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CHAPTER I

One of the fastors motivating this study was the fmct that we have
often bsard students wonder what the Psychogalvanometer measures. MNorveover;
px%sfewors as well as graduste students have often disputed the velisbility
of what the instrument measures. Accordingly it was decided to formulate the
following problems To test the hypothesis that the log of the drop in skin
resigtance during the psychowgalvanic response is proportiomal to the basic
resigtance before the drop, for emotional as well as unemotional words. In
this study, therefore, we intend to gather data, using two kinds of stimuii,
in order to test the formmlay, ” .

Log GSR plus K/level of skin resistance X 100 squal a constant,
proposed by Haggard 1 as a quantitive moasure of skin resistance data,
In the past, Varimzs indices or masﬁms have bema’ sugrasted and
by difierent sxperimenters in this kind of study, Such indices are:
) ¥hether or not an indicator movedj 2 (b).The absolute change in the ohms

# The present author wishes to express his gratitude to those who
de thie study possible, Special gratitude is hereby expressed to those
tudents who willingly consented to act as subjects in this experiment,

1 E, A, Haggard, "Experimental Studies in Affective Processes II,
Dn the quantification and evalustion of 'measured' changes in skin resistance,”
F. Exp, Paychol, XXXV, 1945, L6-56,

2 W, A, Hunt, & E, B, Hunt, "A Comparison of Five Methods of Scoring
jthe Galwanic Sﬁn‘}hmﬂ‘g} Exp, gw!wl., XVIII 1935, 383387,

1




- 2

resistances 3 (c) The percentage that a given deflection is of a S's total
range of deflectionss % (d) The sbsclute change in resistance divided by the
registance level before the changej 5 (@) The change in conductance at the timr
of the reflex, which is the reciprocal of the resistance; & (£) The change in
the logarithm of the conductancej 7 am%,‘ (g) Various ohm drops converted into
standard scores, 8 Thess various measures have been useful in an evolutional
woys but when one works with these methods ome finds them limited in their

use and appllceation, This does not mean that the use of thase methods would
not give you valid resultis, because they have a definite use depending upon
the aims of the ewperimenter using them, Because of their limited aprlication
to the quantilication of skin resistance data, Haggard 7 suggested his method
of quantification as one that would be capable of being subjested to a1l the
various statistieal wchnime ugsed in interpreting experdimental data, In

3 Humb and Hunt, "A Comparison of Five Methods of Eeoring the
[Galvanic Sidn Response," J, Bxp, Psychol., XVIII, 383387,

L Ibid
5 Inid
6 TIbid

7 E. A. Haggard, "Experimental Studies in Affective Processess 1,
Some effects of cognitive stmucture and active participation om eertain
Hmtmm reactions during the following experimentally induced stresses,”
J. Exp, Psychol,, XYXIII, 1943, 257284,

8 M, A. Wenger, and 0, C. Irwin, "Fluctuation in Skin Resistsnce of
Infants end Adults and Their Relation to Musculsr Processes;® Studies in Infant
[Behaviour, II1, Univ. la, Stud. Ghild, Welf,, XXII, 1936, I, 1N3STTY, — —

9 Hagrard, "Experimentel Studies in Affective Processes II," J.
%\. Fm‘ h&l;p Xyiv ¥ hf’*%o ' -
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his early experiment he apnlied his formula to the drops obtained by the use of)
unemotional stimulus wbrﬁa, and electriec shocks,.

In this experiment we change Haggard's 1 procedure in one signifie
cant manmer, In order to test the wider applicability of Haggard's measure,
we used as stimili, words selected for their emotional significsnce, in place
of the eleetrls shocks used vy Hagward 1 in bis supnlementary study,

10 Haggard, "Experimental Studies in Affective Processes II," J,
Exp. Payohol,, 3YXV, b -

11 Ibid




CHAPTER II
RELATED FINDINGS

In psychology and even in physiology, measurement of recorded change
in skin resistance, also known as the PsychowGalvanic Response (POR), or the
Galvanic Skin Response (GSR) has caused considerable diffioulty. The number
of different methods of measurement which have been proposed is ample evidence
of this diffioculty, Disagreemsnt and uwneertainty have surrounded the quantie
fication and interpretation of PGR data,

When Haggard } began the work on his scale as a method of quantifiying
skin resistance date, he set down certsin requirements which would have to be
met if this scezle were to be valid, These requirements are: They must enable
the investigator:

1) * To make the necessary mathematical transformstions with a
maximal degres of simplicity end a minimal number of comw
putational errors."

