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Pavlovian conditioning to contexts that precede
the place where shock occurs as measured by

freezing and activity suppression in mice

LYNN J. HAMMOND
Temple University, Philadelphia, Pennsylvania

Three experiments were conducted to demonstrate that the place where an organism has been, be
fore the organism is moved to a place with aversive consequences, can also become aversive through
classical conditioning. In Experiment 1, two groups of 8 mice were exposed to three different contexts
in succession, with a single shock occurring in the third context. The distal context was a putative 3-min
conditioned stimulus (CS) for freezing; the second context was a delay manipulation; and the uncon
ditioned stimulus (US) occurred in the proximal context, The group delayed for 15 sec showed signif
icantly more freezing to the distal CS context than did the group delayed for 3 h. In a second experi
ment, conditioning to the distal context was demonstrated with a discrimination procedure for 8 more
mice by using two different distal contexts as CS+ and CS- for the proximal context with shock. On
CS+ days, 3 min of exposure to the distal context was followed within 5 sec by placement in the prox
imal box where shock occurred, whereas on CS- days, exposure to a second distal context was fol
lowed immediately by return to the home cage, Verystrong differences in freezing between the CS+ and
CS- distal contexts were found in aU8 mice after 14 days of conditioning. In a third experiment, the
discriminative procedure was repeated for 9 more mice, with two changes. More objective stabilometer
type activity measures were substituted for observed freezing, and, in addition to the CS+ and CS - dis
tal context trials, each mouse was also exposed to a third discriminative distal context, which was fol
lowed by 15 min in a delay chamber followed by shock in the proximal context. This discrimination
procedure with the activity suppression measure again resulted in significant differences between the
contexts. The CS+ context and the context followed by a 15-min delay did not differ, but both of them
differed from the CS- context.

Under natural or experimental conditions wherein Pav
lovian conditioning can occur, the organism is typically in
different contexts before it is in the context in which the
unconditioned stimulus (US) occurs. It is possible that the
contextual cues ofthe antecedent place or places could be
come associated with the US. Because organisms typi
cally move through complex environments, such possible
conditioning to the antecedent contexts could play an im
portant role in the elicitation and release of relevant be
haviors. The literature on spatial learning, such as that on
maze running with rats, contains numerous examples of
how behavior is controlled by contextual cues distal from
reinforcers at the goal; and this stimulus control could be
operant, Pavlovian, or some combination ofboth.

This paper is concerned with the possibility that some
Pavlovian conditioning can occur to antecedent contexts.
In discrete stimulus conditioning, it has been repeatedly
demonstrated (see, e.g., Kehoe, 1982) that conditioning to
the more distal of serially presented conditioned stimuli
(CSs) can take place. Also, it is well established that con-
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textual stimuli can readily be classically conditioned (see,
e.g., Balsam & Tomie, 1985), and the context condition
ing literature contains findings that are similar to, but not
the same as, what is referred to here as antecedent contex
tual conditioning. Marlin (1983) has reported that pairing
a putative discrete CS with an aversive context produced
Pavlovian conditioning (based on second-order condition
ing); in addition, Helmstetter and Fanselow (1989) found
that pairing a new context with an aversive CS also pro
duced second-order conditioning. Given these findings, it
would not be surprising to discover that a neutral context
could become classically conditioned when quickly fol
lowed by USs occurring in a different context (antecedent
contextual conditioning). Another relevant finding that
appears to involve antecedent contextual conditioning but
in fact does not comes from studies incorporating long
delay contextual conditioning procedures. For example,
Williams, Frame, and LoLordo (1992) found that contex
tual stimuli become aversive even when the shock US is
not presented until 20 min into the session, thus creating a
20-min delay between the onset ofthe contextual stimulus
complex and the US. As conceptualized here, this would
not be an instance of antecedent contextual conditioning,
because the putative CS is actually present when the US
occurs. This paper focuses on a procedure whereby the pu
tative contextual CS precedes the US but is not present when
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the US occurs-a trace or serial procedure. This proce
dure does not appear to have been investigated previously.

