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Positive and negative patterning in human
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Three experiments on classical differential conditioning ofthe human skin conductance response
to elemental and compound stimuli are reported. Subjects in Experiment 1 received both posi
tive and negative patterning training, followed by either positive or negative patterning trans
fer tests on new stimuli. In positive patterning, a compound of two stimuli is reinforced and its
elements are nonreinforced. In negative patterning, the elements are reinforced and the com
pound is nonreinforced. Subjects in Experiments 2 and 3 received either positive or negative pat
terning during training, followed by transfer tests on new stimuli. In Experiment 2, the transfer
series began with new elements, after which their compound was presented; in Experiment 3,
the new compound was presented first in the transfer series, and then the separate elements
were administered. All three experiments provided evidence of the acquisition of positive pat
terning, while negative patterning was found only in Experiments 2 and 3. Positive patterning
transferred to new stimuli, indicating that it was not attributable solely to summation of sub
threshold excitation conditioned to the elements on reinforced compound trials. This finding, cou
pled with the negative patterning found in Experiments 2 and 3, provided support for the unique
cue hypothesis. It was concluded that the assumed unique cue constituted a learned "rule," and
that the actual elemental stimuli were neither perceptually nor otherwise modified during the
conditioning process.

This report describes three studies of positive and nega
tive patterning in human classical skin conductance re
sponse (SCR) conditioning. These studies attempted to
determine whether the reinforcement rules involved in the
acquisition of positive and negative patterning would
transfer to new stimuli. Positive patterning involves a dif
ferentiation between a reinforced compound stimulus and
its separately nonreinforced elements, while negative pat
terning involves a differentiation between a nonreinforced
compound and its separately reinforced elements. The re
sults of the present research were also expected to have
relevance for current theoretical analyses of Pavlovian
conditioning with elemental and compound stimuli.

Theories of Pavlovian conditioning, with infrequent ex
ceptions (e.g., Pearce, 1987; Pearce & Wilson, 1990),
have treated compound stimuli in an atomistic fashion.
This atomistic approach assumes that responding to a com
pound reflects summation of the separate associative
strengths of the compound's constituent elements (Mack-
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intosh, 1975; Pearce & Hall, 1980; Rescorla & Wagner,
1972). Empirical outcomes in accord with summation of
elements have frequently been obtained in studies of com
pound conditioning and stimulus compounding (Kehoe &
Gormezano, 1980). However, there is also abundant evi
dence that conflicts with an atomistic interpretation of re
sponding to compound stimuli. The atomistic approach
cannot account straightforwardly either for Saavedra's
(1975) demonstration of biconditional discrimination or
for the phenomena of positive and negative patterning.
Saavedra presented four elemental stimuli, A, B, C, and
D, equally often in reinforced and nonreinforced com
pounds. Compounds AC and BD were reinforced while
AB and CD were not reinforced. Under these conditions,
an observed difference in responding to the reinforced and
nonreinforced compounds cannot be attributed to summa
tion of excitation and/or inhibitionassociated with their con
stituentelements. Nevertheless, Saavedra's subjects learned
to differentiate reinforced from nonreinforced compounds.
This outcome obviously cannot be explained solely on the
basis of excitation and inhibition conditioned to the sepa
rate elements. As noted above, positive-patterning subjects
learn to differentiate nonreinforced elemental stimuli from
their reinforced compound, whereas negative-patterning
subjects learn the reverse differentiation. Although an
atomistic approach can be made to accommodate positive
patterning results by assuming that subthreshold excitation
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conditioned to the elements on reinforced compound trials
summates to elevate responding to the compound in com
parison with either element separately, negative-patterning
outcomes cannot readily be dealt with atomistically, since
the positive associative strengths of the separate elements
cannot combine additively to yield nonresponding to the
compound.

A variety of theoretical proposals have been made in
an effort to deal with these problems. Most of these ap
proaches retain the atomistic summation principle but, in
addition, assume that the compound contains an additional
(unobserved) stimulus that is also sensitive to the rein
forcement (or nonreinforcement) operations. The best
known version of this type of "unique-cue" hypothesis
was originally proposed by Rescorla (1972, 1973) and by
Whitlow and Wagner (1972). It assumes that a compound,
say, AB, consists of its elements, A and B, plus an addi
tional hypothetical stimulus, X, that is present when A
and B are administered simultaneously but not when either
A or B is administered alone. This hypothetical stimulus
can itself acquire the excitatory or inhibitory associative
properties necessary to account for positive and negative
patterning or biconditional discriminations. The Rescorla
Wagner (1972) model of Pavlovian conditioning, sup
plemented by the assumed unique-cue hypothesis, cor
rectly predicts that reinforcement of ABX and nonrein
forcement of A and B when either is presented alone will
result in positive patterning (since X is always associated
with reinforcement, whereas A and B occur in conjunc
tion with both reinforcement and nonreinforcement). The
model, likewise, predicts negative patterning, since non
reinforcement of ABX is here pitted against reinforcement
of A and B (X is always associated with nonreinforce
ment, whereas A and B are paired with both reinforce
ment and nonreinforcement).

A study by Rescorla, Grau, and Durlach (1985) at
tempted to determine whether the hypothetical unique cue
is better thought ofas resulting from a primitive perceptual
interaction between the elemental stimuli, that is, as a
Gestalt or configural stimulus, or as "a rule in which the
joint activation of representations of A and B generates
a stimulus" (Rescorla et al., 1985, p. 357). Using an auto
shaping procedure in pigeons, they administered negative
patterning training involving A +, B+, and AB-, and
then used second-order conditioning to pair two new stim
uli, X and Y, with A and B, respectively. The pigeons
then correctly differentiated X and Y from their com
pound, XY. Rescorla et al. concluded from these results
that the unique cue assumed to be present along with the
AB compound during the original negative-patterning train
ing could not have depended upon the sensory-perceptual
properties of A and B, since it would then not have been
activated when X and Y were presented subsequently as
a compound. The physical presence of the stimuli involved
in the originally trained differentiation was not necessary
for the subjects to demonstrate that they had learned nega
tive patterning. Thus, the pigeons behaved as if they had
learned a "rule," namely, that compounds consisting of

reinforced elements are not reinforced (or that elemental
stimuli are positive, whereas compound stimuli are nega
tive). The second-order conditioning procedure mediated
the transfer of this rule from the originally trained A and
B to X and Y, respectively.

