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Reductions in resistance to extinction and
spontaneous recovery as a function of

changes in transportational and
contextual stimuli
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Thirty rats received 10 sessions of baseline training in which leverpressing was reinforced
according to a variable-interval (VI) 60-sec schedule. Twenty-four of the subjects were then
assigned to one of four groups that received five sessions of extinction, with groups being
differentiated in a 2 by 2 factorial design on the basis of: (1) changes in stimuli accompanying
transportation of subjects from home cages to the laboratory and placement in the apparatus,
and/or (2) changes in contextual stimuli within the apparatus. During the sixth session of
extinction, the transportational and contextual stimuli previously associated with baseline
training were reinstated. The remaining six rats experienced changes in both transportational
and contextual stimuli but were maintained on the VI 60-sec schedule of reinforcement.
Changes in either transportational or contextual stimuli reduced resistance to extinction and
spontaneous recovery, and substantial increments in responding occurred upon reinstatement
of the transportational and contextual stimuli associated with baseline training. Evidence for
summation of the two sources of stimulus change was obtained. Changes in transportational
and contextual stimuli produced only a brief disruption in responding when reinforcement
of leverpressing was continued.

Conditioned responses that have been reduced to a
near-zero level during extinction often "sponta
neously" recover at the beginning of subsequent
sessions of extinction (e.g., Burstein & Moeser, 1971;
ElIson, 1939; Hilgard & Marquis, 1935; Homme,
195~; Howat & Grant, 1958; Liberman, 1949; Miller
& Stevenson, 1936; Pavlov, 1927; Skinner, 1938;
Youtz, 1938). Increments in the amount of spon
taneous recovery when the intervals separating suc
cessive sessions of extinction are lengthened (Ellson,
1938, 1939; Graham & Gagne, 1940; Lewis, 1956;
Miller & Stevenson, 1936) are consistent with expla
nations of reductions in responding during extinction
that postulate transient inhibitory mechanisms (e.g.,
Hull, 1943; Pavlov, 1927). Growth of spontaneous
recovery during rest intervals may also be explained
by noninhibitory accounts of response reduction in
extinction, which focus upon the similarity between
stimulus conditions in acquisition and extinction.
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In order to facilitate discussion of these explanations,
we shall distinguish between two categories of stim
ulus conditions, contextual stimuli and transporta
tional stimuli.

Contextual stimuli refer to all detectable stimuli
within the experimental apparatus, such as ambient
luminance and noise levels, texture of floors and
walls, odors, etc. In contrast, transportational
stimuli are experienced outside of the apparatus and
include handling and other sources of stimulation
accompanying the transportation of subjects from
home cages to the laboratory and placement of
subjects into the experimental apparatus.

Noninhibitory interpretations of spontaneous
recovery differ regarding their treatment of con
textual and transportational stimuli. According to
Estes (1955), a response becomes conditioned to a
population of stimulus elements during acquisition.
Random fluctuations in the availability of such ele
ments across successive sessions of extinction are
responsible for spontaneous recovery. Spear (1971)
proposes that spontaneous recovery is a special case
of proactive interference, with contextual stimuli
presented during extinction retrieving memories
previously established during acquisition. Neither of
these positions distinguishes between contextual and
transportational stimuli, although Spear (1971,
pp. 62-63) includes events in the animals' home cages
as potential contextual stimuli.
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. In discrete-trial situations, Burstein (1967) views
the first conditioned stimulus (CS) within sessions
of acquisition and extinction as unique because it is
the only CS directly preceded by intersession events
(cf. transportational stimuli) and not directly preceded
by another CS. Because of its uniqueness, the first
CS is resistant to generalization of tendencies not to
respond developed during subsequent CS presenta
tions within sessions of extinction. Skinner (1950)
applies a related interpretation to free-operant
settings. Transportational stimuli may acquire
control over responding at the beginning of sessions
via temporal contiguity with reinforcement of
responses occurring early in sessions. Reappearance
of the response at the beginning of a second session
of extinction may reflect a failure to extinguish the
control exerted by transportational stimuli in the
beginning of the first session. The positions of
Burstein and Skinner are both restricted to instances
in which response strength decreases only after
considerable time has elapsed in the first session of
extinction.

