper measure, The researcher did find validation
for improper and wronszful use of the arousal measure, Previous
physiological studies showed that cardiac deceleration accormpanied
external atiention processes while cardiac acceleration accormpanied
rnental task demands., Such a variation could affect arousal scores,
Further, the two-part control of the elements rdght have allowed other
variables to affect the dissonant relationship.

The second study focused on dissorance=-produced arousal and
specific dissonance reduction patterns., This ressarcher used S,R, and
respiration as the arousal measures, The dissonant stirmdi involved

the subject'!s popularity with peers, ZIZxperimental control was allowed

2 2 ; % . .
5 G. L. Cronkhite, "Autonoric Correlates of Attitude Change,"
(PhoD. dissertation: State University of Iowa, 19553).
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by previous personality scales for all subjects. The stimuli was, then,
tailorsd to producs dissonant or consonant effecis. Subjects were,
alsoc, asxed to select ome of four reduction » tasks, Again, no

reanirnzful results occurrsd, bul the ressarcher adritted that a test of

arousal=dissorance hypothesis rdght prove significant if a larger I were

The third study tried to rmeasure dissonance by physiological
arousal and attitude chanze, The specific arousal measure was S.R,
The stirmli was 2 high-authority information feedoack that was dissonant
or consorant with subjects! attitudes., The subjscts were neuropsychiztric
patients, (They were selected by choosinz 16 subjects from each major
group of treatment - schizophrenia, psychonsurosis, and rersonality
disorder,) All subjects were enough advanced in their treatment to be
considered improved, A pre-test questionnaire esteblished the pricr
attitudes, Several days later, the subjects came back and retook the
questiornaire, The difference was that an expert's opinion of the
proper answer was roted on the questionnzire., There were a series of
durryy questions before the test guestions to zero-in the arousal

easures, S.R. was measurad continuously throughout the test,

Corvarisons were rade between attitude tests! absolute differences
and base S.2. ard test S.R. (Test S.R. was nmean S.R. score sarpled
every 4 secords durinz stiruli questions,) The results indicated a
siznificant attitude change (0-:.01) and a trend towards significance
for S.R. (p<.10)s (Only the neurotics reached significance, but they

had more trouble understandins the questions.) Sorme problems biasad

523. G. Gallirore, "Reduction Style and Dissonance-Associated
Autororic Activity," (Fh.D, disssrtation: Northwestern University,
196<).



the results, thouzh, Some of the guastions were hard for the subjects
to understard, 7The rssearchers also believed that Type I error affecied
their zgroup interaction scores on their ANCVA. lieverthsless, the
researchers felt that dissonance does produce attitude change ana 35.xH.
is a sernsitive rizasure of dissonance arousal, Thsy concluded that a

"cautious interpretation' rizht provide support for dissonance producsd

1
arousal.5

Application of Previous Ressarch

The review of previous research shows two facts: first, S.R.
can rmeasure psychological stirmuli such as conflicting attitudes,
psychologically uncorfortable stirmli, and stressful stimuli; secord,
dissorant situations, in theory, result from conflictinz stirmli and
cause psychological discomfort and tension. It is hypothesized that
if an experirmental condition is established where a subject's attitude
on some topic is brought into conflict with information unknovm to the
subject, this is a theoretically dissonant situation. Further, if
5.R. measurerents are nade during the presentation of the stirmli, we
can reasure the effect of the dissorant situation. In this experiment,
the subjects! attitudes on the safety and desirability of beer and
potato chips are brought into dissonance by a2 persuasive speech, that
"proves'" that beer and potato chips are danzerous and undesirable,
This is dissonant bscause rost subjscts accept these food items, while
the new information shows that the food itens should not be accepted.

