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ABSTRACT

The intereorvelations among lifteen commeon SRR variables were investigated on two samples of
male subjects in a standard habituation paradigm. The first group (M:=212) was made up of 149
prisoners and 63 controls (mean age - 28 yrs) while the second group (N - 84) were all twins (mean
age=:25 yrs), All subjects received 21 auditory stimuli al an 18] of 33 sec. Each stimulus was
sinusoidal, at 1000 1iz, of | sec duration and at 95 dB {re 20 N/em®). The fiftecen SRR measures
taken from cach suhject included mean and change scores for basal eonduciance, response ampli-
tude, spentaneons fluctaation frequency, number of responses, and onset, peak and half-recovery
latencics. 'The variables were interenrrelated and factor analyzed. The .05 rejection region was
adopted in all statistical tests. A fuirly simple structure for the variables was demonstrated. The
results emphliasized the importance of a large general reaclivily camponent in most of these
variables. Within-subject eoprelations were calculated and found (o be differeni from across-
subjeet correlnativns. 1t is soggested that under constant stimulus conditions subjects display
different but individually typical SCR shapes which reduce in size during habituation.

DESCRIPTORS: SRR variables, Interrelationships, Habituation.

Given that we can measure different characteris-
tics of electrodermal activity—amplitude, fre-
quency of responding, latency, recovery, tonic
levels, and spenfanecus activity-—a number of
methodological and concepiual problems arise in
studies which set oui to measure habituation and
conditioning. Which of all the measures is the “best”
for our purpose? How do the measures relate to
one anather? What are appropriate measures of
change? And if we can estimate change which is
attributable 1o learning can such an estimate be
differentiated from the ongoing activity of the
electrodermal system?

Numerous studies have confirmed the statisti-
cally significant retationships which occur between
electrodermal measures, estimates of conditioning,
and habituation. Typically, counts of spontancous
fluctuations {SFs) corrclate with lreguency of re-
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sponding {Bohtin, 1972; Bull & Gale 1971; Cadovet,
1963; Coles, 1970; Corah & Stern, 1963, Crider &
Lunn 1971; Yohason, [963; Lader, 1964; Martin,
1960; Mundy-Castle & McKiever, 1953; Purvhit,
1966; Stern, Winokur, Stewirt, & Leonard, 1963;.
There is also substantial support for a relation-
ship between SFs and resistance or conductance
levels {Lader, 1964; Martin, 1960; Mundy-Castle
& McKiever, 1953; Rust, 1974; Sternbach, 19601,
and between SFs and amplitude or magnitude of
stimulus-linked responses {(Bull & Gale, 1971
Johnsen, 1963; Katkin & McCubbin, 1969: Ohman
& Bohlin, 1973; Rust, 1974), although there are
some reports of nonsignificant findings (Koepke &
Pribram, 1966; Wiison & Dykman. 1968). Correla-
tions between response magnitude and other elec-
trodermal variables differ according to whether
resistance or conductance units are used (Bull &
Gale. 1971).

In the case of response onset Luteney, Koephe and
Pribram (1966) and Bul] and Gale (1973} found a
negative correlation between spontancous activily
and onsct latencies of responses to stimuhi. Bull and
Gale €1971, 1973}, Uno and Grings (1964}, and
Witting and Wickens (1966) found an inverse rela-
Honship between response onset lalency and re-
sponse amplilude. Relationships between ampli
tude and recruitment have been reviewed by Bull
and Gale (1971, 1673} and belween recovery
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amplitude by Edetberg (1972), Lockhart (1972).
and Venables (1974).

Most of the reported relationships have been
oblained across individuals, Within-individual cor-
relations are less frequently calculated, although
these are potentially useful sources of information
concerning underlying physiological mechanisms
of electrodenmal activity and the understanding of
relationships between mceasures {cf. Block &
Bridger, 1962, Bull & Gale 1971; Edelberg, 1972).

The present study used computer-assisted scor-
ing methods to investigate the relationship among a
number of electrodermal variables both across and
within subjects during a series of habitustion (ones.

Methods of scoring were examined in some de-
tail. The detection of SCRs and SFs has presented
few problems in the past, but it is comparatively
recently that measurement of other response charac-
teristics has been made, and there has been littde
discussion (with the exception of recovery mea-
sures, Edelberg, 1972) of the difficulties they give
rise to.