A prediction common to the noninhibitory posi
tions is that spontaneous recovery of a previously
extinguished response may be reduced by changing
transportational and contextual stimuli between
conditions of acquisition and extinction. Given the
consistency with which this prediction is generated
and the importance of spontaneous recovery for
attempts to explain response decrement in extinction,
the data relating spontaneous recovery of extinguished
responses to transportational and contextual stimuli
are surprisingly indirect.

Consistent with the position that the beginning of
a session of extinction is unique relative to latter
parts, perhaps via temporal contiguity of the former
with transportational stimuli, are: (1) an increase
in spontaneous recovery when subjects are provided
with a distinctive stimulus on the first trial of each
session of acquisition (Burstein & Moeser, 1971),
and (2) less spontaneous recovery following a single
session of acquisition than following multiple ses
sions with total numbers of reinforcers equated
(Homme, 1956). We are aware of no study, how
ever, which directly demonstrates that transporta
tional stimuli become associated with conditions of
reinforcement within the apparatus and are in some
way responsible for spontaneous recovery.

Differentiation of acquisition and extinction
through modification of contextual stimuli has been
shown to reduce resistance to extinction in a variety
of instances (Kimble, 1961, pp. 293-302; Mackintosh,
1974, pp. 406-409), but apparently such demonstra
tions have not been directly concerned with sponta
neous recovery. Other evidence relating spontaneous
recovery to contextual stimuli requires acceptance of
the position that spontaneous recovery is a special

instance of proactive interference with memory
(Spear, 1971). Granting this, the evidence is con
vincing. Proactive interference has been mitigated by
changing contextual stimuli in a variety of experi
mental preparations-sequential sessions of passive
and active avoidance training (Spear, 1971), original
and reversal learning of a positional discrimination
(Chiszar & Spear, 1969), and sequential sessions of
two different interdimensional discrimination tasks
(Hickis, Robles, & Thomas, 1977).

The present experiment was designed to assess
directly the influence of transportational and con
textual stimuli upon overall responding and sponta
neous recovery during extinction of a free-operant
response. Subjects were first trained to press a lever
for food with constant transportational and con
textual stimulus conditions. They were then exposed
to several sessions of extinction, with the transpor
tational and contextual stimuli being varied sys
tematically for different groups. After responding
had dropped to a near-zero level for subjects in all
groups, the transportational and contextual stimuli
previously associated with acquisition were reinstated
during a final session of extinction.

METHOD

Subjects
Thirty experimentally naive Sprague-Dawley male rats were

housed in cages (17 x 20 x 24 em) constructed of stainless steel
and wire mesh in a colony room illuminated in accordance with
a 12/12-h light/dark cycle. The subjects were given free access
to water, were maintained at 80070 of their free-feeding weights,
and were weighed at least 2 h prior to the onset of experimental
sessions.

Apparatus
Three operant chambers (19.5 x 21 x 23 em) were enclosed in

sound-attenuating hulls with white plastic interiors. Side walls
and ceilings of the chambers were constructed of transparent
acrylic plastic, and the magazine wall and back wall were aluminum.
The floors were constructed of stainless steel grids (.4 cm diam)
spaced I em apart. The opening for a recessed food magazine
(4 x 4.5 x 3.5 em) was located I em above the floor in the
center of the magazine wall. A Lehigh Valley response lever
(l x 2.5 x 2 ern), requiring approximately 21 g of static force to
operate, was located 3 em to the left of the opening for the
food magazine and 4.5 em above the floor. A translucent white
plastic disk (4 ern diam) was mounted 4 em above the response
lever and was, on occasion, transilluminated by a 24-V bulb
(GE 1829). Each chamber was continuously illuminated by a 6-W
(I20-V) bulb mounted on the liner of the sound-attenuating hull
in a position such that the magazine wall prevented direct visual
access to the bulb by subjects in the chamber. This produced a
relatively diffuse source of ambient luminance. Ventilation fans
were on throughout sessionsand served to partially mask extraneous
noise. Other auditory stimuli (white noise at 69 dB and a I,OOO-Hz
tone at 68 dB re: .0002 dynes/em') were delivered through a 4-cm
speaker mounted behind the back wall of the chamber, in the
center and 8 em above the floor. Delivery of a Noyes 45-mg
pellet via a Gerbrands Model D-I dispenser served as the rein
forcer for leverpressing, and events in the chambers were pro
grammed and monitored through standard relay and solid
state circuitry located in an adjoining room.
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RESULTS

