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Abstract
When an object conditioned stimulus (CS) is paired with a food unconditioned stimulus (US), anticipatory goal-directed action
directed at the US location (goal tracking) is accompanied by behavior directed at the object CS (sign tracking). Sign-tracking
behavior appears to be compulsive and habit-like and predicts increased vulnerability to the addictive potential of drugs in animal
models. A large body of the literature also suggests that environmental enrichment protects against the development of addiction-
prone phenotypes. Thus, we investigated whether compulsive-like sign tracking develops in environmentally enriched rats
trained directly in their enriched home environment. We demonstrate that adolescent enriched-housed male Sprague-Dawley
rats readily sign track a 5% ethanol bottle CS in their home environment and at a rate higher than adolescent standard-housed rats.
We also show that enriched adolescent rats sign track less than enriched adult-trained rats and that acute isolation stress affects
sign- and goal-tracking performance of adolescents and adults differently. Sign tracking increased more in the adult than the
adolescent rats. Whereas the younger rats showed a decrease in goal tacking after the final stressor manipulation, the adults
showed increased goal tracking. Our results are consistent with recent studies, which suggest that although sign tracking
performance is compulsive-like, it is not as inflexible and habit-like as previously assumed. Testing in an enriched home
environment with object CSs having greater affordance than “neutral” lever CSs may provide greater ecological relevance for
investigating the development and expression of adaptive and compulsive-like behaviors in translational research.
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Introduction

In a Pavlovian or classical conditioning paradigm in which a
tangible object conditioned stimulus (CS) (e.g., a retractable
lever) is paired with a food unconditioned stimulus (US), sign
tracking emerges as conditioned responding directed at the CS
(Hearst & Jenkins, 1974). Sign-tracking rats respond to the
inserted object CS by approaching and manipulating it.
However, some rats do not sign track but react to the insertion
of the object CS by directing their attention and behavioral
responses toward the site of the impending US—a behavior
labeled as “goal tracking” (Boakes, 1977). Thus, while goal
trackers prefer to use the CS as a predictive signal for the

impending US, as revealed by conditioned headpoking into
the food tray during the CS, sign trackers prefer to approach
and interact with the object CS. Over the past decade, the
finding that there are substantial individual differences in the
sign-tracking behavior of outbred rats has been interpreted to
reflect individual differences in the attribution of incentive
salience to reinforcer-associated cues (Robinson & Flagel,
2009). Intriguingly, increased attribution of incentive salience
to the object CS in the sign-tracking procedure is associated
with increased responsiveness to drug-paired cues and an in-
creased vulnerability to acquire addiction-like behaviors
(Saunders & Robinson, 2011; Flagel, Akil, & Robinson,
2009; Yager, Pitchers, Flagel & Robinson, 2015).

The sign tracker’s attribution of incentive salience to an
object CS also appears to capture behavioral characteristics
that are comorbid with addiction in humans (Colaizzi et al.,
2020). The sign tracking procedure evokes excessive and un-
productive behavior because responding to the lever CS (bit-
ing, pawing, and gnawing) has no efficacy. The food US ap-
pears whether a response to the object CS occurs or not.
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Moreover, sign tracking appears to be maladaptive when
responding to the object CS stubbornly persists in modified
procedures where responding during a trial results in the loss
of the US (e.g., negative automaintenance or omission proce-
dures) (Chang & Smith, 2016; Hearst & Jenkins, 1974;
Williams & Williams, 1969) and in extinction when the non-
contingent US rewards are no longer presented (Ahrens et al.,
2016; Flagel et al., 2009). Thus, for the sign tracker the US-
paired cue object, initially “neutral,” appears to have been
transformed into a “motivational magnet” that elicits a “want-
ing” or craving for the object (Berridge & Robinson, 2016).
The behavior of sign trackers has been proposed as an animal
model of the compulsive-like and habit-like behavior relevant
to human psychiatric disorders, such as impulse control dis-
orders and substance abuse (Colizzi et al., 2020; Morrow,
2018; Robinson & Berridge, 2008).

The success of the incentive-sensitization theory has gen-
erated substantial interest among behavioral neuroscientists to
use the sign-tracking procedure as a “tool” to identify animals
with an exaggerated predisposition to assign incentive sa-
lience to an object CS (Meyer et al., 2012). In these experi-
ments, rats are trained (typically 5 training sessions) with a
retractable lever CS and a food US. The animals are then
separated into sign trackers and goal trackers for comparison,
whereas animals that display a mixed profile of sign- and goal-
tracking behaviors may be excluded from further study.
Individual differences in sign- and goal-tracking behaviors
are interpreted as indicative of a behavioral trait or phenotype
that reflects differences in incentive salience attribution
(Flagel, Akil, & Robinson, 2009; Robinson & Flagel, 2009).
These studies have revealed that compared with goal trackers,
sign trackers are more vulnerable to drug effects in experimen-
tal procedures designed to model human drug addiction
(Saunders & Robinson, 2011; Yager, Pitchers, Flagel &
Robinson, 2015). More recently, however, the view that sign
trackers are distinctlymore vulnerable to addictive-like behav-
ior than goal trackers has been tempered by evidence that
other important factors common to sign- and goal-trackers
moderate addiction vulnerability (Kawa, Bentzley &
Robinson, 2016).

Another, more traditional, conceptual understanding of
sign-tracking behavior is as an acquired behavioral action di-
rected toward the object CS that emerges partly, as is the case
with any conditioning procedure, because of the constraints of
the experimental contingencies. In this experimental ap-
proach, animals experience the object CS and US pairings
daily until asymptotic performance is achieved where most,
if not all, animals show at least some sign-tracking behavior
(in these studies goal tracking may or may not be measured)
(Conrad & Papini, 2018; Keefer et al., 2020; Srey,Maddux, &
Chaudhri, 2015; Tomie, di Poce, Derenzo, & Pohorecky,
2002). From this learning perspective, individual differences
in sign- and goal-tracking performance are not examined

experimentally as dichotomous traits with the goal of identi-
fying individuals vulnerable to addiction, but as a continuum
of sign-tracking/goal-tracking performance that are moderated
bymany factors including those factors theorized to contribute
to drug and alcohol use and abuse (e.g., stress, drug availabil-
ity, peer influence). We believe that there is strong potential
for revealing the impact of environmental factors on individ-
ual differences in goal-directed and compulsive-like action
when sign tracking is considered within the broader context
of acquired expectancies (Derman et al., 2018) and adaptive
learning (Cabrera, Jiménez, & Covarrubias, 2019;
Timberlake, 1984, 1994; Timberlake & Lucas, 1989).

The ostensibly compulsive, excessive, and unproductive be-
havior directed at the retractable lever during a sign-tracking
procedure has contributed to the acceptance of this procedure as
an animal model of compulsive behavior and drug use with
good face validity (Flagel et al., 2009; Colaizzi et al., 2020).
Alternative theoretical interpretations of behaviors that emerge
in conditioning procedures emphasize that these seemingly un-
productive behaviors reflect functional behavioral repertoires
constrained by the experimental environment (Timberlake,
1994; Breland&Breland, 1961). Variations of the sign tracking
procedure have been used that reveal the complex and function-
al aspects of sign-tracking behavior. The CS that is “tracked”
can be any tangible object, even objects that offer more
affordance than a retractable lever. A rolling ball bearing, for
example, not only evokes the natural predatory behaviors of
approach, pawing, biting, and gnawing that are elicited by a
retractable lever, but also supports chasing, capturing, and
transporting of the captured artificial “prey” (Timberlake &
Melcer, 1988; Timberlake & Washburne, 1989). Behaviors di-
rected at the ball bearing have characteristics of normal func-
tional predatory behaviors, but in strong sign trackers they also
have the quality of compulsive-like responding. When
nonthirsty, nonhungry rats are trained with a water bottle CS
and a sucrose pellet US sign tracking rats will paw, bite, and
lick the bottle spout and even drink the water. Drinking is a
productive consummatory behavior, but in this situation drink-
ing, nonetheless, appears compulsive to the experimenter be-
cause the rats have no homeostatic need for water. When the
bottle is filled with alcohol rather than water the animals also
will drink compulsively, although in greater amounts than
when the bottle contains water indicating that the sign tracking
has gained some efficacy because of the experience with alco-
hol (e.g., pharmacological effects) (Tomie et al., 2004; Tomie,
Mohamed,& Pohorecky, 2005; Tomie& Sharma, 2013). Thus,
when an alcohol-containing bottle is the object CS compulsive
alcohol consumption during sign tracking is not just about the
effects of the alcohol itself but driven primarily by the exigen-
cies of the situation (also see Falk & Tang (1988) on scheduled-
induced polydipsia as a model of alcohol abuse). We concur
with Tomie and colleagues that sign tracking of an ethanol
bottle has potential for an animal model of alcohol abuse. We
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further argue that this version of the sign-tracking procedure
provides greater face validity for human compulsive-like be-
havior than sign tracking of a retractable lever, with an alcohol
bottle CS specifically providing potentially valuable transla-
tional value to the broader issue of alcohol use, not just abuse
and addiction. As is the case with humans, alcohol and drug
taking behavior has the features of intentional productive be-
havior (e.g., drinking) and, as in the case of individuals with
problems of alcohol abuse, the features of compulsive behavior.
Indeed, even though the response-independent pairings the CS
andUS of the sign-tracking proceduremeets the strict definition
of a Pavlovian conditioning paradigm, the debate concerning
whether sign tracking is a pure Pavlovian CR or also influenced
by adventitious reinforcement (the procedure was originally
called “auto shaping”) is a long-standing one. More recently,
Domjan (2016) has argued that the distinction between tradi-
tional views of acquired motivated behavior as comprising dis-
tinctive responses that are elicited (sign tracking) or emitted
(goal tracking) has outlived its usefulness and is not consistent
with current conceptions of classical and operant conditioning.

