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Abstract

Social learning theories of drug abuse propose that individuals imitate drug use behaviors modeled
by social peers, and that these behaviors are selectively reinforced and/or punished depending on
group norms. Historically, animal models of social influence have focused on distal factors (i.e.,
those factors outside the drug-taking context) in drug self-administration studies. Recently, several
investigators have developed novel models, or significantly modified existing models, to examine
the role of proximal factors (i.e., those factors that are immediately present at the time of drug
taking) on measures of drug self-administration. Studies using these newer models have revealed
several important conclusions regarding the effects of social learning on drug abuse: 1) the
presence of a social partner influences drug self-administration, 2) the behavior of a social partner
determines whether social contact will increase or decrease drug intake, and 3) social partners can
model and imitate specific patterns of drug self-administration. These findings are congruent with
those obtained in the human laboratory, providing support for the cross-species generality and
validity of these preclinical models. This mini-review describes in detail some of the preclinical
animal models used to study social contact and drug self-administration to guide future research
on social learning and drug abuse.
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1. Introduction

The social environment plays a critical role in the etiology and persistence of drug use
disorders. Many social factors are distal to the drug-taking context and are not immediately
present at the time in which drugs are used. These factors include those found in the
individual’s home, school, and community environments, and these factors may serve to
increase or decrease the probability of drug use. Preclinical animal studies have successfully
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modeled many of these factors and have consistently revealed their role in drug self-
administration. For example, studies using rodents and nonhuman primates have revealed
that social stress and social isolation increase, whereas social enrichment and social
dominance decrease, drug self-administration across a wide variety of drug classes and
schedules of reinforcement (see reviews by Burke and Miczek, 2014; Nader et al., 2012;
Stairs and Bardo, 2009). That drug use in humans is similarly affected by distal social
factors (e.g., Gordon, 2002) supports the validity of these models for predicting human drug
use and for evaluating putative interventions for drug use disorders.

Unfortunately, preclinical studies examining proximal social factors (i.e., those factors that
are immediately present during the drug-taking event) have not advanced at the same pace.
Historically, preclinical investigators have been hampered by a relative dearth of models that
adequately assess and allow manipulation of proximal social variables. Only recently has the
design and validation of models that allow extensive and systematic evaluation of these
factors increased. For example, several recent studies have examined the effects of proximal
social contact on conditioned drug reward using the conditioned place preference (CPP)
procedure. In the CPP procedure, a Pavlovian association is formed between a stimulus
(e.g., a social peer, an interoceptive drug cue) and an environmental context, and a
preference for the stimulus-paired environment serves as a measure of the rewarding effects
of the stimulus. These studies have consistently revealed enhanced rewarding effects when
drug and social stimuli are conditioned together (Thiel et al., 2008; Watanabe, 2011).
Similarly, when conditioned as mutually exclusive conditions, social contact can compete
with the rewarding effects of drug stimuli (Fritz et al., 2011a, 2011b).

Recent research has also begun examining the effects of social contact on drug self-
administration, and several recent reviews have described the effects of social contact on
various measures of drug intake. These reviews have examined the neurobiological
mechanisms at the nexus of social contact and drug self-administration (Bardo et al., 2013),
the behavioral mechanisms mediating the effects of social contact on drug self-
administration (Strickland and Smith, 2014), the intersection of emotional valance and social
context in drug self-administration (Neisewander et al., 2012), and the effects of social
contact on conditioned drug reward (Zernig et al., 2013). The primary objective of this mini-
review is to provide an evaluation of several preclinical models of proximal social contact
and their application to the study of drug self-administration (see Figure 1 for schematic
overview of the described models). To this end, we have identified three key conclusions
from this literature and will discuss the models within this context. The collective findings
from these studies indicate that: 1) the presence of a social peer influences drug self-
administration, 2) the effects of social contact are moderated by the behavior of that peer,
and 3) animals can model and imitate specific patterns of drug self-administration.