Figure 1. Mean percentage of baseline rates during successive
6-min blocks of the first session of extinction (CITI = Context 1
and Transportation 1; CIT2 = Context 1 and Transportation 2;
C2TI = Context 2 and Transportation 1; C2T2 = Context 2 and
Transportation 2; C2T2-V160 = Context 2 and Transportation 2
and continued reinforcement of leverpressing).

Mean responses/minute for the five groups ranged
between 25.5 and 30.8 when computed for the final
four sessions of baseline training,

Figures 1 and 2 illustrate within-session patterns of
responding for all five groups during the first two
sessions of extinction. Changes in contextual and
transportational stimuli produced only transient
disruptions of responding at the start of the first
two sessions for subjects in the C2T2-VI60 group.
These subjects responded at a level approximating,
and sometimes surpassing, baseline rates throughout
the remaining sessions. This resulted in obvious
differences between responding by subjects in the
C2T2-VI60 group and those exposed to extinction;
the C2T2-VI60 group was therefore not included in

within sessions, as well as the amount of responding during the
first 6 min of a given session relative to that of the last 6 min
of the preceding session.

Procedure
Two distinct conditions of contextual stimuli (Contexts I and 2)

and transportational stimuli (Transportation I and 2) were used.
These are described first in order to expedite presentation of the
experimental procedure.

Conditions of Context 1: illumination of circular disk above
lever, white noise present, and tray beneath grid floor filled with
wood shavings. The luminance level was .79 fL when measured
at the front of the response lever with an SEI photometer.
Conditions of Context 2: light over lever extinguished, walls and
ceiling covered with opaque black plastic inserts, tone present,
grid floor covered with 1.2 cm hardware cloth, and tray beneath
the floor lined with white paper towels. The luminance level was
.05 fL when measured at the front of the response lever.

Conditions of Transportation I consisted of removing water
bottles from the subjects' home cages, removing the cages from
the rack, and placing them on a cart lined with newspaper. A
wire-mesh lid was placed over the cages, and the cart was
wheeled into the laboratory. The lid was removed, and each cage
was placed at the entrance of the operant chamber, allowing the
subject to enter the chamber. At the end of the session, the
subjects were returned to the colony room using the same method
of transportation. For subjects exposed to Transportation 2 condi
tions, water bottles remained on the cages and the cages remained
on the rack. Each cage was pulled out slightly and the subjects
lifted from the cage to a plywood box (23 x 25 x 61 ern) with
a hinged lid. Both the inside and outside of the box were painted
black, and cedar shavings were placed on the floor of the box.
The subjects were carried into the laboratory, three at a time,
in the box with the lid closed. The subjects were lifted by hand
from the box to the chamber, and returned to the colony room via
the black box at the termination of the sessions.

Experimental sessions were conducted at a constant time daily
with the experiment requiring 20 days for each subject. All
subjects received 4 sessions of preliminary training and 10 sessions
of baseline training under the conditions described for Context 1
and Transportation I.

During preliminary training, the subjects were exposed first to
a continuous reinforcement schedule and then to variable-interval
schedules with intervals between reinforcers increasing gradually
until responding in accordance with a VI 6O-sec schedule was
achieved. A 30-sec limited hold was used for all variable-interval
schedules. The VI 6O-sec schedule (interreinforcer interval range
from 2-105 sec) was maintained throughout the 10 sessions of
baseline training, and session durations were held constant at 1 h.