While there is some promise in the translation of
compulsive-like sign tracking in rodents to human behavior
and addiction (Colazzi et al., 2020), others have questioned
the applicability of animals tested in isolation and in the re-
stricted laboratory environment to the complex issue of hu-
man drug use, abuse, and addiction (Field & Kersbergen,
2019). Moreover, critics of animal models of drug abuse and
addiction have questioned the validity of any psychological
construct that characterizes human addiction as inflexible,
compulsive, and habit-like (Heather, 2017). Relevant to this
latter issue is the finding from recent reinforcer devaluation
studies that have revealed that sign tracking is not as inflexible
and habit-like as previously assumed (Amaya et al., 2020;
Derman et al., 2018). Thus, a reconceptualization of sign
tracking behavior as compulsive-like yet more flexible than
previously assumed may have more translational value for
critics of animal models of habit-like drug abuse.

This study was designed to improve the face validity of the
sign tracking procedure for translational research relating to
compulsive-like behavior by using a bottle CS to provide
greater affordance than the retractable lever and by training
rats in a more complex and ecologically valid home environ-
ment. The housing of rats alone or in pairs in restrictive rodent
cages is necessarily standard housing in most behavioral neu-
roscience laboratories to obtain greater experimental control.
Compared with standard housing, the complex housing con-
dition used in the present experiment is typically described as
“enriched” and often manipulated as an independent variable
in experiments on enrichment. From an ecological perspec-
tive, however, standard laboratory housing is more appropri-
ately described as impoverished and “enriched” housing as
more natural. Nevertheless, in the present paper we will con-
tinue to describe the housing condition as enriched housing.

Beckmann and Bardo (2012) reported that rats raised in
enriched housing showed less sign tracking directed toward
a lever CS compared with rats raised in isolation, suggesting
that enriched housing reduces incentive salience attribution.
However, these results are limited. Training was with a re-
tractable lever CS and lasted for only 5 days. It is now well
established that sign tracking behavior may emerge in most
rats with more extensive training (Keefer et al., 2020; Srey,
Maddux, & Chaudhri, 2015). To improve ecological validity,
we raised rats in an enriched environment and trained them in
a sign-tracking procedure with an alcohol bottle CS directly in
their enriched home cage. If the Beckmann and Bardo study
results applies broadly to all variants of sign-tracking proce-
dures, we would not be able to develop a sign-tracking proce-
dure with greater ecological relevance. Thus, in anticipation of
a possible failure to observe sign-tracking performance in
enriched rats, we included for comparison a group of compa-
rably aged pair-housed rats raised in standard laboratory cages
to determine if the Beckmann and Bardo results extended to
our experimental procedure.

Prior sign tracking studies with an alcohol bottle CS dem-
onstrate that although drinking is elevated relative to a water
bottle control group, this elevation of alcohol consumption is
not transferred to 2-bottle preference tests with alcohol and
water outside of the sign-training context (Tomie et al.,
2004; Tomie & Sharma, 2013; Tomie, Jeffers, & Zito,
2018). In the present study, we did not manipulate the content
of the bottle CS (all groups were exposed to an alcohol bottle),
but we were interested in determining whether the extensive
exposure to alcohol during the sign-tracking procedure in-
duced a strong preference for alcohol over water. We demon-
strate that rats housed and trained in their enriched home en-
vironment during adolescence show robust sign tracking of an
alcohol bottle CS at levels significantly greater than pair-
housed rats tracking an alcohol bottle, but neither group de-
veloped a strong preference for alcohol over water outside of
the training context (i.e., outside their home environment).

While individual differences in sign tracking is influenced
by genetic variation of species-typical behavior of rats (Flagel,
Akil, & Robinson, 2009), it is the contingencies of the sign-
tracking procedure that constrains preorganized behavior to
induce compulsive-like sign tracking behavior (Cabrera,
Jiménez, & Covarrubias, 2019; Timberlake, 1993, 1994;
Timberlake & Lucas, 1989). Maturation and varied experi-
ences during ontogenetic development also are important fac-
tors. For example, adolescent rats show less sign tracking of a
retractable lever CS than adults (Anderson, Bush, & Spear,
2013; DeAngeli, Miller, Myer, & Bucci, 2017). Once we had
established that enriched-housed animals demonstrate robust
sign tracking, we added a group of rats from the same cohort
as the adolescent enriched-housed rats that began the sign-
tracking procedure when they reached an adult age. We found
that the age differences in sign tracking observed in rats
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trained with retractable lever CS in isolated test chambers
(Doremus-Fitzwater & Spear, 2011; Rode, Moghaddam &
Morrison, 2019) also are seen in rats sign tracking an alcohol
bottle CS in an enriched environment. Stressors can have am-
plifying effects on the compulsive-like characteristic of sign
tracking. While adolescent rats show less sign tracking of a
lever CS than adults, chronic stress increases sign tracking to
adult levels or greater (Anderson et al., 2013; DeAngeli et al.,
2017). We examined the impact of an acute stressor on as-
ymptotic sign-tracking and goal-tracking performance in the
enriched rats trained as adolescents or as adults by temporarily
removing them from their home environment and placing
them in restrictive cages. Upon returning the isolated rats for
brief test sessions in their home cage, we were able to examine
the effects of the acute stressor on sign tracking and goal
tracking during the isolation stress and during recovery.

Methods

Subjects and Housing Conditions

The subjects were 24 male Sprague-Dawley rats purchased
from Envigo™ (Indianapolis, IN) at 21 days of age and de-
livered to the laboratory on the same day. Sixteen rats were
housed in groups of four in galvanized wire-mesh tower cages
(Martin Cages, Inc, Nanticoke, PA, Model H-600HR) to pro-
vide an enriched housing experience. The middle shelves of
two animal cage racks were removed to accommodate two
cage towers per rack. The tower cages (45.7 W x 27.9 D x
61 H cm) sat in 7.6-cm-deep plastic pans that served as the
bottom floor. The middle floor spanned the full width of the
cage and included two ramps leading to a lower and an upper
landing on opposite sides of the cage, each landing spanning
approximately one third of the cage width. The mesh (1.3 x
2.5 cm) cage structure afforded the rats the opportunity to
climb the walls, which they often did. For hiding, two enclo-
sures were included in each cage, an untethered PVC pipe
(10.2 Dia x 30.5 L cm) on the middle floor and a wood nesting
box (30.5 W x 20.3D x 12.7H cm) on the lower floor. The rats
accessed food pellets from two hoppers attached to a side wall
on the lower floor, and two water bottles were affixed side-by-
side to the front cage wall on the lower landing. The upper
landing included a food tray and sipper access area for sign
tracking (see apparatus description below). Although the rats
could explore these areas on the top platform at any time, the
sign tracking equipment was activated only during training
sessions. Novel objects (e.g., commercially available hard
wood chew toys, cardboard tubes) were scattered on all levels
of the cage and rotated weekly. A black cloth curtain affixed to
the top of the rack was always lowered to cover the front of the
top two thirds of the cage tower except when transferring the
rats from and to the cages. The remaining eight rats were

housed in pairs in standard clear polypropylene cages (42.7
L x 28.7 W x 19.8 H cm) with stainless-steel grill tops that
held two water bottles and food pellets. A mix of corncob and
dry cellulose material (Teklan 7087c) was used as the bedding
for the standard and tower cages. Food (Teklan Rodent Diet,
7102) and water were provided for all animals ad libitum
throughout the experiment. The animals were maintained on
a 12-hour light-dark cycle, with the light turning on at 8 am.
Testing took place in the mornings and early afternoon. All
procedures were approved by Seton Hall’s Institutional
Animal Care and Use Committee and performed according
to the animal care standards of the National Institutes of
Health.