In the present research, a somewhat different postac
quisition "transfer" strategy was used to evaluate the
unique-cue concept in both positive and negative pattern
ing. Like Rescorla et al. (1985), we examined transfer
of patterning to stimuli different from those used in the
original differential conditioning. But, instead of using
second-order conditioning to establish an association be
tween the originally trained stimuli and the to-be-tested
transfer stimuli, we followed the initial patterning train
ing with two training trials on two new elemental stimuli,
and then tested the compound containing these new stimuli
(Experiments 1 and 2), or we followed the initial training
with two presentations of a compound containing two new
stimuli, and then presented the elements alone (Experiment
3). Like Rescorla et al., we assumed that, during the ini
tial patterning series, the subject might learn a "rule"
which could function as a unique cue. The transfer tests
were intended to provide evidence of whether the subjects
could apply the "rule" assumed to have been learned dur
ing the original compound-element differentiation to the
new stimuli. Evidence of transfer of a compound-element
differentiation to new stimuli would provide support for
the assumption of the unique-cue hypothesis.

To examine transfer of positive patterning, the new
elemental stimuli were presented twice without reinforce
ment before the compound containing these elements was
tested (Experiments 1 and 2), or a compound containing
two new stimuli was presented twice with reinforcement
before its nonreinforced elements were tested (Experi
ment 3). This permitted us to separate a simple summa
tion explanation of positive patterning from one involv
ing a unique cue (a rule). If the subjects acquired the
positive patterning differentiation and transferred it to the
new stimuli (by responding more to the new compound
than to its elements), this could not be due to summation
of excitation conditioned to the new elements, since these
elements were never reinforced. Furthermore, transfer
of positive patterning would also mean that the unique cue
assumed to be present during the acquisition of the origi
nal compound-element differentation was more like a rule
than a perceptual Gestalt, since the transfer test involved
totally different stimuli from those used in the initial dif
ferentiation. Experiments 2 and 3 differed only in the
order in which the compound and elements occurred dur
ing the transfer series, so that the role of the orienting
reflex elicited by the novel transfer stimuli could also be
assessed.

The transfer procedure following negative-patterning
training was administered in the same way as for positive
patterning, except that the elements were reinforced and
the compound was not. If the behavior of our subjects
was governed by the assumed "rule," responding should
have been less to the new compound on the transfer test
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than to its elements. Summation of excitation from the
reinforced new elements to their compound, on the other
hand, would yield the opposite result. Transfer of nega
tive patterning would also support the assumption that the
unique cue involved during the acquisition of negative pat
terning was more like a rule than a Gestalt configural stim
ulus. Again, Experiments 2 and 3 differed only with
respect to the order of compound and element stimuli in
the transfer series.

EXPERIMENT 1

In Experiment I, 40 human subjects received an SCR
conditioning procedure involving both positive and nega
tive patterning, each of these being associated with a dif
ferent pair of stimuli. Thirty of these subjects then
received a negative-patterning transfer test on new stim
uli; 10 subjects received a positive-patterning transfer test
on new stimuli. The decision to employ more subjects for
the negative-patterning transfer test was based upon pre
vious findings (Bellingham, Gillette-Bellingham, & Kehoe,
1985) suggesting that negative patterning is more difficult
to learn than positive patterning and that the acquisition
of negative patterning is even more difficult when subjects
have previously experienced positive patterning. To "com
pensate" for the expected weaker negative-patterning ef
fect, we administered the negative-patterning transfer test
to the larger number of subjects (thus, providing greater
sensitivity for this test).

On the basis of pilot study data indicating that human
subjects can acquire the present positive and negative rules
at a verbal level, it was hypothesized that SCR magnitudes
would reflect the acquisition of both the positive- and
negative-patterning rules; that is, that the compound would
elicit larger SCRs than its constituent elements for stim
uli given positive-patterning training and smaller SCRs
than its constituent elements for stimuli given negative
patterning training. It was further expected that the trans
fer tests would reflect the application of these rules to new
stimuli. As noted above, the positive-patterning rule was
that a compound containing elements that are not followed
by electric shock is itself followed by shock; the negative
patterning rule was that a compound consisting ofelements
that are followed by shock is itself not followed by shock.
Since the subject received training relevant to both of these
rules during the same training session, it was also possible
that a supraordinate rule could be acquired, combining
the two lower order rules. That is, it was possible for the
subject to learn the rule that compounds and their elements
always have opposite valence; if the elements are shocked,
the compound is not, and if the compound is shocked,
the elements are not. Also, the administration of both posi
tive and negative patterning in the same session meant that
the subject could not rely on a "two positive-one nega
tive" or "two negative-one positive" rule. The subject
had to employ either different (opposite) rules for positive

and negative patterning or the supraordinate rule described
above.

Method
Subjects and Instructions. Forty University of Giessen students

(17 males and 23 females, mean age = 23.7 years) volunteered
to serve as subjects (some to meet course requirements). They were
assigned randomly to three groups (n = 10, n = 10, and n = 20).
Data from 5 additional subjects were discarded due to equipment
errors or failure to follow instructions (excessive movement and/or
heavy breathing). The subjects were informed that the purpose of
the experiment was to measure their physiological responses to var
ious stimuli, including letters projected on a screen and occasional
electric shocks, and that they were to relax and avoid unnecessary
movement and heavy breathing. They were also told to pay close
attention to the stimuli, since they would later have to complete
a questionnaire regarding what had occurred.