2) " To speak of individaul differences awong subjects under
comparabls experimental conditions as well zs differences
among groups of subjects receiving variation in experimental

trentuents, ¥

Hageard % "Experimental Studies in Affective Processes II," J+« Exp,

Paychol.y N




5

3) " 1:0 speak of the general level of baskgrotmd exeitations
(general level) independently of the partieular resctien
{GSR) whieh, as a result of a specific stimmlus or set of
stimili, is superimposed on the pre-existing level of
exoitation," |
h) " To use such statistical techniques as product-momement
correlation tests, analysis of variance, ete, In using v
these methods of analysis, one makes the implieiﬁ assumption
that his scale of measurement possesses units of equal sise
over its total range.® '
Previous to Hagrardls measurc of changes in skin resistance, Darrow
and others had used as measures one of the followingy the absolute drop in
registance, the drop of skin resistance divided by the genersl level of sgkin
resgistance just before the drop, and the standard seores computed for the
workerts own group, Darrow 2 however, considered the ratio of drop to Basie
Resistance as an indicator of the general excitation level of the individual,
The ratio measure gave a fairly equal scale for responses, when the basics
ranged between 5000 ohms and 25,000 or 30,000 ohms, Within this range the
units of measure were of sufficiently equal size, and therefore, this measure

satisfied condition number fowr, This measure was, therefore, comparable to

2 C, W, Darrow, "The Signifiesnce of Skin Resistance in the Light
zé‘f?gzﬁemtion to the Amount of Perspivation," J« Gen, Psychol,, X1, 1935;
| 1A R £ . !
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luaggardts 3 log sonductanse measure, (See Fig. 1)

RELATIVE SIZE OF THE G.S.R. UNITS

° 1 1 'l 'l 4 1 'l 4 1 1

O S 10 15 20 25 30 35 40 45 SO 3
GENERAL LEVEL OF PALMAR SKIN RESISTANCE ‘

IN ,000 OHM UNITS

Fic. 1. A comparison of the relative size of the ohms, the conductance, and the log. con- b

ductance GSRs to 33 verbal stimuli in relation to the general level of resistance. (N = 675, with
48 Ss.)

In his research aggard I studies the relstion between the log of
johms drop and basio resistance for the range of basics between about 5000

and 50,000 ohms, Here the scale units are of epproximately equal sise. On
the basis of the data reported in his paper, the log conductance measure is

an adequate translation for about three-fourths of the drops, or for those
falling at or below the 35,000 basic ohm level, |

The question arose, whether it were possible to derive a method of
tifieation which will be satisfactory over the entire renge? Haggard
I::::aked the problem in this mannert he plotted t.hé average SR for all basle
[resistances within a range of 5000 ohms steps, and found a curve which was

3 Haggerd, "Experimental Studiea in Effective Processes II," J, Ex
IPeyohol, , XXXV, Lé~h " T

L Ibid
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pent upwards for high resistances, which cwrve obviously resembled a log-
grithmic curve, (See Fige 1)

He then took the log of each average (8R and plotted these scores
againet the basio resistance of his subjests st each 5000 ohm step and found
|this curve aporoximzted a straight line, Since this straight line ‘di.d not

1o
1.2+
o~ LOG GSR *x
pu 1O
x
* .8_.
«
»
o 513
) | m— g e - O — P
8 o -0~ —0 -y o
-4 4F2 )
211
0 ! 1 i 1 1 i 1 1 1 I\

O S5 10 15 20 25 30 35 40 45 SO
GENERAL LEVEL OF PALMAR SKIN RESISTANGCE
IN 1,000 OHM UNITS

Fic. 2. The size of the log. (ohme) GSR -+ k units and ‘E-OPm) GSR+ ko g iy

resistance level
to 32 verbal stimuli in relation to the general level of resistance. (N = 675, with 48 Ss.)