Another methodological problem arises inr that no
standard procedure exists for mcasuring the re-
sponse decrement or increment encountered in ha-
bituation and conditioning studies. In the present
study estimates of change over trials were calcu-
lated for each response variable as finear regression
coefficients. These change (habituation) measures
were then faclor analyzed together with mean reac-
tivity measures in an attempt to summarize the
correlations obtained and to define their factorial
structure. Only & few studies have been carried out
on this problem of whether measures of learning can
be distinguished from measures of performance.
i.e. general reactivity. One. previous attempt (Pres-
cott, Note 1) obtained results indicating a complex
factorial structure. A variety of independent factors
were demonstrated (e.g. latency, amplitude, tonic
resistance level) and conventional measures of con-
ditioning failed to yield a specific variance that
could be attributed to learning.

Method
Subjects

tdentical analyses were carried oul on two separate angd inde-
pendenl samples The first was a sample of N=212, 2! mude,
comprising 149 prisoners [rom a London prison and a miscella.
neous grosp of 63 conirol subjects (poticemen, tiremen. posL-
men, male nurses, eie.). The mean age of thy group was 2§
¥ (SD=4.9 yrs). No important differences were observed
between the prison and control sumples i any of the variables
discussed here (see Eysenck. Rust. & Eysenck. 1976) and dafa
were therefore pooled. The second sample, N= &3, agan ail
male. comprised 40 pairs ol twins, 20 pairs monozy gatic, M}
pairs dizygotic, and 4 odd twins. These subjects were drawn
from a twin register compiled @t the Instiete of Payehiatey
Muan age was 24,18 yrs, 8D 6 vrs (range 17 44 ynn),
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Procedure

All sulgecs severved 21 andiory stimuh generated by an
adio oscilbator and delivered binavrally via Beadphones Lach
stimolts was of 1-se¢ duration. smuosoidat, a1 95 (B fre 2
NICM#) and at s frequency of 100 He. Inerstimiulus inters b
Wwas constant at 33 sec. Skin rewistance was measured by an
apparats delbvermg a direct current of 10 pA which was built
n the Department and 15 deseribed elewhere ( Venables & Mo
tin, 1907, Model B1). Electrodes were Ag/ApCl and of arca
61,19 mm?. Elecurade placensent was bipolar, from the fisst 1o
the secand fungertips of the feft hand  Adhesive dises (Devices
Lud.j were wsed o allow 4 contact arva of 76 mm? between
shinami the electrode gel Gobinson & Jolnsen tubricatng jeily )
Skin resistunce was recorded on a Mingogral EEG puoly graph
{Elema-Schonander, Sweden) and un nagnene tape for sshse-
quent computer analysis.

The fitst stige of data reduction was carried out on o Fine. 8
computer  An automatic scoring program processed the duts
(Martin, Levey, & Slubicka, [975) which were then onrput fron,
the Linc omto paper tape Resisiance seores were translormed
to square root conductance beeause this was found to minimize
the cortelation of score vanances with trial number. This is o
mecessary precondition for the caleulation of regression coefi.
cients by the method af Jeast squares. In order w0 explore i wide
range of response variables, a different but overlapping sel was
penerated for the two samples. They were as follows;

I, PrisoniControl Subjects (N =212}

(i} square oot basal eonductance (SCL}

(i} respunse onset lalency {OL) (responses nceurring within 1
0 5 wec of stimubus onset timed from omyet of stintulus)

{1iiF response peak latency (PL), tinred fromm omset of stimolus.

Qv)respanse half recovery (% Ree). This was measured as the
latency at which the skin resistance had returned 10 one hulf the
distance between respunse onset and response peak timed from
onset of stimalus, If 2 new anset pecurred before this point or i
no secovery marker existed. a valoe of zoro wds recorded whidh
was taken 1o subsequent programs ss representing nrissing dats

(v} rate of spontancous responding ($Fs). Thes is estimated
from the number of response markers which ceeur per trial und
dre ned pant of the response to the stimulus. For cach triad this
is a sample takea over a 20-sec penod, comprising the 15 sec
between 5 and 2 sec afler sbmulus onsel and the 5 sec before it
The measure is output at this stuge as the number of such nrarkers
which occur,

(vi) syuare root response amplitude (SCR Amp). This was cal-
culuted from the difference in pmhao units between the amplitude
of the peak and the amphiude of the onsel of the stimulus-
tied responve. Where no response occurs. the value 1s set 1o zero
The amplitude measore cxcludes zero responses.