By also usinz pre- ard post=-stiruli questionnaires, we can check the

TF00 V. Ward and W. A. Carlson, "Cognitive Dissorance, Opirion
Chanze, and Phrsiological Arousal," Journal of Gernsral Fsveholezw, 71
iy, vep. 115-12%,
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effects of the stirmli by previously used techniques, If there is a
significanc 5.R. reaction and a significant attitude chanze, we rizht
be atle to suszest a correlation of dissonant sitvations with a
physiolezical rmeasure as proof of a reasure of dissonant-produced

arousal,



CEAPTZR III
PROCEDTRZ

Pre-Zxrerirant Proczcedurs

The pre-experirent phase consisted of gquesiionraire validation
and eguipment standardization, The validation process exarined the
questiomairels abilitly to significantly differentiate between hizh
ard low responses to stirmli, The standardization process examined

th

(4]

equirnent's operation levels for conforrity with optimum values,
The questionnzire was tested oy A. L. EZdwards!' suggested
procedure.l 4 pilot sarple of .28 subjects took the questionnaire,

The questionnaire consisted of 24 statements with five-—division Likert
scale responses., Only 21 of the statements were tested in actuality,
Three nonsensical staterents were used to produce random breaks in
£he questionnaire, Statements were worded positively ard negatively
to avoid pattern answers. Positive statements received a value of 4
for high agreement and O for high disagreement; legative staterments
received a value of 4 for high disagreemsnt and O for hish agreement,
Using t-tests, 19 of the 21 statements significantly differentiated
between the top fourth and the botton fourth of the pilot sample,

(The %wo questionnaires are shown in Apperdix A.)

The S.R. equiprent used a schematic reporied in a journal article.2

Ir. ike previous chapter, the irmortant eguipment variables rentionsd

. L. Zdwards, Technioues of Attitude Scale Construction,
Yew York: Appleton=Century-Crofts, 1557).

e Reirhard, "A Transistor Fsychoralvanoreter,"
of Gereral Tsvenolo=w, 59 (19533), pp. 255-220.
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suspended in a corn starch na.sw.3 Al]l varizoles fell within the

optirman criteria for 5,R. reasurerent,

Experirenrtal Procedure

An initial sarple of 122 subjects took the questionnaire, From
this sarmle, iwo experirental groups were formed., 3Both groups heard
an oral stirmlus bvefore re-taking the gquestionnaire, The main
differences between the groups were the use of 5.R. equipment with
one group and the size of the two SrOUDSe

The non-equivrent group used 61 subjects, They consisted of
Oral Corruniecations I students., (1= 39; F = 22) The subjects took
the guestionnaire one week before the stirmlus was presented, The
stirmidus was a taped persuasive speech from a high credibility source
wvarning about the use of carcinogenic food additives in potato chips
and beser, Nowever, the speech was actually written by the experirenter
ard by a speech student, (See speech in Appendix Z,) The subjects
were re-tested irmediately after hearing the speech. A t-test measursd
significance in the pre- and post-stirmlus questionnaire results,

The equiprent group used 35 subjecis, They consisted of Oral

Corrmarications I students, also. (¥ = 16; F = 19) They received the

=t

pre-stimius cuestionnzire ons to two weeks vefors the speech, The

~

R, Zdelberz and . R, Surch, "S:dn Resistarce ard Zalvanie Skin
Response," Airchives of (erneral Psvchiatry, ? (1%c2), v, 153,
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subjects were allowed to examine the equipment while the experirmenter
explained the equipment gererally. The explanation consisted of the
experinenter stating that the equiprent measured "emotional reactivity"
to various stirrili, The experimenter down-played the irportance of
the equipment by clairting that the experiment was primarily a speech
evaluation problem, This also helped center the subjects! attention
on the speech, The experimenter attached the equiprment to the fingers
of the non-dominant hand of the subjects. After a five minute
stabilization period, the experimenter asked if all subjects were
relaxed and prepared to listen, When all said "Yes,'" the baseline was
noted and the speech started on the tape recorder, The specific S.R.
measures used were the lar-deflection on the S,R. meter and the S.R.
value at the end of the spéech. Once the electrodes were removed, the
subjects completed the questionnaire again. T~-tests checked the
significance of the differences between pre- and post-stimli results,
between baseline S.R. and highest S.R., and between baseline S.R. ard

end S.R.