For many, a successful demonstration ofantecedent con
textual conditioning would raise the issue ofhow such con
ditioning takes place. In the discrete CS literature on ser
ial conditioning, it has been shown that the mechanisms
mediating such distally occurring discrete CS condition
ing are quite complicated and that there are several ways
in which such distal CSs can gain associative strength. First,
trace conditioning can take place between the distal CS
and the US, which would be independent of the proximal
CS in the CS series. Second, conditioning to the distal CS
can be dependent on second-order conditioning to the prox
imal CS as a US. Third, conditioning can be based on an
interaction between the distal and proximal CSs that is not
based on trace or second-order conditioning or on stimulus
generalization. Rescorla (1982) has shown that such a gap
filling effect of an intervening CS in serial conditioning
does not have to be based on second-order conditioning.

However, in contextual serial CS paradigms such exper
iments cannot be designed as easily, because the procedure
ofcontextual trace conditioning without a gap-filling con
text cannot be directly produced as it can with the discrete
CSs. (Removal of one set of contextual stimuli requires
placing the animal into a completely new set ofcontextual
stimuli-a set that was not there previously.) Because of
these complexities, investigation into the mechanism ofan
tecedent contextual conditioning has been deferred to later
studies. The purpose of this study was to conclusively
demonstrate conditioning to contextual, distal CSs while
controlling for such confounding effects as stimulus gen
eralization between distal and proximal contexts and
pseudoconditioning. Any or all of the three mechanisms
discussed above could produce conditioning to the distal
situation in this kind of contextual conditioning. In this
study, we used mice and measured freezing behavior or
the suppression of fine motor behavior in response to the
conditioned contextual cues.

EXPERIMENT 1

An important characteristic of antecedent contextual
conditioning, as defined above, would be that the putative
CS be a different place from that in which the US occurs.
In naturalistic settings, contexts change gradually as the
organism locomotes through its environment, and what
constitutes an individual place is somewhat open to judg
ment. Therefore, it was important that the distal contex
tual did not overlap the proximal context. One way to en
sure this was to place the mouse in a third context in
between the proximal and the distal CSs. This would con
stitute either a trace or a serial contextual conditioning
procedure. In order to minimize the length of this trace or
gap between the distal and the proximal contexts, the mice
were mechanically lowered quickly through a stack of
three chambers. This procedure ensured that the distal and
proximal contexts were never in the mouse's view at the
same time, yet the trace could be minimal. Pilot work with
this three-chamber arrangement suggested that substantial

freezing to the distal context could be observed even with
trace intervals of more than a few seconds.

Consequently, antecedent contextual conditioning was
examined in a simple two-group experiment in which the
proximal CS did not occur immediately after the distal
CS. The experiment controlled for possible aversive con
sequences of lowering the mice from one chamber to an
other. The two groups differed in the length of time spent
in a delay chamber, and thus also differed in the temporal
interval between the distal CS and the proximal CS. The
delay context treatment was divided into an early delay
and a late delay period, with a fourth chamber added for
the early delay period. Both groups were lowered into the
early delay chamber and then, either immediately (IS-sec
group) or after 3 h (3-h group), they were placed by hand
into the late delay chamber and lowered into the proximal
CS chamber where the US occurred.

Method
Subjects. Sixteen female, Swiss-Webster outbred mice, approx

imately 6 months old, were obtained from a stock bred at Temple
University and divided equally into a 15-sec delay and a 3-h delay
group. The mice were housed in rectangular stainless steel home
cages (24 x 12 x 12 ern) with a wire mesh top and sawdust on the
floor of the cage (4 mice/cage).

Apparatus. In addition to the home cage, four other distinct ex
perimental contexts or chambers were used. The distal CS chamber
was a 20 X 15 x 16 em wooden box with a clear plastic removable
top and a floor composed of two equal-sized, smooth metal rectan
gles, which divided the floor exactly in half, with the separation in
the long dimension of the box. All wood and metal interior surfaces
were painted with glossy white enamel. The two parts of the floor
were hinged so that the mice could be lowered. A small mirror was
mounted above the clear plastic top so that the mice could be ob
served. The proximal CS chamber contained twenty 2-mm stainless
steel shock grids and measured 23 X 20.5 X 19 em. The front and
back were clear plastic, and the two sides were unpainted metal. The
grids in the proximal CS chamber received scrambled current from
a Grason-Stadler shock generator, Model 700. The early delay
chamber consisted of a number of light gray plastic, open-topped
commercial housing cages 30 X 30 X 10 em in size, which had ap
proximately 3 em of sawdust on the floor. Two wooden rails were
placed on top ofthis early delay chamber to hold the distal CS cham
ber and allow its hinged floor halves to swing down. The rails and
the; hinged floor of the distal CS chamber formed the ceiling of the
early delay chamber, and a string and pulley system allowed the ex
perimenter to gently lower the mouse from the distal CS chamber to
the early delay chamber by releasing the hinged floor ofthe distal CS
chamber. The distal CS chamber and the rails could be quickly lifted
off the early delay chamber and replaced by a commercial stainless
bar top. In this way, many mice could be stored in these early delay
chambers while the next mouse received the beginning of a trial. The
late delay chamber, 20.5 X 17 X 15 em in size, had a hinged floor
similar to that ofthe distal CS chamber, and the top, sides, and floor
surfaces were covered with fine (No. 600) dark gray sandpaper. When
confined in the late delay chamber, the mouse could not see out of
the chamber except through the cracks in the drop floors. The late
delay chamber was attached to the top of the proximal CS chamber,
and the mouse could be loweredinto the proximal CS chamber through
the hinged floor in a manner similar to that in which transfer occurred
from the distal CS chamber to the early delay chamber. White noise
ofapproximately 85 dB was always produced by a speaker I m above
the experimental chambers throughout the experimental sessions.