Following the 10th session of baseline training, the subjects were
divided into five groups (n = 6) for which mean response rates
(responses/min) computed for the last four sessions of baseline
training were matched as closely as possible. Subjects in four of
the groups were exposed to experimental extinction (no reinforcer
delivery) for the remaining six sessions. Again, sessions were
1 h in duration. During the first five sessions of extinction, one
group of subjects (CITI) experienced Context 1 and Transpor
tation 1, the conditions accompanying preliminary and baseline
training. Contextual and transportational conditions for the re
maining three groups were as follows: Context 2 and Transporta
tion 1 (C2TI); Context I and Transportation 2 (CIT2); Context 2
and Transportation 2 (C2T2). Subjects in a fifth group (C2T2
VI60) also experienced Context 2 and Transportation 2 during five
sessions following baseline, but the VI 6O-sec schedule of rein
forcement was continued in order to determine whether these
stimulus changes, per se, were sufficient to disrupt responding.
During the sixth session of extinction (or VI 60 reinforcement
for Group C2T2-VI60), Context 1 and Transportation 1 were
reinstated for all groups.

Responding in extinction was analyzed as a percentage of the
subject's mean response rate during the final four sessions of
baseline training. Groups were compared with regard to mean
percentage of baseline rates computed for successive 6-min blocks
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EXTINCTION DAY 2 at the start of the session, 29070 and 27070, respectively;
no statistically significant differences were found
between these two groups.

The trend observed during the first session of
extinction was again evident during the second
session [Groups by Minutes, F(27, 180) = 2.55).
Subjects in Cl Tl responded at a higher level than
the other three groups during the first 24 min of the
session, with one exception; the small difference
between responding by subjects in CITl and C2T2
during Minutes 13-18 was not statistically significant.
Subjects in Cl T2 responded at a significantly higher
level than subjects in either C2Tl or C2T2 during the
first 6 min. Once again, subjects in C2Tl and C2T2
began the session at low response levels, showing
only a slight decline across the session.

Throughout Sessions 3-5 of extinction, all groups
were responding at consistently low levels and no
statistically significant differences were obtained.

Figure 3 illustrates differences in responding
among groups during the final session of extinction
when conditions of Context I and Transportation 1
were reinstated. The overall trend observed in the
first and second sessions of extinction was reversed
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Figure 3. Mean percentage of baseline rates during successive
(··min blocks of the sixth session of extinction (legends same as
Figure 1).

Figure 2. Mean percentage of baseline rates during successive
6-min blocks of the second session of extinction (legends same as
Figure 1.)

the statistical analyses. Statistical significance of
differences in overall responding during extinction
were analyzed for individual sessions using a
two-way mixed analysis of variance (ANOVA) with
four groups and 10 blocks of 6 min. Subsequent
comparisons were made among groups at each time
block using a Duncan's multiple range test. Unless
otherwise stated, reported differences were deter
mined to be statistically significant at the .05 level.

Figure I depicts substantial differences in respond
ing among groups during the first session of extinc
tion, with groups responding at different levels at the
beginning of the session and decrements in respond
ing occurring at different rates [Groups by Minutes,
F(27,180) = 9.59). Subjects in TlCI began respond
ing at rates approximating those of baseline and
exhibited a significantly higher level of responding
than the other three groups for successive 6-min
blocks throughout Minute 42. Subjects in Cl T2
began the session at a slightly lower rate (90070 of
baseline) but exhibited a significantly higher per
centage of responding than subjects in either C2Tl
or C2T2 throughout Minute 30. Subjects in C2Tl
and C2T2 showed relatively low levels of responding
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[Groups by Minutes, F(27,180) = 114.95]. Subjects
in Cl T1, for which stimuli had remained constant,
responded at a low percentage of baseline rates
throughout the session and there were no significant
differences between CIT1 and CIT2. Subjects in
C2T1 exhibited a significantly elevated level of
responding relative to ClT1 and CIT2, which per
sisted throughout the first 30 min of the session.
Subjects in C2T2 exhibited more responding than the
other three groups throughout Minute 36 of the
session.

