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The interplay of social group biases 
in social threat learning
Armita Golkar1,2 & Andreas Olsson1

Learning from other individuals (e.g. social learning) is subjected to biases affecting whom to learn 
from. Consistent with research in animals, showing similarity-based learning biases and a general 
tendency to display pro-social responses to in-group individuals, we recently demonstrated that 
social learning of both fear and safety was enhanced when information was transmitted between 
same-race individuals. Here, we addressed how two different social group categories jointly affect the 
transmission of fears by investigating the interplay between racial and supporter group membership. 
We demonstrate that supporter group membership differentially influenced learning from a racial in-
group vs. racial out-group individual. Thus, conditioned skin conductance responses in the same-race 
condition were significantly higher when fear was transmitted by an in-group (same team) vs. an out-
group (rival team) individual, and were related to supporter team identification. However, supporter 
group membership did not influence learning from a racial out-group demonstrator, suggesting that the 
presence of an alternative alliance does not necessary reduce the influence of racial biases on social fear 
learning.

Humans, like other animals, have an evolved capacity to learn by observing the actions and experiences of other 
individuals, a process referred to as social learning1. Social learning may serve adaptive purposes by allowing indi-
viduals to acquire knowledge about their environment without the costs associated with first-hand experiences. 
This advantage is particularly pronounced when learning is associated with risk and potential harm, such as dur-
ing fear learning2. In order to maximize the efficacy of social learning, animals must learn from direct experiences 
and use social learning strategies selectively depending on the circumstances and the individuals from whom 
they learn1, 3, 4. For example, in the context of learning, cues such as familiarity, relatedness and social status have 
been shown to modulate the efficacy of fear transmission in non-human animals5–8. In humans, transmission of 
both fear and safety information was recently shown to be enhanced between individuals belonging to the same 
(in-group) as compared to different (out-group) racial groups9, as measured by conditioned autonomic responses. 
These findings are in line with research suggesting that race acts a default dimension of person perception and 
categorization10–12. It’s not clear, however, whether a racial bias will be under the influence of the socio-cultural 
context. Although most previous studies have failed to identify conditions that reduce racial categorization10, a 
few notable exceptions have shown that spontaneous and implicit racial categorization are reduced in the context 
of alternative alliance dimensions13, including political context14. To date, no study has addressed if coalitional 
affiliations can reduce racial biases that govern observational fear learning. This is particularly important given 
that learning from others represents a fundamental route through which humans use past experience to adapt to 
their environment. Observational fear learning in particular, represents a form of socio-emotional learning that 
is widespread across taxa, from insects to primates, to learn about threats in their surrounding through social sig-
nals and enables learning about dangerous outcomes without incurring the risk of being personally injured. The 
selectivity of such social learning requires understanding how competing sources of social group categorization 
bias these learning processes.

Here, we addressed how race and coalitional alliance (soccer supporter membership) of the observed individ-
ual jointly affect the transmission of fears measured by conditioned autonomic responses. We used an established 
observational fear learning paradigm to study the role of group biases in social fear learning9, duirng which the 
participants, acting as observers, are exposed to a video clip depicting a demonstrator. During the observational 
acquisition stage, the observer learned by watching the actions of the demonstrator, who belonged either to their 
own or a different racial group (racial in/out-group), and who they believed represented a supporter of their 
own or a rival team (supporter in/out-group). During the video, the demonstrator displayed discomfort when 
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receiving an electrical shock (Unconditioned stimulus, US) paired with the presentation of an image of a snake 
(reinforced conditioned stimulus, CS+), but never when paired with a spider image (unreinforced CS−). During 
a subsequent direct test, participants were re-exposed to the CSs, without receiving shocks, and in the absence of 
the demonstrator. To assess learning, we used a standard index of conditioned response (CR) in humans: Skin 
conductance response (SCR), which reflects the phasic increase in physiological arousal in response to threat.