Procedure. During the Ist week, the mice were given a 15-sec
handling pretreatment on 4 separate days to tame them and reduce
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the likelihood of freezing from handling alone. Subsequently, on each
day of regular experimental treatment, the home cages of the mice
were placed on a cart and wheeled from the colony to the laboratory
on the floor below. The cart with all the mice in the experiment was
placed in an anteroom to the laboratory room. For all mice, a trial in
volved removing the mouse by hand from its shared home cage and
carrying it the four or five steps to the apparatus in the adjoining
room.

The mouse was placed in the distal CS chamber, and the lid was
replaced. The mouse remained in the distal CS chamber for 3 min,
at the end of which it was gently lowered into the early delay cham
ber and the distal CS chamber and the rails were removed. For the
3-h delay group, the lid was attached to the early delay chamber and
it was set aside for 3 h. Afterward the mouse was taken from the
early delay chamber and placed (by hand) into the late delay cham
ber. The mice in the 15-sec delay group were immediately lifted out
of the early delay chamber after being lowered into it and then placed
by hand into the late delay chamber. Once each mouse in both
groups was in the late delay chamber, it remained there for 10 sec
and was then lowered into the proximal CS chamber. There it re
ceived a 2-sec, 1.6-ma shock 3 sec after entry into the proximal CS
chamber. Each mouse always remained in the proximal CS chamber
for I min before it was returned to the home cage.

For the 15-sec delay group, the time from leaving the distal CS
chamber until entering the proximal CS chamber was approximately
15 sec. For the 3-h delay group, this period was approximately 3 h.
There were 2 conditioning days, with one trial per day, and a 3rd ex
tinction test day during which the mice were placed one at a time into
the distal CS chamber and their freezing in that chamber was scored
for 3 min. Freezing was measured according to the standard time
sampling technique (see, e.g., Fanselow, 1990). In this case, behav
ior was sampled once every 5 sec during the stated observation pe
riods, and the mouse was scored as freezing or not freezing in each
instance. The observation was made at exactly the 5-sec mark. If the
mouse remained motionless (except for breathing movements) for
approximately I sec, it met the freezing criterion. If any movement
other than breathing occurred during that I sec, it was scored as non
freezing.

To summarize-all mice were exposed to all four of the experi
mental contexts in the same sequence (distal CS, early delay, late
delay, and proximal CS). Each mouse received the same amount of
handling and lowering from one chamber to the next, including the
home cage. Only the length oftime that they spent in the early delay
box varied.

Results
The total amount of freezing differed between the two

groups throughout the 3-min test period. The IS-sec delay
group mice froze a mean of52% ofthe time, whereas the
3-h delay group mice froze a mean of 17% of the time.
Almost all the freezing in the long delay group occurred in
the 1st min. This pattern of freezing is shown in Figure 1.
A two-way analysis of variance (ANOVA) with one re
peated factor (minutes) was conducted for this pattern: both
the groups and the minutes factors were significant, but the
interaction was not [F(I,14) = 14.21, P < .01; F(2,24) =
15.6,p < .01, respectively].