Spontaneous recovery was defined as an increase
in responding during the first 6 min of each session
of extinction relative to the level of responding
during the last 6 min of the preceding session.
The data are summarized in this format in Figure 4,
with means for terminal and initial portions of con
secutive sessions connected with dotted lines to
clearly illustrate differences in spontaneous recovery.
The statistical significance of differences depicted in
each graph was evaluated using a 4 by 2 mixed

ANOV A. Since Duncan's multiple range tests
(discussed above) indicated no significant differences
in the near-zero levels of responding among groups
during the final 6 min of any session, significant
interactions for the 4 by 2 ANOVAs were indicative
of reliable differences in spontaneous recovery
among the groups when there was an increase in
responding from Session n to Session n + 1 for all
groups. Specific intergroup differences responsible
for statistically significant interactions were deter
mined by simple F tests computed for the interaction.

Comparisons of Sessions 1-2, 2-3, and 5-6 show
overall increases in responding during the latter
sessions as well as differences among groups. Statis
tical analyses yielded significant Groups by Minutes
interactions for Sessions 1-2 [F(3,20) == 5.176] and
Sessions 5-6 [F(3,20) == 21.987], as well as a mar
ginally significant interaction for Sessions 2-3
[F(3,20) == 2.84, p < .06]. All groups showed only
slight increases in responding on Sessions 3-4 and
4-5; no statistically significant differences were
obtained in either comparison.

In the transition from Session 1 to Session 2,
Group Cl T1 showed a significantly greater amount
of spontaneous recovery than any of the other three
groups, which did not differ among themselves
according to the F tests computed for the interaction.
Similar data were observed on Sessions 2-3, although
the magnitude of spontaneous recovery had decreased
for all groups; Group ClT1 exhibited more spon
taneous recovery than Group C2T2, but no other
comparisons for the interaction were significant. On
Sessions 5-6, Group CIT1 exhibited very litle spon
taneous recovery, as did Group ClT2. Relative to
these groups, C2T1 exhibited a reliable increase in
spontaneous recovery. Group C2T2 showed the most
spontaneous recovery relative to the other three
groups (again, comparisons of interactions with
simple F tests). Finally, it should be noted that the
magnitude of spontaneous recovery for C2T2 on
Sessions 5-6 was greater than that observed in any
group for any other comparison.6
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Figure 4. Mean percentage of baseline rates during the last
6·min block of each session of extinction compared with the same
measure for the first 6-min block of the succeeding session (legends
same as Figure 1).
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DISCUSSION

Changing transportational and/or contextual
stimuli between conditions of acquisition and extinc
tion reduced resistance to extinction and spontaneous
recovery. Changing contextual stimuli was more
effective than changing transportational stimuli in
(1) reducing responding during the initial sessions of
extinction, and (2) reinstating responding during the
final session of extinction. A quantitative assessment
of the effectiveness of modifications of transporta
tional and contextual stimuli, however, would
require laborious psychophysical equilibration of the
perceived magnitude of changes in stimuli accom-
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panying both conditions. The functional similarities
of manipulating transportational and contextual
stimuli and indications that the two sources of stim
ulus control summate should not be overlooked
because of apparent quantitative differences in their
effectiveness. Examples of summation include (1) a
reliable reduction in spontaneous recovery for only
the C2T2 group relative to Group C1Tl during
Sessions 2-3 of extinction, (2) enhanced spontaneous
recovery for the C2T2 group relative to the other
three groups during Sessions 5-6, and (3) enhanced
overall responding for the C2T2 group relative to the
other three groups during Session 6.