{¥1) square rool response magnitude (SCR Mag). Calculated
ay for (vi) but including zero responses
2. TwinSubjecis (N=84) Vanables generated were wWentical to
those given abuve, with the following exceptions

(i) the PL measure was replaced by a4 nicasure ol rise unwe.
e PL-OL

tsv) response half recoveny timed trom the onset of stimulus
(42 Reo) was replaced by annther recovery measere. ¢ o the e
between response peak (PLY and the point oi 50%. ampltuds
TeCOVeTy .

Ir acdilition, the amplitude of the SCR to Taal | was penerated
oy a sepdriate vanable

The data were then Jurther analy zed un the Unnersity ol Lon
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dan CDC computer All the vaniables were iransfornred from
trish by trizl duta to mean values and lincar freads over trls
This was done with 2 modified version of a program lor calculat-
ing mcans amd poly nomial treqals (Rust, 19743 This program
can luke zero'values cither as scores of zero of as Missing dana
su that. for example, both SCR amplitude {without zero re-
spotestand SCR mapnitude (with zern respolses) were valeu-
lated. Sinee the amounl of missing data varies from subiject
tor subjeet and since te arthopanal polynomiat cocflicients are
not independent of the number of abservations, these seores were
then transforned back into the usual geomeiric trends over trials
Thus. all change scores are the slopes of the least squares fited
finear component with allowance for missing responscs when
appropriate, For SCL. spontancaus fluctuations. SCR ampli-
sude. and SCR magnitude 2 negative score indicates decreasing
responsivity . the lower the score the steeper the decrement.

Resulis

‘The data obtained from the two samples are n
close agreement. Means and SDs of the electroder-
mal data for both samples are given in Tubles I and
2 As can be secn, the electrodermal variables be-
have as expected during habituation. SCL., sponta-
neous activity, SCR amplitude, and SCR magni-
tude decrease during the session, while onset la-
tency times increase and rise times decrease. [t will
be noticed that response half-recavery from the twin

TABLE 1

Summary statistics of electredernal dato
over 21 habitation trinls
(N=212)
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TABLE 2
Shmmary aransnes of eledrroderal cfata

mer 2 hehituation friafs
(N84, rwin data)

Direction of
Change of
Linear stope

Variables Means {SDs)

1. Meun SCL (s oot

conductance) 33010108 —
2. SCL Slape —(1.55210.02)| Decrease®
3. Number of SCRs te Tones | 14.377(5.44)} -~
4. Mean Onset Laency {OL)

{Sec) 2.054(0.54) ] —
5. Slupe of OL 00016} Increase
f Mean Peak Latency (PL)

tsec) (timed Trom stimutus

onsel} 34320132 --
7. Peak Lalency Stope 0.00140.46)] No chanpe
& Mean % Recovery (sec)

{timned from stimulus onset) 7.199{2 82} -

Uy Beeovery Slope DM T0.A2)] Increase
1, Number of SEs 0.926{0.70)

11. Slope of 5 —02H0.031] Decrease™
12 Mean SCR Amplitude 0.7V 1038 -

i3 Stape of SCR Amp ~ODINO0H| Deerense®
14 Mean SCR Magnitude 0514039

15 Shope of SCR Mag -0 0300011 Decrease™

e DS

Direction of
Variables Means (SDs) Change of
Linear slope
{. Mean SO (. root
conductanced 4,052 (1.312) —
2. SCL Slope ~.001510.0215) ] Decrease
3. Number of SCRs 10
Tones 17.893 (3.519) —
4. Mean Gaset Latency
{OL) (see) 1874 (0.387) —
5. Slope of Of. 0.015 ¢0.0276}1 Increase®
6. Mean Rise Tune {sec) 1.967 {(0.347) —_—
7. Slope of Rise Time ~0(.023 (0.013) Decrease®
8. Mean " Recovery (sec) 4.595 {1.426) -
4. Slope uf ¥ Recovery | —0.125 (G157 Decrease®
19, Number of SFs 1.153 (0.699) —
11 Slope of SFs -0.016 (0.037) Decrease™
12, Mcan SCR Amp {1.8130{0.409)} —
13. Slope of SCR Amp | - .0334 {0.026) | Decreasc”
14. SCR Amp (Tral 1) 1.650 {0.709) —
15. Mean SCR Mag 0.724 (0437 | —
16. Slope of SCR Mag. ~0.035 (0.022) [ Devrcaye®