Discussion
Because the two groups were treated in an almost iden

tical fashion, except for the amount of time spent in the
early delay chamber, the large difference in freezing be
tween them must have been produced by the delay factor
and not some other effect, such as the possible aversive
consequences of falling, or generalization based on some

Min of session
Figure I. Mean percent freezing for the two groups of Experi

ment I, plotted for the 3-min test period as 3 separate minutes.

common cue between distal and proximal chambers for
one group, but not the other. The difference in freezing
must be a Pavlovian conditioned response based on the
temporal relation between the distal CS chamber and the
proximal CS chamber or its shock. Thus, it can be con
cluded that one context can be reinforced by the events oc
curring in a substantially different context. It can also be
seen that at least two separate contexts and 15 sec of time
can intervene between the distal and the proximal CS con
text, yet conditioning can still occur to the distal CS. Fi
nally, note that the 3-h delay group did show rather no
ticeable freezing (40%) during the 1st min ofthe distal CS
test period (even though it was only about one half as
much freezing as in the short delay group).

EXPERIMENT 2

The results of Experiment 1 indicate that a fairly brief
interval between one context and a second context in
which a US occurs will produce substantial conditioning
to the first context. But it was also found that some no
ticeable amounts of freezing occurred even when the in
terval was quite long. The latter effect could be due to sub
stantial generalization from the shock chamber to the test
chamber. Ifsuch generalization is the result ofsome com
mon cues between the distal and proximal chambers, and
if these cues are common to most ofour laboratory cham
bers (in spite of the cue differences we observe), then the
use of a discrimination procedure for the distal CS stage
could substantially reduce this generalization by extin
guishing the common cue elements each time a partially
different, distal CS- chamber was not followed by shock
during the unreinforced discrimination trials.

In Experiment 2, such a discrimination was examined.
In addition to reducing generalization from proximal to
distal CSs, differential conditioning could also reduce
generalization based on other common cues, such as han
dling when animals were placed in the distal and proximal
CS contexts. Therefore, in this experiment, a more typical
procedure ofanimal handling was used. It did not include
lowering the mouse, for the reason given above and be
cause Experiment 1 demonstrated that conditioning would
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there were seven CS+ trials and seven CS- trials. Freezing was
scored in the same manner as before each time a mouse was in ei
ther a CS+ or a CS- distal chamber on every trial.

Trials

Figure 2. Mean discriminative freezing for the half of the sub
jects in Experiment 2 which had the round context as CS+ and
the other half which had the square context as CS+.
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Results and Discussion
Figure 2 shows mean freezing data for the 4 mice that

received the square chamber as CS+ and round one as
CS- and means for the 4 mice that received the opposite
stimuli for CS+ and CS- across successive distal stimu
lus exposures. Data from the first trial (a CS+ one for all
mice) reflect the initial effects ofthe chamber itself, not its
association with shock, since shock had not yet occurred.
For the 4 mice in the square chamber, no freezing was ob
served (as is typically found for most chambers in our
laboratory in other studies where no-shock control mice
have been used). But for the round chamber there was a
substantial amount of freezing (14%) on the pretest trial.
Figure 2 also reveals that with both counterbalanced sets
of contexts, very substantial discriminative conditioning
was present by the end of the conditioning procedure.
However, as can readily be seen, this discrimination was
much more rapid for the mice receiving the round cham
ber as a CS+, than for the counterbalanced mice with the
round chamber as CS-. Perhaps the round chamber was
somewhat aversive even before shock occurred because
some residual pheromone remained in the fabric from
mice for whom this chamber had been a CS+ 24 h earlier
and this accounted for the slower acquisition of the dis
crimination in the mice with the square as CS+.

Nevertheless, all mice eventually developed very sub
stantial discriminations, no matter what chamber served
as CS+ or CS-. The discriminations, as reflected in the
test scores on the last 2 days for individual mice, are shown
in Figure 3, and the overall difference between CS+ and
CS- was significant (Wilcoxon T = 0, n = 8, P < .01).

The apparent aversiveness of the round chamber intro
duced a conservative bias for the demonstration of a dis
crimination when that fearful stimulus served as the CS
for half of the mice in this experiment. The fact that not
being shocked following exposure to this chamber even-

occur even with substantial intervening events, including
handling, occurring between the distal and proximal con
texts. The discriminative conditioning was conducted
with two different distal contexts as CSs: one that pre
ceded the proximal CS and shock by seconds (CS+) and
one that preceded it by a day (CS-).

Method
SUbjects. Eight naive mice from the same source as above were

used as subjects, and they were housed and maintained in the same
fashion as in the previous experiment.