That extensive contextual modifications similar to
those used in this experiment are capable of reducing
resistance to extinction is not surprising (Welker,
Hickis, Thomas, & Dickson, 1975; Welker, Tomie,
Davitt, & Thomas, 1974). In the Welker et al. (1974)
experiment, a majority of pigeons in one experimental
group quit keypecking when transferred from single
stimulus training to a wavelength discrimination task
in a different context. It is important to control
for such disruptive effects per se, especially when the
dependent variable involves a reduction in responding
during extinction. Changes in contextual and trans
portational stimuli produced only a brief disruption
of responding by subjects in our C2T2-VI60 group.
This illustrates that the reduced resistance to extinc
tion and spontaneous recovery observed in Groups
C1T2, C2Tl, and C2T2 were not merely a function
of generalization decrement, or competing emotional
reactions, or exploratory behaviors elicited by stim
ulus change. It appears that modification of con
textual and transportational stimuli facilitated these
subjects' behaving in accordance with changes in
conditions of reinforcement.

Although the data confirm the role of transpor
tational stimuli in spontaneous recovery as proposed
by Skinner (1950) and implied by Burstein (1967),
the manner in which such stimuli control responding
within the apparatus is not obvious. The positions
of Skinner and Burstein assume that the potential
for transportational stimuli to exert control over
responding is limited to a brief period of time at
the beginning of a session. In our experiment, how
ever, manipulation of transportational stimuli for
Group C1T2 produced effects that persisted through
out the initial 42 min of the first session of extinc
tion and the first 24 min of the second session.
In addition, elevated responding by subjects in
Group C2T2 relative to Group C2Tl was evident
during the first 30 min of Session 6, in which Context 1
and Transportation 1 were reinstated. The transient
changes in stimulation accompanying transportation
resulted in relatively durable changes in leverpressing.
This seems difficult to reconcile with contiguity posi
tions that make the beginning of a session unique

because transportational stimuli are temporally
paired with reinforced responses.

The large increment in responding observed during
Session 6 of extinction by subjects in Group C2T2
was particularly surprising. A comparison of these
data with those obtained for Group C1Tl during
Session 2 of extinction (see Figures 2 and 3) indicates
that differentiation of acquisition and extinction by
changes in contextual and transportational stimuli
serves to "protect" the response-reinforcer associa
tion accrued during acquisition from the tendencies
not to respond acquired during extinction. Overall
leverpressing was reduced to a near-zero level
throughout at least four sessions of extinction
(Sessions 2-5) prior to reinstatement of Context 1
and Transportation 1 for subjects in Group C2T2.
Still, subjects in this group responded at an equivalent
or higher level during Session 6 than subjects in
Group CITl during Session 2 (i.e., following 1 h
of extinction in Context 1 and Transportation 1).
Similar data have been reported elsewhere (Azrin &
Holtz, 1966), but we are aware of no other experi
ment that so unambiguously demonstrates dissocia
tion of the behavioral effects of acquisition and
extinction of a single response.

The present experiment relieves spontaneous
recovery of its spontaneity, an impetus for the initial
suppositions of inhibitory mechanisms in extinction
(Hull, 1943; Pavlov, 1927). Empirical ascription of
such spontaneity to control acquired by transpor
tational and contextual stimuli over instrumental
responding is consistent with a variety of non
inhibitory interpretations (Burstein, 1967; Estes,
1955; Skinner, 1950; Spear, 1971). Specification of
the manner in which contextual and transportational
stimuli acquire control over responding remains as an
interesting question. It would be premature to
attempt assessment of the relative support for
memorial (Spear, 1971) vs. conditioning (Estes, 1955)
interpretations of our data, but they do confirm the
importance of stimulus similarity in acquisition and
extinction as a determinant of resistance to extinc
tion and spontaneous recovery. In addition, the data
establish the importance of including stimuli outside
as well as inside the experimental apparatus in the
total population of conditionable stimulus elements.
The implications of the latter are obvious for models
of conditioning and memory which emphasize the
role of compounds or populations of stimuli in the
control of behavior.
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