*pel 05,

sample shows a significant decrease over triais,
while in the other sample there is a slight increase.
This difference presumably refiects the different re-
covery measurements of the two studies. The half-
recovery measure in the prison sample includes on-
sel latency. Because this tends to show an increase
over trials, it will cancel out the effect of the half-
recovery trend as measured from response peak.

The intercorrclations between all the variables
were calculated. Again, there was close agrecment
between Lhe two samples; the matrix obtained on the
twin sample is given in Table 3. SCR amplitude and
magnitude stopes correlate highly with one anether
and with SCL change, and to a lesser extent withy
onsel latency, risc time, and recovery slopes. Mean
SCL. mean SCR amplitude and magnitede, and
SCR Amp Trial | are highly corretated with one
another as are number of responses to the stimuli
and spontaneous activity. Mean SCR amplitude
corretutes negatively with half-recovery time, onset
Jatency and rise-time, and positively with sponata-
neous aclivity. Thus high amplitude responses are
associated with high SCL. short onset and recovery
fatencies, fasl rise times, amd more spontancous
activily.

A useful way of summarizing resulls frum {urge
pumber of correlations iy thraugh factor analysis.
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Yarkablrs I. 2 k| 4. ] ] 7. B 9. 16, 11- 12 L 4. 15,
I Mean 501 -
2 801 Slope pEYS .
3 %o SOCR. Ik 25
4 Mean OH 175 o5 4mM -
5 DL Stope 057 - 208 iy} 142
& Mean Rise Tuee | - 34 (117 S 1] Sur 1% .
7 Rise Time Siope e 5y e R 04y Bl -
8 Mean ¥ Rec - MR S A% 735 - M3 Tda 16 -
% ¥ Rer Shye 127 110 4l - 085 et 13% XY BT k)
il SFs 271 454 53 - 520 e - 418 178 - 817 131 -
11 §Fs Slope At 25 - o M9 - 2% 178 - 5% WS - IS W2 —
12 Mean SCR Amp | —.6i% 215 a4 - 54T .08s - 360 [ R b b 461 - D40 -
13 SCR Amp Slupe 052 543 330 3 - 215 Rired i - 98 138 4318 108 - 096
14, SCR AmpTral | R I M9 - 4T 058 - ol Lix]] - Mg 02y - el ®IT - MRI -
15 Mcan SCR Mag 542 245 619 - 412 Rigd] it [0 ) - 4qu 127 523 055 971 =2 TEH
16 SCR Mag Sk [ —.T17 451 1 184 1M 15 MM ] %% 315 o - 196 b2 - 417 bk
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However, much more caution has to be exercised
in the interpretation of this latter Lype of analysis,
since the form it takes depends to a large extent on
the number and type of variables which are in-
cluded. For both samples a factor analysis was
carried out on the variables as listed in Tables 1 and
2. Prefiminary analyscs reveated that the measures
of peak lutency (PL) and rise time were highly cor-
related; as were the two measures of recovery. SCR
Amp Trial | was excluded since it already cosrela-
ted highly with other variables in the analysis and
might therelore lead to their overemphasis in the
factor structure. An oblique promax solution to the
factor analysis was sought on those componeats
which had eigenvalues greater than one. This pro-
duced five factors which between them accounted
for 78% of the variance. An oblique ralher than
an orthogenal solution was found because it was [elt
that the latler would bave imposed an artificial
struclure on the data. The factor loadings obiained
for the larger sample uppear in Table 4.

It can be seen that the five factors are casily
identified as:

1) Mean SCL and SCR amplitude.

1) Slopes of SCL, SCR amplitude and SCR

magaitude; and spontancous activity.

I11) Slopes of onset and peak latency.

EV} Mean onsct latency, peak latency, half-

recovery time, and spontancous activiey.

V) Slope of recovery and sfope of spontancous

actvity.