Apparatus. In addition to the distal and proximal CS chambers
from the previous experiments, a third, distal CS chamber was used
that consisted of a round, black, soft-textured chamber, 20 em in di
ameter, 20 cm high, with the same size of floor area as that of the
square, white, distal CS chamber. This round, black chamber had
heavy black felt fabric on the interior walls; the floor was black terry
cloth; and the ceiling was a flat board painted black, with a small 4
W bulb attached to the center of the ceiling. A small 8 X 8 ern one
way mirror was set into the side of the cylindrical chamber, so that
when the room was darkened, the experimenter could see the mouse,
but the mouse could not see the experimenter. As a further set ofdis
criminative cues, for the square, smooth, white distal box, both the
mouse and the experimenter could see each other through the mir
ror above the chamber ceiling as before, and the mouse could see
into the room; but none of those "extra apparatus" cues were avail
able when the mouse was in the round chamber. In these ways, the
two distal CS chambers were constructed to be as different as possi
ble. All three chambers were placed side by side on a table with the
proximal box exactly halfway between the two distal chambers.

Procedure. This single group of mice was pretreated and trans
ported in the same manner as in the previous experiment. The daily
procedures alternated between a CS+ trial on one day and a CS
trial on the next. On the CS+ trials (odd-numbered days) each mouse
was taken by hand into the experimental room and placed in the ap
propriate distal CS chamber. At the end of3 min, the mouse was re
moved from the top ofthe distal chamber and quickly placed by hand
through the front door into the proximal chamber. The experimenter
then quickly crossed the room and changed the room lights tfrom
dark to light if the mouse had been in the round chamber, from light
to dark if the mouse had been in the square chamber), and a 2-sec,
1.6-mA shock was delivered I sec later. The light change was done
to reduce the possibility that the lighted or darkened condition ofthe
room could serve as a common cue for generalization between the
distal chamber and the proximal chamber on CS+ trials. The chang
ing of the lights meant that the lighting conditions during the distal
box portion ofthe CS+ trial would be the opposite cue from that pre
sent during shock. Thus ifthe lighting change functioned as a cue for
shock, its opposite condition would be present during the measure
ment of freezing in the CS+ distal chambers but not the CS- distal
chambers (i.e., there was conservative biasing against the desired ex
perimental outcome). The entire procedure from removal from the
distal CS chamber to shock onset in the proximal chamber took ap
proximately 5 sec. The mouse remained in the proximal chamber for
I min and then was removed and returned to a holding cage in the
adjoining room. Four mice received the round distal chamber as a
CS+, and the other 4 received the square distal chamber as the CS+.

On even-numbered or CS- days, the procedure of placement in
the distal chamber was repeated but the opposite chamber was used,
so that a mouse that had the round chamber on CS+ days would have
the square one for CS- days, and so forth. Also, when the animal
was removed from the distal CS chamber at the end of 3 min, it was
taken directly out ofthe experimental room to the holding cage in the
adjoining room. Four mice received the round distal chamber as a
CS- in the darkened room, and the other 4 mice received the square
distal chamber as the CS- in the lighted room. The differential con
ditioning procedure was repeated for 14 consecutive days, so that
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Figure 3. The final discrimination for each of the 8 mice in Experiment 2. Each CS+

trial is from Day 13 and each CS - trial is from Day 14.

tually overcame the initial aversiveness of that chamber
argues strongly for the interpretation that it was the very
short delay between the distal CS+ chamber and the prox
imal CS/US chamber that led to the development of a
dominating amount offreezing, whereas the very long delay
between the distal CS - chamber and the proximal CS
chamber with shock eventually led to very little freezing.

EXPERIMENT 3

As previously stated, the purpose of this study was to
explore the possibility that respondent behavior can play
a role in determining how an organism interacts with its
spatial environment. Such an influence ofPavlovian con
ditioning could follow from the conditioning ofcontextual
stimuli that precede those where the US occurs, and such
conditioning was demonstrated in Experiments 1 and 2.
How important a role this conditioning would play in typ
ical spatial situations would also depend on the temporal
gradient between the distal and proximal contexts in such
antecedent contextual conditioning. With longer intervals
between them, less and less conditioning should occur,
until an interval is reached which produces no condition
ing at all. In Experiment 1, a 15-sec delay between the dis
tal and proximal serial CSs produced substantial condi
tioning to the distal stimulus.

