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A transfer of control test for
contextual associations

JEFF PATTERSON and J. BRUCE OVERMIER
University ofMinnesota, Minneapolis, Minnesota 55455

A transfer of control experiment measured the associative properties of contextual stimuli
from three standard classical conditioning paradigms. After baseline training on a Sidman
avoidance schedule, dogs received aversive conditioningusing excitatory, inhibitory, or truly
random conditioning procedures in the presence of a manipulable background stimulus. As
predicted by current theory (Rescorla & Wagner, 1972; Wagner & Rescorla, 1972), the con
textual stimulus was excitatory after serving as the background during conditioning of a
CS- and was neutral when it had been part of the background for conditioning of a CS+.
The background to the truly random procedure was also neutral. This last result contrasts
with Rescorlaand Wagner's theory.

"Background," "contextual," or "apparatus"
stimuli have occupied a prominent position, both
theoretically and empirically, in contemporary work
on learning processes. McAllister and McAllister
(1971) noted that all stimuli contiguous with rein
forcement were fair candidates for conditioning and
that experimenters must not restrict their attention
solely to those that they manipulate. By taking into
account contextual stimuli, they were able to explain
differences in avoidance acquisition that depend
upon the type of apparatus used. Rescorla and
Wagner's (1972; Wagner & Rescorla, 1972) theory
achieves part of its remarkable success in predicting
classical conditioning results (see LoLordo, 1979,
for a review) by assuming that the experimental con
text may become excitatory. Exposure to random CS
and US presentations (Rescorla's 1967 "truly ran
dom control"), for example, yields a CS that is,
at asymptote, associatively neutral despite occasional,
or even frequent, CS-US pairings (e.g., Rescorla,
1966, 1968). The model explains this as the result
of "blocking" by contextual stimuli (cf. Ayres,
Benedict, & Witcher, 1975). In such a situation, the
CS does not become conditioned to the US, despite
pairings, because the contextual stimuli acquire all
the associative strength possible in this situation.

This conception of the effect of random US pre
sentation yields a number of testable predictions.
Presentation of the experimental context in the ab
sence of reinforcement should extinguish the context
and increase the effectivenessof CS-US pairings; this
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prediction was tested and confirmed by Dweck and
Wagner (1970). An alternative test was provided
by Tomie (1976), who showed that the blocking
effect of random US presentation was specific to the
context in which the US presentation occurred. This
also was taken to support the inference that ran
domly presented USs yield conditioning to the con
text in which they are presented. Another type of test
was used by Odling-Smee (1975). Working with
shock reinforcement, he noted that rats would be ex
pected to avoid an excitatory context, given the
opportunity, even in the absence of any concurrently
present CSs or USs; this prediction was also con
firmed.

Rescorla and Wagner's theory also predicts that
contextual stimuli will gain associative strength in
certain types of inhibitory conditioning paradigms.
Specifically, if a CS- signals an absence of other
wise unpredictable reinforcement (e.g., Rescorla,
1966), Wagner and Rescorla (1972) predict that the
experimental context will become excitatory. This
prediction has received very little attention in the ex
perimentalliterature.

We proposed to test for the conditioned associative
properties of contextual stimuli, using the transfer of
control technique. This paradigm has proved to be a
remarkably robust and sensitive index of classical
conditioning (Maier, Seligman, & Solomon, 1969;
Rescorla & Solomon, 1967; Trapold & Overmier,
1972). In this paradigm, a classically conditioned
stimulus is tested for its efficacy in exerting control
over a separately established operant baseline. In
general, a classically conditioned stimulus for electric
shock (CS+) will increase rates of responding on
avoidance baselines, a classically conditioned stim
ulus for a period free from shock (CS-) will decrease
response rate, and an associatively neutral stimulus
(CSO) will have no effect (Bull & Overmier, 1968;
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Rescorla, 1966; Rescorla & LoLordo, 1965). Thus,
excitatory contextual stimuli, if they are "detached"
and superimposed upon an operant baseline, should
facilitate responding on that baseline.

METHOD

Subjects
Thirty mongrel dogs (15 male, 15 female), weighing approx

imately 11-14 kg, were obtained from the University of Minnesota
Research Animal Resources Unit. They were housed in individual
cages with free access to food and water throughout the experi
ment. The dogs were assigned randomly to one of six equal-sized
groups.

Apparatus
Two experimental units were used. Avoidance training and

transfer testing took place within a standard dog shuttlebox (e.g.,
Overmier, Bull, & Pack, 1971). This box consisted of two cham
bers (122 em long x 68 em wide x 99 em high) separated by an
adjustable barrier fixed at approximately shoulder height for each
dog. Photocells mounted on each side of the barrier were used to
record the subject's crossing from one chamber to the other. The
floor of each chamber was an aluminum shock grid (3-cm bars,
1.5 em apart). A commutator shifted the polarity pattern of the
bars 6 times/sec. The shuttlebox was illuminated continuously by a
15-W bulb mounted in the ceiling of each chamber. A 12.7 x
17.8 cm double-cone speaker was also mounted in the ceiling of
each chamber.