Apparatus

Each of the four cage towers were fitted with devices neces-
sary to conduct sign tracking in the home environment. A
retractable sipper device (Med Associated Inc., St. Albans,
Vt, ENV-252M) was mounted on the outside of the upper
landing on the left side. When activated the device made a
noise that alerted the animals to the advancing bottle and
placed the sipper tip flush with the wire-mesh wall. The wire
between two neighboring mesh squares was cut to provide a
2.5- x 2.5-cm sipper access opening 3 cm above the floor.
Contact lickometers (Med Associates, Model ENV-250B)
monitored contacts/licks on the sipper until the bottle was
retracted at the end of a trial. A 5- × 5-cm area of the mesh
wall was cut away 7.6 cm to the right of the sipper tube
opening to mount a metal food tray with clear plastic sides.
An infrared head entry detector (Med Associates, model
ENV-254) recorded headpoking responses into the food tray.
A pellet dispenser (Ralph Gerbrands Co) filled with sugar
pellets (Noyes, 45 mg) was mounted directly behind the food
tray. A speaker located in the lower right-hand corner of the
upper landing provided background white noise (Med
Associates, model ENV-225SM) during sign tracking ses-
sions. All equipment and experimental events were controlled
by MedPC software (Med Associates Inc., St. Albans, VT).

Procedure

Phase 1: Acquisition of Sign Tracking.

The rats housed in the enriched tower cages were divided into
two groups to be trained in the sign-tracking procedure as
adolescents or as adults. The rats in both groups were main-
tained identically daily with the exception that exposure to
sign tracking procedure and preexposure to ethanol was de-
layed in the adult group until they reached the target age. A
generally accepted onset of adolescence in rats is postnatal
day (P) 28 with adulthood beginning at P70 (Spear, 2000).
The Adolescent-Enriched (Adol-E) group (n = 8) began
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ethanol preexposure at P35 and sign tracking at P56 (21 days).
The Adult-Enriched (Adult-E) group (n = 8) began ethanol
preexposure at P98 and sign tracking at P112 (14 days). For
Phase 1, we also included an Adolescent-Standard (Adol-S)
group (n = 8) pair-housed in standard cages. As with the Adol-
E group, the Adol-S group began ethanol pre-exposure at P35
and sign tracking at P56.

Ethanol Pre-exposure For 3 (Groups Adol-E and Adol-S) or 2
(Group Adult-E) weeks before the initiation of sign tracking,
one of the water bottles on the home cages was replaced with
ethanol, beginning with 2% ethanol, and gradually increased
by 1% to 5%. The adult rats were given one less week of
preexposure because they more readily consumed the ethanol
than the adolescent rats. However, the number of days with
access to ethanol was the same for both age groups during the
subsequent acquisition phase (6 weeks) and acute stressor
manipulation phase (2 weeks). We suspect that an additional
week of ethanol preexposure was necessary for the adoles-
cents to drive up free-access ethanol intake during
preexposure because of an environment that was relatively
novel and sufficiently complex to support many competing
behaviors. When the adults were preexposed to ethanol, they
were more familiar with the environment and they had much
more experience with drinking from sipper tubes. Although it
was not possible to determine how much ethanol each rat was
consuming in the home cages, we tested each rats’ preference
for ethanol individually in a stainless-steel wire mesh test cage
in a separate room once per week. These individual two-bottle
tests were 20 minutes in duration and provided the rats with a
choice of the current ethanol concentration and water by
affixing two bottles to the front of the wire-mesh cage.
These weekly two-bottle tests continued during the sign track-
ing training.

Sign tracking For the sign tracking sessions all rats were re-
moved from their cage tower and temporarily placed with
their cage mates into a standard cage in an adjoining room.
The Adol-E and Adult-E groups were tested individually on
the upper platform of their own home cage tower. Rats were
confined to the upper platform by installing a plexiglass bar-
rier that spanned the full length of the platform floor. The rats
of the Adol-S group were also trained on the confined plat-
form of a cage tower to which they were randomly assigned.
Adaptation sessions to the confined platform took place dur-
ing the third week of ethanol preexposure with 10 sucrose
pellets in the food tray and the white noise turned on.

All groups were run in sign-tracking sessions every other
day, excluding Sundays, for 6 weeks (i.e., Monday,
Wednesday, & Friday or Tuesday, Thursday & Saturday).
During a session, the animal was weighed, placed on the con-
fined sign-tracking platform, and a white noise was turned on
to indicate the start of the session. After 60 seconds, the sipper

bottle containing 5% ethanol was advanced to make the sipper
accessible to the rat. After 10 seconds, the sipper was
retracted, and a single sugar pellet delivered into the food tray
to complete a trial. A single session consisted of 25 bottle-
pellet trials separated by a 60-second intertrial interval. Two
minutes after the last trial, the session ended. The bottle con-
taining the ethanol was weighed before and after each session
to measure the ethanol consumed while sign tracking. When
all sessions for the day were completed, the plexiglass barriers
on the upper platforms were removed, and the enriched groups
were returned to their home towers.

Phase 2: Acute Stressor Manipulations and Recovery

Only the rats raised in the enriched home environment (Adol-
E and Adult-E) were tested in this second phase of the exper-
iment to determine the effects of acute isolation stress on sub-
sequent sign-tracking and goal-tracking performance in
adolescent-trained and adult-trained animals. In phase 2, the
enriched-housed groups were administered an acute isolation
stressor by transferring the rats from their enriched home en-
vironment to restrictive cages for 3 days followed by 3 days of
recovery back in their home tower. The restrictive home cage
was a standard polypropylene rat cage with stainless-steel grid
top, but the exterior walls of the cage were covered with black
contact paper to block visual access to the surrounding vivar-
ium environment (food and water was provided ad libitum).
During the acute stressor condition, the rats were tested in the
sign-tracking procedure on the second and third day by
returning them briefly to the platform of their home cage for
a sign tracking session, and again 24 hours later when they
were returned to their enriched home cage to begin a week of
recovery. During the recovery week, the rats were again tested
three more times on the sign-tracking platform. The stressor
manipulation was then repeated the following week. Thus,
there were two acute 3-day stressor manipulations (Stressor
1 & 2) each followed by three days of recovery (Recovery 1 &
2) when the rats were transferred back to their enriched home
tower. Although isolation from the enriched home environ-
ment was the main stressor manipulation and administered
twice, during one of the two stressor administrations the rat
was alone and during the other stressor administration the rat
was wi th one home companion . The order was
counterbalanced so that half the rats in each age group were
first stressed alone and then in pairs (alone-pairs), and vice
versa for the other half (pairs-alone).

Free Range Access to the Home Cage Tower During Sign
Tracking Sessions

The original plan of the study was to test various manipula-
tions on sign-tracking performance when the rats were no
longer confined by the plexiglass barrier to the home cage
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platform and therefore free to roam the home cage, however
the shutdown of Seton Hall University and the laboratories
because of the Covid-19 pandemic caused the premature ter-
mination of the study. Nevertheless, we were able to collect
some data demonstrating that the rats continued to sign track
when they had free range of their home cage tower during a
sign-tracking session. After the completion of Phase 2 by the
Adol-E group, we continued to test the rats in sign-tracking
sessions to maintain performance while the Adult-E rats com-
pleted Phase 1. The Adol-E and Adult-E groups were tested
for three sessions with the barrier removed (i.e., free range
access to the home cage) approximately 3 weeks and 1 week
after their last sign-tracking session, respectively. No other
changes in procedure were made; thus, all rats continued to
sign track a bottle CS containing 5% ethanol as in Phases 1
and 2. The following week the two groups were again tested
for three additional free-range, sign-tracking sessions; howev-
er, the ethanol solution was replaced with water. Finally, the
behaviors of several rats were recorded during a sign-tracking
session with a GoPro HERO8 camera and their behavior an-
alyzed using theBehavioral Observation Research Interactive
Software (BORIS), an open-source event logging and behav-
ior coding software (Friard & Gamba, 2016).

