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One-trial aversive conditioning to contextual cues:
Effects of time of shock presentation on
freezing during conditioning and testing
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The present experiment examined the course of contextual freezing as a response to the deliv ­
ery of a single electric footshock, In three groups of rats, the time of shock presentation was ma­
nipulated while the total amount of time spent in the shock context was equated among groups,
One group received the shock early in the session, a second group was shocked in the middle
of the session, and a third group received the shock at the end of the session. An additional con­
trol group was included that did not receive a shock. Relative to the early-shock group, the other
two shock groups demonstrated a retarded onset of freezing after the shock delivery, During a
subsequent nonshock test session, the pattern of freezing in the shock groups was indicative of
one-trial temporal conditioning as a result of the previous conditioning session, Taken together,
the results suggest that, within the range of the present parameters, manipulations of the time
of a single shock presentation result in differences in freezing to contextual cues that are depen­
dent on the presence of temporal cues .

Under most conditions , a rat starts to freeze a few sec­
onds after having received a single electric footshock in
a distinctive environment. Previous research demonstrated
that this freezing reflects a conditioned response to the
contextual stimuli that have become associated with shock.
For instance, the rat does not freeze when, after shock,
it is placed in a distinctively different context (e.g., Fan­
selow, 1990), and freezing is reinstated when the con­
textual cues that were present during conditioning are re­
presented (e.g., Fanselow, 1982, 1984).

The incidence of contextual freezing after a single foot­
shock has been demonstated to depend on the amount of
experience the animal has had with respect to the train­
ing context. The time spent in the context, both before
and after the footshock, is important in determining con­
textual fear. A relatively short time interval (e.g . a few
seconds) between placement in the shock context and the
occurrence of shock impairs the acquisition of conditioned
responding (an effect termed the immediate shock freez­
ing deficit; e.g. , Fanselow, 1986). Such an impairment
also occurs if the time between placement and shock is
relatively long (e.g., more than a few hours ; see Balaz,
Capra, Kasprow, & Miller, 1982; Blanchard, Dielman,
& Blanchard, 1968a; Fanselow, 1989). Finally, if an an­
imal spends a long time in the conditioning context after
the shock delivery, the freezing response eventually ex-
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tinguishes (e.g., Blanchard, Dielman, & Blanchard,
1968b).

The purpose of the present experiment was to further
examine the involvement of temporal aspects in condi­
tioned contextual responding after a single footshock. Spe­
cifically, three groups of rats received a single shock at
various times after placement in a context, while the to­
tal amount of time spent in the shock context was equated
among groups (cf. Fanselow, 1990), Thus, one group
received the shock at the beginning of the conditioning
session, a second group was shocked in the middle of the
session , and a third group received the shock at the end
of the session , Finally, a control group was included that
did not receive a shock but merely spent the same amount
of time in the conditioning box as the other three groups .
After the conditioning session, a test session was con­
ducted in which the animals were exposed to the condi­
tioning context without any further events taking place.
During both the conditioning/exposure session and the test
session, the incidence of freezing was scored and used
as an index of fear.

METHOD

Subjects and Apparatus
The subjects were 32 female Wistar rats. Their mean weight at the

onset of the experiment was 279 g (range: 216-351 g). The animals
were individually housed in Macrolon cages, where they had free ac­
cess to food and water . They were maintained on a 12:12-h Iight:dark
cycle, and the experiment was conducted during the lights-off portion
of the cycle. The subjects had been handled extensively prior to the start
of the experimen t.

The dimensions of the box that was used for the conditioning session
and subsequent test session were 24.5 x25 x24 ern. The box had clear
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Figure 1. Left: Groups' mean percentage of observations scored
as freezing during each of the eight 3-min periods of the condition­
ing session. Group BEG received an electric shock at the end of Pe­
riod 1, Group MID was shocked at the end of Period 4, and Group
END received the shock at the end of Period 7. Group CTRL did
not receive a shock. Right: Groups' mean percentage of samples
scored as freezing during the eight 3-min periods of the test session
(no shock presented).

Test Session
The right portion of Figure I depicts the groups' inci­

dence of freezing during each of the eight 3-min time periods
of the 24-min test session performed 24 h after the condi­
tioning session. The test data were analyzed by means of
a 4 (group) X 8 (period) repeated measures ANOVA. The
analysis only revealed a significant group X periods inter-

To examine the amount of contextual freezing in each
of the three shock groups that occurred during the first
3-min period after the shock presentation (i.e., Period 2
for Group BEG, Period 5 for Group MID, and Period 8
for Group END), an ANOVA was performed on the cor­
responding freezing data with group as the factor. The
analysis revealed a significant effect of group [F(2,21) =
4.70] . A Duncan post hoc test revealed that Group BEG
froze more than did each of the other two groups . Group
MID did not differ from Group END .