We thus have two mean factors (1 and 4) and
three change factors (2, 3 and 5). The two mean
factors have an intercorrelution of -+ .47, Factor 2
correlates al .19 with facter 4, while factor 4 cor-
refates with factor 5 at, 13, Al other (actor correln-
tions are less than (1. These results emphasize the

importance of general reactivity underlying the
measurement of SCR variables.

One striking Factor in these results is the commaon
eftect of the three latency variables. These between
subjects relationships contrast strongly with the re-
lationships within subjects for the same variables
{discussed below). In view of this a further faclor
analysis was performed on the twin sample. bui
with rise time and recovery measurement from re-
sponse peak as described earlier substituted for peak
and recovery laieney respectively, since the former
variables would clearly have more independence
from onset latency. This substitution made very

TABLE 4

Fucror anahais of efectrodermal duta on prison amd control
subjects (N~ 212
First arder promax selution with obligue rotation

Factor Loadings
Variables 1. 2. 3. 4. 3,
Mean SCL AL -~ 08 01 (H A3
SCL Slop: 42 - 73 - M 37 ta
No. SCRsto Tones 3ea - 53 SF - 22 A
Mean QL s U .H 79 A8
OL Skope {0 ki ol el Am
Mean PI. kil -2 - Us 86 05
L. Siope - .0A A 9 03 05
Mean !z Recovery 05 i 15 41 07
% Recovery Slope i1 -8 - DA 12 - YA
SFs L) - 47 -0 4 oy
5Fs Slupe © 22 13 - Ol 24 p
Mean SCR Anp "z 6 03 (D BN &
SR Amp Stope - 23 -7 ) 17 1
Muean SUR Mg 1 - H nm -2 S0k
SCR May Slope AN -0 12 A 32|
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little difference to the temporal [actor (factor 3), the
loadings now being .47, .87 and .87 for mean
onsct latency, rise lime and recovery respeclively
(see Table 5). It thus seems clear that as far as
differences between subjects are concerped, the
temporal measures arc all measuring more or less
the same thing. One change in the new factor anal-
ysis is that slope of rise time now loads on the
same factor as recovery slope. whereas peak lateacy
stope in the previous analysis was more closely
retated to slope of onset latency.

The corretution of mean SCR magnitude with
SCR magnitude change is —. 1} und that of mean
SCR amplitude with SCR amplitude change —.05.
This is in close agreement with Koriat, Averill, and
Matmstrom {1973) who also found a targe degree of
indcpendence from amplitude when habituation
was mneasured in this way. Also in close agreement
with the findings of Koriat el al. Trial 1 amplitude
correfales  significantty  with  amplitude  slope
{—.303) and with magnitude slope (—.416).

The relationships among electrodermal variables
suggest that rute of habituation might be predicted
by levels of electrodermal activity. This was ex-
amined by mcans of regression analysis, using SCR
magnitude slope as the dependent variable and
seven indcpendent variables: SCR frequency, and
mean SCL, SCR magnitude, SFs, OL, PL. and half-
recovery. All these variables showed a significant
comrélation with magnitude change.

It was found that 29% of the variance could be
accounted for by these other variables. A step-wisc
regression was carried out o analyze the contribu-
tion of each independent variable. This showed that

TABLE 5

Factor anafvsis of elecirodernal data on twin subjects (N -84}
First order promax solution with obligue roration

Factor Loadings
Variahles I. 2, 3. 4. A,
Mean SCL A9 -.26 -—.06 27 —.51
SCL Stope .09 62 -03 -—-0I -—-.53
No. SCRs to Tones 10 .28 .08 12 25
Meaun OL - 4% .05 47 iR 29
OL Slope -.32 -2 -5 -.03 G
Meun Rise Time 02 12 87 17 -
Rise Tune Slope 17 R L Bh 08
Mean b2 Recovery | .06 - 13 87 - 01 - 05
1= Recovery Slope 12 i NE 81 .29
Sk 19 A4 R ] T L
S Slape - 07 13 S T T A
Muean SCR Anp Log .20 07 05 -2
SUR Amp Slope - A6 e NI 5 .00
Mean SCR Mg 1.06 - R 12 A6 RiLl
S5CR Mg Stope m 93 12 2 1z}
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the contribution of SCR frequency and the three
time measures gave no additional predictive value
to that provided by SCL. which was 6.08% . How-
ever, both SFs and mean SCR magnitude inde-
pendently contributed further significant amounts
of variance (9.2¢4 and 11.88 respectively). This
analysis shows that while change in response mag-
nitude may be a good measure of habituation, it
is still not independent of SCL., SFs, and mean SCR
magnitude.