Results
The CR was indexed as the differential SCR to the snake (CS+) and spider (CS−) image. The mean CR are 
presented in Fig. 1. During the observational acquisition stage, fear learning was confirmed by overall higher 
responses to the CS+ than to the CS− (Main effect of Stimulus: F(1,91) = 18.64, p < 0.001, ηp

2 = 0.17). As pre-
dicted, CR differed as function of group membership during the critical direct test stage. In line with previ-
ous findings9, and because CRs extinguish rapidly in the absence of reinforcement (Schiller et al., 2010), the 
effects were most pronounced during the early stage of the direct test (Stimulus × Block × Supporter group × 
Demonstrator race interaction (F(1,91) = 4.16, p = 0.04, ηp

2 = 0.04). Focusing on the early test stage, we first con-
firmed that CRs differed as a function of Supporter group and Demonstrator race (Stimulus × Supporter group ×  
Demonstrator race interaction (F(1,91) = 5.70, p = 0.02, ηp

2 = 0.06). To understand the influence of supporter 
group membership on the expression of observational fear learning, we analyzed the influence of Supporter group 
in participants that had observed a racial in- and out-group demonstrator separately. We found that supporter 
group membership had a significant effect on CRs in the group that learned from a racial in-group demonstra-
tor, Stimulus × Supporter group interaction F(1,45) = 9.50, p = 0.004, ηp

2 = 0.17. Thus, there was a difference in 
CRs when learning from an in-group or out-group supporter, t(45) = 3.08, p = 0.004, 95% CI for the difference 
between groups = [0.30–1.44], Cohen’s d = 0.90, and follow-up paired samples t-test confirmed that only partic-
ipants that had observed a demonstrator they believed was a supporter from their own team showed a signifi-
cant CR (In-group Supporter = t(22) = 3.95, p = 0.001, 95%CI = [0.38–1.23], Out-group supporter: t(23) = 0.35, 
p = 0.73, 95% CI = [−0.48–0.34]. Supporter group membership did not significantly influence the expression of 
observationally acquired fear from a racial out-group demonstrator (Stimulus × Supporter group interaction: 
F(1,46) = 0.05, p = 0.82, ηp

2 < 0.001) but CS+ responses were overall higher than CS− responses (Significant 
main effect of Stimulus F(1,46) = 11.26, p = 0.002, ηp

2 = 0.20).
Finally, based on our previous finding that negative attitudes towards the out-group was associated with less 

expressed learning during the early test stage9, we correlated the supporter team identification ratings (as meas-
ured by the SSIS) with the CRs during the early stage in the racial in-group condition. We found that higher scores 
on supporter team identification were associated with less learning from an out-group supporter (r = −0.43, 
p = 0.04, r2 = 0.18.

Discussion
Here, we investigated how race and a second social group category jointly affect the transmission of fears by 
crossing Race (Racial in/out-group) with Supporter group (Supporter in/out group). We demonstrate that 
observational fear learning biases are not limited to racial categories and extend to coalitional affiliations (i.e. 
supporter group membership), but this influence was significantly more pronounced during racial in-group vs. 
racial out-group learning. Thus, in the racial in-group condition, supporter group membership enhanced the 
expression of learning when fear was transmitted from a same-team supporter compared to when fear was trans-
mitted by a rival-team supporter. Moreover, among same-race individuals, supporter team identification scores 
were negatively related to learning from an out-group supporter, suggesting that social identity might suppress 
learning from out-group members. However, more research is needed to fully characterize this effect as (1) there 
is a possibility of a ceiling effect in detecting enhanced in-group learning, and (2) a validated questionnaire meas-
uring rival-group hostility could clarify whether rival-group hostility similarly predicts less learning from an 

Figure 1. Mean CR (CS+ > CS−) across the experiments displayed for the Racial In-group and Racial Out-
group separately as a function of Supporter group membership. (A) During observational acquisition SCRs 
to the CS+ were overall higher than to the CS− in the absence of significant group differences. (B) During 
the early stage of the direct test, supporter group membership significantly modulated CRs but only when fear 
was transmitted from a racial in-group demonstrator (C). During the late stage of the direct test, there were no 
between group differences left. Errors bars denote standard error of the mean (SEM). *p < 0.05.
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out-group supporter. Supporter group membership did not significantly influence learning when fear was trans-
mitted from a racial out-group demonstrator, suggesting that supporter group identification did not counteract 
racial categorization. Taken together, this study is the first to demonstrate that supporter group membership bias 
social fear learning, but that the presence of a supporter alliance did not reduce the influence of race. Rather, sup-
porter group alliance was attended to in the same-race condition without reducing racial categorization.