Data Analysis

The dependent variables for each phase of the experiment
were analyzed with separate mixed factorial ANOVAs using
JASP version 0.11.1. Significant interactions were followed
when appropriate by additional ANOVAs, simple main ef-
fects, planned comparisons, or Bonferroni post-hoc compari-
sons. When Mauchly’s tests indicated a violation of the sphe-
ricity assumption, degrees of freedom were corrected using
the Greenhouse-Geisser estimates of sphericity.

Results

Phase 1: Acquisition

The acquisition of sign tracking for the Adol-E and Adult- E
groups as well as the Adol-S group are shown in the top panel
of Fig. 1. The 18 days of sign tracking training are presented
as 2-day session blocks. Sign tracking performance was de-
fined as the mean total licks per block. Note that the
lickometers measure contact with the drinking spout and
may include bites, sniffs, and occasional pawing particularly
early in training. Because the substantial number of contacts
are licks, the dependent variable for sign tracking is referred to
as licks. A 3 (Group; Adol-E, Adult-E, Adol-S) x 9 (Block 1-
9) mixed ANOVA on the mean total licks (Fig. 1, top panel)
revealed significant main effects of Group, F(2, 21) = 22.68, p
< 0.001, ηp

2 = 0.684, and Block, F(3.7, 78.4) = 51.15, p <

0.001, ηp
2 = 0.709. Post-hoc comparisons revealed that the

mean total licks of the Adol-E group was significantly greater
than the Adol-S group (p = 0.006) and that the Adult-E group
engaged in significantly greater sign tracking than both the
Adol-E (p = 0.003) and Adol-S groups (p < 0.001). A signif-
icant Groups x Block interaction, F(17.5, 78.4) = 5.98, p <
0.001, ηp

2 = 0.363, revealed that these group differences did
not emerge until block 3 and persisted until the end of the

Fig. 1 Mean total licks (top panel), ethanol solution intake in grams
(middle panel) and grams per kg to correct for body weight (bottom
panel) averaged across 2-day blocks during the first 18 days of sign
tracking for adolescent and adult rats raised in enriched housing and
adolescent rats raised in standard housing
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acquisition phase (ps < 0.001). Among the two adolescent-
trained groups, the enriched-housed rats had more licks than
the standard-housed rats during blocks 3, 4, 5, 7, and 9 (ps <
0.05).

The middle panel of Fig. 1 shows the mean intake of the
ethanol solution during the acquisition of sign tracking. Main
effects of Group, F(2, 21) = 44.54, p < 0.001, ηp

2 = 0.809, and
Block, F(4.9, 102.2) = 8.20, p < 0.001, ηp

2 = 0.281, and their
interaction, F(9.7, 102.2) = 2.72, p = 0.006, ηp

2 = 0.206,
demonstrated differences in EtOH intake. Post-hoc compari-
sons confirmed that the adult-trained rats consumed more eth-
anol than both adolescent-trained groups (ps < 0.001).
Planned comparisons indicated that all three groups demon-
strated significantly higher intake during at least one block
later in training (Adult-E: blocks 4,5,6, & 8; Adol-E: blocks
5,7,& 9; Adol-S: block 8), demonstrating an escalation of
ethanol intake especially in the enriched-housed groups. A
Group x Block mixed ANOVA on the two adolescent groups
showed that the enriched-housed group consumed significant-
ly more ethanol than the standard-housed group (main effects
of Group, F(1, 14) = 6.89, p = 0.02, ηp

2 = 0.330, and Block,
F(4, 56.4) = 3.8, p = 0.009, ηp

2 = 0.212 ; no interaction, F(4,
56.4) = 2.0, p = 0.11, ηp

2 = 0.125).
The age difference in alcohol consumption was also ob-

served when intakes were corrected for differences in body
weight (Fig. 1, lower panel). Averaged over all days of acqui-
sition, the adult enriched rats (M = 0.406 kg, S.E. = 0.009)
weighed more than the adolescent enriched rats (M = 0.303
kg, S.E. = 0.004). The grams per kilogram intake data re-
vealed that the adult rats consumed more ethanol than the
adolescents, F(1, 14) = 10.01, p = 0.01, ηp

2 = 0.417, with
intake levels reaching 17.4 g/kg in the adults and 14.9 g/kg
in adolescents during the last training block. Although the Age
x Blocks interaction did not reach statistical significance,
F(3.1, 43.1) = 2.45, p = 0.08, ηp

2 = 0.149, there was a

significant main effect of Blocks, F(3.1, 43.1) = 3.46, p =
0.02, ηp

2 = 0.198, with intakes generally increasing over
blocks. Beginning at Block 4 (data not shown), the adolescent
groups also differed slightly in body weight with the Adol-E
rats (M = 0.303 kg, S.E. = 0.004) overall slightly heavier
during acquisition than the Adol-S rats (M = 0.286 kg, S.E.
= 0.005). As a result, the group difference in ethanol intake in
terms of grams per kg did not reach traditional levels of sta-
tistical significance: F(1,14) = 3.78, p = 0.07, ηp

2 = 0.213.
Rats engage in sign tracking and goal tracking behavior

during a bottle CS presentation. Figure 2 shows mean total
headpokes into the food tray during the 10-sec period before
(Pre-CS), during (CS) and after (post-US) the insertion of the
ethanol bottle CS during the 9 blocks of training. A compar-
ison of data in the three panels demonstrates the general pat-
tern of acquired headpoking behavior during a typical sign
tracking trial. Headpoking performance is low during the
pre-CS period but increases during the bottle presentation
demonstrating conditioned goal tracking (i.e., anticipation of
the impending food pellet US). The food pellet presentation
ends a trial, but rats persist with some search behavior in the
food tray during the post-US period—a natural predisposition
allowing rats to “confirm” that the brief meal has ended—
before reducing headpokes for the remainder of the ITI and
just prior to the start of the next trial (i.e., pre-CS period).
Mixed ANOVAs conducted on each group separately yielded
significant Period (PreCS, CS) x Block interactions for all
three groups, confirming that goal tracking during the bottle
CS is an acquired anticipatory response (all Fs > 3.19 , all ps <
0.005). Simple main effects with blocks as the moderating
factor yielded the same results for all three groups: significant-
ly greater headpoking during the CS than pre-CS at all blocks
except the first block (all ps < 0.05). Planned comparisons
(difference contrasts) revealed that while the highest level of
headpoking was early in training for Group Adult-E (Blocks 3

Fig. 2 Mean total headpokes during the 10-sec period before (Pre-CS),
during (CS) and after (post-US) the insertion of the ethanol bottle aver-
aged across 2-day blocks during the first 18 days of sign tracking for

adolescent and adult rats raised in enriched housing and adolescent rats
raised in standard housing
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and 4, ps < 0.01), it was later in training for the Adol-E
(Blocks 7 & 9, ps < 0.001) and Adol-S (Blocks 5 & 8, ps <
0.05) groups. Thus, although all groups acquired goal tacking
at the same rate (by Block 2), the adolescent rats tended to
engage in more goal tracking than the adult rats later in train-
ing. A Groups x Block mixed ANOVA on the CS data yield a
significant main effect of Group, F(2, 21) = 6.16, p = 0.008,
ηp

2 = 0.370, with the Adol-S group engaged in greater
headpoking than the Adult-E group (p = 0.006) but not the
Adol-E group (p = 0.12). The Group x Block interaction,
F(6.9, 72.4) = 3.44, p = 0.003, ηp

2 = 0.247, partly reflected
the greater variable in headpoking performance between
blocks in the adolescent rats than the adult rats.
Nevertheless, the adolescent rats demonstrated more
headpoking than adults during most blocks.

