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Introduction

Poor reproducibility in the psychological sciences is often attributed to systemic factors
such as publication bias and lack of financial support sources for replication studies (Open
Science Collaboration, 2015). While such factors undoubtedly contribute to the problem,
controllable issues such as variability in testing methodology, laboratory environment, and
subject characteristics may serve as other possible sources of non-replication (Van Bavel
etal., 2016; Crabbe et al., 1999; Sorge et al., 2014). One source of variability which is rarely
accounted for in either human or animal studies is social context, i.e., the environment
formed as a result of the behavioral and biological characteristics of the conspecifics
with whom the subject interacts or coexists. Alongside more direct social influences
(e.g., conspecific aggression), social context may also be influenced by broader, indirect
influences arising from trends in conspecific behavior/beliefs (e.g., cultural norms) or the
subject’s place in the broader social order (e.g., dominance status). Here, we will cover some
of the ways in which preventable variations in social context might influence behavioral
measures in human and non-human animal research. We will then discuss strategies to
account for social context in future research.

Effects of social context on behavior in non-human
animals

(See Figure 1 for section overview).

First, we consider the overall population density of the home cage. It is well-established
that in social species such as mice, rats, and non-human primates, extended periods
of social isolation produce a range of marked behavioral abnormalities (Valzelli, 1973;
McKinney, 1974; Love and Zelikowsky, 2020). Social isolation has been found to impair
various forms of learning (Einon, 1980; Lander et al., 2017), induce abnormal social
behaviors (McKinney, 1974; Koike et al., 2009; Mitchell et al., 1966; Keesom et al., 2017;
Rivera-Irizarry et al., 2020), increase locomotion (Lander et al., 2017; Ieraci et al., 2016),
alter behavioral drug responsivity (Lander et al., 2017; Wongwitdecha and Marsden, 1996),
increase aggressive behavior toward conspecifics (Koike et al., 2009; Mitchell et al., 1966;
Wongwitdecha and Marsden, 1996), and exacerbate behavioral markers of anxiety and
depression (Lander et al., 2017; Koike et al., 2009; Ieraci et al., 2016; Weiss et al., 2004;
Lukkes et al., 2009). These effects vary depending on species, sex, and the age at social
isolation. On the opposite end of the spectrum, overcrowding may also serve as a source of
stress and behavioral abnormalities. In mice, high population density (<8-15 in? surface
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Social Context

Reported Behavioral Effects

Isolation

Altered behavioral drug reactivity (adolescent isolation)
Impaired performance on learning tasks requiring cognitive

flexibility (adolescent isolation)
Anhedonia
Abnormalities in social behavior
Increased aggression
Increased locomotion

Overcrowding

Increased anxiety
Altered responsivity to ethanol
Social avoidance (some strains)

Instability

Impaired social and object recognition memory

Impaired spatial memory
Impaired fear learning and extinction
Social avoidance and aggression
Increased anxiety (some measures)
Impaired sexual behavior

Emotional
Contagion

Increased pain sensitivity (acute and long term)

Higher startle responding (acute)
Vicarious fear (long term)
Increase in defensive behaviors (acute)
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Other results inconsistent; more research
integrating hierarchical characteristics is needed.
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FIGURE 1

Social contextual factors and some of their influences on behavior in non-human animals

area in the cage/mouse) [National Research Council (US)
Committee for the Update of the Guide for the Care and Use of
Laboratory Animals, 2011] has been found to increase adiposity,
produce an anxiety-like phenotype, alter behavioral responsivity to
ethanol and ethanol sensitization, and—in some strains—induce
social avoidance (Lin et al., 2015; Delaroque et al., 2021; Lee et al.,
2018; van Ingelgom et al., 2024; Laber et al., 2008).

An unstable social context can also serve as a source
of stress resulting in behavioral changes. For example, mice
subjected to chronic social instability (CSI) stress by having
cage mates repeatedly replaced with novel conspecifics over
the course of multiple weeks display impaired recognition
memory (Featherstone et al,, 2022), spatial memory (Schmidt
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et al., 2010), and social memory (Saavedra-Rodriguez and Feig,
2013). Additionally, CSI subjugated mice display social avoidance
(Saavedra-Rodriguez and Feig, 2013; dos Santos Guilherme et al.,
2022), increased social aggression (Schmidt et al., 2007), and
behavioral patterns consistent with anhedonia (Featherstone et al.,
2022; Schmidt et al., 2010; Dadomo et al., 2018; Haller et al., 1999;
Koert et al., 2021; de Lima and Massoco, 2017) and increased
anxiety (Schmidt et al., 2010; Saavedra-Rodriguez and Feig, 2013;
dos Santos Guilherme et al., 2022; Koert et al., 2021; Yohn et al,,
2019) (excepting in the open field test, see Featherstone et al., 2022;
Dadomo et al., 2018; de Lima and Massoco, 2017; Sturman et al.,
2021; Diez-Solinska et al., 2022). In rats, CSI produces long-term
spatial and social/object recognition memory deficits (Green and
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McCormick, 2013; McCormick et al., 2010, 2012; Hodges et al.,
2017), impairs fear learning (Morrissey et al., 2011) and extinction
(McCormick et al., 2013b), reduces social approach (Hodges et al.,
2017; Green et al,, 2013; Graf et al., 2023; Hodges et al., 2018),
impairs sexual behavior (McCormick et al., 2013a), and increases
defensive social behavior (Graf et al., 2023). As with social isolation,
behavioral effects of CSI vary based on species, sex, and the timing
of the procedure/behavioral testing (see Koert et al, 2021 for
review). Notably, while the vast majority of experiments involve
multiple weeks of CSI, some of the behavioral changes could be
observed as early as 2 days into the CSI procedure (Dadomo
et al., 2018). Furthermore, mice moved to a new social context
after an hour of isolation display higher levels of corticosterone
compared to controls (McCormick et al,, 2007; Hodges et al.,
2014). This suggests that some of the behavioral effects observed
following CSI could manifest acutely after even minor shuffling of
research subjects.