Post=Experimental Procedure

The main post-experirental procedure involved debriefing the
subjects, Both groups (equipment and non-equiprent) received the speech
debriefing, The equipment group received additional information on the
S.R. In debriefing the speech, the experimenter informed the subjects
that the speech vas false ard was written solely for the experiment,

The equipment debriefing involved a more detailed explanation of the
measuring process and its effectivensss in measuring reactions to

speeches, The experirmenter also asked the subjects if they had read any



recent articles on the subject and if they had ever eaten any potato
chips or drank any beer.u

A disserdination éontrol was also used in the debriefing process,
This seemed necessary to protect the reactions of future subjects,
The experimenter did two things to control the release of debriefing
information, First, he asked for the silence of the subjects at the
erd of the debriefing. Secord, he tested all members of the same

class in one session.

gAn article on carcinogenic food additives appeared in the student
newsparper two weeks before the majority of the testins. This article
minirized ths danzer of the additives while the stirmli sought to
inerease the apprehension of danser from the additives. Luckily, most
of the subjects reported in the debriefing that they had not read the
article,

31



CHAPTEZER IV

RESULTS AXD COLCLUSIONS

Experimental results consist of four measures. They are
questionnaire results on pre- and post-stimmli for both experimental
groups, the difference in baseline S.R. and end S.R., and the difference
in baseline S.R. and highest 5.R. The results are surrmarized in the

charts below, All four differerces were dignificant,

Questiomnaire Results

Equipment (X¥=35) Non-Equip,. (l¥=61)

Pre-Stimili X 47.83 49,62
Post-Stimli X 53.80 54,18
5% Pre-Stim. 36,01 ¥.59
S2 Post=Stin, 16,10 11,67
t-score 4,82 (p <.01) 3.46 (p<.01)

Equipment Results

(Baseline=.1)
High S.R. (¥=35) End S.R. (N=35)
X .272 .201
s? .028 022
t=-score 5.%3 (p <.01) 3.917 (p<.01)

Taking the non-equipment group first, the questionnaire was
designed to measure the group's attitude to carcinogenic food additives,
Their attitude change due to the stimuli can be measured from the
difference in pre- arnd post-stimuli responses. As can be seen from
the charts above, the difference was significant, The equipment group
also showed a significant difference in their questionnaire results,
This seemed particularly auspicious since this group had the added

distraction of being attached to the S.R. equipment., It should also

R



be noted that the stirmli terded to change both groups! attitude in
the same direction. (For the equipment group, X changed from 47,828571
to 53.8; for the nonréquipment group, X changed-from 49,622951 to
54,180328.)

The S.R. results repressnt the difference between the baseline and
the high and end S.R. The baseline was set at a standard level by the
experirenter, The experimenter also chose to use both S.R. measures,
This seemed to be a good insulation against potential subjectts
reaction to the equipment. This was almost borne out in the results,
¥While the two S.R. measures were significani when compared to the
baseline, they were almost significant when compared to each other
(1 p .05). This seemed to indicate a potentiel reaction to the
equipment (or experimenter) that would affect the high S.R. measure.
Thus, the end S.R. served as a good check on the high S.R. measure and
as a nore accurate measure of the S5.R. measure.