Table 1 shows the Pearson correlations between the licks
and headpokes during training. Correlations including all 3
groups combined (N = 24) were negative for all training
blocks, but statistical significance was achieved only later in
training beginning at Block 4. Correlations are also shown for
the Adolescent rats only (n = 16) and for each group (n = 8)
separately, but all except Block 4 for the adult-trained group
were not statistically significant. Fig. 3 shows the scatterplots,
and Fig. 4 plots histograms of the mean total licks and
headpokes on the last block of training (mean of Days 17 &
18) for the three groups. Except for two adolescent rats raised
in standard housing, all rats engaged in sign tracking and goal
tracking behavior.

A cursory inspection of the rats during training sessions
suggested that sign tracking declined within the session in
the enriched-housed groups. To better characterize these
within-session decrements in sign-tracking performance, the
licks during the last five training blocks were computed as 5-
trial blocks (25 trials/5 trials = 5-trial blocks). Although the
Group (3) x Training Block (5) x Trial Block (5) interaction
was not significant, F(14.1, 148.0) = 1.41, p = 0.16, ηp

2 =

0.118, there was a reliable Group x Trial Block interaction,
F(2.6, 27.6) = 5.89, p = 0.004, ηp

2 = 0.358. As shown in Fig. 5
(top panel), the two enriched-housed age groups showed
within-session declines in sign tracking, whereas the adoles-
cent group raised in standard cages did not. This impression
was confirmed by significant simple main effects of trial
blocks for the Adol-E (p < 0.001) and Adult-E (p < 0.001)
groups but not the Adol-S group (p = 0.56).

The bottom panel of Fig. 5 shows the same plot for
headpokes. The main effect of Trial Block, F(1.5, 31.0) =
1.64, p = 0.30, ηp

2 = 0.072, the Group x Trial Block interac-
tion, F(3.0, 31.0) = 1.27, p = 0.30, ηp

2 = 0.108, and the Group
x Session Block x Trial Block interaction,F(9.4, 97.9) < 1.0, p
= 0.45, ηp

2 = 0.086, were not significant. Thus, the within-
session declines in sign tracking seen in the enriched-housed
age groups were not seen in goal tracking.

Phase 2: Stressor Manipulations in the enriched-
housed groups

Sign tracking under the two stressor and two recovery condi-
tions were calculated by averaging the licks from the three
sign tracking test days during each condition. Licks from the
last three blocks of Phase 1 training also were averaged to
calculate asymptotic baseline sign-tracking performance. For
goal tracking, the same averages were calculated using the
headpoking responses. An initial analysis revealed no system-
atic effect of the type of stressor (isolation stress alone or
paired with a cage mate) on the dependent measures during
the stressor and recovery conditions (data not shown), thus
stressor type was excluded as a factor in the following analy-
ses. Sign-tracking and goal-tracking performance were ana-
lyzed with a 2 (Age: Adolescent, Adult) x 5 (Stressor
Condition: Baseline, Stressor 1, Recovery 1, Stressor 2,
Recovery 2) x 2 (Stressor Type Order: alone-pairs, pairs-

Table 1 Summary of Correlations During Acquisition: Total Licks and Headpokes During the Bottle CS

Subjects Training Block

1 2 3 4 5 6 7 8 9

All rats

All -0.40 -0.29 -0.27 -0.43* -0.48* -0.41* -0.55** -0.50* -0.61**

Adolescent rats only

Adolescent -0.43 -0.36 -0.39 -0.19 -0.32 -0.38 -0.23 -0.45 -0.48

0.48Individual Groups

Adol-E -0.44 -0.44 -0.15 -0.02 0.22 -0.28 -0.54 -0.25 -0.64

Adol-S -0.45 -0.03 0.26 0.57 -0.08 -0.32 0.09 -0.41 -0.47

Adult-E 0.09 0.24 -0.37 -0.78* -0.43 -0.36 -0.69 -0.36 -0.59

Note. N = 24, n = 8 , * p < .05, ** p < .01
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alone) ANOVA, followed by additional ANOVAs and
planned comparisons when necessary.

Sign Tracking The 3-way interaction, F(4, 48) = 1.22, p =
0.31, ηp

2 = 0.093, and the Stressor Condition x Order interac-
tion, F(4, 48) = 1.90, p = 0.13, ηp

2 = 0.136, were not statisti-
cally significant. However, there was a reliable Age x Stressor
Condition interaction, F(4, 48) = 5.1, p = 0.002, ηp

2 = 0.298.
Simple main effects confirmed significant effects of stressor
condition in the adult (p < 0.001) and adolescent groups (p <
0.01). Sign tracking performance during the stressor condi-
tions for the adults are shown in the top panel of Fig. 6a.
Planned comparisons indicated that licks on the bottle CS
increased during the first stressor experience (B vs. S1: p =
0.003) but returned to baseline levels during the following
week of recovery (B vs. R1: p = 0.11). Although licks did
not increase during the second exposure to the restricted hous-
ing (B vs. S2: p = 0.38), they were elevated the following

Fig. 3 Scatterplot of mean total licks and headpokes during the bottle CS
presentations on the last block of training (Days 17 & 18)

Fig. 4 Histograms of mean total licks (left panels) and headpokes (right panels) during the bottle CS presentations on the last block of training (Days 17
& 18)
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week when the adults were back in their enriched home envi-
ronment (p < 0.001). In the adolescent group (Fig. 6b), licks
were elevated significantly during the recovery from the sec-
ond stressor (B vs. R2: p = 0.006), but not during the stressor
manipulations (B vs. S1: p = 0.83; B vs. S2: p = 0.35) or
during the recovery from the first stressor manipulation (B
vs. R1: p = 0.11).

Goal Tracking As with the sign-tracking measure, the Age x
Stressor Condition interaction was the only significant inter-
action for the headpoking measure, F(2.0, 23.5) = 10.4, p <
0.001, ηp

2 = 0.464. Simple main effects confirmed that while
headpokes increased during the second stressor and recovery
conditions (p < 0.001) for the adult rats (Fig. 6c), headpokes
decreased (p = 0.002) for the adolescent rats (Fig. 6d). Simple
planned comparisons yielded significant changes from base-
line responding during the second stressor (S2) and subse-
quent recovery (R2) condition in the adult (B vs. S2: p <
0.001; B vs. R2: p = 0.002) and adolescent (B vs. S2: p =
0.003; B vs. R2: p = 0.001) groups. No significant changes in
headpoke responses occurred during the first stressor and re-
covery conditions of the adults (B vs. S1: p = 0.08; B vs. R1: p

= 0.45) and adolescents (B vs. S1: p = 0.24; B vs. R1: p =
0.76).

Ethanol Intake The mean ethanol consumed from the bottle
CS during the sign tracking sessions of Phase 2 are displayed
in Fig. 7 as grams per kilogram (top panel). The main effect of
Age, F(1, 14) = 6.9, p = 0.02, ηp

2 = 0.330, confirmed that
adult group overall continued to consumemore ethanol during
sign tracking than the adolescent group. Simple main effects
following a significant Age x Stressor Condition interaction,
F(4, 56) = 3.63, p = 0.01, ηp

2 = 0.206, revealed that while
there were no changes in ethanol consumption across condi-
tions for the adolescent rats (p = 0.73 ), the adults’ (p < 0.001)
significantly reduced intake of ethanol during recovery 1 (p =
0.02) and stressor 2 (p = 0.001). Figure 7 (bottom panel) plots
the results of the two-bottle tests conducted in a separate test
chamber outside of the home environment. Although the pref-
erence is in the direction of ethanol for both groups, Age x
Stressor Condition x Stressor Order mixed ANOVA yielded
no statistically significant effects (all Fs ≤ 1).

Free Range Access to the Home Cage During Sign
Tracking Sessions

Equipment difficulties with the home cage lickometers oc-
curred during home range testing. As a result, the average of
the second and third day of testing were calculated for both
groups. For two of the Adol-E rats and four of the Adult-E
rats, the total licks from the first day were used in the mean
calculations due to missing scores on the second day. Mean
total licks when 5% ethanol was in the bottle CS (as in Phase 1
and 2) for the adult group (M = 760.6, S.E. = 109.3) and
adolescent group (M = 565.3, S.E. = 50.0) were comparable
to the levels seen at the end of acquisition (Fig. 1, top panel).
When the ethanol in the bottle CS was replaced with water in
the free-range sessions, the adult group reduced their total
licks (M = 573.4, S.E. = 78.1), but the adolescent rats substan-
tially increased their total licks (M = 912.2, S.E. = 59.6). An
Age (2) x Bottle Content(2) mixed ANOVA revealed a sig-
nificant Age x Bottle Content interaction, F(1, 14) = 37.4, p <
0.001, ηp

2 = 0.727. Simple main effects confirmed that while
the Adol-E group increased sign tracking when water replaced
ethanol (p < 0.001), the adult rats decreased their sign tracking
behavior (p = 0.02). Moreover, although the age group differ-
ence did not reach statistical significance (p = 0.13) when sign
tracking ethanol, the Adol-E group sign tracked significantly
more with the water bottle CS than the Adult-E group (p =
0.004).