Apparatus. Six letters were employed as conditioned stimuli
(CSs), M, J, C, N, L, and V. They were presented by a slide pro
jector on a screen 1.50 m in front of the subject's face. The letters
were 15 em high and had a maximum width of 10 ern. The letters
had a duration of 8 sec. A direct current electric shock served as
unconditioned stimulus (US). The shock was delivered via silver
silver chloride electrodes to the volar surface of the subject's left
arm from an isolated transformer-condensor shock generator (Kim
mel, King, Hudy, & Gardner, 1980). The subjects adjusted the in
tensity of the shock themselves so that it would be "definitely un
pleasant but not really painful." Intensities ranging from 1.0 to
4.0 rnA resulted. Shock duration was 10 msec. On paired condi
tioning trials, the shock was delivered simultaneously with CS off
set (i.e., a delayed conditioning paradigm with a CS-US interval
of 8 sec was employed). The intertrial interval during training and
transfer testing was 33 sec ± 3 sec (CS onset to CS onset). The
administration and timing of the stimuli were computer controlled.
Palmar skin conductance was picked up from the thenar and hypothe
nar eminences of the subject's right hand by 0.8-cm-diam silver
silver chloride electrodes filled with an electrolytic medium (Uni
base, with .05 M NaCl). The skin was cleaned with alcohol prior
to electrode attachment. Skin conductance signal conditioning was
accomplished by means of a constant-voltage bridge described by
Lykken and Venables (1971) and sampled by the computer at 20 Hz.

Procedure. Data were collected in a sound-attenuated, electri
cally shielded room, illuminated by flourescent lighting. The sub
ject sat in a cushioned chair facing the projector screen. When the
subject arrived at the laboratory, he/she was seated in the experimen
tal chamber and the electrodes were attached. The subject then read
the written instructions and was asked if they were understood. If
the subject did not understand the instructions, they were presented
again. The initial conditioning procedure consisted of 30 trials that
contained five presentations each of the letters M, J, C, and N,
and five presentations each of the compounds MJ and CN. On com
pound trials, the elements were presented simultaneously. The stim
uli were administered in blocks of six trials, such that each of the
elements and compounds occurred once within each block. The train
ing sequence was designed to facilitate acquisition of the positive
and negative-patterning rules (e.g., M+, J+, MJ-, C-, N-,
CN+, N-, CN+, C-, M+, M]-, J+, etc.), except that no more
than three successive reinforced or nonreinforced stimuli were ad
ministered. For one group of 10 subjects, M and J were reinforced,
MJ was nonreinforced, C and N were nonreinforced, and CN was
reinforced. Thus, for these 10 subjects, M, J, and MJ were trained
according to a negative-patterning arrangement, while C, N, and
CN were trained according to a positive-patterning arrangement.
Following the initial training sequence, this group received two rein-
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forced presentations each of two new stimuli, L and V, followed
by a nonreinforced test trial on LV. Thus, this group received a
negative-patterning transfer test on LV. A second group of 10 sub
jects received the same positive- and negative-patterning training
as did the first group, except that their training sequence began with
the nonreinforced C and N. The second group then received two
nonreinforced presentations of L and V, followed by a nonrein
forced positive-patterning transfer test on LV. The remaining 20
subjects received a conditioning sequence that was identical to that
given to the second group, and then, following initial training, L
and V with reinforcement and a nonreinforced negative-patterning
transfer test on LV. Thus, 30 of the 40 subjects received a negative
patterning transfer test, while 10 had a positive-patterning transfer
test. At the conclusion of the conditioning procedure, the subjects
completed a questionnaire and were thanked and dismissed.

Dependent variables. The SCR was defined as the maximum
conductance change occurring during the interval 1-4 sec after CS
onset. These conductance changes were converted to logarithmic
values (after adding 1), as recommended by Venables and Christie
(1980), and multiplied by 1,000.

Results
The .05 significance level was employed in all statisti

cal tests, and stated probability levels are based on the
Greenhouse-Geisser (1959) adjustment of degrees of free
dom where appropriate.

Initial acquisition. Mean SCR magnitudes for the sep
arate elements and their compounds during the initial 30
conditioning trials are presented in Figure 1 (left panel,
positive patterning; right panel, negative patterning). In
both panels, responses on trials involving elements are
averaged in two-trial blocks, while responses on the cor
responding compound trials are presented singly. Since

all 40 subjects received a combination of positive- and
negative-patterning conditioning procedures (differing
only in order of stimuli), their acquisition data are com
bined in both panels. Positive patterning, as shown in the
left panel of Figure I, developed relatively rapidly, with
responses to the compound clearly being larger than those
to the elements at the second data point. Analysis of vari
ance (ANDYA) of the positive patterning data indicated
that the mean difference in SCR magnitudes in response
to the compound and elements was significant [F(1,39) =
29.43, p < .001] and that the interaction of the compound
element difference and trial blocks was also significant
[F(4,156) = 3.37, P < .01].

The negative-patterning data are shown in the right
panel of Figure 1. As is clear in the figure, negative pat
terning did not develop. Indeed, there did not appear to
be an increase in magnitude of responding to either the
elements or the compound. An ANDYA confirmed that
there was no negative-patterning effect [F(1,39) = .02]
and that the interaction with trial blocks was also insig
nificant [F(4, 156) = 1.12]. Thus, when subjects were given
a combination of both positive- and negative-patterning
training, clear positive patterning was found in the SCR
but negative patterning did not occur.

Transfer test. Following only two conditioning trials
on each of two new elements, their compound was tested
without reinforcement. For the positive-patterning transfer
test, the new stimuli were presented twice each without
reinforcement, followed by a nonreinforced presentation
of their compound. An atomistic theory implies either that
responding to these elements and their compound should
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Figure 1. Mean magnitudes of skin conductance responses during initial acquisition ofExperiment 1. In positive patterning (left panel),
elements were nonreinforced (EL-) and compounds were reinforced (CO+). In negative patterning (right panel), elements were rein
forced (EL + ) while components were nonreinforced (CO - ). Responses to elements are in two-trial blocks and to compounds in single trials.
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not differ (since the elements acquired no excitation) or
that responding to the compound shouldbe slightly smaller
(due to summation of inhibition from the nonreinforced
elements). For the negative-patterning transfer test, the
new stimuli were presented twice each with shock fol
lowed by a nonreinforced presentation of their compound.
Here an atomistic interpretation implies that responding
to the compound should exceed that to the elements, due
to the summation of excitation. Application of the unique
cue "rule" to the new stimuli in each of these cases should
result in element-compound differences opposite to those
predicted by an atomistic theory; that is, in the positive
patterning transfer test, responding to the compound
should exceedthat to the elements, whereas in the negative
patterning transfer test, responding to the compound
should be smaller than that to the elements.