The individual experiences of group members also influence
behavior in their cage mates via emotional contagion, i.e., the
psychological phenomenon whereby observing a change in another
individual’s behavior activates this same change in behavior in
the viewer (Panksepp and Lahvis, 2011). In rodents, it is well
established that directly observing a conspecific in distress causes
acute physiological and behavioral changes, such as increases in
fear-related/defensive behavior (Jeon et al., 2010; Bruchey et al.,
2010; Andraka et al., 2021; Keysers and Gazzola, 2021), enhanced
startle responding, and hyperalgesia (Langford, 2006; Li et al.,
2014). Moreover, observing a conspecific in distress can induce
extended effects such as long-term pain sensitization (Raber and
Devor, 2002) and fear responses to stimuli that accompanied
conspecific distress (Jeon et al., 2010; Bruchey et al., 2010; Kavaliers
et al,, 2001). Observing pain or distress in familiar or related
conspecifics often produces more potent behavioral effects and
is sometimes necessary for long-term effects to be observed in
both mice and rats (Jeon et al., 2010; Langford, 2006; Li et al.,
2014; Agee et al., 2019; Jones et al., 2014; Kavaliers et al., 2005)
(though see Hernandez-Lallement et al., 2022). This suggests a keen
sensitivity toward the emotional state of cage mates. In this way,
the treatment of a given subject may be sufficient to alter their cage
mates” behavior either acutely (e.g., if animals within a single cage
are run sequentially and allowed to interact between testing) or over
the long term (e.g., if a cage mate is subjected to surgical or testing
procedures that cause enduring stress/pain).

Finally, we consider the influence of social rank on behavior.
Most socially housed laboratory species are known to maintain
dominance hierarchies to some degree (Williamson et al., 2016,
2019; Varholick et al, 2019; Schuhr, 1987; Blanchard et al.,
1984; Ziporyn and McClintock, 1991; Sterck and Steenbeek, 1997;
Blanchard et al., 1988; Jones and Monfils, 2016; Seese et al., 2024;
Monfils and Agee, 2019), but to simplify our discussion we will
focus on mice. The results of the dominance literature regarding
the effect of social rank on behavior are quite inconsistent. A
recent meta-analysis (Varholick et al., 2021) found no clear effect of
dominance rank across studies in open field exploration, elevated
plus maze open arm time, or immobility during the forced
swim test. Indeed, results were often directly contradictory. One
explanation for this lack of consensus is variability in the type of
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dominance hierarchy formed within a group. In triads of mice,
variation is observed both in the stability of a hierarchy (i.e.,
the degree to which rank is maintained) and the linearity of the
hierarchical structure (Varholick et al., 2019). Reports of overall
hierarchical stability vary between studies, with some researchers
finding high stability (Williamson et al., 2016, 2019) and others
reporting frequent reshuffling of rank order (Varholick et al., 2019).
The degree of alpha despotism, i.e., the ability to suppress aggressive
behavior in lower ranked counterparts, also varies (Williamson
et al, 2016). This variance is important to consider, as recent
research has found that the often-inconsistent findings regarding
endocrine function and behavior in dominant vs. subordinate
animals may be explained by interactions between dominance rank
and hierarchical characteristics. For example, while past research
has found contradictory results on the relative testosterone levels
in dominant and subordinate mice (Machida et al., 1981; Ely,
1981; Selmanoff et al., 1977; Barnard et al., 1996; Hilakivi et al.,
1989), recent evidence suggests that high despotism may serve
as the determining factor for this difference (Williamson et al.,
2017). Further research considering hierarchical characteristics
in conjunction with social rank will hopefully resolve some of
these contradictions.

Effects of social context on participant
behavior in human studies

The social context of human subjects will virtually always
be more complex than that of lab animals confined to a fixed
community of only a few conspecifics. As such, human researchers
can realistically only hope to assess participants based on broad
differences in social context in which individuals can be easily
categorized or scored. We thus restrict this discussion to a few
facets of an individual’s social context that can reasonably be
ascertained from basic participant surveys. Additionally, we discuss
how more immediate aspects of the social context during testing
(e.g., the presence of an experimenter or other subjects) might
affect responding.

As in many lab species, social isolation in human subjects
has been shown to be associated with a variety of physiological
and behavioral effects. For example, individuals reporting high
subjective social isolation display higher levels of depression
(Fiordelli et al., 2020; Steptoe et al., 2013; Layden et al., 2017),
increased mortality (Steptoe et al., 2013; Holt-Lunstad et al., 2015),
and generally interpret social interactions more negatively (Duck
et al., 1994; Anderson and Martin, 1995; Hawkley et al., 2003).
Notably, in humans, perceived social isolation (i.e., loneliness) is
measurable and distinct from objective social isolation (i.e., actual
social network size), and the two measures correlate only weakly
to moderately (Fiordelli et al., 2020; Steptoe et al., 2013; Hawkley
et al., 2008) (see also Layden et al., 2017). Additionally, the quality
of social ties—not the number of ties—appears to exert a greater
protective influence on loneliness levels (Lee and Ko, 2018). As
such, simply gathering demographic data may not be an accurate
gauge of social context.

The immediate social environment during testing also has the
potential to alter participant responding. When studying social
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behavior, lab studies have traditionally used non-participatory
settings, where people observe stimuli of others without being part
of the interaction. While this research is valuable in documenting
human social biases in general, it fails to account for people’s
true social behavior outside the lab (Risko et al., 2016; Pfeiffer
et al., 2012). For example, in the case of social attention, non-
participatory settings tend to overemphasize face gazing as an
information-gathering tool; however, whether we know that our
gaze is available to others has significant consequences on how
much we look at them (Laidlaw et al., 2011; Gobel et al., 2015).
More specifically, non-participatory lab experiments overlook the
effect of gaze as a signaling tool in natural social interactions
(Risko et al., 2016). Crucially, this effect is modulated by cultural
norms, relationships between interactants (e.g., familiar person vs.
stranger), and the nature of their interaction (e.g., cooperative vs.
collaborative), emphasizing the necessity to factor socio-contextual
features in studies (Dalmaso et al., 2020).