This pattern of results is predicted by prior research demonstrating that racial categorization is not always 
reduced when crossed with coalition15. Thus, both race and supporter group membership are treated as coali-
tional cues, but race has a higher prior probability of predicting coalitional affiliation13. Therefore, to reduce racial 
categorization, current models posit that this requires the cues to be presented in a context during which the 
novel cue (supporter group membership) actively predicts the pattern of alliance, and race does not14–16. Thus, 
given that there is no evidence that race is not a predictive cue of affiliation in the current set-up of the stimuli, 
our findings that supporter group membership bias learning only in the same-race condition are well aligned with 
current models suggesting step-wise prioritization of coalitional cues in the absence of evidence that race does 
not predict the ongoing pattern of alliances.

In sum, accumulating evidence from research on social group categorization has established that people spon-
taneously categorize newly encountered individuals by their sex, age, and race10–12. Here, we extend previous 
research on racial biases in observational fear learning, and demonstrate that supporter group membership simi-
larly biases observational fear learning between same-race individuals, suggesting that it reflects a general system 
biasing social learning towards individuals belonging to one’s own group. Future research addressing cross-cutting 
coalitions should investigate how observing interactions between individuals during which a novel cue such as 
supporter group membership predicts the pattern of alliance, and at the same time race does not actively predict 
the same pattern of alliance, can reduce racial categorization when learning from other individuals.

Methods
Participants. To estimate the required sample size to detect an in-group bias in the expression of observa-
tional fear learning, we performed a power calculation (threshold of 80% sensitivity (1− beta = 0.80); signifi-
cance level 0.05, one-tailed) based on our previous effects of a racial in-group bias using a similar experimental 
protocol9. The power calculation yielded a required sample size below 21 in each group. To achieve this, 95 par-
ticipants (White Swedish residents of European origin) were recruited from official Supporter webpages and 
from the Karolinska Institutet campus after filling out the Sport spectator identification scale SSIS17, which is 
a 12-item questionnaire (rated from 1–6) that measures the degree of identification with one’s own team1. Two 
additional participants that scored 3 SD below the mean SSIS scores were incorrectly included and were removed 
from the sample and not subjected to any further analysis. Data collection was stopped after we had reached the 
required sample size based on our power calculation and after our recruitment strategy had ceased to recruit any 
additional volunteers during a 3 month long period. In each experimental condition (Racial in-group/Racial 
out-group) participants were randomly assigned to two different groups (Supporter in-group/Supporter out-
group). Sample size, age and SSIS scores are reported in Table 1. The research was approved by the regional ethical 
committee at Karolinska Institutet (2102/340-31/4), and was carried out in accordance with the principles of the 
revised Helsinki Declaration (World Medical Association General Assembly, 2008). Written informed consent 
was obtained from each participant.

Stimuli. One image of a snake and one image of a spider served as CSs, and four different male individuals 
(two White and two Black counterbalanced across participants) served as demonstrators (see Supplementary 
information for details about the stimuli used). Throughout all experimental stages, each CS was presented six 
times for six seconds in a pseudo-randomized order with an inter-trial-interval (ITI) ranging between 12–18 
seconds.

Experimental procedure. Before the experiment started, participants in both groups were shown a board 
divided into two sides. On each side of the board, there was a picture of one of two individual demonstrators, each 
categorized as a supporter of one of the teams. The participants were informed that these two individuals were 
pre-selected supporters from each team and informed which individual they would observe during the experi-
ment. After this, each participant categorized themselves as belonging to either team by selecting a pin with the 
team emblem and attaching it to their team’s side. Which individual demonstrator that served as a Supporter in/
out-group individual was counterbalanced between participants and team. Importantly, there were no visual cues 
of supporter membership during the actual experiment that followed, and instructions in the absence of visual 
cues have been shown to be sufficient for coalition categorization13.