The empirical data relevant to these predictions are
shown in Figure 2, with the positive-patterning transfer
data in the left panel and the negative-patterning transfer
data in the right panel. In Figure 2, the responses to the
second presentation of each of the new elements were
averaged for comparison with the response to the com
pound, because the subject had experienced both positive
and negative patterning prior to the initial presentation
of the transfer stimuli and, for this reason, had no basis
for anticipating which of the two rules would apply to
them. After the first presentation of each of the new stim
uli, however, transfer of the rule exemplified by whether
or not they were paired with shock could be examined

by comparing responses to their second presentations with
the response to their compound.

The data shown in the left panel of Figure 2 suggest
that the positive patterning observed during initial training
transferred to the new stimuli. The transfer test trial re
sponses to the compound were larger than those to the
elements. The negative-patterningtransfer data in the right
panel of Figure 2, on the other hand, indicate that there
was almost no difference in SCR magnitudes elicited by
the elements and the compound. An ANOVA of the com
binedpositive-and negative-patterning transfer data showed
that the overall positive-negative-patterning difference
was not significant [F(I,38) = 0.19], while the overall
compound-element difference was significant [F(l,38) =
6.66,p < .02]. More importantly, the interactionbetween
these two factors was significant [F(l,38) = 5.47, p <
.03]. Separate evaluation of the positive- and negative
patterning transfer differences, however, showed a sig
nificant effect for neither positive patterning [t(9) = 1.94,
P < .10] nor negative patterning (t < 1).

Discussion
The results of the initial acquisition phase of Experi

ment 1 provided only weak support for the unique-cue
hypothesis. Although significant positive patterning was
observed during initial acquisition, the negative-patterning
differentiation was not significant. In addition, although
the transfer tests revealed a significantinteraction between
the element-compound differences and positive versus
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Figure 2. Mean magnitudes of skin conductance responses in transfer test trials of Experiment 1 for positive patterning (left panel)
and negative patterning (right panel). In positive patterning, transfer test elements were nonreinforced (EL-) and the compound was
tested (CO?). In negative patterning, transfer test elements were reinforced (EL+) and the compound was tested (CO?).
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negative patterning in the direction predicted by t~e

unique-cue hypothesis, separate tests of transfer of pOSI
tive and negative patterning failed to attain significance.

The significant positive-patterning differentiation o~

served during initial acquisition cannot be taken as defim
tive evidence in support of the unique-cue hypothesis,
since it is possible that larger responses to the reinforced
compound in comparison with the elements may have been
due to summation of excitation conditioned to the stimuli
during the reinforced compound trials. Furthermore, the
results of the transfer tests were also only weakly support
ive of the unique-cue hypothesis. The combined analyses
of transfer of positive and negative patterning, indicating
a significant interaction between the compound-element
and positive-negative-patterning factors, favored the
unique-eue hypothesis over the atomistic approach. If re
sponding during the transfer test trials ?epe?ded ~olely

upon the subject's experience on those tnals (i.e., did not
reflect transfer of what was learned during initial acquisi
tion), the significantobserved interaction between positive
negative patterning and compound-element ~timuli would
either have been absent or would have been m the reverse
direction. Although it is true that an asymmetry existed
in the way in which the transfer tests were conducted
that is no shocks at all in the positive-patterning transfer
series: while the elements were shocked in the negative
patterning transfer series-an atomistic a~proach ~~uld

suggest that responding to the compound m the posmve
patterning transfer group would either not differ from re
sponding to the elements or be slightly smaller, while re
sponding to the compound in the negative-patterning trans
fer group should have been larger than that to the elements,
based on summation of the excitation conditioned to them.
The observed interaction in the transfer data cannot be
made to fit this kind ofatomistic approach but does agree
with the assumption that a rule acquired in initial training
was applied to the new stimuli.

It is also remotely possible that the observed transfer
effect was methodologically biased because responses to
the second presentation of the new elements were com
pared with responses to the first presentation of the new
compound. To the extent that the orienting response ~o

the novel transfer stimuli might have habituated on their
initial presentations, they might have elicited smaller re
sponses the second time they occurred. Then, if the com
pound elicited a renewed orienting response because of
its novelty, the observed element- compound difference
might not really have been due to the transfer of a I1!le
learned during initial acquisition. This issue was consid
ered further in Experiments 2 and 3.

Bellingham et al. (1985) have shown that negative pat
terning is more difficult to learn when it is preceded by
positive patterning than when it is not. It therefore .may
be that the failure to obtain significant transfer of either
positive or negative patterning separately may h~ve been
due to the simultaneous presence of both patternmg rules
during initial acquisition, that is, making them harder to

learn. Stronger acquisition of the positive-patterning rule
(and acquisition of the negative-patterning rule as well)
might provide a better basis for the significant transfer
of these rules to new stimuli. This question was exam
ined empirically in Experiment 2.

EXPERIMENT 2

It is possible that both negative and positive patterning
could be separately acquired and could transfer to new
stimuli if each of them was administered to separate
groups ~f subjects. Experiment 2 focused ~~ this questi?n.
One group of subjects received only posIt~ve-pattern~ng

training, and the other received only negative-patternmg
training. As in Experiment 1, two training trials were then
administered on each of two new elements, followed by
a transfer test on their compound. In the positive-patterning
group, the new elements were presented without rein
forcement, so that their transfer test evaluated transfer of
positive patterning. In the negative-patterning group, the
new elements were presented with reinforcement, so that
their transfer test evaluated transfer of negative pattern
ing. Because the subjects in Experiment 2 experience~

only a single rule during initial acquisition (either POSI
tive or negative patterning), even the very first presenta
tion of the transfer stimuli could be employed to assess
the possibility of transfer (unlike Experiment 1, -:vhere
there was no basis for predicting which rule applied to
the new stimuli until after each of them had been presented
once with or once without reinforcement). Thus, responses
to all four administrations of the elemental transfer stim
uli (two trials per stimulus) could be used to evaluate pos
sible transfer effects. Also, because responses to the very
first presentations of the novel transfer stimuli were em
ployed in the transfer test, confounding of compound
element orienting-response differences with the transfer
difference were also less likely.