Figure I suggests that the onset of freezing after shock
was somewhat delayed in Group MID, relative to the on­
set of freezing in Group BEG. Freezing in Group MID
reached the highest level during the third 3-min period
after shock, whereas freezing in Group BEG was at max­
imum during the second 3-min period after shock. To fur­
ther examine the course of freezing during the first three
periods after shock delivery in Groups BEG and MID,
a separate repeated measures ANOV A was performed
with group (2) and period after shock (3) as factors. The
analysis failed to detect a significant difference between
groups and between periods. However, the group X pe­
riod interaction was significant [F(2,28) = 4.02]. Subse­
quent simple main effect analyses revealed that at the first
two periods after shock, Group BEG froze more than did
Group MID [Fs(l,26) > 4.92], whereas during the third
3-min period after shock, the groups no longer differed.
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Plexiglas front and back walls and aluminum sidewalls . The grid floor
consisted of 17 stainless steel rods (0.3-cm diameter) spaced 1.3 em
center to center. The grids were connected to a shock generator that
provided a 1.0-mA, 2-sec scrambled electric shock. The box was lo­
cated in a sound-attenuating chamber that had a clear Plexiglas front
window. Dluminationwas provided by two red fluorescent tubes located
on the ceiling of the experimental room.

RESULTS

Procedure
Each rat was assigned to one of four groups (n=8) . The animals were

matched on the basis of their weight. Each rat in Group BEG ("begin" ;
the groups ' names refer to the moment of shock delivery) was individ­
ually placed in the conditioning box, and after 3 min, the shock was
delivered . The animals remained in the training box for an additional
21 min. Group MID ("middle") received the shock 12 min after place­
ment in the box and remained there for an additional 12 min . Group END
received the shock after 21 min and was removed from the box 3 min
thereafter. Finally, Group CTRL ("control") was placed in the box for
24 min without any shocks occurring. Note that all animals spent a to­
tal of 24 min in the box. Twenty-four hours after the conditioning ses­
sion, each animal was returned to the conditioning box and remained
there for 24 min (test session) . Throughout the conditioning and test
session, each animal was observed every 5 sec (time sampling), and
its behavior was scored as either "freezing" or "not freezing ." Freez­
ing was defined as the absence of all visible movements except for the
following two types of movements : (I) movement that was caused by
breathing and (2) a pendulum motion of the head that typically occurs
in albino rats when they are emotionally excited (usually when they are
fearful) . This motion of the head does not occur when rats are active,
that is, during locomotionor exploratory activity (see Kolpakov, Borodin,
and Barykina, 1977). During the test session, the experimenter was blind
with respect to the animals' group assignments.

The freezing data of both the conditioning and test sessions were sub­
jected to a repeated measures analysis of variance (ANOVA). Subse­
quent simple main-effect analyses were based on the error terms from
the overall ANOVA. The degrees of freedom for the error term were
computed following the Satterthwaite approximation (Winer , 1971,
Chap . 7). To further examine differences between groups , Duncan 's
new multiple-range post hoc tests were performed . All statistical tests
used a rejection criterion set at p < .05.

Conditioning Session
The left side of Figure 1 shows the groups' incidence

of freezing on 3-min periods of the 24-min conditioning
session. A 4 (group) X 8 (period) repeated measures
ANOV A performed on the freezing data revealed signif­
icant main effects of group [F(3,28) = 20.94] and pe­
riod[F(7,196) = 18.94] . The group x period interaction
was also reliable [F(21,196) = 7.92]. The main effect
of group was due to the fact that , across periods,
Group BEG froze more than did each of the other groups .
Analyses of the simple main effect of group at each pe­
riod revealed a significant group effect at each of
periods 2-7 [Fs(3,144) > 8.57]. Duncan's tests revealed
that at each of Periods 2-4, Group BEG froze more than
did each of the other three groups . The latter three groups
did not differ from one another. At Period 5, Group BEG
still froze more than did each of the other three groups,
but additionally, Group MID had started to freeze more
than either Group END or Group CTRL (which did not
differ). Finally, at Periods 6 and 7, Groups BEG and
MID differed from Groups END and CTRL. Group BEG
no longer differed from Group MID. At Period 8, no dif­
ferences between groups could be detected.



action [F(21,196) = 2.97]. Simple main-effect analyses
revealed significant group differences at Periods 1,2,5,
and 7 [Fs(3,124) > 2.71] . Duncan's tests revealed that
at Period I, Group BEG froze more than did each of the
other three groups . Furthermore, during this initial pe­
riod, Group MID froze more than did Group CTRL.
Group END and Group CTRL did not differ . At Pe­
riod 2, all three shock groups froze more than did the con­
trol group, and at Period 5, Group END froze more than
did Groups BEG and CTRL, which did not differ . At Pe­
riod 5, Group END did not differ from Group MID. By
the time of Period 7, Group BEG froze less did the other
three groups, which did not differ .