Within-Subject Correlations

Within subject correlations were atso calculated
for the 84 twin subjects. Measures included were
SCL, SCR Amp, OL., SFs, the measures of PL and
rise time, and both measures of ¥ recovery (Y2 Rec,
timed from stimulus onset, % Reey from PL as
described earler), The correlation matrices for the
84 subjects were pooled by finding the average of
the z-trunsformations of the correlation coefficients.
Chi-square tests were also carried out for each set of
correlations to test the hypothesis that they were all
eslimating the same population parameter. Only
four of these Chi-square statistics failed to reach
significance, these being for the correlations of SFs
with OL., PL., Rise Time and SCR Amp. All other
Chi-squares were significant.

The results of these within-subject correlations
are given in Table 6. The negative correlation of
SCR Amp with OL is in the same direction as the
across-subject correlation. Similarly, the % Recy/
Rise Time correlation is high and positive, in keep-
ing with the across-subject result. A number of very
marked differences occur, however, and these are
summarized in Table 7. The SCR Amp/'% Rec cor-
relation which is significantly ncgative across sub-
jects becomes positive within subjects; and this
reversal of direction accurs in OL/% Rec,, OL/Rise
Time, and SCR Amp/Rise Time corrclations. These
findings suggest that under the present stimufus
conditions subjects display different but individually
typical SCR ‘shapes': within a subject, overall re-
sponse shape presumably remains relatively con-
stant while response size diminishes as a function of
repeated occurence over irials.

The correlation between amplitude and ¥ re-
covery was further examined for individual trials
during the habituation series. It was found 1o be
nonsignificant {r=—.026 for Trial § and r=~— 135
for Trial 10}. This result is consistent with the com-
parable result of —.03 reported by Lockhart (1972)
and ilfustrates the relative contribution of variation
within subjects in correlations of this type.

AmplitudelLatency Relationships

There is a particutar interest in the relationship
between response amplitude and 1ls associated on-
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TABLE 6

Pocted within subyject corredationn on the 84 wins

Correlations
Variables 5 Ol PL % Ree, 5Fy SCHR Amp Rise Flne
L 324
PL - 198 A0R
Lr Rewy - 174 R{EK 7
5Ky 149 - 153 B L 14 -7
SCR Anp USRI -7 323 AL RH I
Rise Time - 231 - 403 s iy — .2 621}
T2 Recy .23 IRR I3 At - 207 ELE LG

TABLE ?

Diferences in acrass-siljecr and withor-sulyject correlation

Carrelationy
Varjables Across-Subjects Within-Subjects
SCR Ampftz Ree, - 424 497
OLM: Rec, VT3 2R
OL/Rise Tone 594 13
SCR Amp/Rise Trme -390 H0

set latency because of a possible conneetion with
the scoring method used on the Linc-8 compuler.
Asoutlined previously (Marlin etal., 1973} scoring
is based on the rate of change of amplitude with
time, which musl exceed a criterion value for an
onsel (o be defined. For responses of the same shape
but varying apparent amplitude the eriterion will be
exvecded later for the smaller responscs. Note thatit
is the apparent amplitude which is invelved, that is,
the response amplitude measured in min of deflec-
tion on a chart record or the equivalent analog
measurement stored in the computer, rather than the
true response amplilude measured, say, in kilohms.

The effect of the scoring method on the connec-
tion between response amplilude and latency was
examined on u subset of 24 subjects, the records of
whom were scored by hand and by the Linc-8 pro-
grany; in addition, a test program was written which
used a typical response selected from the real data
and artificially adjusted the scaling to produce var-
iations in amplitude of the response linearty graded
in 50 steps ranging from near zero to maximum,
This too was scored both by hand and by computer.
The following preliminary results may be noted.
The cffect of apparent amplilude on onsct determi-
nation appears 1o be present in hand scored dada as
well us computer scored data, with the hand scored
data showing greater variance and fonger mean lo-
encies compitred with computer scoring. The effect

of response amplitude appears o be greatest at the
extremes of the range, that is for responses of nearly
full scale deflection (80% F.85.D.) or ¢lse barely
perceptibie (20% F.8.D.), hoth for hand and com-
puter scoring. Computer scoring was shown to have
grealer test retest reliability.