The purpose ofExperiment 3 was to investigate a longer
delay of 15 min. Given the strong antecedent contextual
conditioning seen with the discrimination procedure, this
discriminative approach was extended to investigation of
a much longer delay. The mice in this experiment were ex
posed to a three-stimulus discrimination, in which three
different distal contexts were used for each mouse. Each
day the mouse was exposed to one of these three contexts
and then placed in the proximal CS chamber immediately
and shocked (CS+ condition), or placed in a delay cham
ber for 15 min before it was placed in the proximal CS box
and shocked (CS delay + condition), or returned to its home
cage until the next day (CS- condition). Every 3 days each
mouse was exposed to all three of these conditions.

Another goal of Experiment 3 was to use a nonobser
vational conditioning measure. The freezing data of the
first two experiments were based entirely on the observa
tions of a single experimenter (in part because the nature
ofthe contextual stimuli in Experiment 2 precluded video
recording ofthe sessions). In order to increase the objec
tivity of these observations, an automatically recorded,
fine-motor activity measure was substituted for the freez
ing measure. Whenever freezing takes place in a chamber,
activity should be loweredoverall.Bouton and Bolles (1980)
found a strong correlation between freezing and condi
tioned suppression of operant behavior in rats. They also
demonstrated suppression of untrained activity overall in
rats in their third experiment, and a similar procedure with
rats was used by Kraemer, Randall, and Carbary (1991).
Finally, Kameyame and Nagasaka (1982) have used ac
tivity measures to index conditioned suppression in mice
that had not received any operant training. This context
shock-produced suppression ofunleamed behavior in mice
was used as the measure ofconditioning in the experiment
below. Ifthe mice were to develop low levels ofactivity in
the CS+ context, intermediate levels in the CS delay+ con
text, and high levels of activity in the CS - context, then
differential conditioning to the three different distal CSs
would be demonstrated.

Method
Subjects. Nine naive mice from the same source as above were

used as subjects, and they were housed and maintained in the same
fashion as in the previous experiments. There were six combinations
ofthe three physical contexts and the three types ofUS consequence
(+, -, and delay). Two mice were assigned to each of three combi
nations, and one mouse to each ofthe remaining three.

Apparatus. The proximal CS shock chamber, the square, white,
smooth chamber, and the round, black, fabric-lined distal CS cham
bers from Experiment 2 were used in the same fashion in this ex
periment. A third distal CS chamber was added, which was of inter
mediate brightness (tan cardboard), rectangular in shape (31 x 9 x
16 em), with a floor made of metal window screening resting di
rectly on a piece of plywood. Each chamber had a removable top of
clear plastic. In addition, the walls ofeach of the three distal cham
bers did not rest directly on the floor material (metal, fabric, or screen)
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GENERAL DISCUSSION

Discrimination Cycles

Figure 4. Mean activity levels for aU mice for successive cycles
of the three-stimulus discrimination in Experiment 3, beginning
with the second cycle.
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plotted as means for the last five discrimination cycles for
each mouse in Figure 5.

The mechanical activity measure is totally objective,
and the fact that all 9 mice showed greater activity to CS
than to CS+ confirms the findings based on observations
of freezing from the preceding experiments that distal
contextual CSs can become conditioned to shock occur
ring in the proximal contextual CS. Second, the fact that
all 9 mice also showed more activity to the CS- than to
the CS delay+ demonstrates that this type of antecedent
contextual conditioning to the distal CS can occur with a
temporal delay ofas long as 15 min between the distal and
proximal CS. The fact that the difference between the CS+
and the CS delay+ was not significant detracts in no way
from these conclusions; in fact, it suppports the argument
that no measurable conditioning was lost through the in
troduction ofa IS-min delay between the distal and prox
imal CS.

but were raised several millimeters so that the walls and ceiling
floated over the floor and the wooden platform on which the floor
material was resting. This was done because the wooden platform was
mounted on springs and measured activity levels through the use of
a magnet mounted beneath the center of the platform. The magnet
moved inside a stationary coil, which in turn generated a current that
was fed into a Lafayette Instruments animal activity monitoring de
vice, Model 860 IO. Movement ofthe sprung platform generated relay
closures in the monitoring device, which were then recorded on me
chanical counters. The walls and ceiling were mounted just above
the platform in each chamber, because their weights affected the
sensitivity of the platform movement. Finally, the CS delay+ condi
tion utilized a fifth type ofchamber for the delay period (between the
distal CS delay+ chamber and the proximal CS chamber), which
consisted of a wooden box with a metal floor (20 X 17 X 16 ern)
covered with a very rough textured paint that created a "salt and pep
per" pattern oftwo shades ofgray. In this experiment, the room lights
were always on during all the procedures.