This observation has broad implications beyond the study of
social behavior. Human research generally involves interactions
with a human experimenter in some way or another. This is
particularly the case in child development research, since young
children cannot, for example, read instructions off a computer
screen. This makes the experimental outcome partly dependent
on the experimenter-child social dynamics. Take, for example,
the so-called Marshmallow task (Mischel et al., 1972) introduced
to test children’s delayed gratification management. Kidd et al.
(2013) showed that children’s perception of the experimenter’s
trustworthiness influences their strategy. In fact, the experimenter’s
identity alone (e.g., perceived as in-group vs. outgroup) had a
significant impact on the wait time in the task (Pierre et al., 2023;
Strickland, 1972). Furthermore, children’s performance depends on
their cultural background. For instance, societies that emphasize
hierarchy vs. autonomy lead the child to adopt different self-
regulatory strategies (Lamm et al., 2018). Similarly, children tend to
adopt strategies that are consistent with their cultural norms related
to waiting and food (Yanaoka et al., 2022). Failing to consider the
social context (or lack thereof) can impact both the external validity
of behavioral tasks as well as their internal validity, potentially
contributing to the replicability crisis in human research.

Discussion

In the preceding sections we highlighted some of the ways
in which social context influences behavioral and physiological
measures. While we do not have space to cover all components
of social context here, what we have reviewed hopefully makes a
compelling case for the idea that even experiments not focused
on social behavior should be designed with certain aspects of
social context in mind. Controlling all aspects of social context
is not feasible, but some basic measures can be taken to limit
social confounds. In non-human animal studies, social context
can be standardized across experimental groups and between
studies (if replication is the goal) by careful housing practices
aimed at minimizing social stressors. In practice, however, this
is rarely straightforward. For example, emotional contagion can
theoretically be minimized by keeping subjects in single housing,
but this exposes subjects to the behavioral and physiological
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changes that accompany social isolation stress. In such cases,
alternative solutions—e.g., ensuring a balanced distribution of
members of each experimental group between cages—should also
be considered. Critically, details on social housing conditions and
experimental group distribution between cages should be explicitly
stated in the methods section and recorded on publicly available
datasheets. Having this information readily available will help
in interpreting inconsistent results and could assist researchers
conducting meta-analyses.

Naturally, controlling for social context in human research is a
more complicated prospect. While experimenters have no control
over the broader aspects of their human participant’s social context,
variability in social context can be at least considered in analyses.
Basic details of participants” social relationships might be gleamed
via pre-screening or post-testing questionnaires and assessed as
possible response mediators, but more detailed questions about
the quality of these relationships may be necessary to properly
categorize participants. Additionally, careful consideration must
be given to the nature of interactions between participants and
other individuals present during testing. As with animal research,
thorough documentation of these interactions is essential for
later interpretation of inconsistent results. While accounting for
social context in research presents a formidable challenge, it
is essential to consider for improving reproducibility and the
validity of behavioral studies. By prioritizing the standardization
and documentation of social variables, researchers can mitigate
potential confounds and contribute to a more reliable body of
scientific knowledge.

Author contributions

LA: Conceptualization, Investigation, Writing — original draft,
Writing — review & editing. AF: Conceptualization, Investigation,
Writing - original draft, Writing - review & editing. M-HM:
Conceptualization, Investigation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

frontiersin.org


https://doi.org/10.3389/fnhum.2024.1507010
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Agee et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Agee, L. A, Jones, C. E,, and Monfils, M. H. (2019). Differing effects of
familiarity/kinship in the social transmission of fear associations and food preferences
in rats. Anim. Cogn. 22, 1013-1026. doi: 10.1007/s10071-019-01292-z

Anderson, C. M., and Martin, M. M. (1995). The effects of communication motives,
interaction involvement, and loneliness on satisfaction: a model of small groups. Small
Group Res. 26, 118-137. doi: 10.1177/1046496495261007

Andraka, K., Kondrakiewicz, K., Rojek-Sito, K., Ziegart-Sadowska, K., Meyza, K.,
Nikolaev, T., et al. (2021). Distinct circuits in rat central amygdala for defensive
behaviors evoked by socially signaled imminent versus remote danger. Curr. Biol. 31,
2347-2358.¢6. doi: 10.1016/j.cub.2021.03.047

Barnard, C. J., Behnke, J. M., and Sewell, J. (1996). Social status and resistance
to disease in house Mice (Mus musculus): status-related modulation of hormonal
responses in relation to immunity costs in different social and physical environments.
Ethology 102, 63-84. doi: 10.1111/§.1439-0310.1996.tb01104.x

Blanchard, D. C., Fukunaga-Stinson, C., Takahashi, L. K., Flannelly, K. J., and
Blanchard, R. J. (1984). Dominance and aggression in social groups of male and female
rats. Behav. Processes 9, 31-48. doi: 10.1016/0376-6357(84)90006-8

Blanchard, R. J., Flannelly, K. J., and Blanchard, D. C. (1988). Life-span studies of
dominance and aggression in established colonies of laboratory rats. Physiol. Behav. 43,
1-7. doi: 10.1016/0031-9384(88)90089-3

Bruchey, A. K., Jones, C. E., and Monfils, M. H. (2010). Fear conditioning by-proxy:
social transmission of fear during memory retrieval. Behav. Brain Res. 214, 80-84.
doi: 10.1016/j.bbr.2010.04.047

Crabbe, J. C., Wahlsten, D., and Dudek, B. C. (1999). Genetics of mouse
behavior: interactions with laboratory environment. Science 284, 1670-1672.
doi: 10.1126/science.284.5420.1670

Dadomo, H., Gioiosa, L., Cigalotti, J., Ceresini, G., Parmigiani, S., Palanza, P.,
et al. (2018). What is stressful for females? Differential effects of unpredictable
environmental or social stress in CD1 female mice. Horm. Behav. 98, 22-32.
doi: 10.1016/j.yhbeh.2017.11.013