The simple effect of period was also analyzed for each
group . The analyses revealed a significant effect of pe­
riod in Groups BEG, END, and CTRL [Fs(7,196) >
2.17], but not in Group MID (F = 1.13). The result
regarding Group CTRL reflects the increasing immobility
ofthe rats as the time spent in the box progressed. When
rats have spent a considerable amount of time in a partic­
ular context without any specific events occurring, it be­
comes increasingly difficult to distinguish between the be­
havioral categories "freezing" and "immobile." The null
result regarding Group MID is due to the fact that this
groups' freezing remained at a relatively constant, inter­
mediate level throughout the entire test session.

DISCUSSION

The observations duringthe conditioning session indicate thatthe freez­
ing response that occurs during the first 3 min after a single, fairly in­
tense footshock is largest when the shock is delivered at the beginning
of the session (Group BEG vs. Groups MID and END). However, the
analysis of the freezing percentages that were observed subsequent to
the initial 3-min period revealed that the initial attenuation merely
reflecteda delayedonsetof Group MID's freezing thateventually came
to reach a level that was comparable to that of Group BEG. The same
pattern of freezing might also have been observed for Group END if
the observations were continued after Period 8.

The data obtainedduring the test session indicate that the answer to
the question as to which treatment during the conditioning session
(amount of exposure to the context prior to, or after, a single shock)
results in the lowest freezing levelsduring the test dependson the spe­
cific time period that is examined. The patternof freezing in the shock
groups during the test more or less paralleled the course of freezing
during the conditioningsession. Thus, freezing in Group BEG started
early after placementin the shock context and decreasedas the session
progressed. Instead, Group MID and, especially,Group END reached
their highest levels of freezing at some later point in the test session
(Periods2 and 5, respectively). This patternof resultscan be interpreted
as beingdue to temporal conditiorting during the trairting phase(for liter­
atureon timingbehavior, see, e.g., Church, 1989; LaBarbera & Church,
1974; Libby& Church, 1975). Notably, in bothGroupsMIDand END,
the anticipatedtime of occurrence of shock during the test session (as
demonstrated by the enhanced freezing during Periods 2 and 5 for
Groups MID and END, respectively) was two 3-min periods ahead of
the actual occurrence of the shock during the conditioning session
(Periods 4 and 7 for Groups MID and END, respectively).

Theoretically, there are at least two possibleways in whichtemporal
cues can come to control contextual freezing. One interpretationof the
present data is that there are two types of stimuli that each have ac­
quired "simple" excitatory associative strength (e.g., Rescorla &
Wagner, 1972): the training contextand temporal cues(i.e., time elapsed
betweenplacementand shock; see also Williams, Frame, & LoLordo,
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1992). Only when both types of stimuli are present (or at least stimuli
that are somewhat similar), a summation of the twoassociative strengths
occurs and a conditioned response can be observed that significantly
differs from the levels of responding in a nonshocked control group.
If one of the two sources of excitation is absent (e.g., in case the ani­
mals are replaced in their home cages), no freezing is observed (i.e.,
the rats will not stan to freeze in their homecage after the appropriate
amount of time has elapsed).

A second possible mode of operation of temporal cues is that they
are functioning as stimulithat "set the occasion for" responding or non­
responding to the contextual cues (see the literature on occasion set­
ting; e.g., Holland, 1983, 1985). That is, the temporal cuesdo not possess
any associative strength by themselves but merely act to signalor retrieve
a context-footshock association. To put it in other words: the animals
only come to remember that the context is linked to the occurrence of
a shock in the presence of the appropriate time cues.

To summarize, the resultsof thepresentexperiment indicate that, even
in one-trialaversive conditioningexperiments in which, relative to the
studies mentioned in the introduction, minor differences are planned
betweengroups with respect to the time of the shock delivery, it is im­
portant to examine the course of freezing in conditioningand test ses­
sions. In thepresentstudy,suchan evaluation revealed as-yet-unreported
results: a delayed onset of freezing after a context preexposureof sev­
eral minutes, and a pattern of freezingduring a subsequenttest session
that reflected one-trial temporal conditioning.
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