The second experimental unit, used for classical conditioning,
was a standard Pavlovian hammock enclosed in a sound-attenuating
cubicle (e.g., Overmier et al., 1971). The hammock consisted of
reinforced sheet rubber. Holes were cut into the rubber so that the
dog's legs extended downward, while its body rested in the ham
mock. The dog's legs were secured with nylon ropes, and 5.0 x
7.5 cm metal electrodes, coated with electrode paste, were fastened
to the dog's hind footpads. Two 12.7 x 17.8 ern double-cone
speakers were mounted in the ceiling of the cubicle, as was an
18-Wlight.

Procedure
The experiment consisted of three major phases: (1) avoidance

training, (2) classical conditioning, and (3) testing of the classically
conditioned stimuli.

For the first 3 days, the dogs were trained on a Sidman avoid
ance baseline (30-sec R-S, 5-sec S-S intervals) in the shuttlebox.
On the first day, 6-mA .5-sec shocks were used; 8-mA .25-sec
shocks were used in all other avoidance sessions. White noise
(70 dB, re .0002 dyn/cm') was continuously present in the shuttle
box. All avoidance sessions lasted 1 h.

In the second phase,S l-h classical conditioning sessions alter
nated with 4 baseline maintenance days in which dogs were run in
the shuttlebox for 1 h on the standard Sidman schedule. On con
ditioning days, each dog was secured in the Pavlovian harness
and administered 24 IO-sec ess and a series of 3-mA 5-sec
shocks. For a random half of the dogs, the es was a 760-Hz tone;
for the remaining half, it was a IO-Hz flashing light. White noise
(65 dB, re .0002 dyn/cm') was continuously present. The tone
raised the ambient sound level to 68 dB. Whichever stimulus was
not used as the es was continuously present throughout the con
ditioning session as one component of the experimental context.
Thus, when the tone was serving as a es, the flashing light was on
continuously throughout the session. Both of these es modality
groups were subdivided randomly into three treatment groups that
differed with respect to the contingency between the es and US.
In one group (eSO), the 24 ess were presented randomly (mean
interstirnulus interval = 2.5 min) with respect to 24 shocks (mean
intershock interval = 2.5 min). In a second group (es+), the same
series of ess was presented and the same series of shocks was gen-
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Table 1
Stimulus Events Experienced by Subjects Over the Course

of Five Conditioning Sessions

Total Presentations
Total

Group CS US Pairings P(US/CS) P(US/CS)

es- 120 96 0 .00 .20
eSI 120 120 24 .20 .20
es+ 120 24 24 .20 .00

erated by the control equipment. This shock stream, however, was
gated through a 30-sec clock initiated byeS onset. Only shocks
scheduled to occur within 30 sec of es onset were actually received
by the animal. The third group (eS-) was just the converse: Only
shocks that were not scheduled to occur within 30 sec of es onset
were actually presented. The exact distribution of shocks relative
to ess varied randomly within each group. Table 1 specifies the
events experienced by animals in the various groups. These param
eters yield +-coefficients of contingency (see Gibbon, Berryman,
& Thompson, 1974)of approximately .0, .1, and -.1, respectively.

On the 3 days following the fifth classical conditioning session,
the conditioned response to the tone was tested by presenting it
while the dog responded on the avoidance schedule in the shuttle
box. No tones were presented for the first 10 min of each session.
Thereafter, eight IO-sec tones were presented to the subject (mean
interstimulus interval = 6 min; the tone raised the ambient sound
level in the shuttlebox to 73 dB). The changes in response rate dur
ing these probes were used as an index of classical conditioning.
All tone tests took place in the absence of the flashing light.

RESULTS

Baseline response rates during the test sessions
were similar across groups [F(5,24) = 1.86, r > .10].
Responses during the lO-sec tone tests and during the
10 sec preceding each test were summed for each dog
for each test day and were used to calculate the per
cent change in baseline response rate resulting from
tone presentation. This index indicates excitatory ef
fects when positive and inhibitory effects when nega
tive. A 2 by 3 by 3 ANOVA (function of tone x CS
US contingency x test day) was used to analyze these
scores. This analysis indicated that (1) all data were
stable across test days (main effect of days and all
interactions with this factor produced Fs less than
1.(0), and (2) the effect of the tone depended upon
both its function-context or CS-and the condition
ing contingency [function x contingency interac
tion, F(2,24) = 10.86, p < .0005].

