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Abstract
Renewal is the return of extinguished responding after removal from the extinction context. Renewal has been extensively 
studied using classical aversive conditioning procedures that measure a passive freezing response to an aversive conditioned 
stimulus. However, coping responses to aversive stimuli are complex and can be reflected in passive and active behaviours. 
Using the shock-probe defensive burying task, we investigated whether different coping responses are susceptible to renewal. 
During conditioning, male, Long-Evans rats were placed into a specific context (Context A) where an electrified shock-
probe delivered a 3 mA shock upon contact. During extinction, the shock-probe was unarmed in either the same (Context 
A) or a different context (Context B). Renewal of conditioned responses was assessed in the conditioning context (ABA) or 
in a novel context (ABC or AAB). Renewal of passive coping responses, indicated by an increased latency and a decreased 
duration of shock-probe contacts, was observed in all groups. However, renewal of passive coping, measured by increased 
time spent on the side of the chamber opposite the shock-probe, was only found in the ABA group. Renewal of active cop-
ing responses linked to defensive burying was not observed in any group. The present findings highlight the presence of 
multiple psychological processes underlying even basic forms of aversive conditioning and demonstrate the importance of 
assessing a broader set of behaviours to tease apart these different underlying mechanisms. The current findings suggest that 
passive coping responses may be more reliable indicators for assessing renewal than active coping behaviours associated 
with defensive burying.
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Introduction

In Pavlovian conditioning, extinction refers to the progres-
sive decline in responding to a conditioned stimulus (CS) 
that is no longer followed by an unconditioned stimulus 
(US). Extinction does not erase the original CS–US asso-
ciation, but rather results in new inhibitory learning (Pavlov, 
1927). The inhibitory learning that occurs in extinction is 
thought to be context specific, since a change in context after 
extinction can trigger a return of extinguished conditioned 
responding, termed ‘renewal’ (Bouton et al., 2006; Bouton 
& Bolles, 1979; Bouton & King, 1983). Context-dependent 
renewal can be observed in ABA, ABC, and AAB designs, 

in which consecutive letters refer to the different contextual 
configurations present during conditioning, extinction, and 
the renewal test (Bouton & Bolles, 1979; Bouton & Ricker, 
1994). Renewal is most robust in the ABA design, in which 
an increase in conditioned responding occurs upon a return 
to the original conditioning context (Context A) following 
extinction in a different context (Context B) (Bouton & 
Bolles, 1979; Bouton & King, 1983; Bouton & Peck, 1989). 
However, renewal can also occur when conditioning, extinc-
tion, and renewal test are all conducted in distinct contexts 
(ABC renewal; Bouton & Bolles, 1979; Bouton & Brooks, 
1993), or when conditioning and extinction are conducted 
in the same context and the renewal test is conducted in a 
different context (AAB renewal; Bouton & Ricker, 1994).

Renewal of aversive conditioned responses has predomi-
nantly been investigated using aversive Pavlovian condition-
ing procedures in which a CS (e.g., tone) is paired with an 
aversive US (e.g., footshock), and passive freezing in response 
to the CS is used as a measure of aversive conditioning 
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(Corcoran & Maren, 2001; Hobin et al., 2003, 2006; Knap-
ska & Maren, 2009; Maren, 2001). The conditioned suppres-
sion task has also been used, in which animals first learn to 
perform an operant response (e.g., lever-press) for appetitive 
reinforcement (e.g., food pellet), and then a CS (e.g., tone) is 
paired with an aversive US (e.g., footshock). Animals learn 
to suppress ongoing behaviour in response to the CS and this 
results in a decrement of the food-seeking response, which 
is used as a measure of aversive conditioning (Bouton & 
Bolles, 1979; Bouton & Ricker, 1994). In both procedures, 
the CS–footshock association is extinguished by repeatedly 
presenting the CS in the absence of shock, which causes 
responding to diminish. During the renewal test, animals are 
either returned to the training context (ABA) or removed from 
the extinction context (ABC and AAB), which triggers the 
return of conditioned responding to the CS. Similar renewal 
effects have been observed when comparing ABA renewal 
with either ABC or AAB renewal (Corcoran & Maren, 2004), 
although others have found ABC and AAB renewal to be 
substantially weaker than ABA renewal (Bossert et al., 2004; 
Bouton & King, 1983; Tamai & Nakajima, 2000; see also 
Crombag & Shaham, 2002; Khoo et al., 2020; Nakajima et al., 
2000; Zironi et al., 2006; for failures to detect ABC or AAB 
renewal in other conditioning preparations).

Compared with passive avoidant behaviours such as 
freezing or conditioned suppression, less is known about 
the contextual control of active avoidant behaviours. In a 
typical active avoidance paradigm, a Pavlovian CS (e.g., 
tone) is paired with an aversive US (e.g., shock) and rodents 
can perform an operant response to actively avoid shock 
(e.g., moving to the opposite side of a shuttle box, press-
ing a lever, or stepping onto an elevated platform). Active 
avoidance learning is thought to be due to a combination of 
Pavlovian conditioning to the CS that predicts the aversive 
outcome, and operant conditioning in which the operant 
response avoids the potential threat (Manning et al., 2021). 
Avoidance tasks have been used to investigate the neural 
underpinnings of active avoidance learning and extinction 
(for a review, see Moscarello & Penzo, 2022), the pro-
cedural variables that influence the expression of active 
avoidance (Fanselow et al., 2019; Galatzer-Levy et al., 
2014), and potential sex differences in the expression of 
active avoidance (Gruene et al., 2015; Mitchell et al., 2022; 
Totty et al., 2021). However, few studies have investigated 
context-induced renewal of active avoidance in rodents 
(Campese et al., 2021; Nakajima, 2014) and in humans 
(Schlund et al., 2020). Typically, renewal of active avoid-
ance is tested by first training rats to move to the opposite 
side of a shuttle box upon presentation of a shock-predictive 
CS in Context A. Rats then undergo extinction either in 
the same context or in a different Context B, and ABA, 
ABC and AAB renewal of active avoidance is assessed. 
All three forms of renewal have been found to be similar in 

magnitude, suggesting that extinction of active avoidance 
is highly context specific since a change from the extinc-
tion context elicits robust renewal (Campese et al., 2021; 
Nakajima, 2014).

An alternative animal model of aversive conditioning is 
the shock-probe defensive burying (SPDB) task (Pinel & 
Treit, 1978). In this task, rats freely explore a behavioural 
chamber in which an electrified shock-probe mounted on 
one of the walls above the surface of the bedding delivers an 
electric shock upon contact. The SPDB task elicits a num-
ber of quantifiable behaviours. These behaviours have tradi-
tionally been categorized as either passive or active coping 
responses to aversive stimuli (De Boer & Koolhaas, 2003), 
and can be viewed as indicators of a single mental state 
(i.e., the hypothetical construct of "danger learning"). In the 
SPDB task, passive coping strategies can include spending 
more time away from the shock-probe (passive avoidance), 
making fewer contacts with the shock-probe, and remaining 
immobile (freezing). Rats also display active coping behav-
iours (De Boer & Koolhaas, 2003; Fucich & Morilak, 2018; 
Pinel & Treit, 1978) including “defensive burying” in the 
SPDB task, in which the shock-probe is buried by pushing 
bedding from the floor forward using thrusting movements 
with the forepaws or snout (Pinel et al., 1980). Rats also 
use defensive burying for other aversive stimuli including 
flash bulbs, plastic tubing that delivers a burst of air, and 
mousetraps (Terlecki et al., 1979). Furthermore, rats bury 
a shock-probe that is armed more than a control probe that 
is unarmed, indicating that defensive burying is a learnt 
behaviour (Pinel et al., 1980; Pinel & Treit, 1978). During 
extinction, when the shock-probe is no longer electrified, rats 
cease to bury the probe (Pinel et al., 1985). Therefore, the 
SPDB task can be used to study differences in the acquisi-
tion, extinction, and possibly renewal of both passive and 
active coping behaviours in response to an aversive stimulus.

The SPDB task is thought to be a more ethological model 
of aversive learning than traditional aversive Pavlovian con-
ditioning procedures in which the shock administered by 
the experimenter is unavoidable (Rodgers et al., 1997; Treit 
et al., 1981), and the observation of conditioned responses 
is usually limited to freezing (Gruene et al., 2015). The 
SPDB task is also not dependent on appetitive motiva-
tion, since it does not involve food or drug reinforcement 
which are present in some aversive conditioning procedures 
involving approach-avoidance conflict or conditioned sup-
pression (Treit et al., 1981; Treit & Pesold, 1990). Impor-
tantly, the SPDB task allows the aversive stimulus to be 
actively or passively avoided as seen in naturalistic envi-
ronments (Owings & Coss, 1977), and defensive burying 
may be analogous to the active burying of entrance holes to 
underground burrows that wild rats use to avoid predators 
(De Boer & Koolhaas, 2003). The relative use of passive 
and active defensive strategies is thought to be determined 
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by the current level of threat imminence (Fanselow & 
Lester, 1988; Perusini & Fanselow, 2015). When threat 
imminence is low, behaviour includes passive freezing to 
avoid detection. Conversely, during high levels of imminent 
threat, rapid species–specific circa-strike reactions, such as 
vigorous escape attempts and darting, can provide an effec-
tive response (Fanselow et al., 2019; Gruene et al., 2015). 
In contrast to behaviour in the shuttle box task, a laboratory 
model of avoidance behaviour that occurs when danger is 
distant, defensive burying is thought to be an active avoid-
ant behaviour that occurs when the threat is imminent.