Since the initial training involved only positive or nega
tive patterning, it was possible to employ a larger num
ber of conditioning trials (8 on each element and 16 on
their compound). The compound was administered twice
as many times as either element in order to equate the
two groups in terms of relative number of reinforced and
nonreinforced trials (i.e., if the number of compound pre
sentations had been the same as the number of presenta
tions of either element, as in Experiment 1, the negative
patterning group would have had twice as many ~einforced

trials as did the positive-patterning group). ThIS change
in procedure increased the relative numbers of presen~
tions of compounds versus elements (as compared WIth
Experiment I) and offered the possibility ofenhanced ac
quisition of both positive and negative patterning.

Method
Subjects. Twenty University of Giessen students (11 males and

9 females, mean age = 23.8 years) volunteered to serve as .sub
jects. They were assigned randomly to two groups of 10 subjects
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each. Data from 4 additional subjects were discarded due to equip
ment errors or failure to follow instructions (excessive movement
and/or heavy breathing). The instructions were identical to those
of Experiment I.

Apparatus and Stimuli. The apparatus, stimuli, and timing of
stimuli and trials were the same as in Experiment I. Half of the
subjects in each group received initial patterning training with the
letters M and J; the other half received C and N. Following initial
training, L and V were employed as new stimuli for transfer train
ing and testing.

Procedure. Data were collected in the same chamber as in Ex
periment I. After arriving at the laboratory, the subject was seated
in a cushioned chair facing the projector screen, the electrodes were
attached, and the instructions were presented. The initial condition
ing procedure consisted of 32 trials, containing 8 presentations each
of the letters M and J (or C and N) as elements, and 16 presenta
tions of MJ (or CN) as compound. The stimuli were administered
quasi-randomly, with no more than three consecutive reinforced
or nonreinforced stimuli (e.g., J -, MJ+, M-, M-, J -, MJ +,
M-, J-, MJ +, MJ +, etc., in the positive-patterning group, and
J+, MJ-, M+, M+, J+, MJ-, M+, J+, MJ-, MJ-, etc.,
in the negative-patterning group). Following the initial training se
quence, each group received two presentations each of two new
stimuli, L and V, followed by a test trial on the LV compound.
The elements were nonreinforced in the positive-patterning group
but were reinforced in the negative-patterning group. All of the sub
jects completed the same questionnaire as in Experiment 1 and then
were thanked and dismissed.

Results
The SCR was defined and transformed as in Experi

ment 1. The .051evel was again used for significance tests,
and degrees of freedom were Greenhouse-Geisser (1959)
adjusted where appropriate.

Initial acquisition. Mean SCR magnitudes for re
sponses to the elements and compound during the initial
32 conditioning trials are presented in Figure 3 (left panel,
positive patterning; right panel, negative patterning), aver
aged in two-trial blocks for the elements and compounds.
Positive patterning developed very rapidly, as is shown
in the left panel of Figure 3. Responses to the reinforced
compound were substantially larger than those to the non
reinforced elements, beginning with the second trial block.
An ANOVA of the positive-patterning data indicated that
the mean difference in SCR magnitude in response to the
compound and elements was significant [F(l,9) = 24.48,
P < .001]. The interaction between the compound-element
difference and trial blocks was not significant [F(7,63) =
1.73]. The negative-patterning data are shown in the right
panel of Figure 3. As can be seen in this figure, negative
patterning was again (as in Experiment 1) not readily ac
quired, even when its acquisition was not complicated by
the simultaneous presence of positive-patterning training.
After some 4-5 blocks oftraining trials, however, a dif
ference in mean SCR to the reinforced elements and non
reinforced compound appeared, and persisted for the re
mainder of the session. An ANOVA of the data shown
in the right panel of Figure 3 indicated that the compound
element difference was statistically significant [F(l,9) =
13.23, P < .01]. The apparent interaction between the
compound-element difference and trial blocks, however,
was not significant (F < 1).

Transfer test. Following two conditioning trials on
each of two new elements, their compound was tested.
In the case of positive patterning, the two new letters were
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Figure 3. Mean magnitudes of skin conductance responses during initial acquisition of Experiment 2. In positive patterning (left panel),
elements were nonreinforced (EL-) and compounds were reinforced (CO+). In negative patterning (right panel), elements were rein
forced (EL+) while components were nonreinforced (CO-). Responses to elements and compounds are in two-trial blocks.
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presented without shock, followed by the compound. In
the case of negative patterning, the new elements were
presented with shock, followed by the compound. If the
initial positive- and/or negative-patterning differentiations
involved the acquisition of a rule that functioned as a
unique cue, the acquired rule should have transferred to
the new stimuli in the transfer test. Figure 4 presents the
transfer test data, with the positive-patterning group in
the left panel and the negative-patterninggroup in the right
panel. In each panel of Figure 4, the average of the re
sponses to the initial presentations of the two elemental
transfer stimuli is shown on the left, the average of the
responses to the second presentations of the elemental
stimuli is in the middle, and the response to the compound
is on the right. As can be seen in the left panel of Fig
ure 4, responding to the transfer compound in the positive
patterning group was greater than the average response
to the elements on both their first and second presenta
tions. An ANOVA of the positive-patterning transfer data
shown in the left panel of Figure 4 showed that the over
all differences among the three means were significant
[F(2,18) = 6.15, p < .02]. Dunnett's test showed that
the mean SCRs to the first and second presentations of
the transfer elements both differed significantly from the
response to the compound (.05 level critical difference
= 94.1). The right panel of Figure 4 shows that respond
ing to the compound in the negative-patterning transfer
test was smaller than that to either the first or second pre
sentations of the elemental stimuli. An ANOVA of the

negative-patterning transfer data showed that the differ
ences among the three means did not attain significance
[F(2,18) = 2.86, p < .09]. Dunnett's test showed that
the difference between the mean SCR to the first presen
tation of the transfer elements and the compound was sig
nificant, but that the response to the second element did
not differ significantly from that to the compound (.05
level critical difference = 52.3).