Dalmaso, M., Castelli, L., and Galfano, G. (2020). Social modulators of gaze-
mediated orienting of attention: a review. Psychon. Bull. Rev. 27, 833-855.
doi: 10.3758/513423-020-01730-x

de Lima, A. P. N, and Massoco, C. O. (2017). Passive adaptation to stress in
adulthood after short-term social instability stress during adolescence in mice. Stress
20, 329-332. doi: 10.1080/10253890.2017.1313223

Delaroque, C., Chervy, M., Gewirtz, A. T., and Chassaing, B. (2021). Social
overcrowding impacts gut microbiota, promoting stress, inflammation, and
dysglycemia. Gut Microbes. 13:2000275. doi: 10.1080/19490976.2021.2000275

Diez-Solinska, A., Lebefia, A., Garmendia, L., Labaka, A., Azkona, G., Perez-Tejada,
J., et al. (2022). Chronic social instability stress down-regulates IL-10 and up-regulates
CX3CRI in tumor-bearing and non-tumor-bearing female mice. Behav. Brain Res.
435:114063. doi: 10.1016/j.bbr.2022.114063

dos Santos Guilherme, M., Tsoutsouli, T., Chongtham, M. C., Winter, J., Gerber, S.,
Miiller, M. B,, et al. (2022). Selective targeting of chronic social stress-induced activated
neurons identifies neurogenesis-related genes to be associated with resilience in female
mice. Psychoneuroendocrinology 139:105700. doi: 10.1016/j.psyneuen.2022.105700

Duck, S., Pond, K., and Leatham, G. (1994). Loneliness and the evaluation of
relational events. J. Soc. Pers. Relatsh. 11, 253-276. doi: 10.1177/0265407594112006

Einon, D. (1980). Spatial memory and response strategies in rats: age,
sex and rearing differences in performance. Q. J. Exp. Psychol. 32, 473-489.
doi: 10.1080/14640748008401840

Ely, D. L. (1981). Hypertension, social rank, and aortic arteriosclerosis in CBA/J
mice. Physiol. Behav. 26, 655-661. doi: 10.1016/0031-9384(81)90140-2

Featherstone, R. E., Gifford, R. L., Crown, L. M., Amirfathi, F., Alaniz, J. P., Yi,
J., et al. (2022). Early life social instability stress causes lasting cognitive decrement
and elevated hippocampal stress-related gene expression. Exp. Neurol. 354:114099.
doi: 10.1016/j.expneurol.2022.114099

Fiordelli, M., Sak, G., Guggiari, B., Schulz, P. J, and Petrocchi, S. (2020).
Differentiating objective and subjective dimensions of social isolation and apprasing
their relations with physical and mental health in italian older adults. BMC Geriatr.
20:472. doi: 10.1186/s12877-020-01864-6

Frontiersin Human Neuroscience

10.3389/fnhum.2024.1507010

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Gobel, M. S., Kim, H. S., and Richardson, D. C. (2015). The dual function of social
gaze. Cognition 136, 359-364. doi: 10.1016/j.cognition.2014.11.040

Graf, A., Murray, S. H., Eltahir, A., Patel, S., Hansson, A. C., Spanagel, R,
et al. (2023). Acute and long-term sex-dependent effects of social instability stress
on anxiety-like and social behaviours in Wistar rats. Behav. Brain Res. 438:114180.
doi: 10.1016/j.bbr.2022.114180

Green, M. R, Barnes, B, and McCormick, C. M. (2013). Social instability stress
in adolescence increases anxiety and reduces social interactions in adulthood in male
long-evans rats. Dev. Psychobiol. 55, 849-859. doi: 10.1002/dev.21077

Green, M. R,, and McCormick, C. M. (2013). Effects of social instability stress in
adolescence on long-term, not short-term, spatial memory performance. Behav. Brain
Res. 256, 165-171. doi: 10.1016/j.bbr.2013.08.011

Haller, J., Fuchs, E., Haldsz, J., and Makara, G. B. (1999). Defeat is a major
stressor in males while social instability is stressful mainly in females: towards the
development of a social stress model in female rats. Brain Res. Bull. 50, 33-39.
doi: 10.1016/S0361-9230(99)00087-8

Hawkley, L. C., Burleson, M. H., Berntson, G. G., and Cacioppo, J. T. (2003).
Loneliness in everyday life: cardiovascular activity, psychosocial context, and health
behaviors. J. Pers. Soc. Psychol. 85, 105-120. doi: 10.1037/0022-3514.85.1.105

Hawkley, L. C., Hughes, M. E., Waite, L. J., Masi, C. M., Thisted, R. A., Cacioppo,
J. T,, et al. (2008). From social structural factors to perceptions of relationship quality
and loneliness: the Chicago Health, Aging, and Social Relations Study. J. Gerontol. Ser.
B. 63, $375-5384. doi: 10.1093/geronb/63.6.5375

Hernandez-Lallement, J., Gémez-Sotres, P., and Carrillo, M. (2022). Towards a
unified theory of emotional contagion in rodents—a meta-analysis. Neurosci. Biobehav.
Rev. 132, 1229-1248. doi: 10.1016/j.neubiorev.2020.09.010

Hilakivi, L. A, Lister, R. G., Duncan, M. J., Ota, M., Eskay, R. L., Mefford, I, et al.
(1989). Behavioral, hormonal and neurochemical characteristics of aggressive a-mice.
Brain Res. 502, 158-166. doi: 10.1016/0006-8993(89)90471-X

Hodges, T. E., Baumbach, J. L., Marcolin, M. L., Bredewold, R., Veenema, A. H.,
McCormick, C. M., et al. (2017). Social instability stress in adolescent male rats reduces
social interaction and social recognition performance and increases oxytocin receptor
binding. Neuroscience 359, 172-182. doi: 10.1016/j.neuroscience.2017.07.032

Hodges, T. E., Baumbach, J. L., and McCormick, C. M. (2018). Predictors of social
instability stress effects on social interaction and anxiety in adolescent male rats. Dev.
Psychobiol. 60, 651-663. doi: 10.1002/dev.21626

Hodges, T. E., Green, M. R., Simone, J. J., and McCormick, C. M. (2014).
Effects of social context on endocrine function and Zif268 expression in response
to an acute stressor in adolescent and adult rats. Int. J. Dev. Neurosci. 35, 25-34.
doi: 10.1016/j.ijdevneu.2014.03.001

Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T., and Stephenson, D. (2015).
Loneliness and social isolation as risk factors for mortality: a meta-analytic review.
Perspect. Psychol. Sci. 10, 227-237. doi: 10.1177/1745691614568352

Teraci, A., Mallei, A., and Popoli, M. (2016). Social isolation stress induces anxious-
depressive-like behavior and alterations of neuroplasticity-related genes in adult male
mice. Neural. Plast. 2016:6212983. doi: 10.1155/2016/6212983

Jeon, D., Kim, S., Chetana, M., Jo, D., Ruley, H. E, Lin, S. Y., et al. (2010).