2. Social Learning Theories of Social Contact

One of the strongest prognosticators of adolescent and young adult drug use is the drug-use
behavior of peers (Bahr et al., 2005; Walden et al., 2004). A number of epidemiological
studies have explored the link between social factors and drug self-administration, and have
provided cogent support for the influence of peers (Bot et al., 2005; Kelly et al., 2013; Salvy
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et al., 2014). The results of this research indicate that peer influence occurs at both a distal
(e.g., incorporation of group norms) and proximal (e.g., spending time with others who use
drugs) level. Equally important to note is recent evidence suggesting that distal factors
become less salient over time while proximal factors become more influential (Salvy et al.,
2014). Thus, at the broadest level, peers play a critical role in the expression and
continuation of drug use, with proximal influences having a progressively greater impact
over time.

Although several theories exist to explain peer influence and the high concordance of drug
use among members of peer groups, social learning theories (i.e., group socialization
theories) have garnered a great deal of attention. Social learning theories posit that attitudes,
beliefs, and behaviors held by a social group are transmitted to individual members, and that
social interactions determine future member behavior (Akers, 1977; Kandel, 1986). Further,
peers may selectively reinforce desired behaviors (e.g., drug use) and punish undesired
behaviors (e.g., drug abstinence) of other group members. The emergence of novel
preclinical models of social contact offers a platform by which hypotheses derived from
social learning theories can be tested. This is important because social learning theories
propose a humber of mechanisms by which the social environment can be manipulated to
prevent and treat drug use and abuse (see Strickland and Smith, 2014). Thus, the
development of preclinical models of social contact has the potential to contribute to the
translational design and implementation of interventions for drug use disorders, as well as a
broader understanding of the social mechanisms of drug self-administration.

3. Effects of the Presence of a Social Peer

At the broadest level, studies of social contact and drug self-administration have consistently
revealed that the presence of a social peer influences drug intake. In the early models of
social contact (Figure 1a; “Home-Cage Consumption”), a social manipulation was used in
which subjects were given home-cage access to an oral morphine solution under isolated or
social housing conditions (Alexander et al., 1978, 1981; Hadaway et al., 1979). In the first of
these studies, socially housed rats drank more of a morphine solution than isolated rats
during periods of forced consumption; however, isolated rats drank more of this solution in a
two-bottle choice procedure (i.e., water versus morphine; Alexander et al., 1978). Females
in that study were more sensitive to the housing manipulation, with a greater difference in
consumption between isolated and social conditions in females than males. A follow-up
study demonstrated the importance of social housing during development, in that rats reared
in isolation but tested in social conditions showed greater levels of morphine consumption
than rats reared and tested in social conditions (Alexander et al., 1981). Later studies
extended these findings across a range of morphine concentrations and found that a period
of social interaction prior to testing reduced consumption in the isolated subjects (Hadaway
etal., 1979; Raz and Berger, 2010b). Further, a recent study indicated that daily treatment
with fluoxetine attenuated, whereas daily treatment with parachlorophenylalanine (a
serotonin synthesis blocker) enhanced, the increased morphine consumption in isolated rats
(Raz and Berger, 2010a). Given the demonstrated role of serotonergic signaling in anxiety
(see review by Gordon and Hen, 2004), these findings suggest that isolation-induced anxiety
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and its alleviation by social interaction may contribute to the observed effects of social
contact.