Supportership Race N Age SSIS

In-group In-group 23 28.4 (4.35) 49.04 (4.24)

Out-group In-group 24 28.6 (7.01) 48.83 (3.90)

In-group Out-group 24 30.2 (9.01) 49.90 (3.91)

Out-group Out-group 24 29.8 (7.43) 47.90 (6.26)

Table 1. Sample size, mean age and total scores on the SSIS reported for each experimental group separately. 
Standard deviations (SD) are given within brackets. SSIS = Sport Spectator Identification Scale.
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All participants first underwent an observational acquisition stage. During this stage, participants viewed a 
video depicting either a racial in-group (White) or racial out-group (Black) demonstrator displaying discomfort 
when receiving an electrical shock (the US) paired with the presentation of an image of a snake (the CS+), but 
never when paired with a spider image (the CS−). During a subsequent direct test, participants were re-exposed 
to the both CSs presented as full-screen images in the absence of the demonstrator. During this stage, partici-
pants did not without receive any shocks. Accordingly, CR in the presence of the CS+ was due to social learn-
ing taking place during the observational acquisition stage. After the experiments, all participants completed 
a post-experimental questionnaire, assessing CS-US contingency awareness and rated how they perceived the 
demonstrator’s reactions to the shock and rated the likeability, attractiveness, and how much they could identify 
themselves with the demonstrator. To control for snake and spider fear, participants also rated their fears to 
snakes and spiders. (see supplementary information for details).

Psychophysiological assessment. SCRs to each CS were measured throughout the experiment and the 
raw signal was off-line filtered with a low-pass filter (1 Hz) and a high-pass filter (0.05 Hz). For each CS trial, con-
ditioned SCRs were measured as the largest peak-to-peak amplitude difference in skin conductance (in microsie-
mens, µS) in the 0.5 to 4.5 second window following stimulus onset. Responses below 0.02 µS were scored as zero 
and data was z-transformed prior to analysis18.

Statistical analysis. Across the experiments, physiological fear responses were based on the mean SCR to 
the CS+ and CS− for each stage and analyzed using separate mixed analysis of variance (ANOVA) with Stimulus 
(CS+, CS−) as a within-subject factor and Supporter group (In-group supporter, Out-group supporter) and 
Demonstrator race (In-group race, Out-group race) as between-subject factor. As CRs extinguish rapidly in the 
absence of shocks19, the direct test data in was divided into an early and late stage, defined by the mean first three 
responses versus the mean last three responses. Based on our previous findings of racial group differences in 
observational fear learning9, we focused our main analysis on the early stage of the direct test. Significance were 
taken at p < 0.05 and partial η2 and Cohens’d are reported as measures of effect size where appropriate. Significant 
interactions were followed up with separate two-tailed t- tests.

References
 1. Laland, K. N. Social learning strategies. Learning & Behavior 32, 4–14 (2004).
 2. Olsson, A. & Phelps, E. A. Social learning of fear. Nature neuroscience 10, 1095–1102, doi:10.1038/nn1968 (2007).
 3. Boyd, R. & Richerson, P. J. Culture and the evolutionary process. (University of Chicago Press, 1985).
 4. Galef, B. G. Jr. & Whiskin, E. E. Learning socially to eat more of one food than of another. Journal of comparative psychology 

(Washington, D.C.: 1983) 109, 99–101 (1995).
 5. Jeon, D. et al. Observational fear learning involves affective pain system and Ca(v)1.2 Ca2+ channels in ACC. Nature neuroscience 

13, 482–U105, doi:10.1038/nn.2504 (2010).
 6. Kavaliers, M., Colwell, D. D. & Choleris, E. Kinship, familiarity and social status modulate social learning about “micropredators” 

(biting flies) in deer mice. Behavioral Ecology and Sociobiology 58, 60–71, doi:10.1007/s00265-004-0896-0 (2005).
 7. Jones, C. E. & Monfils, M. H. Dominance status predicts social fear transmission in laboratory rats. Animal cognition. doi:10.1007/

s10071-016-1013-2 (2016).
 8. Jones, C. E., Riha, P. D., Gore, A. C. & Monfils, M. H. Social transmission of Pavlovian fear: fear-conditioning by-proxy in related 

female rats. Animal cognition 17, 827–834, doi:10.1007/s10071-013-0711-2 (2014).
 9. Golkar, A., Castro, V. & Olsson, A. Social learning of fear and safety is determined by the demonstrator's racial group. Biology letters 

11, 20140817, doi:10.1098/rsbl.2014.0817 (2015).
 10. Cosmides, L., Tooby, J. & Kurzban, R. Perceptions of race. Trends in cognitive sciences 7, 173–179, doi:10.1016/s1364-6613(03)00057-3 