intargect the Y axis at the sero point, he Imew that & certain constant covld
be added to each log (SR in ordesr to make the line orcss the Y sxls at sero,
(See Pig. 2) Purthermore,; he found that where shosk stimuli were used instead
of tneutralt 5 words,; the data could be treated in the same manner with the
same resulis, except that a different constont had to be added to the log GSR
values found and that both ecurves for log OSR had practically m same slope,

5 Haggard, "Exverimental Studies in Affective Processes II," J, Exp.
Psyohol,, XXXV, XXXV, L6~26 3. Exp,
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When the constant was added, in either case, the ratio obtained between 193
GSR plus K, and the respective Basic Resistances, was constant, This value
remained the same throughout all levels of basic resistanoces, (Fig. 2) Hence
he obtained a scale value or unity which fulfilled the requirement number
four mentiomed before,

Kaggard,é had made a supplementary study to the one just mentioned,
whose purpose was to ascertain the effect of adding more responses to the 479
regponses of the first study in order to learn whether the log ratio would
remain ccnstant, He concluded that the increase in number of responses up to
1950 did not notably change the shape or slops of the curve,

Hle also had another purpose in doing this supplementary study, 7 on
his proposed measure, He wanted to test the practicability of his measure,
and the theory that the relative variability of the GSR scores was independent
of the general level of skin resistence, If his sugrested formmls could meet
these requirements it could be put to general use and show the inadequacies
of the previously mentioned measures,

Haggard's second study O showed that his measure was practical after
a conversion table was constructed and comstants derived, for neutral and
electric shook stimuli, He asks then whether the relative magnituds of the
derived GSR scores is independent of the general level of skin resistance,

"Exporimental Studies in Affective Pmcegma ITm J
Psychol, x:m"gﬁé-;é " de 2o

7 1Ibid
8 Ibid
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The study shows :{uite clearly that the means of the derived seores, when
grouped according to the level of skin resistonce, are indapendent of the
general lovel, Then he asks whether the relative variebility ol the derived
GSR scores is independent of the general level of resistance? The study
showad thet when the derived GSR measure was used, the standard deviations of
the means were not related in ony parti:cular manner to the general level of
skin resistonce, indicating that all the measures are from the same population,

8ince Haggard's proposed measure fulfills the requirements mentioned
on our pages b and 5, whersas the previously mentioned measures fulfill the
demands for only part of the range of possible scores, his measures are in one
sense to be preferred to the others, That is, for Haggord's instruments and
subjects at least, Haggard's proposed measure can be applied over the entire
range of G3R scores and general levels of skin resistances and have wnits of
lequal size, Si.nee the curves for raw seores and c-nductance sgores are
straight for only a part of the GSR range, we would not have units of emal
size throughout the entire rangs,




CHAPTER III
DESCRIPTION OF INSTRUMENTS, SUBJECTS, AND PROCEDURES

A. Instruments

The Psychogalvenometer used in this exveriment employed as the
balaneing instrument a G, M, Laboratories Ine, Mirror type DiArsonval
Galvanometer, mamufactured at 4300 Worth Knox Avemue, Chieago L1, Illinois,
It is described in their Supplementary Catalogue P, O=I and P, G~2 as Type
570500, with a sero center, The mounting and housing were done by the pre
experimentery; and the whole mechanism was designed for rugred use, The
genasitivity per mm, scale division at eight inches is ,06 microamperes, The
intemal resigbtance was listed in the catalogue al 90 ohms but was actually
100 ohms, This was critically damped with the ohm resistance in the bridge
cireuit, The bridge itself was designed for psychogalvametric use after the
model of Woodworth's 1 with a possible range of measurements from 500 to
SS,QQD ohms with 500 ohm steps, The subject, in this setwup, is in series
with \th@ X arm, and hence the total current flowing through the bridge cirduid
when the galvanometer 1s at zero is constant, regardless of what the basic
registance of the subject might be, The error of the bridge as & mle wae
+3 percent,