A number of preclinical studies have used a similar home-cage consumption model to
examine oral ethanol consumption. These studies have typically shown decreased ethanol
consumption in socially housed rats relative to isolated rats (Deatherage, 1972; Ehlers et al.,
2007; Wolffgramm and Heyne, 1991; but see Doremus et al., 2005; Weisinger et al., 1989).
Some of these studies have revealed a “dose-dependent” relationship between the level of
social interaction and changes in ethanol intake (Wolffgramm, 1990; Wolffgramm and
Heyne, 1991). For example, rats housed in partial-contact caging (i.e., wire bars between
cages) showed reduced ethanol consumption relative to isolated subjects, but greater
consumption than subjects given full social access (Wolffgramm, 1990). These studies also
suggest that social hierarchy may moderate the relationship between social housing and
ethanol consumption. Studies conducted in rodents (Blanchard et al., 1987; Pohorecky,
2006, 2008) and non-human primates (McKenzie-Quirk and Miczek, 2008) indicate that
home-cage ethanol consumption is linked to dominance rank, with the highest rates of
consumption in subordinate subjects. Such findings are consistent with the notion that home-
cage, free-consumption models may capture the effects of stress induced by social isolation
and social hierarchies (for more on the role of social dominance in drug abuse, see review by
Nader et al., 2012).

A series of studies conducted by Tomie and colleagues examined the effects of intermittent
and continuous social interaction on rodent ethanol intake (Figure 1b; “Social Access
Procedure™). In this procedure, rats are given intermittent access to a social partner separated
by a wire partition via a retractable door. The use of a retractable ethanol sipper tube also
allows the experimenter control over ethanol access, as well as the temporal relationship
between drug and social presentation. In the first of these studies, rats presented with
intermittent social access showed increased ethanol consumption in both paired and
unpaired conditions (Tomie et al., 2004b). These results suggest that social interaction
enhances ethanol intake, and that this effect is independent of a Pavlovian association
between access to ethanol and social interaction. Importantly, increased fluid consumption
was not observed when social access was paired with a water-containing sipper or when the
ethanol sipper was presented without social access (Tomie et al., 2004b). A follow-up study
replicated these findings and extended them across a range of ethanol concentrations (Tomie
et al., 2004a). Parametric studies revealed that enhanced ethanol consumption was greatest
when social access and the ethanol sipper were each presented intermittently, rather than
when they were continuously available (Tomie et al., 2005, 2007). These effects were
specific to the social manipulation because mechanical operation of an access door without
social presentation failed to increase ethanol intake (Tomie et al., 2005). Taken together,
these results suggest that access to intermittent social interaction enhances the reinforcing
effects of ethanol, and that these effects are specific to drug consumption rather than a
general increase in consummatory behavior.

More recently, several studies have examined social contact and ethanol intake using a
prairie vole model (“Prairie Vole Ethanol Consumption”; Figure 1c). In contrast to
traditional laboratory rodents, prairie voles form strong and socially monogamous male-
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female and sibling pair bonds. Thus, prairie voles may provide unique insight into the
effects of social interaction on drug self-administration. In the first of these studies, same-
sex, adult prairie vole siblings were housed in either social pairs (separated by wire mesh) or
isolation, and then tested for ethanol consumption using a two-bottle, home-cage choice test
(ethanol versus saccharin; Anacker et al., 2011a). Relative to siblings housed in isolation,
pair-housed siblings showed a greater preference for ethanol and a greater similarity in
drinking patterns. A later study found that these effects were dependent on the sex
composition of the dyad, with no differences in ethanol consumption or preference observed
for opposite-sex dyads in social versus isolated housing (Hostetler et al., 2012). A
subsequent study indicated that the presence of a social partner reduces measures of relapse
following abstinence (Hostetler and Rynabinin, 2014). Specifically, access to a social
partner with or without access to ethanol after a period of abstinence attenuated relapse-like
elevations in ethanol intake typically observed in isolated animals. These findings indicate
that the influence of a social peer may depend on the stage of drug use examined; however,
further studies are needed to clarify these effects.