Although the SPDB task allows a more ethological spec-
trum of passive and active coping responses to be observed, 
renewal has not been investigated using the SPDB task, and 
the capacity of different coping responses to return after 
extinction is unknown. In the present experiment, we used 
the SPDB task to investigate ABA, ABC and AAB renewal 
of active and passive coping responses. During conditioning, 
rats were placed in a distinct context, consisting of tactile, 
visual, olfactory, and auditory stimuli (Context A), and the 
shock-probe delivered a constant 3 mA shock upon contact. 
During extinction, rats were either placed in the same con-
text used in training (Context A), or in a different context 
(Context B), but contacts with the shock-probe did not result 
in shock. Renewal in the ABA group was tested in the origi-
nal training context (Context A), and renewal in the ABC 
group was tested in a novel context (Context C). Finally, the 
AAB group underwent extinction in the same context as 
training, and renewal was tested in a different context (Con-
text B). Consistent with findings from aversive Pavlovian 
conditioning (Bouton & King, 1983; Tamai & Nakajima, 
2000), we predicted the strongest renewal using the ABA 
design. Moreover, we predicted stronger renewal for passive 
versus active coping responses, as active defensive bury-
ing is more metabolically costly and may be more likely to 
be expressed during conditioning when danger is imminent 
than following extinction when it can be passively avoided.

Methods

Animals

Subjects were 37 experimentally naïve, male Long-
Evans rats (Charles River, St. Constant, Quebec, Canada; 
220–240 g upon arrival). Rats were maintained in a cli-
mate-controlled (21°C) room on a 12-h light/dark cycle 
with lights turned on at 7:00 h. All procedures occurred 
during the light phase. Rats were individually housed in 
standard cages (44.5 cm × 25.8 cm × 21.7 cm) contain-
ing beta chip bedding (Aspen Sani chips; Envigo, Indi-
anapolis, IN) with unrestricted access to water and food 

(Agribands, Charles River). Each cage contained a Nyla-
bone toy (Nylabones; Bio-Serv, Flemington, NJ), a poly-
carbonate tunnel (Rat Retreats, Bio-Serv) and shredded 
paper for enrichment. During a 9-day acclimation period 
to the colony room, rats were handled, and body weight 
was recorded daily. Following acclimation, rats were 
assigned into one of three groups: ABA, ABC, and AAB, 
matched according to body weight. Rats were excluded 
for failure to extinguish if they spent >65% of the session 
length avoiding the side of the chamber containing the 
shock-probe during the final extinction session (ABA, n 
= 1; ABC, n = 1; AAB, n = 2). The final number of rats 
in each group was 11. All procedures followed the guide-
lines of the Canadian Council for Animal Care and were 
approved by the Concordia University Animal Research 
Ethics Committee.

Apparatus

The SPDB task, adapted from Pinel and Treit (1978), was 
conducted using three identical Plexiglas chambers (40 
cm × 30 cm × 40 cm). Each chamber was encased in a 
sound-attenuating melamine cubicle. On the left sidewall 
of the chamber, 5 cm above the floor of the chamber, and 
1 cm above the surface of the bedding, was a hole through 
which the removable shock-probe could be inserted. The 
shock-probe (12.7 cm in length and .97 cm in diameter) 
was constructed of ABSplus-P430 thermoplastic using a 
3D printer (Stratasys Dimension uPrint). The shock-probe 
was wrapped with a 18AWG bare, tinned copper bus bar 
wire (Beldon). Two cameras were used to videotape the 
sessions for offline behavioural scoring. One camera was 
mounted to the top of the melamine cubicle pointing 
downwards, and the second camera was positioned 30 cm 
from the front of the conditioning chamber.

Three contextual configurations were used which dif-
fered in visual, tactile, olfactory, and auditory elements 
and were in different laboratory rooms. Context 1 con-
sisted of .5 inch black and yellow vertical striped walls, 
¼ inch corncob bedding (7097 Teklad; Envigo, Madison, 
WI), lemon odor, and no background noise. Context 2 con-
sisted of white walls with a large black star centered on 
each wall, dry cellulose bedding (7070C Teklad Diamond; 
Envigo), almond odor, and a fan within the melamine 
cubicle. Context 3 consisted of white walls with small 
red polka-dots (2 cm in diameter), aspen woodchip bed-
ding (7093 Teklad, Envigo), cedar wood odor, and a fan 
within the laboratory room. Odors were prepared by dilut-
ing lemon oil (W262528-1, Sigma Aldrich), benzaldehyde 
(B1000, ACP Chemicals), or cedar wood oil (8000-27-9, 
Fisher Chemicals) with water to make a 10% solution.
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Procedure

Prior to each session, a new layer of bedding was added to 
the chamber floor and was smoothed to a height of 4 cm. 
The appropriate odor was sprayed (2.6 ml) onto the bed-
ding. Rats were placed in the conditioning chamber on the 
side of the chamber opposite the shock-probe, facing away 
from the probe (Pinel & Treit, 1978). Prior to conditioning, 
all rats received three daily 10 min habituation sessions on 
consecutive days in the absence of the shock-probe. Rats 
were habituated once to each contextual configuration and 
the order of context habituations was counterbalanced across 
rats whenever possible.

Rats received three daily 15 min conditioning sessions 
beginning 24 h after the final habituation session. The shock-
probe was present during the conditioning phase and deliv-
ered a constant 3 mA shock upon contact. The context used 
for conditioning was referred to as “Context A.”

At 24 h after the final conditioning session, rats received 
five daily 15-min extinction sessions. Extinction sessions 
were identical to conditioning sessions except that the 
shock-probe was not electrified. In the AAB group, extinc-
tion occurred in the conditioning context (Context A). In 
the ABA and ABC groups, extinction occurred in a different 
context from conditioning (Context B).

At 24 h after the final extinction session, rats received 
two counterbalanced test sessions on consecutive days, in 
which the shock-probe was not electrified. A control test was 
conducted on one day, in which rats were tested in the same 
context as extinction, and the renewal test was conducted on 
the other day. In the ABA group, the renewal test occurred 
in the conditioning context (Context A), and in the ABC and 
AAB groups the renewal test occurred in a different context 
(Contexts C and B, respectively).

Whenever possible, the three contexts (Contexts 1, 2, 
and 3) were counterbalanced across the rats regarding their 
functional roles as Contexts A, B, and C. The context com-
bination used for Group ABA was either 121 (n = 2), 131 
(n = 2), 212 (n = 2), 232 (n = 2), 313 (n = 2), or 323 (n = 
1). For Group ABC, the context combination was either 
123 (n = 2), 132 (n = 1), 213 (n = 2), 231 (n = 2), 312 (n 
= 2), or 321 (n = 2). For Group AAB, the context com-
bination was either 112 (n = 2), 113 (n = 2), 221 (n = 1), 
223 (n = 2), 331 (n = 2), or 332 (n = 2).

Data analysis

Selected behavioural variables (Table 1) were scored from 
video recordings using Behavioral Observation Research 
Interactive Software (BORIS; Version 6.3.1; Friard & 
Gamba, 2016) by two experimenters who were blind to 
the experimental conditions. Interrater reliability between 
the two coders was assessed for all behavioural variables (r 
= .88–.92). The acquisition and extinction of conditioned 
responding was assessed separately using mixed analyses 
of variance (ANOVAs), with group (ABA, ABC, or AAB) 
and session as factors. Renewal of conditioned responding 
was assessed using a mixed ANOVA with group (ABA, 
ABC, or AAB) and context (renewal or extinction) as 
factors. Greenhouse–Geisser corrections are reported 
following violations of Mauchly’s test of sphericity. Post 
hoc analyses were corrected for multiple comparisons 
using the Bonferroni adjustment. All data analyses were 
conducted using IBM SPSS (Version 21.0; IBM Corp., 
Armonk, NY). Results were considered statistically sig-
nificant at p < .05.