Discussion
The results of Experiment 2 provided evidence of the

acquisition of both positive and negative patterning in the
human SCR preparation. Significant differentiations be
tween a reinforced compound and its nonreinforced ele
ments (positive patterning) and between a nonreinforced
compound and its reinforced elements (negative pattern
ing) both occurred. In addition, significant transfer of
positive patterning was observed when responses to either
the first or second administrations of the transfer elements
were compared with responses to their compound. When
compared with the transfer results in Experiment 1, where
only the second presentations of the transfer elements
could be used in the transfer test, these findings suggest
that orienting-response differences were not responsible
for the observed positive-patterning transfer effects. The
response to the transfer compound was significantly
greater than that to the first presentation of the new trans
fer elements, even though it may be assumed that the new
elements were at least as surprising to the subject as the
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Figure 4. Mean magnitudes of skin conductance responses in transfer test trials of Experiment 2 for positive patterning (left panel)
and negative patterning (right panel). In positive patterning, transfer test elements were nonreinforced (ELI-, first presentation of two
elements; EL2-, second presentation of two elements) and the compound was tested (CO?). In negative patterning, transfer test elements
were reinforced (ELI +, first presentation of two elements; EU+, second presentation of twoelements)and the compound was tested (CO?).
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new compound. Significant transfer of negative pattern
ing was also found in Experiment 2, but only when re
sponses to the initial presentations of the transfer elements
were compared with responses to their compound. Even
though these initial presentations of the negative-patterning
transfer stimuli were reinforced with shock, responses on
the second administrations of the transfer stimuli were not
also significantly larger than responses to their compound,
as might have been expected. This complication was ana
lyzed further in Experiment 3, where the order of the ad
ministration of elemental and compound stimuli was
reversed in the transfer series.

Although significant acquisition of negative patterning
was obtained in Experiment 2, this difference did not de
velop until relatively late in conditioning. Thus, the fact
that the subjects in the negative-patterning group ex
perienced only negative patterning (unlike Experiment 1,
where both rules were present) may not have been the
only factor contributing to this outcome. The additional
training trials administered in Experiment 2 and/or the
increased number of compound trials relative to element
trials as compared with Experiment 1, may also have
facilitated the acquisition of the negative-patterning dif
ferentiation (as compared with Experiment 1). When re
sponses to only the first 10 elements and five compounds
are examined (there were only 10elements and five com
pounds in the negative patterning comparison in Experi
ment 1), the negative-patterning differentiation in Exper
iment 2 was virtually nonexistent.

In discussing the results of Experiment 1, we pointed
out that the observed significant interaction between the
compound-element and positive-negative-patterning fac
tors in the overall ANOVA of the transfer data did not,
in itself, constitute persuasive evidence in support of the
unique-cue hypothesis, because the positive- and negative
patterning transfer tests differed somewhat in procedure
and because neither effect transferred significantly when
tested separately. The finding of significant transfer of
positive patterning when either the initial or second trial
elements were compared with the compound in Experi
ment 2, however, provides strong support for the con
clusion that the positive-patterning differentiation that de
veloped during initial training was due to the acquisition
of a rule. The new elements were presented twice with
out reinforcement, and then their compound was pre
sented. Excitation from the new elements could hardly
have summated to elevate responding to the transfer com
pound, since the new elements were never reinforced.
Transfer of the rule acquired during initial acquisition to
the new stimuli, on the other hand, would have led to the
observed differences.

As noted previously, the very acquisition of negative
patterning, in itself, can be viewed as evidence in favor
of the unique-cue hypothesis, whether or not transfer of
negative patterning to new stimuli occurs. In Experi
ment 2, there was some evidence of the transfer of nega
tive patterning to new stimuli, but only when responses
to the initial presentations of these stimuli were compared

with responses to their compound. The fact that the
second-trial responses were not significantly larger than
the responses to the compound in the negative-patterning
transfer test indicated that further examination of the pos
sibility of confounding of order effects with the transfer
effects was necessary. In Experiment 3, the order of com
pound and elemental stimuli in the transfer series was
reversed from that used in Experiments 1 and 2.

EXPERIMENT 3

The purpose of Experiment 3 was to determine whether
the order of presentation of elemental and compound stim
uli in the transfer series might have contributed to the ob
served transfer effects. In addition, Experiment 3 con
stituted an exact replication of the positive- and negative
patterning acquisition procedures of Experiment 2. Since
the positive- and negative-patterning differentiations were
both statistically significant in Experiment 2, when dif
ferent groups of subjects received training in one but not
both of these differential conditioning procedures, it was
of interest to determine whether both differentiations
would again be observed in an independent sample of
subjects.

Method
Subjects. Twenty University of Giessen students (II males and

9 females, mean age = 24.7 years) volunteered to serve as sub
jects. They were assigned randomly to the positive- and negative
patterning groups and received the same instructions as in Experi
ment 2.

Apparatus and Stimuli. The apparatus, stimuli, and timing of
stimuli and trials were the same as in Experiment 2. Half of the
subjects in each group received initial patterning training with the
letters M and J; the other half received C and N. Following initial
training, L and V were employed as new stimuli for transfer train
ing and testing.

