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extinction, examining the total number of PP trials
(acquisition and extinction) permits a more compre
hensive picture of CR strength and also reveals the
amount of time a subject continues to respond beyond
the peak CR. An examination of the groups that received
2 and 16 PP paired trials in the Silver and Kimmel
(1969) study reveals that , on the average , the 2-PPgroup
required 43 trials to reach the extinction criterion ,
whereas the l6-PP group required only 23 trials beyond
the peak CR to reach extinction. Schramm and Kimmel's
(1970) replication produced similar results. Their 2-PP
paired group continued to respond for 43 trials, com
pared with 22 trials for the 16-PP paired condition.
While attenuation of the CR occurs during both PP
acquisition and extinction, one might expect extinction
trials, and not acquisition trials, beyond the peak CR to
enhance attenuation and result in weaker CRs. The
results of the Schramm and Kimmel (1970) and Silver
and Kimmel (1969) studies indicate the opposite.
Beginning extinction following 2 PP paired trials resulted
in greater persistence of the CR than initiating extinction
following 16 PP paired trials. There were approximately
four or five acquisition trials in the 2-PP paired condi
tion, compared with 18 or 19 acquisition trials in the
16-PP paired condition . Since the former, and not the
latter , produces strong persistence of the CR, an expla
nation is in order.

One possibility is that the strength of the PP CR in
the 2-PP paired condition is due to an instrumental
process that is initiated when the extinction procedure
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Classical conditioning of the SCR results in CR magnitude reaching a peak early in acquisi
tion followed by attentuation of the CR. An inverse relationship has been demonstrated
between the number of postpeak acquisition trials (2, 4, 8, 161 and subsequent resistance
to extinction. A possible explanation for these unusual results involves an instrumental
reinforcement process. Specifically, removing the DCS shortly after the peak CR may
instrumentally reinforce the occurrence of greater CR amplitude, whereas continued DCS
presentations (acquisition trials) that result in attentuation may indicate a form of punish
ment for large CR magnitude. The present study tested this hypothesis by manipulating DCS
intensity beginning with the third trial beyond the peak CR. Generally, the results indicated
that most subjects demonstrated an inverse relationship between amplitude of the CR and
the direction of the change in DCS intensity. The proposed instrumental reinforcement process
was the most logical explanation of the data.

Classical conditioning of the skin-conductance
response (SCR) appears to have a unique set of charac
teristics not common to classically conditioned skeletal
responses. During conditioning, the magnitude of the
SCR reaches maximal CR strength within two or three
acquisition trials and then declines in strength (Campbell,
1936; Kimmel, 1966). The rapid increase in CR magni
tude and subsequent decline was investigated further by
Silver and Kimmel (1969). In that study , the number of
acquisition trials beyond the maximum, or peak CR, was
examined to determine the effect of postpeak (PP)
acquisition trials on the resistance to extinction of the
CR. Subjects were given 1, 2, 4, 8, or 16 paired trials
beyond the peak CR, followed by extinction . Generally,
the results showed that the greater the number of PP
acquisition trials, the weaker the resistance of the CR to
extinction. Maximum resistance to extinction was
achieved with only two PP acquisition trials. Since only
two or three trials were required to reach the peak CR,
a total of four or five paired trials produced the strongest
resistance to extinction. The weakest resistance to
extinction occurred with 16 PP trials. These fmdings
were replicated by Schramm and . Kimmel (1970).

Another indication of CR persistence is the number
of trials in which a subject continues to respond beyond
the peak CR. Rather than focusing only on resistance to
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begins following 2 PP paired trials. Essentially, what is
being proposed is that reinforcement of large CRs takes
place when the shock UCS is removed following the
peak CR. The persistence of the CR during extinction is
reinforced by the continued absence of the UCS. This
reinforcement process, which is not present when
acquisition trials continue beyond the peak CR, may be
responsible for the persistance of the CR in the 2-PP
condition .

To test this hypothesis, subjects in the present experi
ment received paired presentat ions of the CS and UCS
until a criterion of 2 PP CRs was obtained. The subjects
were then assigned to one of three UCS intensity con
ditions. Condition 1 involved an increase in the intensity
of the UCS, Condition 2 involved maintaining the same
UCS intensity, and Condition 3 consisted of a decrease
in the UCS intensity. If an instrumental reinforcement
process is operating in the 2-PP condition, then the
decreased UCS intensity group should produce the
strongest CRs, and increasing DCS intensity should
result in weaker CRs. Maintaining the same DCS inten
sity should result in a level of CR strength that is inter
mediate in relationship to the other two conditions .

METHOD

Subjects and Design
Ninety-six undergraduate students from introductory psy

chology classes served as subjects. The subjects were randomly
assigned to one of six equal groups of 16 subjects, with the
restriction that the sexes be equally represented in each of the
groups.