Procedure. Each mouse was exposed to the same handling pre
treatments as in the previous experiments, and then they were given
discrimination training which consisted of a single trial each day in
which they were placed by hand into one of the distal chambers for
3 min and then removed by hand. On CS+ trial days, they were imme
diately placed into the proximal chamber, where they received a sin
gle 1.6-ma, 2.0-sec shock within 5 sec ofplacement. They remained
in the proximal CS chamber for I min and were then placed into a
holding cage (plastic waste basket with sawdust on the bottom) until
all 4 cagemates had been run, and then all 4 were placed in their
home cages. On CS - trial days, they were placed immediately into
the holding cage and then their home cage. On CS delay+ trial days,
they were placed into the delay chamber for 15 min and then placed
into the proximal CS chamber and given the same treatment as on
the CS+ trial. All placements were done by hand in this experiment.

Each type ofdistal CS chamber (square, round, rectangular) served
as CS+, CS-, and CS delay for 3 mice. That is, counterbalancing
ensured that differences in CS effectiveness would not confound the
effects of trial consequence. Every 3 days, each mouse received I
day ofeach type oftrial treatment, but the sequence ofkind oftreat
ment did not repeat in a regular fashion. This period where all condi
tions are each presented once is sometimes called a discrimination
cycle. There were 39 days of discrimination treatment or 13 discrim
ination cycles. The activity measures taken in the distal CS chambers
consisted of the total number of relay closures that occurred during
the 3-min CS. These numbers ranged from 0 to over 1,000.

Results and Discussion
Discrimination cycles are shown in Figure 4. (The first

cycle is omitted, since for some subjects the stimulus pre
sentation was a pretest but for other presentations shock
had already occurred.) As can be seen, discrimination de
veloped slowly and emerged by the sixth discrimination
cycle. From the sixth cycle on, the least activity was seen
to CS+ and the most to CS-, with an intermediate level
of activity to the delayed CS. The mean number of activ
ity counts for all 9 subjects over the last five discrimina
tion cycles was 200 for CS+, 325 for CS delay+, and 494
for the CS-. The mean difference between CS+ and CS
trials was found to be significant using a Wilcoxon,
matched pairs, signed ranks test (T = 0, n = 9, P < .01),
and between CS delay+ and CS- trials (T = 0, n = 9,p <
.01). The difference between CS+ and CS delay+ ap
proached but did not reach significance (T = 7, n = 9,p>
.05), as a T $ 6 was required for a two-tailed test. These
mean discriminative differences were quite representative
of the discriminations of individual subjects, which are

In discrete stimulus conditioning, the interval between
the onset ofthe CS and the onset of the US (the interstim
ulus interval, lSI) is extremely important in determining
the presence and amount ofconditioning. Also, even very
small gaps between the offset of the CS and the onset of
the US can markedly attenuate conditioning (trace condi
tioning; see, e.g., Kamin, 1965). But in many recent in
vestigations of contextual or situational conditioning, a
number of USs have been presented during each context
exposure. The effectiveness of these context procedures
could suggest that lSI and trace variables are less descrip
tive, and that the number of times when there is contigu
ity between the presence ofthe CS and the US might be the
more descriptive variable accounting for contextual
conditioning. This would increase the distinction between
contextual and discrete stimulus conditioning and in that
way might also be at least a partial basis for the vague no
tion of "place conditioning" (see, e.g., Nadel & Willner,
1980).
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stimulus discrimination in Experiment 3.

In contrast to that argument, the paradigm introduced in
this paper, antecedent contextual conditioning, manipu
lates contextual CSs and the US in a manner more similar
to discrete stimulus trace or serial conditioning. The suc
cessful demonstrations ofsuch contextual conditioning re
ported here further support the general argument that there
is nothing unusual about contextual conditioning with re
gard to the lSI and trace variables. But perhaps of much
more importance, the paradigm can be used to further ex
plore the similarities and differences; ifany, between con
textual and discrete stimulus conditioning.