Procedure. Data were collected in the same chamber as in Ex
periments I and 2. After arriving at the laboratory, the subject was
seated in a cushioned chair facing the projector screen, the elec
trodes were attached, and the instructions were presented. The ini
tial conditioning procedure consisted of 32 trials, containing 8 pre
sentations each of the letters M and J (or C and N) as elements,
and 16 presentations ofMJ (or CN) as compound. The stimuli were
administered quasi-randomly, with no more than three consecutive
reinforced or nonreinforced stimuli (e.g., J -, MJ +, M-, M - ,
J -, MJ +, M -, J-, MJ +, MJ +, etc., in the positive-patterning
group, and J+, MJ-, M+, M+, J+, MJ-, M+, J+, MJ-,
MJ - , etc., in the negative-patterning group). Following the initial
training series on either positive or negative patterning, the trans
fer series began with two presentations of a compound containing
two new stimuli, L and V. In the positive-patterning group, the
compound was paired with shtick, while in the negative-patterning
group, the compound was presented without shock. Then each of
the new elemental stimuli was, presented once alone, paired with
shock in the negative-patterning group and presented without shock
in the positive-patterning group. Two presentations of the compound
were employed instead of only one as in Experiment 2, in order
to achieve balance with the Experiment 2 transfer series, which had
begun with two presentations of the new elements. At the conclu
sion of the transfer series, the subject completed the same ques
tionnaire, as in Experiments 1 and 2 and then was thanked and
dismissed.
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Figure 5. Mean magnitudes of skin conductance responses during initial acquisition of Experiment 3. In positive patterning Oefl panel),
elements were nonreinforced (EL-) and compounds were reinforced (CO+). In negative patterning (right panel), elements were rein
forced (EL +) and components were nonreinforced (CO-). Responses to elements and compounds are in two-trial blocks.

Results
The SCR was defined and transformed as in Experi

ments 1 and 2. The .05 level was again used for signifi
cance tests, and degrees of freedom were Greenhouse
Geisser (1959) adjusted where appropriate.

Initial acquisition. Mean SCR magnitudes for re
sponses to the elements and compound during the initial
32 conditioning trials are presented in Figure 5 (left panel,
positive patterning; right panel, negative patterning), aver
aged in two-trial blocks for the elements and compounds.
As in Experiment 2, positive patterning again developed
very rapidly, as shown in the left panel of Figure 5. Re
sponses to the reinforced compound were substantially
larger than those to the nonreinforced elements, begin
ning with the second trial block. An ANOVA of the
positive-patterning data indicated that the mean difference
in SCR magnitude in response to the compound and ele
ments was significant [F(1,9) = 11.98, P < .008]. The
interaction between the compound-element difference and
trial blocks was not significant [F(7,63) = 1.51].

The negative-patterning data are shown in the right
panel of Figure 5. As can be seen in this figure, negative
patterning was quite readily acquired (unlike in Experi
ment 2). The mean SCR was larger to the reinforced ele
ments than to the nonreinforced compound from the very
first block of training trials. An ANOVA of the data
shown in the right panel of Figure 5 indicated that the
compound-element difference was statistically significant
[F(1,9) = 10.90, p < .01]. The interaction between the
compound-element difference and trial blocks, however,
was not significant (F < 1).

Transfer test. The transfer series consisted of two pre
sentations of a compound containing new stimuli, followed
by one presentation of each of the elements. In the positive
patterning group, the new compound stimulus was paired
with shock and the elements were not. In the negative
patterning group, the compound was presented without
shock and the elements were paired with shock. If the ini
tial positive- and/or negative-patterning differentiations
involved the acquisition of a rule that functioned as a
unique cue, the acquired rule should have transferred to
the new stimuli in the transfer test.

Figure 6 presents the transfer test data, with the positive
patterninggroup in the left panel and the negative-patterning
group in the right panel. In each panel of Figure 6, the
average of the responses to the initial presentations of the
new compound is shown on the left, the average of the
responses to the second presentations of the compound
is in the middle, and the average of the responses to the
two elements is on the right. As can be seen in the left
panel of Figure 6, responding of the positive-patterning
group was greater to both the first and second presentations
of the transfer compound than was their average response
to the elements. An ANOVA of the positive-patterning
transfer data shown in the left panel of Figure 6 showed
that the overall differences among the three means were
significant [F(2,18) = 5.54, p < .04]. Dunnett's test
showed that the mean SCRs to the first presentation of
the compound differed significantly from the response to
the elements (.05 level critical difference = 76.8), but
the response to the second presentation of the compound
was not significantly larger than the response to the ele-
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Figure 6. Mean magnitudes of skin conductance responses in transfer test trials of Experiment 3 for positive patterning (left panel)
and negative patterning (right panel). In positive patterning, transfer test elements were nonreinforced (COl +, first presentation of the
compound; C02 +, second presentation of the compound) and the element was tested (EL?). In negative patterning, transfer test com
pounds were reinforced (COI-, first presentation of two compounds; C02 -, second presentation of two compounds) and the element
was tested (EL?).

ments. The right panel of Figure 6 shows that responding
to the first presentation of the compound in the negative
patterning transfer test was larger than the response to
the elements, while the response to the second presenta
tion of the compound was smaller than the response to
the elements. An ANOVA of the negative-patterning
transfer data showed that the overall differences among
the three means were significant [F(2,18) ::::: 7.27, p <
.02]. Dunnett's test showed that the reversed difference
between the mean SCR to the first presentation of the com
pound and the mean SCR to the elements was significant
(.05 level critical difference > 97.0) and the response to
the second compound did not differ significantly from the
response to the elements.

Discussion
The main purpose of Experiment 3 was to determine

whether the transfer effects observed in Experiment 2 de
pended upon the order in which the new elemental stimuli
and their compound were administered, that is, to exam
ine the possibility that orienting responses to unexpected
stimuli might have contributed to the transfer differences.
The positive-patterning transfer data showed that respond
ing was significantly greater to the first presentation of
a compound containing new stimuli than it was to the sub
sequently presented separate elements. The shock that was
paired with this compound CS did not occur until after
the SCR to the CS was elicited. The corresponding dif-

ference in the positive-patterning transfer test of Experi
ment 2 was also significant, even though the order of com
pound and elemental stimuli was reversed in the two
experiments. Application of the positive-patterning rule
acquired during initial conditioning to the new stimuli in
the transfer series appears to be the most likely basis for
the positive-patterning transfer effects in both Experi
ment 2 and Experiment 3, since the order of administra
tion ofelemental and compound stimuli did not affect the
observed effect.