Observational fear learning involves affective pain system and Cavl.2 Ca2+ channels
in ACC. Nat. Neurosci. 13, 482-488. doi: 10.1038/nn.2504

Jones, C. E., and Monfils, M. H. (2016).
social fear transmission in laboratory rats. Anim. Cogn. 19,
doi: 10.1007/s10071-016-1013-2

Dominance status predicts
1051-1069.

Jones, C. E., Riha, P. D., Gore, A. C., and Monfils, M. H. (2014). Social transmission
of Pavlovian fear: fear-conditioning by-proxy in related female rats. Anim. Cogn. 17,
827-834. doi: 10.1007/s10071-013-0711-2

Kavaliers, M., Choleris, E., and Colwell, D. D. (2001). Learning from others to
cope with biting flies: social learning of fear-induced conditioned analgesia and active
avoidance. Behav. Neurosci. 115, 661-674. doi: 10.1037/0735-7044.115.3.661

Kavaliers, M., Colwell, D. D., and Choleris, E. (2005). Kinship, familiarity and social
status modulate social learning about “micropredators” (biting flies) in deer mice.
Behav. Ecol. Sociobiol. 58, 60-71. doi: 10.1007/s00265-004-0896-0

frontiersin.org


https://doi.org/10.3389/fnhum.2024.1507010
https://doi.org/10.1007/s10071-019-01292-z
https://doi.org/10.1177/1046496495261007
https://doi.org/10.1016/j.cub.2021.03.047
https://doi.org/10.1111/j.1439-0310.1996.tb01104.x
https://doi.org/10.1016/0376-6357(84)90006-8
https://doi.org/10.1016/0031-9384(88)90089-3
https://doi.org/10.1016/j.bbr.2010.04.047
https://doi.org/10.1126/science.284.5420.1670
https://doi.org/10.1016/j.yhbeh.2017.11.013
https://doi.org/10.3758/s13423-020-01730-x
https://doi.org/10.1080/10253890.2017.1313223
https://doi.org/10.1080/19490976.2021.2000275
https://doi.org/10.1016/j.bbr.2022.114063
https://doi.org/10.1016/j.psyneuen.2022.105700
https://doi.org/10.1177/0265407594112006
https://doi.org/10.1080/14640748008401840
https://doi.org/10.1016/0031-9384(81)90140-2
https://doi.org/10.1016/j.expneurol.2022.114099
https://doi.org/10.1186/s12877-020-01864-6
https://doi.org/10.1016/j.cognition.2014.11.040
https://doi.org/10.1016/j.bbr.2022.114180
https://doi.org/10.1002/dev.21077
https://doi.org/10.1016/j.bbr.2013.08.011
https://doi.org/10.1016/S0361-9230(99)00087-8
https://doi.org/10.1037/0022-3514.85.1.105
https://doi.org/10.1093/geronb/63.6.S375
https://doi.org/10.1016/j.neubiorev.2020.09.010
https://doi.org/10.1016/0006-8993(89)90471-X
https://doi.org/10.1016/j.neuroscience.2017.07.032
https://doi.org/10.1002/dev.21626
https://doi.org/10.1016/j.ijdevneu.2014.03.001
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1155/2016/6212983
https://doi.org/10.1038/nn.2504
https://doi.org/10.1007/s10071-016-1013-2
https://doi.org/10.1007/s10071-013-0711-2
https://doi.org/10.1037/0735-7044.115.3.661
https://doi.org/10.1007/s00265-004-0896-0
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Agee et al.

Keesom, S. M., Finton, C. J., Sell, G. L., and Hurley, L. M. (2017). Early-life
social isolation influences mouse ultrasonic vocalizations during male-male social
encounters. PLoS ONE 12:e0169705. doi: 10.1371/journal.pone.0169705

Keysers, C., and Gazzola, V. (2021). Emotional contagion: improving
survival by preparing for socially sensed threats. Curr. Biol. 31, R728-R730.
doi: 10.1016/j.cub.2021.03.100

Kidd, C., Palmeri, H., and Aslin, R. N. (2013). Rational snacking: young
children’s decision-making on the marshmallow task is moderated by beliefs about
environmental reliability. Cognition 126, 109-114. doi: 10.1016/j.cognition.2012.08.004

Koert, A., Ploeger, A., Bockting, C. L. H., Schmidt, M. V., Lucassen, P. J., Schrantee,
A, et al. (2021). The social instability stress paradigm in rat and mouse: a systematic
review of protocols, limitations, and recommendations. Neurobiol. Stress. 15:100410.
doi: 10.1016/j.ynstr.2021.100410

Koike, H., Ibi, D., Mizoguchi, H., Nagai, T., Nitta, A., Takuma, K., et al. (2009).
Behavioral abnormality and pharmacologic response in social isolation-reared mice.
Behav. Brain Res. 202, 114-121. doi: 10.1016/j.bbr.2009.03.028

Laber, K., Veatch, L. M., Lopez, M. F., Mulligan, J. K., and Lathers, D. M. (2008).
Effects of housing density on weight gain, immune function, behavior, and plasma
corticosterone concentrations in BALB/c and C57BL/6 Mice. J. Am. Assoc. Lab. Anim.
Sci. 47, 16-23.