Figure 1 shows the data from the three groups in
which the tone had served as a CS. When it had pre
dicted shock, the tone enhanced avoidance respond
ing [t(24) = 3.20, p < .005]. When it had predicted
the absence of shocks, the tone CS suppressed avoid
ance responding [t(24) = 3.33, p < .005]. After truly
random conditioning, the CS had little effect [t(24) =
-.22].

Figure 2 shows the effect of the tone after serving
as a contextual stimulus. The tone enhanced avoid
ance responding only after serving as a contextual
stimulus in the inhibitory paradigm [t(24) = 2.40,
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avoidance responding of the detachable background
stimulus. This is one of the first confirmations of this
prediction (see also Fanselow, 1980). In further agree
ment with the theory, contextual stimuli in the ex
citatory paradigm were associatively neutral. In con
trast with theoretical expectations, the contextual
stimulus from the truly random paradigm was not ex
citatory but, rather, was associatively neutral. Because
the density of shock in the presence of the contextual
cues alone was exactly equal in the inhibitory and
truly random paradigms, the theory predicts that, at
asymptote, these two contexts should be equally ex
citatory.

The CS data demonstrate that the tone stimulus
was sensitive to classical conditioning contingencies.
More critically, the successful demonstration of ex
citatory contextual associations to the tone compo
nent of the background in the inhibitory paradigm
validates our technique for assessing the associative
character of contextual stimuli. This result precludes
any sort of simple attentional argument that would
claim that other components of the complex of back
ground stimuli were more salient than the tone test
stimulus and thus overshadowed it. Similarly, this
pattern of results also precludes an explanation in
terms of generalization decrement to account for fail
ure of the background tone to be excitatory. If the
test stimulus were different enough from the experi
mental context to show the effects of generalization
decrement in the truly random group, then the group
that experienced the inhibitory paradigm should have
shown a similar decrement when the contextual stim
ulus was tested, but it did not.

Several possible accounts of the absence of exci
tatory contextual associations in the truly random
paradigm merit consideration. A variety of experi
ments (e.g., Ayres, Benedict, & Witcher, 1975; Keller,
Ayres, & Mahoney, 1977; Rescorla, 1972) have shown
that the neutrality of a CSI and, presumably, the as
sociated contextual excitation hold only asymptot
ically. Preasymptotically, both theory and data indi
cate that the CSI may acquire temporary associative
strength due to random CS-US pairings. In such a
situation, the truly random context might be less ex
citatory than the context in the inhibitory paradigm
because the CSI would be controlling part of the
available associative strength. However, this cannot
be the case in the present study since the explicit tests
of the CSI demonstrate that our extended training
did, in fact, yield a neutral CSl. Thus, all available
associative strength should have accrued to the con
text, and, since the density of reinforcement during
the context (in the absence of the CS) was equal in the
inhibitory and truly random paradigms, the contexts
should have been equally excitatory.

One might question any performance-based index
of background association. Baker and Mackintosh
(1979), for example, suggest that "it may be that long
stimuli that take up relatively large proportions of
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The standard effects of aversive CSs upon avoid
ance responding were replicated. The CS+ facilitated
baseline responding both in absolute terms and rela
tive to a truly random CS. Similarly, the CS- inhibited
baseline both absolutely and relative to the random
CS.

As predicted by Rescorla and Wagner's (1972) the
ory, the contextual stimuli in an inhibitory paradigm
proved to be excitatory, as indicated by the effects on

DISCUSSION
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Figure 2. Cbanges in the avoidance baseline as a result of tone
presentation after tbe tone bad served as a component of tbe con
ditioning context.

p < .025]. In contrast, the tone had little effect when
it had been part of the background for either excita
tory [t(24) = - .29] or truly random conditioning
[t(24) = - .28].

Figure 1. Cbanges in tbe avoidance baseline as a result of tone
presentation after tbe tone bad served as a CS.



the experimental session (and the context is certainly
composed of such stimuli) control as much fear as
shorter stimuli, but that this fear is not mapped on to
suppression in the same manner" (p. 292). There are
at least two problems with this suggestion. First, in
the absence of a consistent theoretical account of the
differential learning/performance mapping, this
amounts to little more than a restatement of the re
sults. Second, the presence of measurable back
ground excitation in the inhibitory paradigm indi
cates that, at least in this instance, learning about the
context does map fairly directly onto transfer of con
trol performance.