Three of the groups received paired trials up to the peak and
were given two additional paired trials beyond the peak. Paired
CS-UCS presentations continued for four more trials, with the
groups receiving an increase, a decrease, or no change in UCS
intensity beginning with the third paired trial beyond the peak.
Subjects in three control groups were matched as to the number
of acquisition trials, but they received CS-UCS presentations in
an unpaired and random manner. The trial on which the inten
sity of the UCS was decreased, increased, or unchanged was also
matched to the experimental groups, and the CSs and UCSs
continued to be presented but unpaired.

Apparatus
Subjects were conditioned in a dark soundproof LA.C.

chamber . Each subject was seated in an armchair , and an inter 
com was used to communicate with the subject. The CS was a
39-dB (re: .0002 dynes/em") 1,00D-Hz tone of 5.0 sec duration.
The UCS was a 3.0-mA dc electric shock with a duration of
.1 sec produced by an Argonaut Associated LRA 046 constant
current pulse generator. The electric shock was delivered to the
volar surface of the subject's right forearm.

The skin-resistance response (SRR) was picked up from
the volar and palmar surfaces of the subject's left hand by zinc/
zinc sulfate electrodes. Skin-resistance changes were amplified
by an Electronics Laboratory, Inc., skin-resistance amplifier
(ModeI308C) and were recorded on a Texas Instruments Reiti
Riter with a paper speed of 15.5 em/min.

Procedure
The subjects were seated in the chamber with the lights

turned off and the doors closed. A set of instructions was read
that asked them to remain as still as possible and to avoid deep

breathing or sleeping. After 2 min of adaptation, all groups
received three presentations of the UCS alone in increasing
intensities of 1.0, 2.0, and 3.0 rnA. Then all groups received
habituation trials or 12 presentations of the CS only (Silver,
1973). The experimental subjects received paired presentations
of the CS and UCS until they reached a criterion of two paired
trials past the peak CR. On the third trial past the peak, a change
in intensity took place for some subjects.

To ensure that the change was subjectively equidistant from
the initial 3.0-mA shock, a procedure outlined by Stevens,
Carton, and Shickman (1958) was employed. The procedure was
used with 10 subjects who were not included in the current
study. The values that were judged as being an equal distance in
apparent intensity from 3.0 rnA were 4.8 rnA for the increase
and 1.0 rnA for the decrease. Therefore , on the third trial
beyond the peak for the paired groups , UCS intensity increased
to 4.8, decreased to 1.0, or maintained at 3.0 rnA for the follow
ing four paired trials. The same occurred for the three control
groups, in that they were matched to the paired groups for num
ber of trials to the peak and the subsequent intensity change.

A delayed conditioning paradigm was employed with a
5-sec interstimulus interval and a 2D- to 50-sec interstimulus
interval that varied around a mean of 35 sec. When the experi
ment was over, each subject was debriefed, thanked, and dis
missed.

RESULTS

For the purposes of statistical analysis, the CR
magnitudes in units of resistance were transformed into
conductance units via the formula: log C[(SRL - SRR)j
SRL] - 1. The CR(SRR) was defined as a decrease in
resistance greater than 1.0% of the value of the skin
resistance level (SRL) 1.0 sec prior to the occurrence
of a CR. For a response to be called a CR, it had to
occur within 1.0-2.5 sec from the onset of the CS.

The test for sampling differences and conditioning
involved only the first four acquisition trials, for to go
beyond would include differences in DCS intensity. To
test for sampling differences during the first four acqui
sition trials, two separate groups by conditions by trials
analyses of variance were performed : one for the paired
conditions and the other for the unpaired groups. The
outcome of these analyses revealed that there were no
statistically significant differences within the paired or
unpaired conditions . To test for conditioning, all paired
groups were combined and all unpaired groups were
combined . A groups by trials analysis of variance on
these measures for the first four acquisition trials
revealed a main effect of pairing [F(I ,30) = 20.60] and
trials [F(3,90) = 12.85] , as well as the Pairing by Trials
interaction [F(3,90) = 18.81] . All three were significant
(p < .001), demonstrating that conditioning had occurred.

The effects of the changes in DCS intensity on mean
CR magnitude are presented in Figure 1. A pairing by
intensity by trials analysis of variance revealed signif
icant effects of pairing [F(l ,90) =2931, p < .001],
trials [F(3,270) = 3.12, p < .025], and Trials by Inten
sity [F(6 ,270) = 2.88, P < .01] . Nonetheless, the data
contain several interesting trends that suggest a different
mode of analysis. The paired group that received the
decrease in DCS intensity showed little or no CR attenu-
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DISCUSSION

The first few trials of SCR conditioning produce large CRs,
which in previous studies (e.g., Schramm & Kimmel, 1970;
Silver & Kimmel, 1969; Silver, McCaffrey, & Godfrey , 1978)
were followed by the omission of the UCS. The result has been
strong persistence of the CR both in magnitude and in trials to
the extinction criterion. The possibility that UCS omission
reinforces large SCRs was tested and received tentative support
in the present experiment.

The effects of a change in the UCS were examined through
the use of a relatively novel technique. Following the peak CR,
subjects received increases, decreases, or no change in UCS
intensity. Generally, the data revealed that more subjects demon-
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data are presented in Figure 2 and represent the percent
age of subjects who showed an increase in CR amplitude
from one trial to the next .