Before examining the conclusions of this experiment, some of the
factors that affect measurement should be examined. In the attitude
measurernent section of the experiment, experimental blinding and
subject's prior attitudes posed particular problems, Since the
experirenter worked alone, a reaction to the experimenter was possible,
This was controlled by two means. First, the experimenter tested the
stirmli on complete classes, The instructor of the class was present
at all times. Further, the class was not forced to subdivide into
smaller test groups, so the subjects were insulated from an interpersonal
relation with the experimenter. This hopefully kept the experimenter-
subjects relation closer to the teacher-student relation that the

subjects would be used to. The other area of concern was subject's
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prior opinions on the topiec. Of particular concern to the experirenter
was the possibility of subjeets having a close relative who has or had
cancer, This was exartined iﬁ the pilot study for the questionnaire
validation, The pilot questionnaire specifically asked if the subjects
had 2 personal or close relation with another person with cancer,
There were nine subjects out of 28 subjects who had a personal relation
with cancer, Only five subjects were in the bottom half of the pilot
sarpple. A further atterpt to control the prior attitudes was made in
the debriefing after the actual experiment, There the experirenter
asked the subjects if they had or had had a personal relation with
cancer, In this case, none were reported,

The S.R. equipment was primarily checked by envirommental controls,
In a prior chapter, temperature, humidity, electrode, and electrode
paste were noted as the significant areas of possible error in
measurerent, During the equipment experiments, each was checked, The
terperature remained constant for all but one of the testing sessions.
In that one session, terperature varied by +5 F. Since only two
subjects were tested, they were not included in the group., Humidity
was also measured during the testing. Humidity remained arourd 40%
for all sessions., To counter electrode irpurities, they were washed
ard cleaned by steel wool before each session., The electrode paste
was standardized by having all of the paste mixed at once and, then,
stored in an air-tight container for molarity protection,

The conclusions of the study can be sumarized in three points,
First, a stirulus constructed along dissonance theory guidelines can
cause significant attitude change. Second, S.R. measured during the

dissonant stimilus was significantly greater than base S.R, Third,



S.R. can measure the effect of a dissonant stirmlus., The first two
conclusions are shown in the experirental results. The stimulus
produced not only sizrificant attitude changes, but also, sigrificant
S.R. differences. Since the 5.R. was rmeasured during the sti=mulus,

the S.R. seems to be able to measure a dissonant stimulus, This
conclusion follows prior research in validating a connection between
physiological measures and psychological phenomena sirflar to Festinger!s
cognitive dissonance, However, this conclusion rmst be limited. This
study only tested the general concept of cognitive dissonance, While
this closely follows results in the area of physiological psychology,

it does not extend as far as the physiological studies, Prior research
has expanded the scope of research to include individually identifiable
psychological effects such as anger, fear, amdety, etc. Cognitive
dissonance tries to include all of these traits, (In fact, it was this
close sirmilarity between dissonant effects and other studies that
prompted this researcher to examine this area.) At best, one can only
say that S.R. can measure the general stress reaction that cognitive
dissonance produces, Further research is needed before one can say
exactly what cognitive dissonance causes, This should be a particularly
fruitful area of research since biormedical monitoring is now capable

of differentiating various psychological effects, It is hoped that this

study may provide a base for future research,
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DO YOU HAVE A LIVIZG RELATIVE I TOUR DEDIATE FAMILY =0 HAS CANCER?

APPEXDIX A

CANCER SURVEY

HAVE YOU HAD A RELATIVE I YOUR DIEDTATE FAMILY DIE OF CANCER?

The following is an opinion survey on certain aspects of cancer, After

reading each statement, circle the degree of agreement you feel about

the staterent., Thank you for your tirme,

i,

2,

3.

L,

5e

9.

10,

1%,

12,

13,

The Federal Government is not protecting the public adequately
from cancer-producing agents,

Strongly Agree Agree Undecided Disagree Strongly Disagree
There needs to be better testing of food additives for carcinogens,
SA A U D SD

Supposed cancer producing agents have not been adequately proven to
cause cancer,

SA A U D SD
Cancer is psychomatic in origin.

SA A U , D SD
All people are susceptible to cancer.

SA A U D sD
Cigarettes are the worst thing you can smoke.

SA A U D SD
Cancer is not a national problem,

SA A U D SD
Cancer cures will be found shortly.

SA A U D SD
Diet is irportant in preventing cancer,

SA A U D SD
Cancer researching scientists do not deal with the real world,

SA A U D SD
There needs to be more testing for other cancer producing agents,

SA A U D SD
Suspected cancer producing agents should be banned from use.