Table 1  Behavioural variables in the shock-probe defensive burying task and associated presumed psychological processes 
(De Boer & Koolhaas, 2003)

Variable (measure) Definition Presumed 
psychological 
process

Passive avoidance
(duration)

Time spent on the side of the chamber opposite the shock-probe in the absence of freez-
ing

Passive coping

Freezing/immobility (duration) The absence of any movements, excluding those required for respiration Passive coping
Shock-probe contact (frequency, dura-

tion, latency)
Direct contact made with the shock-probe Passive coping

Defensive burying (duration, latency) Burying the shock-probe using available bedding from the chamber floor Active coping
Height of bedding
(cm)

Height of the peak of accumulated bedding surrounding the shock-probe Active coping

Shock reactivity (intensity scale) Reactivity to shock measured using a 4-point scale (1 = flinch involving head or paw, 2 
= whole-body flinch with or without slow ambulation away from probe, 3 = whole-
body flinch or jumping followed by immediate ambulation away from probe, 4 = 
whole-body flinch or jumping, accompanied by the rat running to the opposite end of 
the chamber; Shah & Treit, 2004).

Reactivity
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Results

Number of shocks and shock reactivity

When the shock-probe was electrified during conditioning, 
all groups received a similar number of shocks (Fig. 1A), 
Group, F(2, 30) = 2.51, p = .098; Group × Session, F < 
1, and the number of shocks decreased significantly across 
sessions, Session, F(2, 60) = 227.46, p < .001, η2

p
 = .883. 

Reactivity to shock was measured using a 4-point scale (1 
= flinch involving head or paw, 2 = whole-body flinch with 
or without slow ambulation away from probe, 3 = whole-
body flinch or jumping followed by immediate ambulation 
away from probe, 4 = whole-body flinch or jumping, 
accompanied by the rat running to the opposite end of the 
chamber; Shah & Treit, 2004). Reactivity decreased sig-
nificantly across conditioning sessions, Session, F(1.4, 
42.9) = 8.68, p = .002, η2

p
 = .224. The main effect of group 

and the Group × Session interaction were not significant 
(Fs < 1). Visual inspection of Fig. 1B shows that shock 
reactivity may have been higher on the third conditioning 
session in the ABA and ABC groups compared with the 
AAB group; however, exploratory simple effect compari-
sons revealed no significant differences between groups 
(ABA vs. ABC, p = 1.000; ABA vs. AAB, p = 1.000; 
ABC vs. AAB, p = .395).

After reacting to contacting the armed shock-probe in 
Context A, animals in all groups displayed freezing/immo-
bility. The duration of freezing was low in the first condition-
ing session (ABA, 6.4 ± 2.9 s; ABC, 2.3 ± .8 s; AAB, 2.6 ± 
.9 s), and decreased across sessions similarly in all groups, 
Session, F(1.0, 31.1) = 10.63, p = .002, η2

p
 = .262; Group, 

F(2, 30) = 1.61, p = .216; Group × Session, F(2.1, 32.1) = 
1.47, p = .245. The duration of freezing was low in the third 
conditioning session (ABA, .3 ± .2 s; ABC, .1 ± .1 s; AAB, 
.1 ± .1 s), and was not observed during extinction or during 
renewal and extinction tests when the shock-probe was 
unarmed.

Passive avoidance of the side of the chamber 
containing the shock‑probe

Acquisition and extinction Passive avoidance was measured 
as time spent on the side of the chamber opposite of the 
shock-probe (Fig. 2A). Passive avoidance during condition-
ing was high across groups, Group, F < 1, Session, F(2, 60) 
= 2.09, p = .132; Group × Session, F(4, 60) = 1.07, p = 
.380, and decreased similarly across groups during extinc-
tion, Session, F(2.7, 82.2) = 24.97, p < .001, η2

p
 = .454. The 

main effect of group and the Group × Session interaction 
were not significant, Fs<1. Time spent on both sides of the 
chamber was roughly equivalent at the end of extinction. 
Therefore, rats in all groups learned to passively avoid the 
shock-probe during conditioning, and extinguished passive 
avoidance during extinction.

Renewal test Renewal of passive avoidance was observed 
in the ABA group, but not in the ABC or AAB groups 
(Fig. 2B), Group, F(2, 30) = 1.40, p = .261; Context, F(1, 
30) = 1.43, p = .242; Group × Context, F(2, 30) = 6.66, p 
= .004, η2

p
 = .307. Passive avoidance was significantly 

increased in the renewal context compared with the extinc-
tion context in the ABA group (p = .009, η2

p
 = .206) but did 

not reach statistical significance in the ABC group (p = 
.153). In contrast, passive avoidance was significantly 
reduced in the renewal context compared with the extinction 
context in the AAB group (p = .036, η2

p
 = .138). Therefore, 

we observed renewal of passive avoidance in the ABA 
group, and a suppression of avoidance in the AAB group.

Shock‑probe contact

Acquisition and extinction Measures of shock-probe con-
tact showed similar changes during conditioning in all 
groups, and during the five extinction sessions. During 
acquisition, the frequency of shock-probe contacts 
decreased significantly in all groups (Fig. 3A), Session, 
F(1.7, 49.8) = 147.11, p < .001, η2

p
 = .831; Group, F(2, 30) 

Fig. 1  Average number of shocks and shock reactivity during acquisi-
tion. A Average number of shocks. B Average shock reactivity scores. 
*p < .05, main effect of session. Error bars indicate the standard 
errors
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= 2.71, p = .083; Group × Session, F < 1, the duration of 
shock-probe contacts was reduced (Fig. 3B), Session, F(1.3, 
38.1) = 44.10, p < .001, η2

p
 = .595; Group, F < 1; Group × 

Session, F(2.5, 38.1) = 2.74, p = .065, and the latency to 
contact the shock-probe was increased (Fig. 3C), Session, 
F(1.4, 42.5) = 106.17, p < .001, η2

p
 = .780. The main effect 

of group and the Group × Session interaction were not sig-
nificant, Fs < 1.

Responses in all three groups were also similar during 
extinction, in which the frequency of shock-probe contacts 
was increased (Fig. 3A), Session, F(2.7, 80.4) = 32.88, p < 
.001, η2

p
 = .523; Group, F(2,30) = 1.07, p = .357; Group × 

Session, F(5.4, 80.4) = 1.43, p = .220, the duration of shock-
probe contacts was increased (Fig. 3B), Session, F(2.3, 68.6) 
= 24.42, p < .001, η2

p
 = .449; Group, F(2, 30) = 1.39, p = 

.265; Group × Session, F(4.6, 68.6) = 1.36, p = .253, and 
the latency to contact the shock-probe was reduced (Fig. 3C), 
Session, F(4, 120) = 38.40, p < .001, η2

p
 = .561; Group, F(2, 

30) = 1.21, p = .312; Group × Session, F < 1. Therefore, 
rats across all groups learned that the shock-probe was aver-
sive and avoided contact during conditioning, and increased 
contact during extinction when the probe was unarmed.

Renewal test Renewal of shock-probe contact was expressed 
by shock-probe contact durations and latencies to contact the 
shock-probe. Shock-probe contact duration was significantly 
reduced in the renewal context compared with the extinction 
context across groups (Fig. 3E), Context, F(1, 30) = 8.92, p 
= .006, η2

p
 = .229; Group, F(2, 30) = 1.73, p = .194; Group 

× Context, F(2, 30) = 2.35, p = .113. Exploratory simple 
effect comparisons showed a significant difference between 
the extinction and renewal contexts in the ABA group, F(1, 

10) = 12.69, p = .005, η2
p
 = .559, but not in the ABC, F(1, 

10) = 3.42, p = .094, or AAB (F < 1) groups. The latency 
to contact the shock-probe was increased in the renewal con-
text compared with the extinction context across groups 
(Fig. 3F), Context, F(1, 30) = 8.39, p = .007, η2

p
 = .218; 

Group, F(2, 30) = 1.99, p = .155; Group × Context, F(2, 30) 
= 1.94, p = .162. Exploratory simple effect comparisons 
showed a significant difference between the extinction and 
renewal contexts in the ABA group, F(1, 10) = 5.05, p = 
.048, η2

p
 = .336, but not in the ABC, F(1, 10) = 2.61, p = 

.137, or AAB, F(1, 10) = 2.11, p = .177, groups. The fre-
quency of shock-probe contacts did not differ significantly 
between the renewal and the extinction contexts (Fig. 3D), 
Context, F(1, 30) = 2.89, p = .099; Group, F(2, 30) = 1.81, 
p = .182; Group × Context, F(2, 30) = 2.63, p = .089. How-
ever, exploratory simple effect comparisons showed a sig-
nificant difference between the extinction and renewal con-
texts in the ABA group, F(1, 10) = 5.02, p = .049, η2

p
 = .334, 

but not in the ABC, F(1, 10) = 1.78, p = .212, or AAB, F(1, 
10) = 1.15, p = .309, groups. Therefore, we observed 
renewal of passive coping measured by shock-probe contact 
durations and latencies, and a trending main effect of context 
for the frequency of probe contacts, and exploratory analyses 
suggest that these effects may have been driven by renewal 
in the ABA group.