Additional studies have revealed similar effects of social contact with other drugs and other
routes of administration. For example, monkeys trained to respond in an oral PCP versus
water choice procedure showed increased PCP consumption when tested in the presence of
another monkey with access to PCP (separated by a grid partition) relative to when tested in
isolation (Newman et al., 2007). Similarly, rats trained on a progressive-ratio (PR) schedule
exhibited greater amphetamine-maintained breakpoints when tested in the presence of a
same-sex conspecific without access to amphetamine (separated by a clear partition) than
when tested in isolation (Gipson et al., 2011). In that study, the presence of a social peer
without drug access increased responding maintained by a high dose of amphetamine (0.1
mg/kg); however, this effect was limited to the first social pairing and was not observed at a
lower dose (0.01 mg/kg). Collectively, these studies demonstrate that the presence of a peer
influences drug self-administration and other measures of drug-seeking behavior.

4. Effects of Manipulating a Peer’s Access to Drugs

Recent advances in animal models have made possible the direct manipulation of access to
drugs among peers in order to examine the role of peer behavior in drug self-administration.
This is important because it allows the testing of predictions made by social learning
theories of drug abuse, namely that drug-use behaviors are learned and transmitted within
peer groups. Collectively, the results of these studies provide cogent evidence that the drug
use of peers critically influences the effects of social contact on drug self-administration.

Some of the first studies investigating the effects of peer drug use examined the social
transmission of ethanol intake using the observer-demonstrator procedure (“Observer-
Demonstrator Procedure”; Figure 1d). Broadly, these studies allow an observer to interact
with a social demonstrator that is either acutely intoxicated by ethanol or injected with a
control substance. Ethanol consumption is then measured in the observer to determine if the
interaction(s) with an intoxicated demonstrator influenced later drug intake. Both
preweanling and adolescent rats that interacted with an intoxicated conspecific showed
increased ethanol intake in later tests (Hunt et al., 2000, 2001); however, increases in
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consumption of ethanol and a control solution (i.e., decaffeinated coffee) were not seen in
observers interacting with a demonstrator administered the control solution (Hunt et al.,
2001). This finding indicates that the observed effects were specific to ethanol-related
outcomes and not a general transfer to all novel liquid consumption. Several studies have
replicated these effects and suggested that social transmission may depend on the age, sex,
and novelty of the social partner (Hallmark et al., 2004; Honey et al., 2004; Maldonado et
al., 2008). Importantly, shifts in ethanol preference were not observed after interactions with
an ethanol stimulus alone (i.e., ethanol-soaked cotton ball) or with a sedated partner
administered ethanol (Fernandez-Vidal et al., 2004). Although it is important to note that
these studies do not specifically examine the influence of a peer at the time of drug
consumption, they do indicate an individual’s behavior under an acutely intoxicated state
later influences the ethanol intake of a social partner.

More recently, Tomie and colleagues developed a Proximal Cagemate Drinking (PCD)
procedure that allows manipulation of peer ethanol access and examination of its effects on
cagemate ethanol consumption (“Proximal Cagemate Drinking Procedure”; Figure 1e). In
the PCD procedure, mice are given continuous, home-cage access to a two-bottle choice of
ethanol versus water, and housed in the presence or absence of a cagemate. A transparent
plastic barrier separates social partners, affording the manipulation of ethanol access and
measurement of consumption for each social partner. The first of these studies found that
having a cagemate with access to ethanol increased ethanol intake in male mice living in
male-female dyads, but not male-male dyads (Tomie et al., 2014). In a follow up study,
having a cagemate with access to ethanol increased ethanol intake in female mice regardless
of whether the cagemate was male or female (Tomie et al., 2015). The presence of two
cagemates with access to ethanol further enhanced ethanol intake relative to when a single
cagemate was present, suggesting that a dose-dependent relationship may exist between the
number of social peers and ethanol intake. Notably, when two cagemates were housed on
the same side of the plastic partition, lower rates of ethanol intake were observed compared
to when subjects were separated by the partition (Tomie et al., 2015). Taken together, these
data indicate that ethanol consumption of one individual can influence ethanol consumption
of other individuals within a peer group.