SA A U D Sb
Food additives are dangerous because they cause cancer,

SA A U D SD
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4,

15.

. 16,

17.

18.

19.

20,

21,

22,

23.

24,

38

Cancer warnings are effective in providing public awareness of signs
of cancer,

SA A U D SD

Cancer cures could be fournd if there were more money available for
research,

SA A U D SD

There is more cancer on the East Coast than in the lMidwest,
SA A U D sD

Hanufacturers should not be forced to follow a governmental ban on
suspected cancer-producing agents.

SA A U D SD
Cancer wﬁrnings are unsubstantiated fear tactics.
SA A U D SD
Smog causes cancer.,
SA A U D SD
Pipesnmoking does not cause cancer,
SA A U D SD
People who work in heavily industrialized areas will get cancer,
SA A U D SD
We should support cancer research irregardless of the cost.
SA A 4] D SD
Vie should stop buying prodﬁcts containing suspected carcinogens,
SA A U D SD

Cancer is a disease of the working class.
SA A U D SD



CANCER SURVEY

The following is an opinion survey on certain aspects of cancer.,

After readinz sach statement, circle the dezree of agreement you feel
about the statement, Thank you for your time,

1.

9.

10.

11,

12,

13.

14,

15«

The Federal Government is not protecting the public adequately
from cancer-producing agents,

Strongly Agree Agree Undecided Disagree  Strongly Disagree
There needs to be better testing of food additives for carcinogens.
SA A U D SD

Supposed cancer producing agents have not been adequately proven
to cause cancer,

SA A U D SD

Cancer is psychosomatic in origin.

SA A U D SD
A1l people are susceptible to cancer,

SA A U D ' SD
Cigarettes are the worst things you can smoke,

SA A U D SD
Cancer is not a national problem,

SA A U D SD
Cancer cures will be fourd shortly.

SA A U D SD
Diet is irportant in preventing cancer.

SA A U D SD
Cancer researching scientists do not deal with the real world.
SA A U D SD
There needs to be more testing for other cancer producing agents,

SA A U D SD
Suspected cancer producing agents should be banned from use.

SA A U D SD
Food additives are dangerous because they cause cancer,

SA A U D SD

Cancer cures could be found if there were more money available
for research,

SA A U D SD
There is riore cancer on the East Coast than on the Great Plains.
SA A _ U D - 8D
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16,

17.

18,

19,

20,

21,

Mamufacturers should not be forced to follow a goverrmental ban on
suspected cancer=-producing agents,

SA A U D SD
Cancer warnings are unsubstantiated fear tactics,
SA A U D SD
Sriog causes cancer,
SA A U D SD
People who work in heavily industrialized areas will get cancer,
SA A U D SD
We should support cancer research irregardless of the cost.
SA A U : D SD
We should stop buying products containing suspected carcinogens,
SA A U D SD

Cancer is a disease of the working class.
SA A T U D SD



AFPEXDIX B

STLULUS SPEECH

There is, at present, a problem that neither the federal
goverment nor private industry has handled properly. I call this
problen CEEICAL IGNORAXNCE. Sirply put, chemiecal ignorance is the
use of cherricals WITHOUT full knowledge of their effects. Two
RECZNT exarples illustrate this problem very well,

The first imvolves the use of chermical preservatives in the
manufacturing of potato chips, I903T of you are aware of the two
STAYDARD preservatives that are used in foods; BHT, otherwise known
as BI-HYDRO-TAI-AX-TE; and BHA, BI-APH-RE-NTHE. BHAT and BHA are used
with GREAT regularity in the food processing industry and have been
extensively tested alone., There is ALSO a chemical preservative used
in grease to help maintain stability during storage, TRI-0X=C-NI-AC-
THIKE is particularly useful in limiting rancid deterioration of food
grease, ALL THREE preservatives have been tested by the Food and Drug
Adrministration during standard consumer safety experiments., However,
what was not tested was the compound that results from their combination
urder certain conditions. For instance, OXE national brand of potato
chips heats the grease (ard preservatives) in a large vat. They then
pass their chips through this vat on a conveyor tray. ter passing
through the vat, they enter a "wind chanmber!" where fans blow on salt,
seasoning, the 3HA A'D the BiT, These fans ALSO dry the potato chips.
The irportant point of this process that you should note is the
addition of 3HA and BiT to the hot grease BEFORE it is cooled by the
fans, The heat allows the preservatives to recorbine to forn BI-=YDRO-