Active defensive burying

Acquisition and extinction Measures of active defensive 
burying during conditioning showed similar changes in all 
groups. The duration of defensive burying decreased across 

Fig. 2  ABA renewal, but no ABC, and reverse AAB renewal of pas-
sive avoidance. A Average duration of avoidance during the acquisi-
tion and extinction phases. *p < .05, main effect of session. B Test 
results in the extinction and renewal contexts for the average dura-
tion of avoidance. *p < .05, extinction vs. renewal context. †p < .05, 

ABA vs. AAB in the renewal context. Data represent time in seconds 
on the side of the chamber that did not contain the shock-probe. The 
horizontal dotted line represents half of the session length. Error bars 
indicate the standard errors and data shown for each individual rat are 
overlaid on the graph
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sessions in all groups (Fig. 4A), Session, F(2, 60) = 5.22, 
p = .008, η2

p
 = .148. The main effect of group and the Group 

× Session interaction were not significant, Fs < 1. There 
were no significant changes in the latency to initiate defen-
sive burying (Fig. 4B), Group × Session, F(4, 60) = 1.15, 
p = .342. The main effects of session and group were not 
significant, Fs < 1. There were no significant changes in the 
height of the accumulated bedding material surrounding the 

shock-probe (Fig. 4C), Session, F(2, 60) = 1.10, p = .341. 
The main effect of group and the Group × Session interac-
tion were not significant, Fs < 1.

During extinction, all groups ceased to bury the 
shock-probe. The duration of defensive burying 
decreased across sessions in all groups (Fig. 4A), Ses-
sion, F(2.1, 64.2) = 8.20, p = .001, η2

p
 = .215; Group, 

F < 1; Group × Session, F(4.3, 64.2) = 1.83, p = .130, 

Fig. 3  Renewal of shock-probe contact duration and latency across 
groups, but no renewal of shock-probe contact frequency. A Aver-
age frequency of shock-probe contacts. B Average duration of shock-
probe contacts. C Average latency to initiate shock-probe contact 
during the acquisition and extinction phases. *p < .05, main effect 
of session (A, B, C). Test results in the extinction and renewal con-

texts for the average frequency (D), average duration (E), and aver-
age latency of shock-probe contacts (F). #p < .05, main effect of 
context (E, F). Error bars indicate the standard errors and data shown 
for each individual rat are overlaid on the graph. For rats that showed 
rapid responses, there is overlap in individual data (F)
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and the latency to initiate defensive burying was 
increased (Fig. 4B), Session, F(3.1, 93.5) = 5.09, p = 
.002, η2

p
 = .145; Group, F(2, 30) = 2.06, p = .145; 

Group × Session, F(6.2, 93.5) = 2.27, p = .041, η2
p
 = 

.132. The ABC group had shorter latencies to bury dur-
ing Extinction Session 2 compared with the ABA (p = 
.015, d = 1.37) and AAB (p = .035, d = 1.18) groups, 
and during Extinction Session 3 compared with the 
ABA group (p = .044, d = 1.20). However, all groups 

reached similar latencies by the final extinction ses-
sion. The height of the peak of accumulated bedding 
surrounding the shock-probe decreased comparably 
across sessions in all groups (Fig. 4C), Session, F(4, 
120) = 8.47, p < .001, η2

p
 = .220; Group F < 1; Group 

× Session, F(8, 120) = 1.10, p = .369. Therefore, rats 
in all groups showed defensive burying behaviour dur-
ing conditioning and reduced defensive burying during 
extinction.

Fig. 4  There was no renewal of active defensive burying in the ABA, 
ABC or AAB groups. A Average duration of defensive burying. B 
Average latency to initiate defensive burying. C Average height of the 
peak of accumulated bedding material surrounding the shock-probe 
during the acquisition and extinction phases. *p < .05, main effect 
of session (A, C). *p < .05, significant post hoc analyses follow-
ing a Group × Session interaction (B). Test results in the extinction 

and renewal contexts for the average duration of defensive burying 
(D), average latency to initiate defensive burying (E), and the aver-
age height of the peak of accumulated bedding material surrounding 
the shock-probe (F). Error bars indicate the standard errors and data 
shown for each individual rat are overlaid on the graph. For rats that 
showed no response, individual data is overlapping at 0 (D, F) and 
900 (E)
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Renewal test Measures of defensive burying behaviour did 
not show significant renewal in any group. There was no 
significant difference between the renewal and extinction 
contexts in all groups for the duration of defensive burying 
(Fig. 4D), Context, F(1, 30) = 1.91, p = .177; Group, F < 
1; Group × Context, F(2, 30) = 2.32, p = .115. Explora-
tory simple effect comparisons showed no significant dif-
ference between the extinction and renewal contexts for all 
groups, ABA, F(1, 10) = 1.17, p = .305; ABC, F(1, 10) = 
2.52, p = .143; AAB, F(1, 10) = 1.67, p = .225. There was 
no significant difference between the renewal and extinc-
tion contexts for the latency to initiate defensive burying 
(Fig. 4E), Context, F(1, 30) = 2.34, p = .137. The main 
effect of group and the Group × Context interaction were not 
significant, Fs < 1. Exploratory simple effect comparisons 
showed no significant differences between contexts for all 
groups, ABA, F(1, 10) = 1.72, p = .220; ABC, F(1, 10) = 
3.59, p = .087; AAB, F < 1. Lastly, there was no significant 
difference between the renewal and extinction contexts for 
the height of the accumulated bedding material surrounding 
the shock-probe (Fig. 4F), Group × Context, F(2, 30) = 2.25, 
p = .123. The main effects of context and group were not 
statistically significant, Fs < 1. Furthermore, exploratory 
simple effect comparisons showed no significant differences 
between contexts for all groups, ABA, F < 1; ABC, F(1, 10) 
= 2.22, p = .167; AAB, F(1, 10) = 1.00, p = .341. Together, 
these results suggest that measures of active defensive bury-
ing may be less sensitive to the renewal effect compared with 
passive measures of avoidance in this task.

Discussion

The present experiment investigated ABA, ABC and AAB 
renewal of active and passive coping behaviours using 
the shock-probe defensive burying (SPDB) task in rats to 
determine whether these coping strategies are differentially 
subject to renewal. During conditioning, rats in all three 
groups passively avoided the side of the chamber contain-
ing the shock-probe and reduced contact with the probe, 
and actively buried the shock-probe using bedding from the 
chamber floor. During extinction, all groups showed simi-
lar reductions in passive avoidance, an increase in shock-
probe contact, and a reduction in active defensive burying. 
Increased passive avoidance of the side of the chamber con-
taining the shock-probe in the renewal test was significant 
for the ABA group but did not reach statistical significance 
in the ABC group. In contrast, in the AAB group, rats spent 
less time passively avoiding the side of the chamber con-
taining the shock-probe in the novel context as compared 
with the extinction context. Moreover, at test, we detected 
renewal of passive coping measured by shock-probe con-
tact duration and latency, which appeared to be primarily 

driven by differences in the ABA group. Our observation of 
context-dependent renewal of passive coping strategies in 
the absence of renewal of active coping behaviours associ-
ated with defensive burying suggests that the sensitivity of 
the renewal effect varies by behavioural index in avoidance 
learning, and these variations may be attributable to differ-
ences in mode of behaviour.

Acquisition and extinction

The SPDB task is an ethological model of aversive condi-
tioning that allows for the expression and measurement of 
multiple naturalistic behaviours (De Boer & Koolhaas, 2003; 
Pinel & Treit, 1978). Other aversive conditioning tasks, such 
as Pavlovian fear conditioning and conditioned suppression, 
allow assessment of only passive coping behaviours such 
as freezing (e.g., Bouton & Bolles, 1979; Bouton & King, 
1983; Corcoran & Maren, 2001; Hobin et al., 2003). The 
SPDB task allows assessment of passive coping through 
measures of shock-probe contact and time spent avoiding 
the side of the chamber containing the shock-probe, and also 
allows assessment of active coping including the duration 
and latency of defensive burying, and height of the peak of 
accumulated bedding surrounding the shock-probe, which 
is analogous to natural responses to predation (De Boer & 
Koolhaas, 2003).

During acquisition in Context A, we found that rats in the 
three groups similarly expressed passive and active coping 
behaviours. Freezing was only observed during acquisition, 
as a response to the shock, and was less frequent than pas-
sive avoidance. Similar levels of extinction of passive and 
active behaviours were observed in all three groups when the 
shock-probe was unarmed. Our finding that extinction was 
similar in the same context as conditioning (AAB) as when 
extinction was conducted in a different context as condition-
ing (ABA and ABC) is consistent with reports in Pavlovian 
learning where switching the extinction context after condi-
tioning has no considerable effect on responding to the CS 
(Bouton & Brooks, 1993; Bouton & King, 1983). Moreover, 
Rosas et al. (2007) demonstrated that extinction of a taste 
aversion response is similarly expressed when extinction 
occurs in the conditioning context (AAB) and following 
a switch in context after conditioning (ABA), suggesting 
that across a variety of aversive learning procedures switch-
ing the extinction context after conditioning does not affect 
extinction. Together, the acquisition and extinction of pas-
sive and active coping responses allow for the observation 
of renewal outside of the extinction context.