The determination of the peak and recovery
points of a response is nol affected by the scaling of
rate of change of amplitude in the computer scoring
method and measures based op thenr will, theretore,
not have any artilfactual correfation with response
amplitude.

Discussion

Evidence for a fuirly simple basic struciure wis
found for individual differences within the electro
dermal system. This consisted of a general between
subjects factarof SCL und SCR amplitude (Factor 1)
and mean onsel. peak latency, (rise time) haif re-
covery and spontancous activity (Factor 4 prison
data, Factor 3 twin data). These two factors arc
themselves correlated. sugpesting a clusier of high
SCL., SCR amplitude. frequent spontaneous activ-
ity. and short onset and peak latency. The findings
emphasize the importance of general reactivity as i
common efement in SCR variables. This is particu-
larly clear for the mean scores.

Slopes of SCL. SCR amplitude, and SCR mag-
nitude load on Factor 2 in both samples, and together
with the I'aet that these stopes show significant dec-
remert over time, may be taken to constitute the
best indicators of habituation. Edelberg’s claim that
response recovery is independent of other response
compoenents received some support inasmuch as the
stope measure loads on a sepurate factor (prison
data) and onty with slope of rise time (twin data)

From this summary of the data, there is no cam-
pletely independent measure of chapge which could
be attributed o learning as distinel from reactivity .
It follows that in interpeeting resulls on particela
electrodermal variables such as SCR ampiitude ha
bituation we should tuke into account the differences
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in gencral reactivity between subjects. This is par-
ticularly true for the influence of SFs on habituation,
it can be argued that the differcoces in spontancous
activity between subjects are dependent on the stim-
ulus situation and are, therefore, secondury to any
habituation effect. Ohman and Bohlin (1973), for
example, regard the relationship between SFs and
response magnilude as cenieally mediated by orienl-
ing reactivity. It can also be argued, however, that
frequency of SFs is a fairdy reliable characteristic of
subjects” electrodermal activity even over longish
periods of time (Bohtin, 1972) and between both
rest and stimulation periods (Lader, 1964). Also, in
the present experiment. it is mean number of SFs
which is correlated with the SCR amplitude slopc.
The two processes of change, SF slope and SCR
amplitude slope, are independent.

In view of recent interest in the measurement of
different response characteristics of the electroder-
mal system, methods of scoring were examined in
some detail. In general, the measuremenl of onset
latency scems 1o be somewhat influenced by varia-
tions in amplitude both in Linc and in hand scoring,
in the direction of a negative comrelation which is
most marked at extremes of ampiitude. Even allow-
ing for this tendency, however, there still remains a
significant pepative relationship between the two
variables. Other measures, e.g. peak hatency and
half recovery times, are not affected by these scor-
ing problems. Computer scoring is shown to have
greater test retest reliability and is objective an
mathematically defined, although the programs
atlow for manval intervention if required.

One rather striking aspect of the present studies is
the large discrepancy in the behavior of the recovery
measures in the between and within subject correla-
tions. Between subjects, hatf-recovery behaves in a
similar manner to the other latency measures. How-
ever, within subjects a compietely different pattern
emerges. For the relationship with onset lalency a
between subject correlation of .734 changes to a
within subject correlation of — 288, For amplitude,
the carrclation with recovery is —.429 between sub-
Jjects, but 493 within subjects. These within-subject
correlations make sense inasmuch as subjects' am-
plitude measures change from very large to zero
over the habituation series, and the retationships are
thase we would expect if responses got smaller but
retained the same overall shape.

The differences in the belween and within subject
correlations for the recovery variables suggest that
different theoretical explanations are needed for the
two situations, and mean that more caution than is
usual should be exercised in muking theoretical use
of data from within subject experiments to aceount
for individual differences. For example, Edelberg
(1970), Fuarcdy (1972}, and Lockhart ¢ }972) retate
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recovery 1o the signal value of the stimulus in a
within-subject design, whereas Venables® {1974)
review of *high risk’ rescarch itlustrates a number of
studies which use the SCR recovery measure in
across-subject designs.