1 R, S, Woodworth, Experiment:l Peychology, 1938, 278
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A check was made in order to satisfy ourselves that the ewxcursion of
the galvanometer swings progressed linearly throughout itts range as the
resistance change in the ¥ arm progressed, Aside from the diffieulty of
extreme deflections, the record of successive increases of resistance change
showed that linearity of measurement had been attained, Actuslly & drop of
1500 ohms should give a 50 mm, deflection whersas it gives 51 mm,
| The battery potential used was nine volts, This relatively high
voltage was necessary to gel reasonable sensitivity for 211 aub,jaﬂu. The
potential across the subjectts electrodes varied with the mbj@ta‘ resistance,
Our voltage moross the subject varied from 1,5 volts at 10,000 ohms to 5,5
volts at !@;050 ohms, |
Time was reorded in seconds indicated by a flashing light whose
interruptions were produced by a mercury swilech operated by a synshronous
motor, This light produced a fine row of dots along the record, parasllel to
its edga. The galvanometer light is am contimoously, as is the usmual arrange-
mant, | :
| Onset of stimili was indicated by another signel lamp which was
opernted by hand and alimd for the measurement of the reaction time,

The subject waa connected to the bridge vis two finger cups which
ontiined brass elegtrodes aub:aargsa in .1 normal saline solution, The
xcursions of the galvanometer were recorded by a camera of simple design,

Parrying high speed bromide paper at a uniform vate of 2,4 inches per minute,

P. Subjects
Two groups of subjects were used in this study, One group consisting
pf twenty-three was tested with the twenty emotionsl worde, and snother group
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fconaisting of tr:irteen was tested with the thirty-two unemotiomazl words, An
socasional response was lost due Lo its extreme size or other disturbing
stimuli, so that the total N for emotional R's was 238 and for unemotional
was 347, All of the subjects were male, undergraduate college students, and
bad & major or minor in psychology, And, for the sake of ecooperation arid rap=
port we used only those students who eafpmssad a desire to participate in the

project,

G, Testing ¥aterials

The material umﬁvﬁ.n this project consisted of two lists of words,
one 1ist of emotional words and one list of unemotional words,

The emotional words list eontained the following words; aick, highs,
love, afraid, sin, closed, hospital, ashomed, sex, openy pain, Uod, sweetheart,|
trouble, church, breast, medicine, dark, evil, and worry, The unemotional
word list contained the wordsi city, pasture, texi, hay, country, farm, easy,
horse, iibra:-y, barn, stores, soft, pavement, cafe, meadow, wesk, carrot,
trafﬁo, subwey, tender, sidewalk, corn, quiet, boulevard, harvest, office,
poultry, theater, cow, kind, streetcar, and plow,

The 1list of emotional words was compiled at Loyols University of
Chicago, and the list of wnemotional worde was the same 1ist used by Haggard
in his study,

D, Procedure

The subject was nlaced in the bridge, and allowed to bec-we comforw
table and adjust to the situation for approximately five mimutes, After the
five minutes were up the experimenter balanced the bridge to the subjeots?
resistance, When the subject was balanced into the instrument and beeaze
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adapted, the stimlus words, emotional or unemotionsl, were read to the subject]
in an even tone of voice ome word at a time, allowing ample time for recovery
before the next word was presented, Stimuli were never presented if the eube
Jeot was falling or rising in resistance, The task was of the simple free
word assosiation tvpe test, snd all the responses by the the subject were
recorded along side each of the stimmlus words on the duta sheet, along with
the bagic resist nce of the subject as indicated by the instrument and adjuste
ment before each of the stimuli words,

Vhen the list of stimili words was completed, the subject was
removed from the instrument, and the record of the PGR's as resorded by the
camera was developed, Each response was measured in mm, and converted to ohms
by means of & specially constructed conversion table salibrated for the
machine used,




CHAPTER IV
RESULTS AND CONCLUSIONS

After all the records had been cbtained from the two exrerimental
groups, and all the ohm drops mmred, the next step was to determine the
éxmt.basic resistance of the subject at each of the responses, The actual
basio resistance at the moment of any given FGR was computed by meamuring the
distance that the basic deviated from the neutral points of the galvanometer
Just before the FOR, and making the necessary correction, This distance was
moagured in mm, and then converted to ohms and, added to or subtracted from
ohms resistance of the neutral setting of the galvanomster,

‘ This correstion took care of the rises or drops in resistance,
|between the given bridge steps, that the subject may have had during the
experiment, that is, between the various stimulus words,