Renewal of passive coping strategies

Renewal involves the return of conditioned behaviours after 
removal from the extinction context. In studies of Pavlovian 
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fear conditioning and conditioned suppression, renewal is 
expressed most strongly when animals are reexposed to the 
original conditioning context (Bouton & King, 1983; Tamai 
& Nakajima, 2000), reflecting the importance of contextual 
cues for renewal (Bouton, 2004). We assessed the role of 
context in the SPDB task by comparing renewal in the ABA 
design, in which renewal should be most robust, with the 
ABC and AAB renewal designs in which renewal occurs 
in a novel context. Comparisons of passive coping behav-
iours in the renewal context versus the extinction context at 
test indicated that the ABA group showed renewal through 
an increase in the latency to initiate probe contact, reduced 
probe contact duration, and increased passive avoidance 
characterised by increased time spent on the side of the 
chamber opposite the shock-probe. This finding of robust 
ABA renewal of passive coping strategies is consistent with 
Pavlovian freezing and conditioned suppression studies 
(Bouton & Bolles, 1979; Bouton & King, 1983; Bouton & 
Peck, 1989; Corcoran & Maren, 2001, 2004; Hobin et al., 
2006). Renewal of freezing behaviour was not observed, and 
this may be due to the low levels of freezing observed just 
following reactions to probe contacts during conditioning. 
Low levels of freezing have been observed in both ethologi-
cal and experimental studies, which show that rats freeze for 
less than ~10% of the session length (De Boer & Koolhaas, 
2003; Tao et al., 2017).

Renewal of passive coping strategies in the SPDB task 
was much less marked in the ABC and AAB groups. A sub-
set of rats in the ABC group showed a renewal of passive 
avoidance but there was no significant renewal in the ABC 
group (p = .153). Studies directly comparing ABA and ABC 
renewal in aversive learning procedures are sparse. ABA and 
ABC renewal have been shown to be similar in magnitude 
using a conditioned suppression task (Thomas et al., 2003) 
and a signalled avoidance task (Campese et al., 2021; Naka-
jima, 2014). However, in appetitive conditioning procedures, 
ABA renewal has been shown to be a more robust effect 
compared with ABC renewal (Khoo et al., 2020; Zironi 
et al., 2006).

AAB renewal has been observed in a variety of learn-
ing tasks (Bouton et al., 2011; Bouton & Ricker, 1994; 
Rescorla, 2007, 2008; Rosas et al., 2007; Todd, 2013), 
but other studies have also been unable to detect AAB 
renewal (Bossert et al., 2004; Crombag & Shaham, 2002; 
Fuchs et al., 2005; Khoo et al., 2020; Nakajima et al., 
2000). Moreover, AAB renewal has been found to be much 
weaker than ABA and ABC renewal in fear condition-
ing (Thomas et al., 2003). We observed the opposite of a 
renewal effect in the AAB group such that passive avoid-
ance was reduced in the renewal context compared with the 
extinction context. AAB renewal is not easily explained 
by many learning theories (e.g., Pearce, 1987; Rescorla 
& Wagner, 1972) and AAB suppression of conditioned 

responding has only been previously observed using an 
appetitive Pavlovian conditioning procedure (Khoo et al., 
2020). Khoo et al. (2020) suggested that AAB suppression 
may be due to the AAB group experiencing extinction 
of the stimulus and of Context A, presumably resulting 
in an inhibitory memory that is strong enough to prevent 
renewal in Context B. Similarly, Laborda et al. (2011) have 
suggested that AAB renewal is a weak effect because the 
AAB group undergoes “deeper extinction” resulting in 
weaker AAB renewal compared of ABC renewal.

Although rats were habituated to contexts prior to test-
ing, it is possible that the AAB suppression of responding 
in the present study may be due to the perceived novelty of 
Context B at test. Rats have a natural tendency to explore 
novel environments and familiar objects in novel contexts 
(Mumby et al., 2002), and it is possible that the novelty 
of Context B at test might have driven more exploratory 
behaviour during the AAB renewal test, and less time on 
the side of the chamber opposite the shock-probe. Context 
novelty could therefore have played a role in inhibiting fear 
responses. Bouton and Ricker (1994) found AAB renewal 
of conditioned behaviour in appetitive and aversive con-
ditioning tasks. However, in their experimental prepara-
tions, rats were equally exposed to both contexts (Context 
A and Context B) prior to the renewal test. In contrast, in 
our study, rats in the AAB group received greater expo-
sure to Context A (nine sessions in total) compared with 
Context B (one session in total). Therefore, while it was 
expected that a change in context after extinction would 
lead to a return of fear responses, the perceived novelty of 
the context could have masked this effect and influenced 
behaviour in the opposite direction.

Our observation of ABA, but not ABC or AAB renewal 
of passive avoidance, is consistent with the interpretation 
that Context A retains a residual excitatory association 
with the US (i.e., shock) after extinction, which summates 
with the residual excitatory strength of the CS (i.e., shock-
probe) at test, and results in greater ABA renewal com-
pared with ABC and AAB renewal (Polack et al., 2013). 
Similarly, Totty et al. (2021) found that the shift from 
freezing to an active flight response evoked by the CS was 
mediated by the summation of contextual and cued fear 
in a Pavlovian serial-compound stimulus task. However, 
findings showing similar renewal of active avoidance in 
ABA, ABC, and AAB groups suggest that an occasion-
setter mechanism mediates extinction of active avoidance 
(Campese et al., 2021; Nakajima, 2014). Therefore, the 
precise role of context in mediating avoidant behaviours 
remains unclear, but it is possible that the summation of 
both context and CS associations with the US contribute 
to renewal of active avoidance in some paradigms, as well 
as the renewal of passive avoidance observed in the pre-
sent study.
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Renewal of active coping strategies

Context-induced renewal of active coping strategies meas-
ured by defensive burying was not observed in any of the 
groups, even in the ABA group that showed renewal of pas-
sive avoidance. Several procedural variables that are known 
to affect the variability of defensive burying were considered 
prior to testing and are unlikely to have contributed to the 
lack of renewal of active defensive burying. We used Long-
Evans rats that are known to bury more than Wistar rats 
(Tarte & Oberdiek, 1982) and used a chamber size that is 
typical in SPDB tasks (Degroot et al., 2001; Pesold & Treit, 
1992; Shah & Treit, 2004; Tao et al., 2017; Trent & Menard, 
2013). The intensity of the shock administered in our experi-
ment (3 mA) is also like that used in other studies that have 
observed robust defensive burying (Tao et al., 2017; Trent 
& Menard, 2013).

The absence of renewal of defensive burying is more 
likely due to the variability in the degree to which rats 
employed the defensive burying response strategy. We 
observed robust defensive burying similar to burying 
observed in other studies (Pesold & Treit, 1992; Shah & 
Treit, 2004) and, on average, defensive burying represented 
about 10% of the conditioning session length (85.7 ± 16.0 
s). Burying was highly variable between rats however and 
ranged from 1.3 to 299.3 s. This is in line with previous 
research showing a high degree of variability in defensive 
burying both within and between studies, with defensive 
burying representing, on average, 3% to 30% of the obser-
vation time in standard duration test (10-15 min; De Boer 
& Koolhaas, 2003). The tendency of some rats to show low 
degrees of defensive burying may have contributed to the 
absence of significant renewal.

Variability in defensive burying can also be attributed to 
the high degree of flexibility over behaviour in the SPDB 
task. Compared with typical active avoidance tasks, which 
require an active response to avoid threat, behaviour is 
more flexible in the SPDB task. The lack of a renewal effect 
observed here contrasts with the findings that ABA, ABC, 
and AAB renewal of active avoidance in a signalled shuttle 
box task are similar in magnitude (Campese et al., 2021; 
Nakajima, 2014). This suggests that the contextual control 
of active avoidant behaviours varies depending on the task 
used, and that the strongest effects may be observed when 
effective avoidance demands an active response. Moreover, 
active defensive states such as defensive burying are meta-
bolically costly (McEwen et al., 2015) and may even increase 
the likelihood of shock if the rats approach too closely to 
the shock-probe (De Boer & Koolhaas, 2003). In contrast, 
passive coping responses require little metabolic investment 
and animals can avoid the shock altogether (De Boer & 
Koolhaas, 2003). This idea is consistent with the predatory 

imminence continuum (Fanselow & Lester, 1988; Perusini 
& Fanselow, 2015), which indicates that the perceived dis-
tance from contact with a threatening stimulus determines 
the selection of either passive or active responses. When 
rats employ a passive avoidance response by spending time 
on the side of the chamber opposite the shock-probe, they 
become spatially distanced from the threat, and this may 
reduce active defensive burying by reducing the perceived 
imminence of danger. Passive or active coping responses to 
aversive stimuli can be viewed as indicators of a single men-
tal state (i.e., the hypothetical construct of "danger learn-
ing"). Though, Fanselow et al. (2019) have speculated that 
passive and active coping strategies may be associated with 
different mental states, with passive defensive responses 
being associated with “fear," while active defensive behav-
iours are associated with “panic.” Further research is needed 
to better understand the underlying processes mediating pas-
sive vs active coping responses to aversive stimuli.