Laidlaw, K. E. W., Foulsham, T., Kuhn, G., and Kingstone, A. (2011). Potential social
interactions are important to social attention. Proc. Natl. Acad. Sci. 108, 5548-5553.
doi: 10.1073/pnas.1017022108

Lamm, B., Keller, H., Teiser, J., Gudi, H., Yovsi, R. D., Freitag, C., et al. (2018).
Waiting for the second treat: developing culture-specific modes of self-regulation.
Child Dev. 89, e261-e277. doi: 10.1111/cdev.12847

Lander, S. S., Linder-Shacham, D., and Gaisler-Salomon, 1. (2017). Differential
effects of social isolation in adolescent and adult mice on behavior and cortical gene
expression. Behav. Brain Res. 316, 245-254. doi: 10.1016/j.bbr.2016.09.005

Langford, D. J. (2006). Social modulation of pain as evidence for empathy in mice.
Science 312, 1967-1970. doi: 10.1126/science.1128322

Layden, E. A., Cacioppo, J. T., Cacioppo, S., Cappa, S. F., Dodich, A., Falini, A.,
etal. (2017). Perceived social isolation is associated with altered functional connectivity
in neural networks associated with tonic alertness and executive control. Neuroimage
145, 58-73. doi: 10.1016/j.neuroimage.2016.09.050

Lee, Y., and Ko, Y. (2018). gun. Feeling lonely when not socially isolated: social
isolation moderates the association between loneliness and daily social interaction. J.
Soc. Pers. Relatsh. 35, 1340-1355. doi: 10.1177/0265407517712902

Lee, Y. A, Obora, T., Bondonny, L., Toniolo, A., Mivielle, J., Yamaguchi, Y., et al.
(2018). The effects of housing density on social interactions and their correlations with
serotonin in rodents and primates. Sci. Rep. 8:3497. doi: 10.1038/s41598-018-21353-6

Li, Z,Lu, Y. F, Li, C. L, Wang, Y., Sun, W, He, T, et al. (2014). Social interaction
with a cagemate in pain facilitates subsequent spinal nociception via activation of the
medial prefrontal cortex in rats. PAIN 155, 1253-1261. doi: 10.1016/j.pain.2014.03.019

Lin, E. J. D., Sun, M., Choi, E. Y., Magee, D., Stets, C. W., During, M. ], et al.
(2015). Social overcrowding as a chronic stress model that increases adiposity in mice.
Psychoneuroendocrinology 51, 318-330. doi: 10.1016/j.psyneuen.2014.10.007

Love, J., and Zelikowsky, M. (2020). Stress varies along the social density
continuum. Front. Syst. Neurosci. 14:582985. doi: 10.3389/fnsys.2020.582985

Lukkes, J. L., Watt, M. J., Lowry, C. A., and Forster, G. L. (2009). Consequences of
post-weaning social isolation on anxiety behavior and related neural circuits in rodents.
Front. Behav. Neurosci. 3:18. doi: 10.3389/neuro.08.018.2009

Machida, T., Yonezawa, Y., and Noumura, T. (1981). Age-associated changes in
plasma testosterone levels in male mice and their relation to social dominance or
subordinance. Horm. Behav. 15, 238-245. doi: 10.1016/0018-506X(81)90013-1

McCormick, C. M., Green, M. R., Cameron, N. M., Nixon, F., Levy, M. ], Clark, R.
A, et al. (2013a). Deficits in male sexual behavior in adulthood after social instability
stress in adolescence in rats. Horm. Behav. 63, 5-12. doi: 10.1016/j.yhbeh.2012.11.009

McCormick, C. M., Merrick, A., Secen, J., and Helmreich, D. L. (2007). Social
instability in adolescence alters the central and peripheral hypothalamic-pituitary-
adrenal responses to a repeated homotypic stressor in male and female rats. J.
Neuroendocrinol. 19, 116-126. doi: 10.1111/j.1365-2826.2006.01515.x

McCormick, C. M., Mongillo, D. L., and Simone, J. J. (2013b). Age and
adolescent social stress effects on fear extinction in female rats. Stress 16, 678-688.
doi: 10.3109/10253890.2013.840283

McCormick, C. M., Nixon, F., Thomas, C., Lowie, B., and Dyck, J. (2010).
Hippocampal cell proliferation and spatial memory performance after social
instability stress in adolescence in female rats. Behav. Brain Res. 208, 23-29.
doi: 10.1016/j.bbr.2009.11.003

McCormick, C. M., Thomas, C. M., Sheridan, C. S., Nixon, F.,, Flynn, J. A,
Mathews, I. Z., et al. (2012). Social instability stress in adolescent male rats alters
hippocampal neurogenesis and produces deficits in spatial location memory in
adulthood. Hippocampus 22, 1300-1312. doi: 10.1002/hipo.20966

McKinney, W. T. Jr. (1974). Primate social isolation: psychiatric implications. Arch.
Gen. Psychiatry. 31, 422-426. doi: 10.1001/archpsyc.1974.01760150122018

Frontiersin Human Neuroscience

10.3389/fnhum.2024.1507010

Mischel, W., Ebbesen, E. B., and Raskoff Zeiss, A. (1972). Cognitive and
attentional mechanisms in delay of gratification. J. Pers. Soc. Psychol. 21, 204-218.
doi: 10.1037/h0032198

Mitchell, G. D., Raymond, E. J., Ruppenthal, G. C., and Harlow, H. F. (1966). Long-
term effects of total social isolation upon behavior of rhesus monkeys. Psychol. Rep. 18,
567-80. doi: 10.2466/pr0.1966.18.2.567

Monfils, M. H., and Agee, L. A. (2019). Insights from social transmission of
information in rodents. Genes Brain Behav. 18:e12534. doi: 10.1111/gbb.12534

Morrissey, M. D., Mathews, I. Z., and McCormick, C. M. (2011). Enduring deficits in
contextual and auditory fear conditioning after adolescent, not adult, social instability
stress in male rats. Neurobiol. Learn. Mem. 95, 46-56. doi: 10.1016/j.nlm.2010.10.007

National Research Council (US) Committee for the Update of the Guide for the
Care and Use of Laboratory Animals (2011). Guide for the Care and Use of Laboratory
Animals, 8th Edn. Washington, DC: National Academies Press (US).