Yhen each "GR and its basic resistance had been computed, each pair,
& PGR and 1t's basic resistance, were recorded on a card, Vhen all the cards
containing one POR and its basie resistence, were eollected, the cards were
arranged in ascending order according to the basic resistence on each card,
The cards were then divided into 5000 obms step groups sscording to the basio
maistmm&. All the cards in each of the groups were then assigned the
bagie resistance of the midpoint of the step in which they were, i.o, 12,5(}6
ohmay 17,500 ohms, 22,500 ohms, 27,50C ohms, and 32,500 ohms.
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&fteraeach group was assembled, the PGRYs within the group were
then added together and an sverage POR was obtained for each of the basio
resistence groups or steps. It was a simple matter then to make a greph
using basic resistinoes as the abscissae in steps of 5000 ohma and average
POR's for the respeciive groups of basie resistances as the ordinates,

(See Fig, 3)

1000

800 —=—- Bmotional
= Unemotional

OHMS PGR

12500 17500 22500 27500 32500
BASIC RESISTANCES

Fig.3. Showing relationship between PGR's and basics, for emotional and unemotional stinuldi.

For oonvenience in comparing our data with thet of Haggard, we used the same:

sozle as Haggard, both for the abscissae and ordinates, (See Fig, 1 and 2)1
It 1s noted in the graphs for the raw scorss of the emotional and

unemotional words, that the emotionsl words have higher average PORfs in the
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SER

\N\E TO WFQ\

\/ LDVC}‘.,A
Ui‘*w\/‘iRD"rY

LipraRY




” .
upper basic resistence ranges, (See Fig, L) i
- [
1000 i | s
i
il
|
800 ! ||
|
|
i
600 i
4 . |
o /
____ / ’ ‘:
200 g i
| |
|
12500 17500 22500 27500 32500 ‘ i
BASIC RESISTANCES

Pig.h, Showing relationship between POR's and basics, for emotional stimuli, I
The unemotional words have higher aversge FGR's in the lower basic resistance
ranges. (See Pig, %) |
|
|
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o \
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12500 17500 22500 27500 32500 ; ’ :
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Fig. 5. Showing relationship between FGR's and basics, for unemotional stimuli, 11 ‘
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The figure of t;m average FGRYs for amtiémal words shows a fast rising aum
as the basic resistance groups increase in ohm sige, The figure for unemo-
tional words shows a gradual but steadily rising curve as the basie resistance
groups increase in ohms sime, Actually two S's contributed in large measure
to the high average PGR's in the 12,500 and in the 17,500 basic groups,

It is apparent from the inspection of the curves, that as the basie
resigtance increases the FOR drops also inerease, but not pwpor&immly,
otherwise cach curve would be a straight line,

Many learned authorities have noticed this point before, but have
interpreted the fact differently, One can ohange this wpward tending ourve
into a straight line, simply by changing the average ohms drop into the log
of the average ohms drop. Accordingly, we have made the necessary transforw
mations for the average FGR's correspondine to tize several respective groups
of basies, both for the emotional snd unemotional stimmli by taking the logs
to base ten of each mean ohms drop, and we have drawmn the curves showing their
relationships to their respective baaics, (See Figs., 6 and 7)

-
___./-/,(----
I3 2-00 -----------------------
E _____________
1,00
12500 17500 22500 27500 s

BASIC RESISTANCES

Fig.6. Showing relationship between log mean ohms drop and basics for emotional words,
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3.00
—
. /-

- |
. 2:00 \
& |
1.00 } ‘

12500 17500 22500 27500 32500

|
BASIC RESISTANCES \
|

Fig.7. Showing relationship between log mean ohms drop and basics for unemotional words,

The graph for the raw scores presents a survielinear relationship
between ohma drop and basie body resistances, but the graphs for emotional
words is not identical with the graph for unemotions]l words, either in slope
or in slope-intercept.