Across subjeets, individusl patterns of responses
are such that high SCL, high amplitude, frequent
SFs, and many SCRy are associated with short re-
covery limes, Rise time and recovery are signifi-
cantly and positively correlaled both across and
within subjects, and confirm Lockhart's (1972)
findings. A number of factors determining the shape
of the recovery limb have been proposed by Edel-
berg (1972, 1973) and discussed by Venables
(1974), and the likelihood that some individual
patterns of psychophysiological responsivity are
genetically determined has been suggested by Rust
(Note 2) whose dala show a strong genetic influence
for electrodermat levels, SCR amplitude, and SF
frequency.

The finding thal the within subject correlations on
many variables differ from the between-subjects
correlations is of considerable significance for
attempts to eliminate relationships by trunsforma-
tion. ki means that there would be no common trans-
formation which could be applied to the data as a
whole which would eliminate dependencies for ali
subjects. Any transformation may well reduce the
dependency for some subjects, but only at the ex-
pense of increasing it for others.

Edelberg (1970) has argued that amplitude is not
an important deternvinzan? of recovery rate within
subjects; however, the correlations he quoles as
evidence are not inconsistent with those of the pres-
ent study. On this larger sample the relationship is
significantly positive. Edelberg has also argued that
the recovery of the skin conductance response is ex-
ponential. 1t is, in fact, a mathematical property of
an exponential decay curve that it is independent of
amplitude, so that our finding that the relationsitip
between amplitude and recovery is significant js
evidence 1hat, on average, the decay is not in fact
exponential, OFf course, on any individual subject
we could cause the decay to be exponential simply
by transfermirg the amplitude scale, which would
also affect the correlation. However, the present
study shows that the size of the correlation, and
therefore the degree of exponentiality, differs be-
tween subjects, so that there will be no single trans-
formation which wiil cause the decay to be expo-
nential for all subjects. Also, in the situation where
the between subject correlation is significant and in
the opposite direction to the average within subjeci
correlation (as with recovery and amplitude), any
aliempt (o minimize one of the coreelations by trans-
formation would inevitably lead 10 un increase in
the other.
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Lockhart (1972) found no correlation between
amplitude and recovery between subjecis in stimu-
tus conditions comparable to the present. However.
he meusured the recovery for each subject from only
one response. Any across subject anabysis incvi-
tably includes variation within subjects, but the rela-
tive sizc of this atter componenl is a function of the
pumber of samples from cach subject, and is maxi-
mal with one such sample, It thus seems Hkely that
in Lockhart's single sample study a negative across
subject effect may have been cancelled oul by a pos-
itive within subject effiect producing in his analysis
a net corretation of zero. This interpretation is sup-
ported by a similar analysis in the present study
where the across subject correlation between ampli-
tude and half-recovery was calcwated again, bul
using only one sample from cach subject. This pro-
duced a correlation of —.026 for Triat 1, and of
- 135 for Tral (0.

An important methodological problem relutes w
the way in which the various SCL. and SCR mea-
sures are assessed as a function of time and/or trials.
Korial et al. (1973) compared the relationship be-
tween different measures of habitwation (change
seores, trials to criterion, regression estimates. and
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virrious combinations of these) and demuonsirate thal
some measures are extremely highly correlated
while others show only a moderate or poor relation:
ship. They also point out that although same esti
mates of change have a certain face validity as mea-
sures of habituation, they may be empirically and
statistically roughly equivalent 1o mean reactivity
pveririals. In the present data, SCR amplitude slope
is uncorrelated with mean SCR amplitude bul is
ighly cerrclated with SCR amplitude on Trial 1.
The course of habituation typically shows a quick
initial decrement to zero which is often accom-
plished within very few (up to 6) trials. Following
(his, responding tends to re-occur in an irregular
patlern. The temporal measures show grealer con-
sistency over trials, onset falency in particular vary-
ing within marrow limits. Our evidence suggests
that response amplitude decrement. together with
decrement of SCL., SFs, half-recovery and rise time,
are the most marked changes which occur during
habituation. These decrements tend to be signifi-
cantly reluted 10 one another, although the size of
the correlations is not high, and suggest that during

habituation the overall response shape within sub-

jeets tends to remain constant.
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