Moving from the first comparison to the second
comparison in Figure 2, more subjects in the decreased
intensity group showed an increase in CR amplitude
than in the constant or increased groups. In the decrease
group, over 50% of the subjects on the second and third
comparisons showed increases in CR amplitude, despite
the fact that they experienced decreases in DCS inten
sity. Also, on the second and third comparisons , less
than 30% of the subjects demonstrated increases in CR
amplitude , even though they received an increase in DCS
intensity. Most subjects receiving no change in DCS
intensity showed decreases in CR amplitude for each
of the three comparisons. Within the constant DCS
intensity group, the percentage of subjects showing a
decrease fell between the two other groups for both the
second and third comparisons. The data were subjected
to an analysis of variance following the recommenda
tions of Gabrielsson and Seeger (1971) and Seeger and
Gabrielsson (1968). The results of the analysis revealed a
significant main effect of change in DCS intensity
[F(2 ,45) = 4.0, P < .025] . The Trials by Intensity inter
action approached significance [F(4 ,90) = 2.0, p < .10] .

Figure 2. The percentage of subjects demonstrating an
increase in CR amplitude on three comparison trials following
the manipulation of UCS intensity in the paired CS-UCS groups.

Figure 1. Mean CR magnitude following a change in ues
intensity for paired and unpaired groups.
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ation, whereas the group that received the increase in
DCS intensity appeared to demonstrate CR attenuation.
However, the nature of the dependent variable in Fig
ure 1, mean CR magnitude, possessescharacteristics that
might have obscured the hypothesized effects.

The CR magnitudes in Figure 1 reflect an average in
the responsivity of a group of subjects on a specific trial ,
and therefore they are sensitive to extreme scores. For
example, the majority of subjects on a specific trial
might show a moderate increase in CR amplitude over the
previous trial, and the remaining one or two subjects
might demonstrate large decreases in CR amplitude in
comparison with the previous trial , the result being little
or no change in CR magnitude for that trial in com
parison with the preceding trial. Extreme increases or
decreases in amplitude by one or two subjects in the
experimental conditions could effectively mask any
small, yet systematic, within-subjects changes in CR
amplitude. An examination of the number of subjects
who showed an increase in CR amplitude from one trial
to the next might provide information that would other
wise be obscured by the more traditional CR magnitude
measures. Therefore , an additional analysis was per
formed on the amplitude data, beginning with the trial
on which a change in DCS intensity took place.

This analysis consisted of trial-to-trial comparisons
for each subject . The CR amplitude on the third trial
past the peak (i.e., the trial on which the DCS intensity
changed) was compared with the CR amplitude on the
fourth trial past the peak, then the fourth with the fifth ,
and the fifth with the sixth. If the amplitude of the
second CR was greater than the amplitude of the first
CR, then that comparison was scored as a "1"; if the
comparison was less than or equal to, then it was scored
as a "0."1 The total number of increases within each of
these comparisons was then summed across subjects, and
that sum was converted to a percentage score. These
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strated increases in amplitude when the UCS intensity decreased.
Conversely, with an increase in UCS intensity, most subjects
demonstrated decreasing CR amplitudes from one trial to the
next. This is unusual, since other studies have demonstrated a
direct relationship between intensity and amplitude (e.g., Passey,
1948 ; Prokasy, Grant, & Meyers, 1958; Silver et aI., 1978).
These unusual results appear to be best accounted for by an
instrumental reinforcement explanation.

Additional support for this proposed process comes from the
study by Silver et al. (1978). In that study, three intensity levels
of the UCS, 1, 2, and 4 rnA, and two levels of PP acquis ition
trials (i.e., 2 and 16 PP) were employed. Based on these findings ,
it appears that the removal of the UCS results in a less effective
instrumental reinforcing process when UCS intensity levels are
below 4 rnA.

The present research has implications for instrumentally
modifying autonomic responses. To date, much of the research
has been concerned with using autonomic responses in an
instrumental conditioning procedure (e.g., Katkin, 1968 ;
Kimmel , 1974). However , the present study provides evidence
for an instrumental process within a classical conditioning
procedure. This process accounts for the results from a Pavlovian
conditioning procedure that would be otherwise difficult to
explain. It also contributes to the notion that organismic pro
cesses involved during classical conditioning of the SCR are
rather cognitive in nature and more complicated than was
originally thought.

Finally, since the SCR lends itself to the study of anxiety,
the results of the current experiment have implications for the
acquisition of anxiety (e.g., Silver, 1977). The notion that
strong and effective acquisition of an autonomic response takes
place following so few conditioning trials is interesting because it
suggests that an emotional response can be acquired in very few
trials. This strong and persistent reaction following so few
conditioning trials might provide some explanation for the
acquisition of very strong and highly persistent emotional
responses such as phobias.
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NOTE

1. There were only five comparisons in which the amplitude
of the CRs were equal to each other, one in the increased con
dition, one in the decrease condition, and three in the constant
condition.
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