When no longer confined to the upper platform of the home
cage where the sign-tracking equipment was located and hav-
ing access to all levels of the home cage, the rats primarily
remained on the platform or quickly returned after visiting
other levels of the cage. The ethograms of one example rat

Fig. 5 Mean licks (top panel) and headpokes (bottom panel) averaged
across the last 5 blocks of training and plotted as 5-trial blocks to show
within-session performance of sign tracking (licks) and goal tracking
(headpokes)
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from each age group showing their location during five trials
in the beginning, middle, and end of a sign-tracking session is
shown in Fig. 8. The rats remained on the platform for all or
most of the scored trials. During the first five trials, both rats
visited the lower levels frequently but briefly, quickly
returning to the sign-tracking platform before the start of the
next trial. The adolescent rat (C2) did not miss the opportunity
to lick the ethanol bottle CS on any of the five trials and the
adult rat (C15) missed the bottle CS only on one trial.

Discussion

Adolescent Sprague-Dawley rats raised in enriched housing
from 21 days of age acquired higher levels of sign-tracking
behavior directed towards an ethanol-containing bottle than
comparably aged rats reared in paired standard housing.
Thus, sign tracking is readily observed in environmentally
enriched rats and at levels greater than standard housed rats.
This result conflicts with a prior study reporting that enriched
housing reduces sign tracking (Beckmann & Bardo, 2012).
There are several procedural differences in the two study de-
signs that are worth noting. First, in the present study, we gave

the rats 18 days of training (acquisition) rather than 5 days
more typically used in sign tracking studies investigating in-
dividual differences in attribution of incentive salience. Large
increases in the sign-tracking performance of the enriched
group did not become apparent until Block 3 (Days 5 and
6). This result is consistent with other studies demonstrating
that with extended training rats initially characterized as goal
trackers can shift performance toward sign tracking of a lever
CS (Keefer et al., 2020; Srey, Maddux, & Chaudhri, 2015).
Second, the comparison group in the present study consisted
of pair-housed rats in standard cages rather than socially iso-
lated rats (i.e., housed alone) used in the Beckman and Bardo
study. It is possible that the main group difference in the latter
study was due to the chronic social isolation rather than to
enrichment and that with further training the enriched group’s
performance would have increased to levels that matched or
exceeded the isolated group’s performance. Isolated housing
has been reported to increase sign tracking behavior in ado-
lescent rats (Anderson et al., 2013; DeAngeli et al., 2017).
Third, in the present study a fixed 60-sec ITI was used rather
than a variable ITI that has become “standard” in sign tracking
research. An examination of the long history of sign tracking
research reveals that a variable ITI is not a necessary condition

Fig. 6 Mean total licks (A & B) and mean total headpokes (C & D) during Phase 1 baseline (open symbols) and Phase 2 Stressor conditions (solid
symbols) of the adult and adolescent enriched-housed groups. *p ≤ 0.01; **p ≤ 0.001.
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for sign tracking and that the form and timing of conditioned
behavior is primarily guided by the temporal relationship of
motivating events, such as the inter-food (inter-US) interval
(Silva & Timberlake, 1997; Gallistel & Balsam, 2014).
Although a fixed ITI can provide a reliable temporal cue for
the US that may encourage goal tracking over sign tracking,
this does not appear to be the case since robust sign tracking
performance was observed. Finally, two procedural differ-
ences were introduced in the present study informed by a
research goal that diverges from the more typical studies of
sign tracking—the use of a bottle CS containing 5% alcohol as
the object CS rather than a retractable lever and rats trained in
their home environment rather than in a separate test chamber.
Paradigmatically, both types of studies are Pavlovian, because
the object CS is paired noncontingently with the food US.
Nevertheless, it cannot be ruled out that the disparity in the
effects of environmental enrichment on sign tracking are due
to the choice of object CS and training directly in the home-
enriched environment. Clearly more research is needed to de-
termine how enriched housing influences sign tracking.

The additional procedural differences in the present study
were included to increase the ecological relevance of the sign
tracking procedure, an objective that is less relevant to studies
using sign tracking of a lever CS as an indicator of individual
differences in the attribution of incentive salience. Previous
studies have increased ecological relevance of sign-tracking

procedures, for example, by using a rolling ball bearing CS to
provide additional features of natural prey for rats
(Timberlake, Wahl, & King, 1982) and a terrycloth object
with some stimulus features of a female quail to induce sexu-
ally conditioned responding in male quail (Domjan, Cusato &
Krause, 2004). In the present study, a bottle CS containing
alcohol was used to increase ecological relevance that trans-
lates to human alcohol use and abuse as proposed by Tomie
and associates. A limitation of the present study is that we
cannot determine the extent to which the acquisition of sign
tracking performance was influenced by the alcohol content,
because we did not include groups sign tracking water. Prior
research, however, clearly indicate that sign tracking of a bot-
tle CS is not dependent on the motivating properties of the
bottle content. Nonhungry, nonthirsty rats will sign track and
drink from a bottle CS containing water and at a rate greater
than a control group receiving random presentations of the CS
and US (Tomie et al., 2004, 2005). Our laboratory has found
that nondeprived rats raised in enriched housing and trained in
separate test chambers sign track a water bottle CS substan-
tially more than pair-housed reared rats (Casachahua, 2011
unpublished master’s thesis https://scholarship.shu.edu/
dissertations/9/). Nevertheless, the addition of alcohol to the
bottle causes elevated sign-tracking performance and solution
consumption compared with water, suggesting that the phar-
macological effects of alcohol increase sign-tracking perfor-
mance (Tomie et al., 2004; Tomie & Sharma, 2013). The use
of nondeprived rats lessens the possibility that rats are con-
suming the ethanol primarily for calories to relieve hunger.
We used alcohol bottle CS rather than water to model alcohol
use behavior and to allow for potential effects of alcohol (e.g.,
possible self-medication; Manzo et al., 2015) during the iso-
lation stressor manipulations. Research that includes rats sign
tracking water is needed to determine how the addition of
ethanol impacts on performance of rats sign tracking a bottle
CS in an enriched home environment.

Despite the differences between our procedure (i.e., a bottle
CS and enriched housing) and sign-tracking procedures using
a retractable lever CS that have become “standard,” we ob-
served similar age differences in sign tracking that have been
reported in studies using retractable lever CSs. Prior studies
found that adolescent rats sign track a retractable lever CS less
than adult rats (Doremus-Fitzwater & Spear, 2011; Rode
et al., 2019). In the present study, rats raised in enriched hous-
ing from 21 days of age but trained in the sign-tracking pro-
cedure as adults showed more robust sign tracking than
enriched-housed rats trained as adolescents, whereas the
adolescent-trained rats tended to goal track more than the
adult-trained rats. Thus, we extend the finding that adolescent
rats show reduced sign tracking relative to adults to a more
natural situation where rats track a bottle CS in their enriched
home environment. It has been proposed that adolescent rats
sign track less and goal track more than adults because

Fig. 7 Mean ethanol intakes (grams/kg) during the sign tracking sessions
(top panel) and ethanol preference in two-bottle test chambers outside of
the home cage (lower panel) during stressor manipulations in phase 2.
Baseline values are means for the last 3 days of acquisition in phase 1
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adolescent rats are more sensitive to primary rewards than
adult rats (Doremus-Fitzwater & Spear, 2011; Rode et al.,
2019). Although young rats are thought to display greater
novelty seeking than adults (Spear, 2004; Stansfield &
Kirstein, 2006), and therefore more likely than adults to re-
spond to a novel retractable object CS, their greater sensitivity
to the primary reward at the food tray may reduce motivation
to incorporate an object with acquired incentive value into
their ongoing behavioral strategy. Consistent with the possi-
bility that sign tracking is increased by a novelty-seeking phe-
notype is our finding that the enriched-housed adolescent
group contacted the bottle sipper more than the adolescent
group confined to standard but impoverished housing during
development.