Open Science Collaboration (2015). Estimating the reproducibility of psychological
science. Science. 349:aac4716. doi: 10.1126/science.aac4716

Panksepp, J. B., and Lahvis, G. ©P. (2011). Rodent
and affective neuroscience. Neurosci. Biobehav. Rev. 35,
doi: 10.1016/j.neubiorev.2011.05.013

Pfeiffer, U., Schilbach, L., Timmermans, B., Jording, M., Bente, G., Vogeley,
K., et al. (2012). Eyes on the mind: investigating the influence of gaze dynamics
on the perception of others in real-time social interaction. Front. Psychol. 3:537.
doi: 10.3389/fpsyg.2012.00537

empathy
1864-1875.

Pierre, T. S., White, K. S., and Johnson, E. K. (2023). Who is running our
experiments? The influence of experimenter identity in the marshmallow task. Cogn.
Dev. 65:101271. doi: 10.1016/j.cogdev.2022.101271

Raber, P, and Devor, M. (2002). Social variables affect phenotype in the
neuroma model of neuropathic pain. Pain 97, 139-150. doi: 10.1016/S0304-3959(02)
00013-1

Risko, E. F., Richardson, D. C., and Kingstone, A. (2016). Breaking the fourth wall of
cognitive science: real-world social attention and the dual function of gaze. Curr. Dir.
Psychol. Sci. 25, 70-74. doi: 10.1177/0963721415617806

Rivera-Irizarry, J. K., Skelly, M. J., and Pleil, K. E. (2020). Social isolation stress
in adolescence, but not adulthood, produces hypersocial behavior in adult male and
female C57BL/6] mice. Front. Behav. Neurosci. 14:129. doi: 10.3389/fnbeh.2020.00129

Saavedra-Rodriguez, L., and Feig, L. A. (2013). Chronic social instability induces
anxiety and defective social interactions across generations. Biol. Psychiatry. 73, 44-53.
doi: 10.1016/j.biopsych.2012.06.035

Schmidt, M. V., Scharf, S. H., Sterlemann, V., Ganea, K., Liebl, C., Holsboer,
F., et al. (2010). High susceptibility to chronic social stress is associated
with a depression-like phenotype. Psychoneuroendocrinology 35, 635-643.
doi: 10.1016/j.psyneuen.2009.10.002

Schmidt, M. V., Sterlemann, V., Ganea, K., Liebl, C., Alam, S., Harbich,
D., et al. (2007). Persistent neuroendocrine and behavioral effects of a novel,
etiologically relevant mouse paradigm for chronic social stress during adolescence.
Psychoneuroendocrinology 32, 417-429. doi: 10.1016/j.psyneuen.2007.02.011

Schuhr, B. (1987). Social structure and plasma corticosterone level in female albino
mice. Physiol. Behav. 40, 689-693. doi: 10.1016/0031-9384(87)90269-1

Seese, S., Tinsley, C. E., Wulffraat, G., Hixon, J. G., and Monfils, M. H. (2024).
Conspecific interactions predict social transmission of fear in female rats. Sci. Rep.
14:7804. doi: 10.1038/s41598-024-58258-6

Selmanoff, M. K., Goldman, B. D., and Ginsburg, B. E. (1977). Serum testosterone,
agonistic behavior, and dominance in inbred strains of mice. Horm. Behav. 8, 107-119.
doi: 10.1016/0018-506X(77)90026-5

Sorge, R. E., Martin, L. ]., Isbester, K. A, Sotocinal, S. G., Rosen, S., Tuttle, A. H., etal.
(2014). Olfactory exposure to males, including men, causes stress and related analgesia
in rodents. Nat. Methods. 11, 629-632. doi: 10.1038/nmeth.2935

Steptoe, A., Shankar, A., Demakakos, P., and Wardle, J. (2013). Social isolation,
loneliness, and all-cause mortality in older men and women. Proc Natl Acad Sci. 110,
5797-5801. doi: 10.1073/pnas.1219686110

Sterck, E. H. M., and Steenbeek, R. (1997). Female dominance relationships and
food competition in the sympatric thomas langur and long-tailed Macaque. Behaviour
134, 749-774. doi: 10.1163/156853997X00052

Strickland, B. R. (1972). Delay of gratification as a function of race of the
experimenter. J. Pers. Soc. Psychol. 22, 108-12. doi: 10.1037/h0032385

Sturman, O., von Ziegler, L., Privitera, M., Waag, R, Duss, S., Vermeiren, Y., et al.
(2021). Chronic adolescent stress increases exploratory behavior but does not appear
to change the acute stress response in adult male C57BL/6 mice. Neurobiol. Stress
15:100388. doi: 10.1016/j.ynstr.2021.100388

Valzelli, L. (1973). The “isolation syndrome” in mice. Psychopharmacologia 31,
305-320. doi: 10.1007/BF00421275

Van Bavel, J. J., Mende-Siedlecki, P., Brady, W. J., and Reinero, D. A. (2016).
Contextual sensitivity in scientific reproducibility. Proc Natl Acad Sci. 113, 6454-6459.
doi: 10.1073/pnas.1521897113