Future research in this area should also address the issue
of what mechanisms underlie conditioning to the distal
CS, since the present study does not provide information
about these possible mechanisms. As noted before, three
explanations and procedures for their evaluation have
been reported in the fairly recent discrete CS literature,
but complex problems arise when similar analyses and
procedures are conceptualized for purely contextual con
ditioning. To tum to the first explanation, the proximal CS
may be unnecessary and the conditioning to the distal CS
may be produced by its trace relation to the US. In the rel
evant discrete CS literature, this has been evaluated through
comparison with a condition or group for which the prox
imal CS has been omitted. Frequently, it has been shown
that presenting a proximal CS during the trace interval
produces a sizable and significant increase in condition
ing to the distal CS (see, e.g., Rescorla, 1982). Although
it is possible to present no discrete CS for some period of
time, it is not possible to have the absence of any contex
tual CS for some period of time, because the organism is
always exposed to some set of contextual stimuli. In that
sense, simple trace conditioning procedures cannot be im
plemented with strictly contextual conditioning para
digms. The comparison between conditioning in which no
CS intervenes between the distal CS and the occurrence
of the US and the condition in which such a putative gap
filling CS is present has been critical to the current analy
sis ofthe mechanisms ofdistal CS conditioning. Ifno dif
ference is found in this comparison, one can argue that the
proximal CS has no effect and conditioning is ofthe sim
ple trace variety. Ifa difference is found, this sets the stage

for analysis ofthe other two mechanisms described below,
second-order conditioning or a "catalytic" gap-filling ef
fect. In other words, this comparison has been necessary
for analysis ofeach of the three possible mechanisms ad
vanced in the discrete CS literature. Therefore, it will be
necessary to develop a new method ofanalysis in order to
answer the question ofwhether the conditioning observed
to the distal contextual CSs is produced by simple trace
conditioning or is the result of some interaction with one
or more proximal CSs.

As just mentioned, the second explanation of distal CS
conditioning is based on second-order conditioning. The
proximal CS becomes conditioned, and then it functions as
a second-order US to condition the distal CS with which it
is always contiguous. Rescorla (1982) found conditioning
to discrete, distal CSs that was not produced by second
order conditioning. This conclusion was again based on
comparisons with a condition in which there was no gap
filling stimulus (i.e., trace conditioning). As previously
noted, such a comparison cannot be made with contextual
gap-filling stimuli. It might be thought that one could sim
ply extinguish the proximal contextual CS after antecedent
contextual conditioning has taken place in order to demon
strate whether or not second-order conditioning is playing
a role (Rescorla, 1982, Experiment 3). But if this results in
no effect, as it did in Rescorla's case, one does not know
whether that null outcome is the result ofa lack of second
order conditioning or was produced by mediation of the
second-order conditioning by a stimulus-response mecha
nism. Consequently, in order to rule out second-order con
ditioning, Rescorla (1982, Experiment 4) returned to the
comparison procedure between gap-filling proximal stim
ulus and no gap-filling proximal stimulus in order to draw
conclusions about the role of second-order conditioning in
producing conditioning to the distal CS.

Negative findings in the discrete CS literature for the
two explanations above (trace and second-order condi
tioning) have led by default to the third kind of explana
tion, which is less an explanation than a demonstration that
there is an interaction between the two CSs that is not based
on second-order conditioning. Thus, once again, as with the
first two explanations, this third one has also been depen-
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dent on the critical comparison between proximal CS and
no proximal CS conditions which cannot be made for con
textual CSs. In the present discussion, it is not intended to
argue that the mechanism of distal context conditioning
cannot be analyzed, only that it will require new methods.

A practical consequence of the successful demonstra
tion of sizable conditioning to an antecedent context is
that investigators ofPavlovian conditioning should now be
more attuned to the possible confounds that could arise in
their experiments from the conditioning ofcues that occur
before the session as defined by them. Cues such as room
characteristics, experimenter characteristics, or the nature
and kind of handling that may often be taken for granted
could become Pavlovian discriminative cues for what is to
follow in that particular session.

Another implication, of a more general theoretical na
ture, is that researchers interested in how the organism
learns about its spatial environment can now be a little
more likely to entertain a possible role for Pavlovian con
ditioning mechanisms in such spatial learning. Given the
demonstrations here, it would appear that the organism is
capable of acquiring Pavlovian conditioned incentive
properties to serial sequences ofspatial contexts as it moves
through its environment. This is, ofcourse, a very old idea
the cornerstone of incentive motivation theory (see, e.g.,
Bindra, 1974; Mowrer, 1960). Perhaps this particular set
of procedures could be used in the service of current in
vestigations of incentive motivation theory.
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