NI-AC-THI''Z, This corpound has only been found in one=fourth of the
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chips tested, However, this corpound is a sure carcinozen when it
reaches a2 certain trizger level quantity. In common terms, you would
need to eat 15 pourds of potato chips to reach this quantity, The
problen is still sericus, though, because BI-HYDRO-NI-AC=TZINE is not
elirrinated from the body. It remains in the body and is stored in the
fatty tissue arourd the kidney. When it finally reaches the trigger
level, it can cause cancer in the lower 2bdomen area, NOW you may ask,
what 1s the normal quantity in a human in the United States? Nobody
knows, It is sormethinz that should be investigated, but lack of money
AND authority has STOPPED the Food and Drug Administration so far.

T'11 talk about that problem in a rinute, but first let me provids
a secord example of cherdcal ignorance. This involves spring water and
hops, This exarple deals with a popular regional beer in the Rocky
Mountains and Great Plains areas, Here, AGATW, all of the ingredients
Had been tested ALOIE. However, when the hops was put through the
fermentation and wash process to form the beer-base, it had a flavor
enhancer added, (This enhancer had alsoc been tested alone by the FDA.)
When the base was added to the spring water, nobody realized that
certain trace minerals, (silicate compourds primarily), would combine
with the flavor enhancer to form a car-cin-o-gin, This corpound has
been tested on laboratory mice in quantities that are comparable to
40 twelve-ounce cans per 43 hours, While research has been done on
this prsduct, it is still unsafe to assume that it is not a threat,
The reason: the research noney only extended to checking car-ci-no-mic
effect, It did not include research on trigger levels that could be
transierred to humans. We really do not know what the minirum trigger

level is and that is a question that should be answered,



Before going to possible ways to hardle cancer research, let re
make one final point about these exarples, We were lucky to catch
THESE TWO! The potato chip drying process has been changed: at our
suggestion. Unfortunately, this was not done until March, 1975,

(and it is still not an accepted practice in the industry). The beer
company has started using a filtering system, Unforturately, we did
not corplets the research until December, 1974 and the cormpany did not
install the filtering system until August, 1975. Yes, we caught these
two cases, BUT, how many others do we not know anything about? THAT

is the danger of chemical ignorancel

Given by: Dr, Edwin Kolich, Director, Dangerous Food Division,
Food and Drug Adrinistration before Senate Subcormittee
on Food and Drugs December 19, 1975,
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ELECTRONIC SCHEMATIC



The Journal of General Psychalagy, 1958, 58, 299-3u0,
A TRANSISTOR PSYCHOGALVANOMETLER®

Department of Psycholagy, Marquette University
Epwix ZoLik axp CLypeE REINHARD

This paper describes an inexpensive, versatile galvanic skin response indi-

cator which can be easily constructed. Basically the instrument Is composed
- of a Wheatstone bridge, a transistor amplifier, and a 0-1 milliampere meter

for response indication. Variable sensitivity has been provided so that the
instrument can be employed under conditions of either mild or strong re-
sponsivity.

The circuit design is based on the conventional balanced bridge circuit
which can be utilized by itself only if the output indicator is very sensitive,
since the output current of this circuit is small. This stems from the fact

R1 R.l

_ —

Ra R;

that the bridge is balanced, and no output is obtained when

(R = resistance). This means that if R; = R, and Ry is the subject, then

Rs must be of the same magnitude of resistance as Ry in order to balance the
circuit, Then if a moderate voltage were supplied across the bridee in
which these two lezs (R; and Ra; R3 and Ry) have high resistance values,
a low output current could be expected with a change in the subject’s re-
sistance.