A series of studies conducted by Chen and colleagues have examined the interaction
between social contact, drug-associated cues, and intravenous nicotine self-administration
(“Nicotine Social Interaction”; Figure 1f). This model uses a translucent partition with nose
holes to divide a modified operant chamber into two sides, thereby allowing partial contact
between rats. A test subject is given access to intravenous nicotine along with the
simultaneous delivery of an olfactogustatory (OG) stimulus, a manipulation that in isolation
attenuates acquisition rates by means of a conditioned taste aversion. The interaction
between this drug-associated cue and a social partner is examined by presenting a partner
that has access to the OG stimulus but not nicotine. In the first of these studies, the presence
of the partner with the OG stimulus was required for stable acquisition of nicotine self-
administration by test subjects (Chen et al., 2011). Importantly, these effects were dependent
on the partner having access to the OG stimulus. This finding suggests that the interaction
between the social partner and OG stimulus produced a different effect on drug self-
administration than either stimulus alone. Although continued social access was not required
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for the maintenance of self-administration after acquisition, the availability of a social
partner and OG stimulus enhanced nicotine intake in subsequent sessions. Interestingly, this
social transmission of nicotine intake has been mechanistically linked to carbon disulfide
(Wang and Chen, 2014), a volatile chemical in the expired breath of rodents that also
mediates social learning of food preferences (Galef et al., 1988). Furthermore, rats that
underwent context-induced extinction later reinstated nicotine-seeking behavior when
presented in the original context with the OG stimulus and a social partner (Wang et al.,
2014). A partner with access to the OG stimulus produced a greater increase in context-
induced reinstatement than a partner without access, demonstrating the importance of
combining the OG stimulus with social contact (Wang and Chen, 2014). Notably, measures
of social interaction (e.g., an open field social interaction test) significantly predicted the
degree of socially facilitated nicotine intake and reinstatement in these studies (Wang et al.,
2014).

Several recent studies have used modified operant conditioning chambers to examine
intravenous drug self-administration in multiple rodents at the same time and in the same
chamber. Historically, intravenous self-administration studies of social contact have been
limited by practical concerns, such as the small size of commercially available operant
chambers, the need to prevent a subject from pressing the response lever of another subject,
and the need to prevent infusion lines from becoming entangled. We recently developed
custom-built operant conditioning chambers that mitigate these concerns (“Social Operant
Conditioning Chambers”; Figure 1g). Specifically, chambers are separated by a wire
partition that allows multiple animals to be tested concurrently with complete visual,
olfactory, auditory, and limited tactile contact with one another. Importantly, these chambers
also allow drug access to be manipulated on an individual basis. In the first of these studies,
intravenous cocaine self-administration on both a fixed-ratio (FR) and PR schedule of
reinforcement was examined for rats housed in isolation or housed with a social partner that
either did or did not have access to cocaine (Smith, 2012). When both subjects had access to
cocaine, cocaine self-administration was facilitated on both FR and PR schedules. In
contrast, when only one subject had drug access, cocaine self-administration was inhibited
in the partner that had access to cocaine. A later econometric analysis revealed that although
elasticity of demand (i.e., sensitivity to the price of cocaine) did not vary among these
groups, cocaine consumption was decreased when a subject was paired with a partner
without access to cocaine (Peitz et al., 2013). Furthermore, in acquisition studies examining
the percentage of rats acquiring drug self-administration and the rate at which they acquired
drug self-administration, rats tested with a cocaine-experienced partner were more likely to
acquire the behavior and had faster acquisition rates than those tested with a cocaine-naive
partner (Smith et al., 2014).