If adolescent rats are more sensitive to rewards than adults,
then it is not clear why the availability of ethanol in the bottle
CS, a potentially rewarding substance, did not enhance sign
tracking and ethanol consumption in adolescents more than
adults. Adolescent rats consume more ethanol than adult rats
under a variety of continuous-access standard housing circum-
stances (Doremus, Brunell, Rajendran, & Spear, 2005). An
ethanol solution US supports sign tracking of an object CS
(Tomie & Sharma, 2013), indicating that ethanol in a sign
tracking procedure is an effective reward, although a more

complex ethanol chocolate reward has been reported to shift
performance from sign tracking to goal tracking (Fiorenza
et al., 2018). Forced, intermittent ethanol consumption by
intragastric administration has been shown to shift behavior
of adolescent rats from goal tracking to sign tracking suggest-
ing that binge-like ethanol exposure can increase compulsive-
like sign tracking (Madayag et al., 2017). Our results suggest
that at least with our procedure, the adolescent rats valued the
sugar pellet food reward more than the 5% ethanol. Our find-
ing that ethanol was not strongly preferred over water in re-
peated two-bottle choice tests suggests that the ethanol was
not a very strong reward.

Adolescents often is characterized as a time of increased
vulnerability to addiction (Crews, Jun, & Clyde, 2007), yet
sign tracking (hypothesized to reflect increased addiction vul-
nerability) is seen less in adolescent rats than in adult rats
(Doremus-Fitzwater & Spear, 2011; Rode et al., 2019; present
study). Environmental enrichment is characterized as protec-
tive of addiction (Galaj et al., 2020; Stairs & Bardo, 2009), yet
the environmentally enriched rats in the present study sign
tracked more than rats housed in standard, but impoverished,
housing. Because the bottle CS in the present study contained
5% ethanol, intake of alcohol while sign tracking was greater
in the enriched adult group compared with the adolescent

Fig. 8 Ethograms of two representative rats from the adolescent-trained
group (C2) and adult-trained group (C15) during five trials in the begin-
ning, middle, and end of a free roaming sign-tracking session. The top
two lines show when the bottle CS enters and exits during a trial, and the
remaining lines show the location of the rats over time. Rats were at the
bottle access hole (@ Bottle), at the feeder (@Feeder), or immobile

(Waiting) near but not actively searching at the bottle or feeder location.
The lower four lines mark when the rats were on the sign tracking plat-
form but away from the bottle access hole or feeder (ST Platform) and
when the rats left the sign tracking platform to visit the middle level,
lower platform (where the water bottles were located) and the floor level
(where the food pellets were located).
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group in terms of total intake and grams per kilogram body
weight, potentially making adults more vulnerable to alcohol
abuse. Yet neither group showed a strong preference for alco-
hol over water in two-bottle tests outside the home testing
environment. Although increased sign tracking of a bottle
CS with a concentration of ethanol as high as 29% success-
fully models excessive, poorly controlled alcohol use and
abuse (Tomie & Sharma, 2013), this elevated drinking does
not generate sustained drinking or increased ethanol prefer-
ence outside of the experimental context (Tomie et al., 2004;
present study). Thus, in terms of the incentive salience hy-
pothesis rats sign tracking an ethanol bottle demonstrate a
strong “wanting” of ethanol, but to the extent that limited-
access, two-choice preference tests are an indicator of “liking”
(Meyerolbersleben, Winter, & Bernhardt, 2020), increased
“wanting” is not accompanied with an increase in the “liking”
of ethanol. Interestingly, rats given random presentations of
the ethanol bottle CS and foodUS in a sign tracking procedure
also demonstrate increased consumption with repeated expe-
rience. Apparently, intermittent access to a bottle alone is
enough to induce ethanol drinking in several experimental
protocols including the sign tracking procedure (Tomie,
Miller, Dranoff, & Pohorecky, 2006). A limitation of the pres-
ent study is that a random control group was not included for
comparison. It has been established that paired CS-US presen-
tations significantly increase sign tracking and ethanol con-
sumption compared to the random controls (Tomie, et al.,
2004), supporting the hypothesis that CS-triggered incentive
salience sensitization (i.e., sign tracking) may contribute to the
development of alcohol use disorder (Cofresí, Bartholow, &
Piasecki, 2019; Tomie & Sharma, 2013). Nevertheless, sign
tracking behavior does include associative and nonassociative
components (e.g., influence of the intermittency of rewards)
and the purpose of the present study was not to study associa-
tive learning per se but to investigate group differences in
performance and changes in performance driven by the con-
straints of a sign tracking procedure.

Our emphasis on the acquisition of sign and goal tracking
behavior in an enriched environment and on the experimental
constraints on learning puts greater focus on issues that are
less relevant to the current prominence in the sign tracking
literature on identifying individual differences in incentive
salience attribution. For instance, sign tracking took several
days to emerge reliably, even in the enriched-housed groups.
This delay may reflect learned behavioral changes that are not
measured directly by the experimental design but impact on
sign-tracking and goal-tracking performance. For example,
during ad libitum feeding in the laboratory and in experimen-
tal procedures that simulate foraging in a closed-economy rats
take meals in bouts (Collier & Johnson, 2004). The availabil-
ity of only one small food pellet spaced by a fixed or variable
interval does not sustain feeding for very long resulting in an
environmental constraint on a rat’s natural tendency to eat a

meal in bouts. Continued headpoking during the 10 sec after
the US delivery (Post US, Fig. 2) may reflect this preorganized
behavioral tendency. Rats biologically prepared to feed in
bouts may need several days of experience to learn that a
feeding bout is not under their own control (Lucas,
Timberlake, & Gawley, 1988). Thus, sign tracking may in-
crease as rats adjust their goal-directed actions and begin to
include the object CS as it gains incentive value. Although
goal trackers may be more responsive to the incentive moti-
vating properties of the food US than sign trackers (Friemel,
Spanagel, & Schneider, 2010; Patitucci, Nelson, Dwyer, &
Honey, 2016), and therefore are less likely to attend to the
object CS, enrichment may reduce the primacy of the moti-
vating properties of food reward by increasing motivation to
interact with other objects in the environment when available,
such as a retractable object CS. The hypothesis that enriched
rats are likely to sign track an object CS more than
nonenriched rats is suggested by the observation that enrich-
ment increases object exploration (Einon & Morgan, 1976;
Modlinska, Chrzanowska, & Pisula, 2019). Thus, the acquisi-
tion of higher levels of sign tracking in enriched rats may
reflect greater flexibility and more efficient reorganization of
behaviors supported by the affordances available in an envi-
ronment, a characteristic that often is reported in studies in-
vestigating the effects of enriched housing on learning
(Renner & Rosenzweig, 1987; van Praag, Kempermann, &
Gage, 2000). It has been reported that intermittent ethanol
exposure impairs adolescent behavioral flexibility as indexed
by the need for longer training to achieve reversal learning
(Sey et al., 2019). Ethanol exposure was not manipulated in
the present study, but it would be of interest to determine
whether ethanol exposure directly from the bottle object CS
or supplemental long-term access protocols increases sign
tracking performance relative to nonalcohol controls or if an
enriched home environment precludes impaired behavioral
flexibility effects of ethanol.

Sign tracking and goal tracking in the enriched housed rats
allowed us to investigate the impact of an acute isolation stress
on these behaviors during the stressor and during a period of
recovery. We assumed on face value that isolation in a very
restricted environment would be stressful for rats raised in an
enriched home environment. Moreover, rats are intrinsically
social animals, and a large body of research has shown that
social isolation in animals has neurochemical and behavioral
consequences at all levels of development but particularly
during adolescence (Cacioppo, Cacioppo, Capitanio, &
Cole, 2015). There also are acute social isolation effects. For
example, acute isolation causes socially housed rats to in-
crease their motivation to seek out opportunities to play
(Panksepp & Beatty, 1980) and impairs performance in social
memory tasks (Leser & Wagner, 2015). Our purpose was to
determine whether sign tracking and goal tracking are altered
by exposure to acute isolation stress. Psychosocial stress
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exacerbates compulsive responding in psychiatric popula-
tions, such as obsessive-compulsive disorder and substance
abuse and addiction (Adams et al., 2018). If sign tracking is
a compulsive-like behavior and stress effects exaggerate this
behavior, then sign tracking may increase independently of
goal tracking or at the expense of goal tracking. Conversely,
if stress impacts more on goal-directed action than compulsive
behavior, then goal tracking may decrease while sign tracking
increases as behavior is reorganized. We did not make any
directional predictions but simply asked the question: does
acute isolation impact on the expression of sign tracking and
goal tracking during the isolation stressor and during recovery
from the stressor?