frontiersin.org


https://doi.org/10.3389/fnhum.2024.1507010
https://doi.org/10.1371/journal.pone.0169705
https://doi.org/10.1016/j.cub.2021.03.100
https://doi.org/10.1016/j.cognition.2012.08.004
https://doi.org/10.1016/j.ynstr.2021.100410
https://doi.org/10.1016/j.bbr.2009.03.028
https://doi.org/10.1073/pnas.1017022108
https://doi.org/10.1111/cdev.12847
https://doi.org/10.1016/j.bbr.2016.09.005
https://doi.org/10.1126/science.1128322
https://doi.org/10.1016/j.neuroimage.2016.09.050
https://doi.org/10.1177/0265407517712902
https://doi.org/10.1038/s41598-018-21353-6
https://doi.org/10.1016/j.pain.2014.03.019
https://doi.org/10.1016/j.psyneuen.2014.10.007
https://doi.org/10.3389/fnsys.2020.582985
https://doi.org/10.3389/neuro.08.018.2009
https://doi.org/10.1016/0018-506X(81)90013-1
https://doi.org/10.1016/j.yhbeh.2012.11.009
https://doi.org/10.1111/j.1365-2826.2006.01515.x
https://doi.org/10.3109/10253890.2013.840283
https://doi.org/10.1016/j.bbr.2009.11.003
https://doi.org/10.1002/hipo.20966
https://doi.org/10.1001/archpsyc.1974.01760150122018
https://doi.org/10.1037/h0032198
https://doi.org/10.2466/pr0.1966.18.2.567
https://doi.org/10.1111/gbb.12534
https://doi.org/10.1016/j.nlm.2010.10.007
https://doi.org/10.1126/science.aac4716
https://doi.org/10.1016/j.neubiorev.2011.05.013
https://doi.org/10.3389/fpsyg.2012.00537
https://doi.org/10.1016/j.cogdev.2022.101271
https://doi.org/10.1016/S0304-3959(02)00013-1
https://doi.org/10.1177/0963721415617806
https://doi.org/10.3389/fnbeh.2020.00129
https://doi.org/10.1016/j.biopsych.2012.06.035
https://doi.org/10.1016/j.psyneuen.2009.10.002
https://doi.org/10.1016/j.psyneuen.2007.02.011
https://doi.org/10.1016/0031-9384(87)90269-1
https://doi.org/10.1038/s41598-024-58258-6
https://doi.org/10.1016/0018-506X(77)90026-5
https://doi.org/10.1038/nmeth.2935
https://doi.org/10.1073/pnas.1219686110
https://doi.org/10.1163/156853997X00052
https://doi.org/10.1037/h0032385
https://doi.org/10.1016/j.ynstr.2021.100388
https://doi.org/10.1007/BF00421275
https://doi.org/10.1073/pnas.1521897113
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Agee et al.

van Ingelgom, T., Didone, V., Godefroid, L., and Quertemont, E. (2024). Effects of
social housing conditions on ethanol-induced behavioral sensitization in Swiss mice.
Psychopharmacology 241, 987-1000. doi: 10.1007/s00213-024-06527-7

Varholick, J. A., Bailoo, J. D., Jenkins, A., Voelkl, B., and Wiirbel, H. A. (2021).
Systematic review and meta-analysis of the relationship between social dominance
status and common behavioral phenotypes in male laboratory mice. Front. Behav.
Neurosci. 14:624036. doi: 10.3389/fnbeh.2020.624036

Varholick, J. A., Pontiggia, A., Murphy, E., Daniele, V., Palme, R., Voelkl, B., et al.
(2019). Social dominance hierarchy type and rank contribute to phenotypic variation
within cages of laboratory mice. Sci. Rep. 9:13650. doi: 10.1038/s41598-019-49612-0

Weiss, I. C., Pryce, C. R., Jongen-Rélo, A. L., Nanz-Bahr, N. I, and Feldon, J. (2004).
Effect of social isolation on stress-related behavioural and neuroendocrine state in the
rat. Behav. Brain Res. 152, 279-295. doi: 10.1016/j.bbr.2003.10.015

Williamson, C. M., Lee, W., and Curley, J. P. (2016). Temporal dynamics of social
hierarchy formation and maintenance in male mice. Anim. Behav. 115, 259-272.
doi: 10.1016/j.anbehav.2016.03.004

Williamson, C. M., Lee, W., DeCasien, A. R., Lanham, A., Romeo, R. D., Curley,
J. P., et al. (2019). Social hierarchy position in female mice is associated with

Frontiersin Human Neuroscience

07

10.3389/fnhum.2024.1507010

plasma corticosterone levels and hypothalamic gene expression. Sci. Rep. 9:7324.
doi: 10.1038/s41598-019-43747-w

Williamson, C. M., Lee, W., Romeo, R. D., and Curley, J. P. (2017).
Social context-dependent relationships between mouse dominance rank and
plasma hormone levels. Physiol. Behav. 171, 110-119. doi: 10.1016/j.physbeh.2016.
12.038

Wongwitdecha, N., and Marsden, C. A. (1996). Social isolation increases aggressive
behaviour and alters the effects of diazepam in the rat social interaction test. Behav.
Brain Res. 75, 27-32. doi: 10.1016/0166-4328(96)00181-7

Yanaoka, K., Michaelson, L. E., Guild, R. M., Dostart, G., Yonehiro, J., Saito, S., et al.
(2022). Cultures crossing: the power of habit in delaying gratification. Psychol. Sci. 33,
1172-1181. doi: 10.1177/09567976221074650

Yohn, C. N., Ashamalla, S. A., Bokka, L., Gergues, M. M., Garino, A., Samuels, B. A,
etal. (2019). Social instability is an effective chronic stress paradigm for both male and
female mice. Neuropharmacology 160:107780. doi: 10.1016/j.neuropharm.2019.107780

Ziporyn, T., and McClintock, M. K. (1991). Passing as an indicator of social
dominance among female wild and domestic Norway rats. Behaviour 118, 26-41.
doi: 10.1163/156853991X00184

frontiersin.org


https://doi.org/10.3389/fnhum.2024.1507010
https://doi.org/10.1007/s00213-024-06527-7
https://doi.org/10.3389/fnbeh.2020.624036
https://doi.org/10.1038/s41598-019-49612-0
https://doi.org/10.1016/j.bbr.2003.10.015
https://doi.org/10.1016/j.anbehav.2016.03.004
https://doi.org/10.1038/s41598-019-43747-w
https://doi.org/10.1016/j.physbeh.2016.12.038
https://doi.org/10.1016/0166-4328(96)00181-7
https://doi.org/10.1177/09567976221074650
https://doi.org/10.1016/j.neuropharm.2019.107780
https://doi.org/10.1163/156853991X00184
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

	Social context as a source of variability in the psychological sciences
	Introduction
	Effects of social context on behavior in non-human animals
	Effects of social context on participant behavior in human studies
	Discussion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