Another benefit of this model is that the operant conditioning chambers can be reconfigured
to allow a theoretically unlimited number of subjects to be tested simultaneously. For
example, a recent study revealed that when rats were tested in triads (i.e., three to a
chamber), rats with access to cocaine emitted more responses on a lever in close proximity
to a partner with access to cocaine than to a partner without access to cocaine (Smith and
Pitts, 2014). These data suggest that rats “choose” or “prefer” to be in the presence of a
partner that is also self-administering cocaine relative to a partner that is not self-
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administering cocaine. These findings were supported in a follow-up study reporting that
rats prefer to spend time in the presence of other rats with a similar history of drug exposure
as determined by a partner preference test (Smith et al., 2015). Taken in combination with
results from the ethanol and nicotine literature, these findings provide cogent evidence that
the behavior of a peer (i.e., whether or not that peer is also self-administering a drug)
determines whether drug intake will be facilitated or inhibited by social contact.

5. Evidence of Modeling and Imitation in Drug Self-Administration

Most of the evidence for modeling and imitation in drug self-administration is indirect.
Obtaining direct evidence is difficult because separating imitation from other social learning
phenomena (e.g., social facilitation, local enhancement) requires the use of numerous
control groups not traditionally included in drug self-administration studies (Zentall, 2012).
Furthermore, it is likely that the social transmission of learned drug behaviors involves a
combination of behavioral mechanisms that are not mutually exclusive (see review by
Strickland and Smith, 2014). Despite these caveats, several findings support the possibility
that individuals imitate the behavior of social partners, which influences both total drug
intake and specific patterns of use.

Some of the evidence of modeling and imitation in drug self-administration has been
obtained from the prairie vole model of ethanol consumption. In one such study, baseline
ethanol drinking levels were determined in isolation and prairie voles were matched into
same-sex dyads based on drinking levels (Anacker et al., 2011b). When a same-sex, high-
intake drinker was paired with a low-intake drinker, increasing correspondence in ethanol
consumption was observed, which was attributed to decreased consumption by the high-
intake subject. In contrast, no change in ethanol intake was seen in same-sex social partners
with similar levels of ethanol intake at pairing. Importantly, these effects did not extend to
changes in consumption of an alternative reinforcer (i.e., saccharin), providing evidence for
the specificity of this change to ethanol self-administration. A follow-up study indicated that
these effects might depend on the sex of the social partner because similar outcomes were
not observed in male-female dyads (Hostetler et al., 2012). Although correlations derived
from cumulative lick records in a later study indicated that drinking bouts of dyads occurred
in close temporal proximity to one another, similarly high correlations were observed for
drinking bouts during a baseline isolation period (Anacker and Ryabinin, 2013), which may
indicate a ceiling effect under baseline conditions. Taken together, these findings suggest
that modeling and imitation may be responsible for the similar patterns of ethanol
consumption often observed among members of peer groups.

Studies conducted using social operant conditioning chambers provide additional evidence
of modeling and imitation by social peers. In male dyads, for instance, rats without access to
cocaine responded on an inactive lever in a pattern that mimicked the responding of a social
partner self-administering cocaine (Smith, 2012). A later study directly tested the hypothesis
that social partners would show increased correspondence in drug-maintained responding
over time (Lacy et al., 2014). In that study, subjects were first trained to respond on a fixed
interval (FI) schedule of reinforcement and then tested daily with a social partner.
Quarterlife values (i.e., the time at which the 25t percentile response occurs within an
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interval) became increasingly similar within social dyads over time, and reached statistical
significance by the third day of testing. Although additional studies are needed to further test
predictions about modeling and imitation, these data are consistent with the possibility that
social learning mechanisms are responsible for the development of similar patterns of drug
self-administration among members of peer groups.

6. Influence of Peer Presence, Peer Behavior, and Peer Imitation in the

Human Laboratory

A full review of the human literature on social contact and drug self-administration is
beyond the scope of this mini-review; however, representative studies will serve to
demonstrate the cross-species generality of the effects of social contact on drug taking and
provide tentative support for the predictive validity of these animal models. Our discussion
of social contact in the human laboratory will focus on alcohol consumption, given that the
vast majority of human studies examining social factors have used this drug. Importantly,
the collective findings from these studies correspond with conclusions from the animal
laboratory in that the presence of a peer influences drug intake, that this influence depends
on the behavior of the peer, and that individuals imitate the behavior of their peers.