We observed stress effects that differed for the adolescent-
trained and adult-trained groups. The first of the two stressor
manipulations increased sign tracking in the adult-trained rats
but not in the adolescent-trained rats. However, this stress
effect on sign tracking did not repeat in the adults during the
second stressor manipulation. The adult and adolescent
groups both increased sign tracking during recovery period
after the second stressor, but while this increase was accom-
panied by decreased goal tracking in the adolescent rats, it was
accompanied by increased goal tracking in the adults. These
results are preliminary and need to be studied further along
with the use of chronic stressors and independent measures of
the stressor manipulations.What appears to be clear, however,
is that sign tracking behavior is more flexible than had been
typically assumed and stressor manipulations may affect ado-
lescent and adult rats differentially (Anderson et al., 2013).

Sign tracking performance is typically described in the lit-
erature as distinct from goal-directed instrumental action and
association-based expectancies. Empirical evidence appears
to show that sign tracking is “automatic,” “reflexive,” and
“compulsive-like.” For example, sign tracking is more resis-
tant to extinction than goal tracking (Ahrens et al., 2016;
Beckmann & Chow, 2015). When the food US is devalued
with a conditioned taste aversion procedure goal tracking de-
creases substantially but not sign tracking of a retractable lever
CS (Morrison et al., 2015; Smedley & Smith, 2018) or of a
more complex object CS in the form of a rolling ball bearing
(Timberlake &Mercer, 1988). More recently, changes in sign
tracking following US devaluations have been reported. Sign
tracking sometimes increases following devaluation of the
food US via taste aversion conditioning (Morrison et al.,
2015; Rode et al., 2019). When two lever CSs are presented
concurrently, each paired with separate discriminable USs,
sign tracking decreases to the object CS paired with the US
devalued by illness (Cleland & Davey, 1982; Derman et al.,
2018) or by prefeeding with the food US (Cleland & Davey,
1982). Satiety- and illness-induced devaluations also reduce
responding to a lever CS+ when alternated with a second lever
(CS−) that is not paired with the US (Cleland&Davey, 1982).
Moreover, when a US associated with one of the two lever

CSs is shifted to a lower value, rats will switch responding to
the unshifted lever (Conrad & Papini, 2018). These studies
suggest that sign-tracking behavior is not as reflexive or
compulsive-like as has been stated often in the literature.

Yet, studies suggest that although sign-tracking can be
flexible, it is not quite as flexible as goal-directed behaviors.
The addition of an omission contingency known as negative
automaintenance (i.e., cancellation of the US when a response
occurs to the object CS; Williams & Williams, 1969) reduces
sign tracking of a lever CS but, as implied by the name, some
level of lever-press responding is maintained (Locruto,
Terrace, & Gibbon, 1976). Moreover, when a more complex
topography of responding to the lever CS is measured during
an omission contingency, it becomes apparent that overall
responding to the object CS is well maintained but shifts from
mostly lever pressing (which leads to reward cancellation) to
other object-directed responses, such as orientation and sniffs
(Chang & Smith, 2016).

In the present study, there were additional indications that
sign tracking is more flexible than typically assumed. Overall,
we found that the correlation between licks and headpokes for
all three groups combined were negative as expected and that
although effect size increased with training, by the end of the
acquisition phase the correlations were not of such a high
strength to indicate that response competition was a main de-
terminant of the asymptotic levels of sign-tracking and goal-
tracking performance. That is, although sign tracking and goal
tracking performance is typically negatively correlated chang-
es can occur in each behavior independent of the other. We
observed instances of increased sign tracking along with goal
tracking that decreased (Adolescents stressor 2 recovery), in-
creased (Adults stressor 2 recovery), or did not change (Adults
Stressor 1).

We also found that sign-tracking performance of the
enriched housed rats, but not the standard housed rats, was
characterized by similar within-session declines that have
been observed in standard classical and operant conditioning
paradigms that present reinforcers repeatedly in a test session
(McSweeney & Murphy, 2009; McSweeney & Swindell,
1999). Within-session declines in goal tracking did not occur,
however, and all food pellets were always consumed, demon-
strating that the within-session declines in sign tracking were
not a result of satiation to the sugar pellet US. Although it is
possible that within-session declines in sign tracking was due
to satiation to the ethanol specifically and independent of mo-
tivation for the food US, we think that this explanation unlike-
ly. In an unpublished master’s thesis in our laboratory
(Casachahua, 2011), we see the same robust within-session
declines in enriched rats tracking a water bottle CS. Our ob-
servations are consistent with Frances McSweeney’s general
process sensitization-habituation account of motivated behav-
ior which argues that responses to goal objects (i.e., rein-
forcers) may decrease with repeated exposure because of a
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habituation process and that decrements in performance are
especially likely when habituation is preceded by its compan-
ion process, sensitization (also see Lloyd et al., 2014). Our
observation of within-session declines of sign tracking in
enriched-housed rats may be partly due to the use of fixed
ITI (rather than a variable ITI more commonly used in sign-
tracking procedures), which is known to accelerate habitua-
tion (Rankin et al., 2009). Nevertheless, despite many weeks
of training, the persistent recovery of sign-tracking behavior at
the start of every training session seems to be well captured by
the “motivational magnet” label (Berridge & Robinson, 2016)
given to object CSs that induce robust sign tracking and pos-
ited to reflect elevated incentive sensitization. Within-session
declines of sign-tracking in environmentally enriched rats
may reflect effective adaptive regulation of evoked sign track-
ing behavior or shifts in ongoing behavioral strategies, at least
in the short term (McDiarmid, Yu & Rankin, 2019).

In a recent review, Heather (2017) analyzed many defini-
tions of compulsion as used in the addiction literature and
distinguished between two major versions. The strong version
of compulsion refers to a force-like process that compels an
animal or person to behave automatically and uncontrollably
and is generally independent of the agent’s motivational state
(Everitt & Robbins, 2005; Koob & LeMoal, 2001). The weak
version refers to a motivational state or “want” that powers
drug-seeking and drug-taking behavior, but although difficult
to resist, the behavior can be modified (Robinson & Berridge,
2008). Current conceptualizations of sign-tracking perfor-
mance appear to favor the strong version (Tomie et al.,
2018). We suggest that the weak version of compulsion may
be a more appropriate definitional framework.

The use of an alcohol bottle in the sign-tracking and
scheduled-induced-polydipsia procedures are less likely to
be suitable to researchers developing animal models that view
drug addiction and alcoholism as an advancing disease pro-
cess that results not only in excessive drinking but also pref-
erence, physical dependence, and adversity. Nonetheless, ex-
cessive behavior caused by scheduled-induced constraints on
preorganized (natural) behavior (Timberlake, 1984;
Timberlake & Lucas,1989; Falk & Tang, 1988) is an alterna-
tive conception of alcohol use, abuse, and addiction that is
worth pursuing (Ramsden, 2015). Evolutionary explanations
of psychopathology as a product of the mismatch between
humans and modern environments suggests that the cultural
and modern technological constraints on human behavior may
not be all that different from the environmental constraints that
experimentalists impose on animals in the laboratory. For
humans and laboratory animals, poorly controlled compulsive
behavior (in the weak sense) and well-controlled, goal-
directed actions may reflect attempts to adapt preorganized
species-typical behaviors to the constraints imposed by the
encountered environments. Sign tracking and schedule-
induced polydipsia are remarkably reliable and effective

procedures to generate animals with compulsive-like drinking
and chronic intake that can vary along a continuum of com-
pulsive responding and goal-directed action. As noted by Falk
and Tang, “The animals [in scheduled-induced procedures]
are exposed chronically to ethanol, because they are induced
to drink it voluntarily; it is not forced upon them” (Falk &
Tang, 1988, p. 577). Bringing the environmental constraints
of the sign-tracking procedure into a more ecologically rele-
vant enriched housing environment will help to determine
whether compulsive responding is largely an artifact of
impoverished animals confined to a test chamber or a more
general phenomenon with translational value. Our results sug-
gest that compulsive-like sign tracking is not an artifact of
impoverishment and isolation.
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