Conclusions

Our results show renewal of passive coping behaviours, 
but not renewal of active defensive burying, in the SPDB 
task. Consistent with renewal of passive freezing in aver-
sive Pavlovian conditioning (Bouton & King, 1983; Tamai 
& Nakajima, 2000), renewal of passive coping was pre-
dominantly observed in the ABA group and less so for the 
ABC and AAB groups. We did not detect renewal of active 
defensive burying in any group. These results are the first to 
investigate differences in context-induced renewal of pas-
sive and active coping strategies using the SPDB task. Our 
results provide novel evidence suggesting that active coping 
responses linked to defensive burying may be less sensi-
tive to the renewal effect as compared with passive cop-
ing responses. The difference in sensitivity may be due to 
variations in behaviour mode, with active coping behaviours 
being more energetically demanding and less likely to be 
expressed when threat is perceived as less imminent after 
extinction and may be avoided passively.

Acknowledgments This research was funded by the Natural Sciences 
and Engineering Research Council of Canada. N.C. was the recipient 
of a Chercheur-Boursier award from the Fonds de Recherche en Santé 
Québec and member of the Center for Studies in Behavioral Neuro-
biology. A.B. is supported by a doctoral scholarship from the Fonds 
de Recherche du Quebec en Nature et Technologies. N.C. and A.B. 
designed all experiments. A.B. conducted and analyzed the data for the 
experiment and M.M. and I.R. helped conduct the experiment. A.B. 
prepared the article with input from N.C. The authors would like to 
thank Dr. C. Andrew Chapman for reviewing the manuscript and pro-
viding comments, and David Munro for technical support. In honour of 
Dr. Nadia Chaudhri, who lost her battle with ovarian cancer on October 
5, 2021. In recognition of her tremendous contributions to science and 
continuous support for aspiring, young researchers. 



479Learning & Behavior (2023) 51:468–481 

1 3

Authors’ contributions N.C. and A.B. designed all experiments. A.B. 
conducted and analyzed the data for the experiment and M.M. and 
I.R. helped conduct the experiment. A.B. prepared the article with 
input from N.C.

Funding This research was funded by the Natural Sciences and Engi-
neering Research Council of Canada. N.C. was the recipient of a Cher-
cheur-Boursier award from the Fonds de Recherche en Santé Québec 
and member of the Center for Studies in Behavioral Neurobiology. A.B. 
is supported by a doctoral scholarship from the Fonds de Recherche du 
Quebec en Nature et Technologies.

Data availability The datasets generated for this study are available 
on request to the corresponding author. None of the experiments was 
preregistered.

Code availability Not applicable

Declarations 

Ethics approval Methods used in this study were approved by the Con-
cordia University Animal Research Ethics Committee.

Consent to participate Not applicable

Consent for publication Not applicable

Conflicts of interest The authors declare no conflicts of interest.

References

Bossert, J. M., Liu, S. Y., Lu, L., & Shaham, Y. (2004). A role of ven-
tral tegmental area glutamate in contextual cue-induced relapse to 
heroin seeking. Journal of Neuroscience, 24(47), 10726–10730. 
https:// doi. org/ 10. 1523/ JNEUR OSCI. 3207- 04. 2004

Bouton, M. E. (2004). Context and behavioral processes in extinction. 
Learning and Memory, 11(5), 485–494. https:// doi. org/ 10. 1101/ 
lm. 78804

Bouton, M. E., & Bolles, R. C. (1979). Contextual control of the 
extinction of conditioned fear. Learning and Motivation, 10(4), 
445–466. https:// doi. org/ 10. 1016/ 0023- 9690(79) 90057-2

Bouton, M. E., & Brooks, D. C. (1993). Time and context effects on 
performance in a Pavlovian discrimination reversal. Journal of 
Experimental Psychology: Animal Behavior Processes, 19(2), 
165–179. https:// doi. org/ 10. 1037/ 0097- 7403. 19.2. 165

Bouton, M. E., & King, D. A. (1983). Contextual control of the extinc-
tion of conditioned fear: Tests for the associative value of the 
context. Journal of Experimental Psychology: Animal Behavior 
Processes, 9(3), 248–265. https:// doi. org/ 10. 1037/ 0097- 7403.9. 
3. 248

Bouton, M. E., & Peck, C. A. (1989). Context effects on conditioning, 
extinction, and reinstatement in an appetitive conditioning prepa-
ration. Animal Learning and Behavior, 17(2), 188–198. https:// 
doi. org/ 10. 3758/ BF032 0763

Bouton, M. E., & Ricker, S. T. (1994). Renewal of extinguished 
responding in a second context. Animal Learning and Behavior, 
22(3), 317–324. https:// doi. org/ 10. 3758/ BF032 09840

Bouton, M. E., Todd, T. P., Vurbic, D., & Winterbauer, N. E. 
(2011). Renewal after the extinction of free operant behavior. 
Learning & Behavior, 39(1), 57–67. https:// doi. org/ 10. 3758/ 
s13420- 011- 0018-6

Bouton, M. E., Westbrook, R. F., Corcoran, K. A., & Maren, S. (2006). 
Contextual and temporal modulation of extinction: behavioral and 
biological mechanisms. Biological Psychiatry, 60(4), 352–360. 
https:// doi. org/ 10. 1016/j. biops ych. 2005. 12. 015

Campese, V. D., Brannigan, L. A., & LeDoux, J. E. (2021). Conditional 
control of instrumental avoidance by context following extinction. 
Frontiers in Behavioral Neuroscience, 15, 730113. https:// doi. org/ 
10. 3389/ fnbeh. 2021. 730113

Corcoran, K. A., & Maren, S. (2001). Hippocampal inactivation dis-
rupts contextual retrieval of fear memory after extinction. Journal 
of Neuroscience, 21(5), 1720–1726. https:// doi. org/ 10. 1523/ jneur 
osci. 21- 05- 01720. 2001

Corcoran, K. A., & Maren, S. (2004). Factors regulating the effects 
of hippocampal inactivation on renewal of conditional fear after 
extinction. Learning and Memory, 11(5), 598–603. https:// doi. 
org/ 10. 1101/ lm. 78704

Crombag, H. S., & Shaham, Y. (2002). Renewal of drug seeking by 
contextual cues after prolonged extinction in rats. Behavioral Neu-
roscience, 116(1), 169–173. https:// doi. org/ 10. 1037/ 0735- 7044. 
116.1. 169

De Boer, S. F., & Koolhaas, J. M. (2003). Defensive burying in rodents: 
Ethology, neurobiology and psychopharmacology. European 
Journal of Pharmacology, 463(1/3), 145–161. https:// doi. org/ 10. 
1016/ S0014- 2999(03) 01278-0

Degroot, A., Kashluba, S., & Treit, D. (2001). Septal GABAergic and 
hippocampal cholinergic systems interact in the modulation of 
anxiety in the plus-maze and shock-probe tests. Pharmacology 
Biochemistry and Behavior, 69(3/4), 391–399. https:// doi. org/ 10. 
1016/ s0091- 3057(01) 00541-x

Fanselow, M. S., Hoffman, A. N., & Zhuravka, I. (2019). Timing and 
the transition between modes in the defensive behavior system. 
Behavioural Processes, 166, 103890. https:// doi. org/ 10. 1016/j. 
beproc. 2019. 103890

Fanselow, M. S., & Lester, L. S. (1988). A functional behavioristic 
approach to aversively motivated behavior: Predatory imminence 
as a determinant of the topography of defensive behavior. In R. 
C. Bolles & M. D. Beecher (Eds.), Evolution and behavior (pp. 
185–212). Erlbaum.