Early studies of social contact and drug intake in humans revealed that the presence of a
peer could influence alcohol self-administration. For example, Doty and De Wit (1995)
found that a greater number of subjects chose to self-administer alcohol over placebo when
given the opportunity to do so in a social versus isolated condition. Notably, subjects in the
social condition also reported greater positive subject-rated effects (e.g., euphoria) after
alcohol administration, whereas subjects in the isolated condition reported greater negative
subject-rated effects (e.g., dysphoria). Similarly, subjects in another study reported higher
ratings of intoxication when tested with a social partner who also drank alcohol than when
tested with a social partner who did not drink alcohol (Kirkpatrick and de Wit, 2013).
Consistent with increased alcohol consumption and subject-rated effects in social contexts,
Griffiths and colleagues (1974) reported that placing time-outs from social interaction
contingent on alcohol choice was sufficient to suppress the choice to drink alcohol. Taken
together, these findings reveal that the presence of a peer and his or her drinking behavior
critically influence the subjective and reinforcing effects of alcohol.

Some of the first studies manipulating peer behavior to determine the effects on human
alcohol consumption used a wine-tasting paradigm. In this task, subjects are told to compare
wines by sampling multiple glasses. While sampling, a confederate acts as a social stimulus,
wherein he or she drinks heavily (e.g., 700 ml of wine), lightly (e.g., 100 ml of wine), or not
at all throughout the tasting. Numerous studies have demonstrated that subjects mimic the
drinking behavior of a confederate, with subjects exposed to a heavy-drinking partner
consuming more alcohol throughout the session (Caudill and Marlatt, 1975; Caudill and
Kong, 2001; Lied and Marlatt, 1979). Recent studies extended these findings by using a
model with greater ecological validity, namely a naturalistic bar setting with ad lib drinking
availability. In these studies, subjects are given unlimited access to alcoholic (e.g., beer,
wine) and non-alcoholic (e.g., soda) beverages over a set period of time (e.g., 30 minutes).
Similar to the wine-tasting paradigm, confederates model heavy, light, or non-drinking
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during this period, and the subject’s drinking behavior is recorded. In this procedure,
subjects exposed to a same-sex, heavy-drinking confederate drank more alcoholic beverages
than those exposed to a light or non-drinking partner (Larsen et al., 2009). Later studies
revealed that these effects are consistent across a variety of social manipulations and
environments (Larsen et al., 2010, 2012, 2013). Notably, the effects of social contact on
alcohol use are not dependent on explicit awareness of social influence. For example, one
study indicated that a majority of subjects (i.e., 80%) reported being unaware of a partner’s
influence and disagreed that the partner affected their drinking, even when alcohol
consumption increased in the presence of that partner (Dallas et al., 2014). Collectively,
these findings provide convincing evidence that the alcohol use of a peer can influence
drinking within a peer group.

Although more limited in number, recent studies also provide tentative evidence that
humans imitate patterns of alcohol use in addition to imitating total levels of consumption.
Koordeman and colleagues (2011) reported that subjects given the opportunity to drink an
alcoholic beverage while watching a contemporary movie with scenes containing alcohol
use were more likely to take a sip following an actors’ sipping. Men in that study were more
likely than women to imitate sipping behavior, and this effect was independent of the actors’
sex. Similarly, Larsen and colleagues (2010) found that social dyads showed correspondence
in sip initiation in a naturalistic bar setting. In that study, subjects were more likely to take a
sip of a beverage following a confederate’s sip, and this probability was greatest when both
subjects were drinking alcohol. Together, these findings are concordant with the animal
literature demonstrating that a social peer can influence both total drug intake and individual
patterns of drug self-administration.