(2003).
 11. Fiske, S. N. S. A Continuum of Impression Formation, from Category-Based to Individuating Processes: Influences of Information 

and Motivation on Attention and Interpretation. Advances in Experimental Social Psychology 23, 1–74 (1990).
 12. Hamilton, D., Stroessner, S. & Driscoll, D. Social Cognition: Impact on Social Psychology 291–321 (Academic, 1994).
 13. Kurzban, R., Tooby, J. & Cosmides, L. Can race be erased? Coalitional computation and social categorization. Proc Natl Acad Sci 

USA 98, 15387–15392, doi:10.1073/pnas.251541498 (2001).
 14. Pietraszewski, D., Curry, O. S., Petersen, M. B., Cosmides, L. & Tooby, J. Constituents of political cognition: Race, party politics, and 

the alliance detection system. Cognition 140, 24–39, doi:10.1016/j.cognition.2015.03.007 (2015).
 15. Pietraszewski, D. Priming Race: Does the Mind Inhibit Categorization by Race at Encoding or Recall? Social Psychological and 

Personality Science 7, 85–91, doi:10.1177/1948550615602934 (2016).
 16. Pietraszewski, D., Cosmides, L. & Tooby, J. The content of our cooperation, not the color of our skin: an alliance detection system 

regulates categorization by coalition and race, but not sex. PloS one 9, e88534, doi:10.1371/journal.pone.0088534 (2014).
 17. Wann, D. L. & Branscombe, N. R. Sports fans: measuring degree of identification with the team. International Journal of Sport 

Psychology 24, 1–17 (1993).
 18. Boucsein, W. et al. Publication recommendations for electrodermal measurements. Psychophysiology 49, 1017–1034, doi:10.1111/

j.1469-8986.2012.01384.x (2012).
 19. Schiller, D. et al. Preventing the return of fear in humans using reconsolidation update mechanisms. Nature 463, 49–U51, 

doi:10.1038/nature08637 (2010).

Acknowledgements
We thank Elin Schröder and Lisa Espinoza for help with the data collection. This research was supported by 
an Independent Starting Grant (284366; ELSI) from the European Research Council to A. Olsson and a post-
doctoral grant from the Swedish Science foundations (2015-00312) to A. Golkar.

Author Contributions
A. Golkar and A. Olsson designed the experiments, A. Golkar performed the data analysis and drafted the 
manuscript, and A. Olsson provided revisions. All authors approved the final version of the manuscript for 
submission.

http://dx.doi.org/10.1038/nn1968
http://dx.doi.org/10.1038/nn.2504
http://dx.doi.org/10.1007/s00265-004-0896-0
http://dx.doi.org/10.1007/s10071-016-1013-2
http://dx.doi.org/10.1007/s10071-016-1013-2
http://dx.doi.org/10.1007/s10071-013-0711-2
http://dx.doi.org/10.1098/rsbl.2014.0817
http://dx.doi.org/10.1016/s1364-6613(03)00057-3
http://dx.doi.org/10.1073/pnas.251541498
http://dx.doi.org/10.1016/j.cognition.2015.03.007
http://dx.doi.org/10.1177/1948550615602934
http://dx.doi.org/10.1371/journal.pone.0088534
http://dx.doi.org/10.1111/j.1469-8986.2012.01384.x
http://dx.doi.org/10.1111/j.1469-8986.2012.01384.x
http://dx.doi.org/10.1038/nature08637


www.nature.com/scientificreports/

5SCIeNtIfIC REPORTS | 7: 7685  | DOI:10.1038/s41598-017-07522-z

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-07522-z
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1038/s41598-017-07522-z
http://creativecommons.org/licenses/by/4.0/

	The interplay of social group biases in social threat learning
	Results
	Discussion
	Methods
	Participants. 
	Stimuli. 
	Experimental procedure. 
	Psychophysiological assessment. 
	Statistical analysis. 

	Acknowledgements
	Figure 1 Mean CR (CS+ > CS−) across the experiments displayed for the Racial In-group and Racial Out-group separately as a function of Supporter group membership.
	Table 1 Sample size, mean age and total scores on the SSIS reported for each experimental group separately.