The negative-patterning transfer test, on the other hand,
yielded a compound-element difference opposite to what
would have been expected if the negative-patterning rule
employed during initial training had been applied to the
new stimuli. Indeed, the negative-patterning transfer test
data of Experiments 2 and 3 appeared to reflect the influ
ence of an orienting reaction to novelty, since the SCR
on the first transfer trial was greater than that on subse
quent trials, regardless of whether the first trial consisted
of an elemental stimulus or a compound. Experiment 3
also was an exact replication of the positive- and negative
patterning initial training procedures of Experiment 2 with
an independent sample of subjects. The observed positive
and negative-patterning acquisition differences were both
again statistically significant. It is, thus, abundantly clear
that human subjects can acquire compound-element Pav
lovian differentiations on the basis of differential aver
sive reinforcement.
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GENERAL DISCUSSION

To the extent that the positive- and negative-patterning
rules can be conceptualized as unique cues, in the sense
that this concept has been employed by Rescorla et al.
(1985) and Whitlow and Wagner (1972), the results of
the present studies provide evidence of the usefulness of
this extension of the Rescorla-Wagner (1972) theory for
positive as well as negative patterning. Significant posi
tive patterning was observed in Experiments 1,2, and 3,
and significant negative patterning was observed in Ex
periments 2 and 3. Furthermore, significant transfer of
positive patterning was found in Experiments 2 and 3 in
dependent of the order of presentation of the elemental
and compound stimuli. There was evidence of transfer
of negative patterning only when, in Experiment 2, the
new elemental stimuli were presented first and their com
pound was administered subsequently. But, because this
difference was reversed in Experiment 3, where the se
quence of compound and elements was reversed, it is
likely that the negative patterning transfer effect in Ex
periment 2 was due to the orienting response to the novel
transfer elements.

The finding of significant positive patterning does not,
in itself, require rejection of an atomistic explanation of
responding to compound stimuli. But significant transfer
of positive patterning to new stimuli clearly supports the
assumption that a rule was acquired during the initial train
ing and that this rule was then applied to the new stimuli
in the transfer test. The fact that transfer of positive pat
terning was independent of the order of presentation of
elemental and compound stimuli effectively rules out the
possibility that it may have been due to differences be
tween orienting reactions resulting from differences in
stimulus novelty. As noted in the discussion of the results
of Experiment 2, the elemental transfer stimuli were ad
ministered there without reinforcement prior to the pre
sentation of the compound. Once an orienting-response
interpretation of the positive-patterning transfer effect of
Experiment 2 is ruled out by the finding that the same
effect occurred in Experiment 3, where the order of
elemental and compound stimuli was reversed, it is clear
that the present positive-patterning differences reflect the
acquisition of a rule rather than summation of excitation
from the elements to the compound.

The significant acquisition of negative patterning in Ex
periments 2 and 3 obviously cannot be explained atomisti
cally. Indeed, the phenomenon of negative patterning was
one of the empirical problems confronting the Rescorla
Wagner theory that led to the formulation of the unique
cue hypothesis. The absence of unequivocal evidence of
transfer of negative patterning to new stimuli does not seri
ously attenuate the negative impact of negative pattern
ing on atomistic theories such as Rescorla-Wagner's. We
assume that the present negative-patterning differentia
tion was a more difficult learning challenge to the sub-

ject and, under the conditions of the present experiments,
was not as readily acquired as was positive patterning.
Thus, negative patterning did not transfer to new stimuli
as readily either.

Comparison of the results of Experiment 1 with those
of Experiments 2 and 3 suggests that both positive and
negative patterning were acquired more readily when only
one of them was administered to the subject. This con
clusion was most clearly supported by the negative
patterning results, since there was no evidence at all for
negative patterning in Experiment 1 but significant nega
tive patterning was found in Experiments 2 and 3. The
fact that there was significant evidence of transfer of posi
tive patterning in Experiments 2 and 3 but not in Experi
ment 1 also is in accord with this conclusion. As noted
above, however, Experiments 2 and 3 also contained a
greater number of training trials than did Experiment 1,
and twice as many trials on compounds as on either ele
ment. Thus, it is not altogether clear whether it was the
fact that positive and negative patterning were both ad
ministered in Experiment 1 or that Experiment 1 had
fewer training trials on both positive and negative pat
terning and fewer compound training trials per element
training trial that was responsible for the weaker acquisi
tion and lack of transfer in Experiment 1.

The design of the present series of studies was expressly
influenced by Rescorla et al. 's (1985) demonstration that
the stimuli in their original negative-patterning differen
tiation training did not need to be physically present for
the acquired negative-patterning rule to be demonstrated.
However, to the extent that the second-order CSs em
ployed in their transfer tests can be assumed to have
evoked some kind of representation of the original stim
uli (due to their association with them via second-order
conditioning), it might be argued that the unique cue was
still indirectly tied to the originally trained stimuli. Thus,
their results provided only limited support for the con
clusion that a learned rule underlay the observed nega
tive patterning. The present demonstration of the trans
fer of positive patterning to new stimuli that were neither
reinforced nor associated with the originally trained stim
uli is not susceptible to this criticism, however. In this
respect, the present results agree with and go beyond those
of Rescorla et al. in demonstrating the inadequacy of
atomistic explanations of responding to compound stim
uli and in providing support for the unique-cue hypothe
sis. Thus, our conclusion is that the subjects in the present
series of experiments learned to respond differentially to
the compound and elemental stimuli because these stimuli
exemplified either positive- or negative-patterning rules.
Significant transfer of the positive-patterning rule to new
stimuli, then, indicated that the rule rather than the partic
ular stimuli employed during its acquisition governed the
observed differentiations. We assume that the negative
patterning rule, being more difficult, was not learned
strongly enough to be applied to the transfer stimuli.
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