In our design (Fizure 1), the small output current of the bridge is fed
to a DC transistor amplitier.  The setting of the subject’s hase resistance is
accomplished by substituting a 30-ohm, 3-watt potentiometer for Ry — Ra
of the bridze. With the subject connected in the electrical bridge circuit
by means of external electrodes, the bridge is balanced by adjusting the slide
arm on the potentiometer. Consequent changes in the subject’s resistance
will unbalance the circuit and result in a current output which is amplified
by the DC transistor amplifier (CK 722PNP and 2N170NPN).

The variable sensitivity of the unit is accomplished by the variable re-
sistance (R;, 25,000-ohm, carbon control} in the emitter of the CK722
transistor. This resistance has a negative feedback eftect on this amplifica-
tion stage, decreasing the amplifier gain as more resistance is added to the
emitter circuit. This makes it possible, by increasing the amplification, to
obtain noticeable deflections In the milliammeter under conditions of ex-

*Received in the Editorial Office on April 29, 1957,
299
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tremely weak responsivity. If responsivity is high, the sensitivity may be
reduced to prevent excessive off-scale deflections. Although this original
circuit employs a Raytheon CK 722PNP transistor cascaded with a GE
2N170NPN, other popular transistors could be used with equal success.
R; is a 47,000-0hm, l4-watt resistor.

The power (3 volts) is supplied by two size D flashlight cells in series,
which will give many hours of service before the sensitivity is noticeably
decreased. The electrodes are constructed from ordinary test lead wire
to which pennies were soldered. The contacts can be embedded in small

By
o
0 4
/ %, —
. )

FIGURE 1
CircuiT D1acrAM For TRANSISTOR PSYCHOGALVANOMETER

sponges which are dampened in saline solution when the instrument is in
operation. For increased sensitivity, it is suggested that the skin be coated
with electrode contact jelly and the electrode contacts be directly taped to
the skin. )

In actual operation it is suggested that the electrodes be placed on the
subject first, and then plugged into the psychogalvanometer., This would
prevent accidental shorting and possible consequent damage to the sensitive
ammeter. After the electrodes have been placed on the subject and plugzed
into the instrument, the sensitivity is set at the desired point. Then the in-
strument is turned on and the Subject Base Resistance knob is adjusted to
give an arbitrary base reading on the ammeter. Any GSR of the subject
will now be reflected on the meter. :

Department of Psychology
Marquette University
Milwaukee 3, Il isconsin
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Leon Festinger's theory of cognitive dissonance hypothesizes an
individual's possible reactions to dissonance among the individual's
cognitive elements, Vhile a theoretical definition of dissonance is
presented in Festinger's theory, an experimental definition is not
presented, Festinger suggests psychological tension as a potential
ﬁeasure, Other researchers have related dissonance with stress,
amdiety, and emotional reactions with varying degrees of success. In
most cases though, this correlation was not the major point of the
studies, In fact, most of the researchers assumed the existence of
dissonance, The purpose of this study is to explore the use of skin
resistance as an experimental measure of dissonance,

The study used two experimental groups selected from a larger
sampling universe., The universe was tested for their atititudes on
cancer, The two experimental groups heard an oral stimulus constructed
along hypothetical dissonance guidelines, A pre=-stirmlus amd a post=-
stimulus attitude test measured the attitude change of both groups.

One of the experimental groups was also connected to a skin resistance
measuring device while they were listening to the stimulus., The highest
skin resistance and the skin resistance at the end of the stimulus were
recorded for the subjects.

The results showed a significant reaction to the stimulus on the
attitude change ard on the skin resistance measures, The author
concluded that skin resistance was a valid measure of cognitive

dissonance,