Friard, O., & Gamba, M. (2016). BORIS: A free, versatile open-source 
event-logging software for video/audio coding and live observa-
tions. Methods in Ecology and Evolution, 7(11), 1325–1330. 
https:// doi. org/ 10. 1111/ 2041- 210X. 12584

Fuchs, R. A., Evans, K. A., Ledford, C. C., Parker, M. P., Case, J. M., 
Mehta, R. H., & See, R. E. (2005). The role of the dorsomedial pre-
frontal cortex, basolateral amygdala, and dorsal hippocampus in con-
textual reinstatement of cocaine seeking in rats. Neuropsychophar-
macology, 30(2), 296–309. https:// doi. org/ 10. 1038/ sj. npp. 13005 79

Fucich, E., & Morilak, D. (2018). Shock-probe defensive burying test 
to measure active versus passive coping style in response to an 
aversive stimulus in rats. Bio-Protocol, 8(17), 1–13. https:// doi. 
org/ 10. 21769/ biopr otoc. 2998

Galatzer-Levy, I. R., Moscarello, J., Blessing, E. M., Klein, J., Cain, 
C. K., & LeDoux, J. E. (2014). Heterogeneity in signaled active 
avoidance learning: Substantive and methodological relevance 
of diversity in instrumental defensive responses to threat cues. 
Frontiers in Systems Neuroscience, 8, 179. https:// doi. org/ 10. 
3389/ fnsys. 2014. 00179

Gruene, T. M., Flick, K., Stefano, A., Shea, S. D., & Shansky, R. M. 
(2015). Sexually divergent expression of active and passive con-
ditioned fear responses in rats. eLife, 4, e11352. https:// doi. org/ 
10. 7554/ elife. 11352

Hobin, J. A., Goosens, K. A., & Maren, S. (2003). Context-dependent 
neuronal activity in the lateral amygdala represents fear memo-
ries after extinction. Journal of Neuroscience, 23(23), 8410–8416. 
https:// doi. org/ 10. 1523/ jneur osci. 23- 23- 08410. 2003

https://doi.org/10.1523/JNEUROSCI.3207-04.2004
https://doi.org/10.1101/lm.78804
https://doi.org/10.1101/lm.78804
https://doi.org/10.1016/0023-9690(79)90057-2
https://doi.org/10.1037/0097-7403.19.2.165
https://doi.org/10.1037/0097-7403.9.3.248
https://doi.org/10.1037/0097-7403.9.3.248
https://doi.org/10.3758/BF0320763
https://doi.org/10.3758/BF0320763
https://doi.org/10.3758/BF03209840
https://doi.org/10.3758/s13420-011-0018-6
https://doi.org/10.3758/s13420-011-0018-6
https://doi.org/10.1016/j.biopsych.2005.12.015
https://doi.org/10.3389/fnbeh.2021.730113
https://doi.org/10.3389/fnbeh.2021.730113
https://doi.org/10.1523/jneurosci.21-05-01720.2001
https://doi.org/10.1523/jneurosci.21-05-01720.2001
https://doi.org/10.1101/lm.78704
https://doi.org/10.1101/lm.78704
https://doi.org/10.1037/0735-7044.116.1.169
https://doi.org/10.1037/0735-7044.116.1.169
https://doi.org/10.1016/S0014-2999(03)01278-0
https://doi.org/10.1016/S0014-2999(03)01278-0
https://doi.org/10.1016/s0091-3057(01)00541-x
https://doi.org/10.1016/s0091-3057(01)00541-x
https://doi.org/10.1016/j.beproc.2019.103890
https://doi.org/10.1016/j.beproc.2019.103890
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1038/sj.npp.1300579
https://doi.org/10.21769/bioprotoc.2998
https://doi.org/10.21769/bioprotoc.2998
https://doi.org/10.3389/fnsys.2014.00179
https://doi.org/10.3389/fnsys.2014.00179
https://doi.org/10.7554/elife.11352
https://doi.org/10.7554/elife.11352
https://doi.org/10.1523/jneurosci.23-23-08410.2003


480 Learning & Behavior (2023) 51:468–481

1 3

Hobin, J. A., Ji, J., & Maren, S. (2006). Ventral hippocampal muscimol 
disrupts context-specific fear memory retrieval after extinction 
in rats. Hippocampus, 16(2), 174–182. https:// doi. org/ 10. 1002/ 
hipo. 20144

Khoo, S. Y. S., Sciascia, J. M., Brown, A., & Chaudhri, N. (2020). 
Comparing ABA, AAB, and ABC renewal of appetitive Pav-
lovian conditioned responding in alcohol- and sucrose-trained 
male rats. Frontiers in Behavioral Neuroscience, 14(February), 
1–15. https:// doi. org/ 10. 3389/ fnbeh. 2020. 00005

Knapska, E., & Maren, S. (2009). Reciprocal patterns of c-Fos 
expression in the medial prefrontal cortex and amygdala after 
extinction and renewal of conditioned fear. Learning and Mem-
ory, 16(8), 486–493. https:// doi. org/ 10. 1101/ lm. 14639 09

Laborda, M. A., Witnauer, J. E., & Miller, R. R. (2011). Contrast-
ing AAC and ABC renewal: The role of context associations. 
Learning & Behavior, 39(1), 46–56. https:// doi. org/ 10. 3758/ 
s13420- 010- 0007-1

Manning, E. E., Bradfield, L. A., & Iordanova, M. D. (2021). Adap-
tive behaviour under conflict: Deconstructing extinction, rever-
sal, and active avoidance learning. Neuroscience and Biobe-
havioral Reviews, 120, 526–536. https:// doi. org/ 10. 1016/j. neubi 
orev. 2020. 09. 030

Maren, S. (2001). Neurobiology of Pavlovian fear conditioning. 
Annual Review of Neuroscience, 24, 897–931. https:// doi. org/ 
10. 1146/ annur ev. neuro. 24.1. 897

McEwen, B. S., Bowles, N. P., Gray, J. D., Hill, M. N., Hunter, R. G., 
Karatsoreos, I. N., & Nasca, C. (2015). Mechanisms of stress 
in the brain. Nature Neuroscience., 18(10), 1353–1363. https:// 
doi. org/ 10. 1038/ nn. 4086

Mitchell, J. R., Trettel, S. G., Li, A. J., Wasielewski, S., Huckleberry, 
K. A., Fanikos, M., Golden, E., Laine, M. A., & Shansky, R. M. 
(2022). Darting across space and time: Parametric modulators 
of sex-biased conditioned fear responses. Learning and Mem-
ory, 29(7), 171–180. https:// doi. org/ 10. 1101/ lm. 053587. 122

Moscarello, J. M., & Penzo, M. A. (2022). The central nucleus of 
the amygdala and the construction of defensive modes across 
the threat-imminence continuum. Nature Neuroscience, 25(8), 
999–1008. https:// doi. org/ 10. 1038/ s41593- 022- 01130-5

Mumby, D. G., Gaskin, S., Glenn, M. J., Schramek, T. E., & 
Lehmann, H. (2002). Hippocampal damage and exploratory 
preferences in rats: Memory for objects, places, and contexts. 
Learning and Memory, 9(2), 49–57. https:// doi. org/ 10. 1101/ 
lm. 41302

Nakajima, S. (2014). Renewal of signaled shuttle box avoidance in rats. 
Learning and Motivation, 46(1), 27–43. https:// doi. org/ 10. 1016/j. 
lmot. 2013. 12. 002

Nakajima, S., Tanaka, S., Urushihara, K., & Imada, H. (2000). Renewal 
of extinguished lever-press responses upon return to the training 
context. Learning and Motivation, 31(4), 416–431. https:// doi. org/ 
10. 1006/ lmot. 2000. 1064

Owings, D. H., & Coss, R. G. (1977). Snake mobbing by California 
ground squirrels: Adaptive variation and ontogeny. Behaviour, 
62(1/2), 50–69. https:// doi. org/ 10. 1163/ 15685 3977x 00045

Pavlov, I. P. (1927). Conditioned reflexes: an investigation of the physi-
ological activity of the cerebral cortex. Oxford University Press.

Pearce, J. M. (1987). A model for stimulus generalization in Pavlovian 
conditioning. Psychological Review, 94(1), 61–73. https:// doi. org/ 
10. 1037/ 0033- 295X. 94.1. 61

Perusini, J. N., & Fanselow, M. S. (2015). Neurobehavioral perspec-
tives on the distinction between fear and anxiety. Learning and 
Memory, 22(9), 417–425. https:// doi. org/ 10. 1101/ lm. 039180. 115

Pesold, C., & Treit, D. (1992). Excitotoxic lesions of the septum pro-
duce anxiolytic effects in the elevated plus-maze and the shock-
probe burying tests. Physiology and Behavior, 52(1), 37–47. 
https:// doi. org/ 10. 1016/ 0031- 9384(92) 90431-Z

Pinel, J. P. J., Hoyer, E., & Terlecki, L. J. (1980). Defensive bury-
ing and approach-avoidance behavior in the rat. Bulletin of the 
Psychonomic Society, 16(5), 349–352. https:// doi. org/ 10. 3758/ 
BF033 29562

Pinel, J. P. J., Puttaswamaish, S., & Wilkie, D. M. (1985). Extinction of 
conditioned defensive burying. Behavioural Processes, 10(1/2), 
101–110. https:// doi. org/ 10. 1016/ 0376- 6357(85) 90121-4

Pinel, J. P. J., & Treit, D. (1978). Burying as a defensive response 
in rats. Journal of Comparative and Physiological Psychology, 
92(4), 708–712. https:// doi. org/ 10. 1037/ h0077 494

Polack, C. W., Laborda, M. A., & Miller, R. R. (2013). On the dif-
ferences in degree of renewal produced by the different renewal 
designs. Behavioural Processes, 99(October), 112–120. https:// 
doi. org/ 10. 1016/j. beproc. 2013. 07. 006

Rescorla, R. A. (2007). Renewal after overexpectation. Learning & 
Behavior, 35(1), 19–26. https:// doi. org/ 10. 3758/ BF031 96070

Rescorla, R. A. (2008). Within-subject renewal in sign tracking. Quar-
terly Journal of Experimental Psychology, 61(12), 1793–1802. 
https:// doi. org/ 10. 1080/ 17470 21070 17900 99

Rescorla, R. A., & Wagner, A. R. (1972). A theory of Pavlovian con-
ditioning: variations in the effectiveness of reinforcement and 
nonreinforcement. In A. H. Black & W. F. Prokasy (Eds.), Clas-
sical conditioning II: Current research and theory (pp. 64–99). 
Appleton-Century-Crofts.