Another view would suggest a habituation mecha
nism as a result for the absence of excitatory back
ground associations in the truly random paradigm.
This account is of particular interest given the in
creasing role of contextual cues in theories of habitu
ation (Schull, 1979; Wagner, 1976) and the alterna
tive accounts of apparent "contextual blocking" that
these theories provide (see Randich & LoLordo,
1979; Scoles, Note 1). Such accounts would suggest
that our contextual cue was not associated with shock,
because the animal habituated to the shocks and thus
was not effectively reinforced. Such habituation
might operate via nonassociative (Kamin, 1961;
Solomon & Corbit, 1974) or associative (Schull,
1979; Wagner, 1976) mechanisms. However, any
such accounts would also seem to predict that ani
mals would habituate to the shocks in the inhibitory
paradigm and thus not support excitatory condition
ing to the contextual tone there either; but, again,
this was not the case.

In short, we are unaware of any current theory that
would account for the disparity between contextual
associations in the inhibitory and truly random par
adigms. Since contextual stimuli are highly correlated
with the reinforcer in both paradigms, contemporary
conditioning theories would seem to predict that they
would be excitatory in both cases (cf. Mackintosh,
1973; Rescorla& Wagner, 1972;Wagner, 1978).

Some parametric considerations lead us to suggest
that a nonassociative stress effect may be interacting
with the expected associative effects. To insure that
our experimentalmanipulation was sufficiently power
ful, we used shock parameters considerably more
severe (e.g., 120 5-sec shocks in the truly random
group) than those in common usage. Furthermore,
the truly random paradigm was the most stressful of
the three conditioning paradigms, since dogs in this
group received more shocks and since completely un
predictable shocks (i.e., unsignaled shocks with no
signaled safety periods) are known to be more stress
ful than predictable shocks (e.g., Weiss, 1971; see
Weinberg & Levine, 1980, for a review). There is a
considerable theoretical (e.g., Bruner, Matter, &
Papanek, 1955; Tolman, 1948) and empirical (e.g.,
Johnson, 1953;Spence & Lippit, 1940)literature that
suggests that, in circumstances of extreme stress, an
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organism narrows its attentional field to the most
salient cues in the environment (for reviews, see
Easterbrook, 1959; Melton, 1950; Thistlethwaite,
1951). Other cues, such as some contextual ones,
may be functionally ignored and thus may not gain
associative strength even when they are correlated
with reinforcement. Thus, our failure to find evi
dence for contextual associations in the truly random
paradigm could be due to an attentional factor, but
one that was operative only in that very stressful
paradigm. Since the inhibitory paradigm was less
stressful (fewer and more predictable shocks), the
attentional fields that the dogs brought to bear were
apparently wide enough to encompass our manipu
lable background cue.

The notion of a stress-elicited attentional deficit
could also reconcile our findings with others in the
literature. To our knowledge, all previous successful
demonstrations of contextual association (e.g., Dweck
& Wagner, 1970; Fanselow, 1980; Odling-Smee, 1975,
1978; Tomie, 1976) have used parameters that were
almost certainly less stressful than ours. Thus, we
would expect any attentional deficits to be relatively
minimal. Second, al/ have used tests that relied upon
presentation of the entire conditioning context rather
than on a single component of it. Such tests would be
completely insensitive to any effects of selective at
tention.

While this account is frankly speculative, it is also
amenable to a straightforward empirical test: De
creasing the stressfulness (e.g., by decreasing shock
duration, number, or intensity) should increase the
probability that the manipulable background cue will
be attended to and hence increase the associative
strength that accrues to it in the truly random para
digm. Similarly, increasing stress within the inhibi
tory paradigm should, on this account, decrease the
background effects as assessed by a transfer of con
trol test. As a rule, of course, increasing the strength
of reinforcement enhances conditioning effects. We
are suggesting that when this reinforcement is aver
sive and selective attention may be operative, this
function is, in fact, an inverse U (cf. Yerkes& Dodson,
1908).

Although this is one of the first disconfirmations
of predicted contextual effects and one that stands
in opposition to several previous studies, we see it as
a result of considerable significance for two reasons.
First, the transfer of control technique has a long and
successful history in the assessment of classical asso
ciations and is embedded in a relatively firm theoreti
cal and empirical network (Maier, Seligman, &
Solomon, 1969; Rescorla & Solomon, 1967). This is
in contrast with other measures of contextual asso
ciation, such as the ability of background stimuli to
block conditioning to a CS (Dweck & Wagner, 1970;
Tomie, 1976), which are rather less direct, of more
recent origin, and rest on theory that is still develop
ing (cf. Dickinson, Hall, & Mackintosh, 1976; Randich
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& LoLordo, 1979; Scoles, Note 1; Popik & Frey,
Note 2). Second, to our knowledge, this is the first
assessment of contextual association that has investi
gated the construct over the full range of condition
ing paradigms. Our replication of basic CS effects
and the production of two predicted context effects
suggest that our methodology is adequate for pro
ducing and detecting classical associations. This
broad base of expected effects highlights the single
unexpected one: Apparently, contextual stimuli are
not always excitatory after truly random presenta
tions of CSs and USs.
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