7. Future Directions

The emergence of novel animal models of social contact is an encouraging development in
the study of drug use and abuse, and these models provide a fertile environment for
additional research on the role of social contact in drug self-administration. Future research
will need to examine how age and sex influence the effects of social contact on measures of
drug self-administration. Despite the prevalence of opposite sex dyads in human social
interactions, only a few studies have included such manipulations on measures of drug self-
administration (e.g., Hostetler et al., 2012, Tomie et al., 2014, 2015). Similarly, although
some studies have revealed age-dependent effects of social contact (e.g., Doremus, 2005),
far fewer studies have examined if age differences within a social group may alter the effects
of social contact on drug self-administration.

More complex models of social contact will also need to be developed. Social contact is in
itself reinforcing, and social learning theories of drug abuse predict that drugs and social
contact should mutually enhance the positive reinforcing effects of one another. For
example, in humans, alcohol pretreatment increased the number of choice responses for
social interaction versus money (Griffiths et al., 1975). Modifications to current animal
models could allow manipulation of social contact in reinforcement or punishment
contingencies. For instance, drug use could be reinforced by social contact by making access
to a partner contingent on drug self-administration. Such findings would be consistent with
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those obtained in CPP studies (e.g., Thiel et al., 2008; Watanabe, 2011) and would
significantly advance current models of social contact. Alternatively, drug use could be
punished by removing access to a partner via a response-cost contingency, a manipulation
that also decreases alcohol self-administration in the human laboratory (Griffiths et al.,
1974).

Most broadly, cross-laboratory collaborations between animal and human laboratories must
be encouraged throughout model development. Traditionally, animal and human models of
drug self-administration have developed concurrently but independently of one another. The
building of models through explicit communication between animal and human laboratory
researchers will help strengthen the cross-species sensitivity of derived models and better
link the animal and human laboratory outcomes. This animal-to-human approach to model
building will improve the reliability and predictive validity of future models, as well as
enhance the translational appeal and clinical utility of existing models.

8. Conclusions

The emergence of novel animal models of social contact with enhanced predictive validity
and translational appeal is an exciting development for the study of drug self-administration.
The comparative utility of many of these models rests on the research question and
resources at hand. For example, the Home-Cage Consumption model (Figure 1a) and
Observer-Demonstrator Procedure (Figure 1d) provide rapid and easy-to-implement designs
that require only traditional laboratory equipment. Alternatively, the Social Access
Procedure (Figure 1b) provides the opportunity to examine operant contingencies related to
social interaction and access. Researchers concerned about monogamous and sibling pair
bonds will likely find value in the Prairie Vole Ethanol Consumption model (Figure 1c), as
will researchers interested in dyadic responding. The Nicotine Social Interaction model
(Figure 1f) provides a method to examine the relationship between social stimuli and other
drug-related cues and could be adapted for use with other substances. Finally, the Proximal
Cagemate Drinking Procedure (Figure 1e) and Social Operant Conditioning Chambers
(Figure 1g) are ideally suited for testing hypotheses about the influence of peer drug use at
the time of drug taking. Modifications to these models that recognize their individual
strengths will further the study of social contact and drug self-administration.

Taken together, a review of animal models of social contact and drug self-administration
reveals three key conclusions: 1) a peer that is immediately present at the time of drug use
influences drug consumption, 2) the behavior of that peer (i.e., whether that peer is also
using drugs) determines whether social contact will increase or decrease drug self-
administration, and 3) peers model and imitate specific patterns of drug self-administration.
These findings are congruent with those obtained in the human laboratory, suggesting that
these models have both face and predictive validity for the human condition. Further
advances in these models will increase our understanding of the role of social contact in
drug self-administration and will identify the behavioral mechanisms that mediate this
relationship.
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Figure 1. Schematic overview of models of proximal social contact
Schematic diagrams of each model are provided with a short description of procedure and

manipulation.
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