Rodgers, R. J., Cao, B. J., Dalvi, A., & Holmes, A. (1997). Animal 
models of anxiety: An ethological perspective. Brazilian Journal 
of Medical and Biological Research, 30(3), 289–304. https:// doi. 
org/ 10. 1590/ S0100- 879X1 99700 03000 02

Rosas, J. M., García-Gutiérrez, A., & Callejas-Aguilera, J. E. (2007). 
AAB and ABA renewal as a function of the number of extinction 
trials in conditioned taste aversion. Psicológica, 28(2), 129–150.

Schlund, M. W., Ludlum, M., Magee, S. K., Tone, E. B., Brewer, A., 
Richman, D. M., & Dymond, S. (2020). Renewal of fear and avoid-
ance in humans to escalating threat: Implications for translational 
research on anxiety disorders. Journal of the Experimental Analy-
sis of Behavior, 113(1), 153–171. https:// doi. org/ 10. 1002/ jeab. 565

Shah, A. A., & Treit, D. (2004). Infusions of midazolam into the medial 
prefrontal cortex produce anxiolytic effects in the elevated plus-
maze and shock-probe burying tests. Brain Research, 996(1), 
31–40. https:// doi. org/ 10. 1016/j. brain res. 2003. 10. 015

Tamai, N., & Nakajima, S. (2000). Renewal of formerly conditioned 
fear in rats after extensive extinction training. International Jour-
nal of Comparative Psychology, 13(3/4), 137–146 https:// escho 
larsh ip. org/ uc/ item/ 7d41p 8fj

Tao, C. S., Dhamija, P., Booij, L., & Menard, J. L. (2017). Adversity 
in early adolescence promotes an enduring anxious phenotype 
and increases serotonergic innervation of the infralimbic medial 
prefrontal cortex. Neuroscience, 364, 15–27. https:// doi. org/ 10. 
1016/j. neuro scien ce. 2017. 09. 004

Tarte, R. D., & Oberdiek, F. (1982). Conditioned defensive burying in 
rats as a function of preexposure and strain. The Psychological 
Record, 32, 101–107. https:// doi. org/ 10. 1007/ BF033 99527

Terlecki, L. J., Pinel, J. P. J., & Treit, D. (1979). Conditioned and 
unconditioned defensive burying in the rat. Learning and Moti-
vation, 10(3), 337–350. https:// doi. org/ 10. 1016/ 0023- 9690(79) 
90037-7

Thomas, B. L., Larsen, N., & Ayres, J. J. B. (2003). Role of context 
similarity in ABA, ABC, and AAB renewal paradigms: impli-
cations for theories of renewal and for treating human phobias. 
Learning and Motivation, 34(4), 410–436. https:// doi. org/ 10. 
1016/ S0023- 9690(03) 00037-7

Todd, T. P. (2013). Mechanisms of renewal after the extinction of 
instrumental behavior. Journal of Experimental Psychology: 
Animal Behavior Processes, 39(3), 193–207. https:// doi. org/ 10. 
1037/ a0032 236

https://doi.org/10.1002/hipo.20144
https://doi.org/10.1002/hipo.20144
https://doi.org/10.3389/fnbeh.2020.00005
https://doi.org/10.1101/lm.1463909
https://doi.org/10.3758/s13420-010-0007-1
https://doi.org/10.3758/s13420-010-0007-1
https://doi.org/10.1016/j.neubiorev.2020.09.030
https://doi.org/10.1016/j.neubiorev.2020.09.030
https://doi.org/10.1146/annurev.neuro.24.1.897
https://doi.org/10.1146/annurev.neuro.24.1.897
https://doi.org/10.1038/nn.4086
https://doi.org/10.1038/nn.4086
https://doi.org/10.1101/lm.053587.122
https://doi.org/10.1038/s41593-022-01130-5
https://doi.org/10.1101/lm.41302
https://doi.org/10.1101/lm.41302
https://doi.org/10.1016/j.lmot.2013.12.002
https://doi.org/10.1016/j.lmot.2013.12.002
https://doi.org/10.1006/lmot.2000.1064
https://doi.org/10.1006/lmot.2000.1064
https://doi.org/10.1163/156853977x00045
https://doi.org/10.1037/0033-295X.94.1.61
https://doi.org/10.1037/0033-295X.94.1.61
https://doi.org/10.1101/lm.039180.115
https://doi.org/10.1016/0031-9384(92)90431-Z
https://doi.org/10.3758/BF03329562
https://doi.org/10.3758/BF03329562
https://doi.org/10.1016/0376-6357(85)90121-4
https://doi.org/10.1037/h0077494
https://doi.org/10.1016/j.beproc.2013.07.006
https://doi.org/10.1016/j.beproc.2013.07.006
https://doi.org/10.3758/BF03196070
https://doi.org/10.1080/17470210701790099
https://doi.org/10.1590/S0100-879X1997000300002
https://doi.org/10.1590/S0100-879X1997000300002
https://doi.org/10.1002/jeab.565
https://doi.org/10.1016/j.brainres.2003.10.015
https://escholarship.org/uc/item/7d41p8fj
https://escholarship.org/uc/item/7d41p8fj
https://doi.org/10.1016/j.neuroscience.2017.09.004
https://doi.org/10.1016/j.neuroscience.2017.09.004
https://doi.org/10.1007/BF03399527
https://doi.org/10.1016/0023-9690(79)90037-7
https://doi.org/10.1016/0023-9690(79)90037-7
https://doi.org/10.1016/S0023-9690(03)00037-7
https://doi.org/10.1016/S0023-9690(03)00037-7
https://doi.org/10.1037/a0032236
https://doi.org/10.1037/a0032236


481Learning & Behavior (2023) 51:468–481 

1 3

Totty, M. S., Warren, N., Huddleston, I., Ramanathan, K. R., Ressler, 
R. L., Oleksiak, C. R., & Maren, S. (2021). Behavioral and 
brain mechanisms mediating conditioned flight behavior in 
rats. Scientific Reports, 11(1), 8215. https:// doi. org/ 10. 1038/ 
s41598- 021- 87559-3

Treit, D., & Pesold, C. (1990). Septal lesions inhibit fear reactions in two 
animal models of anxiolytic drug action. Physiology and Behavior, 
47(2), 365–371. https:// doi. org/ 10. 1016/ 0031- 9384(90) 90155-W

Treit, D., Pinel, J. P. J., & Fibiger, H. C. (1981). Conditioned defensive 
burying: a new paradigm for the study of anxiolytic agents. Phar-
macology, Biochemistry and Behavior, 15(4), 619–626. https:// 
doi. org/ 10. 1016/ 0091- 3057(81) 90219-7

Trent, N. L., & Menard, J. L. (2013). Lateral septal infusions of the 
neuropeptide Y Y2 receptor agonist, NPY13-36 differentially 
affect different defensive behaviors in male, Long Evans rats. 

Physiology and Behavior, 110–111(February), 20–29. https:// 
doi. org/ 10. 1016/j. physb eh. 2012. 12. 011

Zironi, I., Burattini, C., Aicardi, G., & Janak, P. H. (2006). Context is a 
trigger for relapse to alcohol. Behavioural Brain Research, 167(1), 
150–155. https:// doi. org/ 10. 1016/j. bbr. 2005. 09. 007

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1038/s41598-021-87559-3
https://doi.org/10.1038/s41598-021-87559-3
https://doi.org/10.1016/0031-9384(90)90155-W
https://doi.org/10.1016/0091-3057(81)90219-7
https://doi.org/10.1016/0091-3057(81)90219-7
https://doi.org/10.1016/j.physbeh.2012.12.011
https://doi.org/10.1016/j.physbeh.2012.12.011
https://doi.org/10.1016/j.bbr.2005.09.007

	Context-induced renewal of passive but not active coping behaviours in the shock-probe defensive burying task
	Abstract
	Introduction
	Methods
	Animals
	Apparatus
	Procedure
	Data analysis

	Results
	Number of shocks and shock reactivity
	Passive avoidance of the side of the chamber containing the shock-probe
	Shock-probe contact
	Active defensive burying

	Discussion
	Acquisition and extinction
	Renewal of passive coping strategies
	Renewal of active coping strategies
	Conclusions

	Acknowledgments 
	References