On the aszumption that the relationship is not linear, some transe
formation of the soores ought to produge a linear relationship, hence our next
two graphs show the same relationship after the mean drops have been converted
into logarithmic scores, They are both very nearly straight linas; thus
fconfirming the hypothesis of Haggard, conserning the relationships between FGR
and Basle Body Resistance,

But our question was to learn, whether or not the curve for responses
to emotional stimuli had the same characteristics as thet for responses to

pmemotionsl stimuli, Haggard found, when uging the same instrumental settings
that logs of elsctriec shock responses produced a straight line relationship

prith the same slope ag that from unemotional words, Our data does not conform
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to thoge of Haggard’s 2 study, either because of instrumental differences or
becauss of the difference between our emotional stimuli and his eleatric shocks]
ginge we both umed the same unemotional words, The slope of Hagpard's curve
for both kinds of stimmli (his K constant) was ,02L times one hundred. The |
glope of ocur curve for unemotional words was ,0183 times one hundred, and when
the R's for the two Sts mentioned on page 17 are eliminated, the slope becomes
+022y a value somewhat closer to that of Haggard, The slome for ocur emotional
words was (0395, (See Appendix I)

A second question arises in commection with ocur hypothesis, £3 to
tne possibility of comparing mean drops to emotional stimmli with wean drops
to unemotional stimuld at a given level of basic resistance, Accordingly we
have made the necess:ry groupings for the average PGR's, gorresponding to the
several respective groups of basics, both for the amtioxéa.l and unemotional
stimli, We might wisgh to Imow whether responses to emotional and unemotional
words are significantly different at any given level of baesié resistance, In
order to answer this miestim, we would Pirst have to get the standard
deviation for each mean POR, According to Haggard's findings, the standard
deviations for these groups increase in proportion to the size of the basie
resistence. When this is the case, the more rigid tests for the signific:nce
lof difference betwsen means do not apply. %Ye next computed the standard
deviations for all groups of PGis, with emotional and unemotional stimali, and

E::tmd them against their respective mean drops in resistences, (See Fig, 8
)

2 Haggard, "Experimental Studies in Affective Processes II," On the
tifieation and evaluation of 'measured! chanres in skin resistance,? J,
Jpenetctontion s contasy 2
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angaﬁti;n of these graphs showa that the 8.,D.& increase in propore
tion to tbg basics, and that there is no possibllity of testing the sigtﬁ:f-
iganes of the difference sinse the variations are not independent of their
maang, Thus our data conforms to those of Haggpard in thi& regard, namely
that there is no independence of the means from their respective varliances.

A simple comparison of the ratios in the last columm of Table I of
the Appendix, shows that the slopes for ‘amotional znd for wemctionsl Rfs ave
matually exolusive,

Table I in the Apvendix shows, :i’ar ragy reference, besic body
resistances, their corresponding mean ohms drop, stendard devistions of these
means, logs of ohms drop, corrected logs, and the rativs log ohms plus a
constant K divided by basies for emotional and unemotionsl stdrmli,




CHAPTER V
SRGARY

PGRYs wore measured for emotional and unemotional stimmli, They
were regrouped according to their respective basics, The resulting relatione
ships. were curvilinear, until drops weve converted into log ohma. The slope
of the line for emotional words was different from that for the unemotional
words, contrary to whit we would expect from laggard's findings., Our results
agree with Hagpardts in proving the lack of independence betﬁaen variances
and means when raw score ohms was used, The lack of agreement with Haggerd's
work may possibly be due to the mmall mumber of subjects in the group
receiving unemotional stimili, Purther experimentation will be needed in
order to settle this issue,

Since many researchers have sctually used t tests of significanse
with POR data the findings of this and similer researches may have some ine
fluence on the work of future experiments,
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APPENDIX
UNEMOTIONAL
BASTCS N nops S.D,| 100 OBMS | CORRECTED 10G | ““me
12,500 139 279 177 | 2.Llsé 0.2356 .0188
17,500 100 347 260 | 2,5L403 0.3203 .0183
22,500 by k27 324 | 2,6304 0,L420L .0187
27,500 52 4SS 306 2,6580 0.h480 .0163
32,500 12 662 113 | 2.8209 0.6109 ._0_1_83
MEAN 0188
EMOTIONAL
12,500 67 153 | 126 | 2.1847 0.5147 .oln2
17,500 7 226 273 | 2.3511 0.6811 0390
22,500 52 301 251 | 2,4786 0.8086 .0359
27,500 k3 565 513 | 2.7520 1,0820 .0393
32,500 [ 1080 684 3.0334 1.3634 .0420
MEAN 0395

TABLE I showing Basic Body Resistances, Their Corresponding Mean Ohms Drop, Standard
Deviations of These Means, Logs of Obms Drop, Corrected Logs, and the Ratio
Log Ohms plus X/Basic for Emotional and Unemotional Stimuli
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