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Abstract  
 

Social groups are organized along dominance hierarchies, which determine how we respond 

to threats posed by dominant and subordinate others. The persuasive impact of these 

dominance threats on mental and physical well-being has been well described, but it is 

unknown how dominance rank of others bias our experience and learning in the first place. 

We introduce a model of conditioned social dominance threat in humans, where the presence 

of a dominant other is paired with an aversive event. Participants first learned about the 

dominance rank of others by observing their dyadic confrontations. During subsequent fear 

learning, the dominant and subordinate others were equally predictive of an aversive 

consequence (mild electric shock) to the participant.  

In three separate experiments, we show that participants’ eye blink startle responses and 

amygdala reactivity adaptively tracked dominance of others during observation of 

confrontation. Importantly, during fear learning dominant versus subordinate others elicited 

stronger and more persistent learned threat responses as measured by physiological arousal 

and amygdala activity. Our results characterize the neural basis of learning through observing 

conflicts between others, and how this affects subsequent learning through direct, personal 

experiences.  
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Introduction  

 

Social groups of humans and other animals are organized along dominance hierarchies 

regulating the access to valuable resources, such as food, mates, social support, and determine 

who constitutes a physical threat to whom. Learning about others’ relative dominance, and to 

adaptively respond to their threat value, is therefore central to health and survival (Adler et 

al., 2008; Kaplan and Manuck, 1999; Sapolsky, 2005, 2004; Selten et al., 2013). Although 

modern humans are likely to live in relatively more egalitarian groups than our ancestors 

(Boehm, 2009), many social milieus - from the school yard to the office – still contain 

situations where the social hierarchy is experienced as a threat (Due et al., 2005; Sapolsky, 

2004), which might play a role in the development of neuropsychiatric diseases (Meyer-

Lindenberg and Tost, 2012; Selten et al., 2013; Selten and Cantor-Graae, 2005). Yet, the 

behavioral and neural mechanisms underlying the interaction between dominance and threat 

learning remain unknown.  Here, we addressed this by investigating the impact of the relative 

social rank of others on aversive learning. We examined behavioral, psychophysiological and 

neural responses to conditioned social dominance threat by employing an established 

experimental model to learn about others’ dominance through observation of social conflicts 

(Jones et al., 2011), and extended this with personal aversive confrontations during aversive 

(Pavlovian) learning. 

Whereas past research on dominance in humans has focused on static dominance cues, 

such as facial features and body postures to study responses to dominance in general (Marsh 

et al., 2009; Oosterhof and Todorov, 2008; Perrett et al., 1998), social dominance rank across 

species is often determined by the probability to win agonistic confrontation against in-group 
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conspecifics (Rowell, 1974). In naturalistic settings, such confrontations are not only relevant 

to the individuals involved in the confrontation (e.g. the agonist and responder), but to 

everyone in the group. Indeed, across species, learning about the value of stimuli and 

situations through the observation of interactions between conspecifics is common (Olsson 

and Phelps, 2007; Schaik, 2010), and reduces the risk of injury for the observer. In non-

human animals, observing dyadic confrontations between conspecifics elicits physiological 

and behavioral responses comparable to the direct experience of social defeat (Warren et al., 

2013), and is sufficient to learn a dominance rank hierarchy (Grosenick et al., 2007). In 

humans, learning about dominance of others can be employed by observation of stereotypic 

“social conflicts”, consisting of an angry agonist and a fearful responder. In an earlier study 

(Jones et al., 2011), participants increased the attribution of dominance to the angry face when 

it was observed in a dyad confronting a fearful as compared to another angry face. Yet, it is 

unclear to what extent dominance rank in others (learned through observation) biases 

defensive responses and a direct aversive experience with the same individuals. Moreover, the 

neural circuits in humans mediating these responses have so far not been investigated. 

Across species, the amygdala has a central role in the detection and learning about 

threats (Davis and Whalen, 2001; LeDoux, 2000), and these responses are modulated by its 

close interconnection with regions of the medial prefrontal cortex (mPFC, Etkin et al., 2011). 

Interestingly, these nodes of the neurobiological circuitry processing threat partly overlap 

with brain regions involved in the processing of salient social information (Adolphs, 2010; 

Oosterhof and Todorov, 2008; Todorov, 2012).  

In non-human primates, lesions of the amygdala affect dominance related behaviors 

(Bard and Mountcastle, 1948; Bauman et al., 2006, 2004; Bliss-Moreau et al., 2013; Emery et 

al., 2001; Machado and Bachevalier, 2006; Rosvold et al., 1954),  and the interactive behavior 

in response to dominance signals in others (Amaral, 2003; Emery et al., 2001). Additionally, 
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recent neurobiological models in rodents suggest that the interaction between amygdala and 

mPFC activity regulates adaptive responses towards dominant conspecifics (Wang et al., 

2014). In humans, the formation of associations between specific others and their social 

behaviors engage the amygdala and the mPFC (Baron et al., 2011). In particular, the joint 

action of these regions might be involved in declarative learning and disambiguating social 

hierarchies (Kumaran et al., 2012; Zink et al., 2008) in concert with the dorso-lateral PFC and 

inferior parietal regions, which are involved in the representation of ranks in general (Chiao, 

2010). 

In three experiments, we examined how the relative dominance of others learned 

through observations of their confrontations (Fig. 1a) modified basic threat responses and new 

subsequent fear learning to the same individuals. To this aim, we used psychophysiological 

(Experiment 1 & 2) and neurobehavioral (Experiment 3) methods (see figure S1 for 

overview), focusing on responses in the Amygdala. Each experiment consisted of two 

consecutive stages: First, in the ‘observation of confrontation’ stage participants learned 

about other individuals’ relative social dominance rank through observing their face-to-face 

confrontations. Second, in the ‘direct confrontation’ stage, participants subsequently 

confronted and learned about the same individuals through personal aversive experiences 

(Pavlovian conditioning) in order to examine the impact of social rank knowledge on direct 

fear learning. 
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Materials & Methods 

Participants 

In total 84 participants were included and compensated for their participation in the study. In 

experiment 1, 28 participants (17 females, 11 males) were included in the study, 23 

participants in experiment 2 (7 females, 16 males) and 23 (13 females, 10 males) in 

experiment 3. All participants gave written informed consent and the local ethics committee 

in Stockholm approved all experiments. 

Stimuli 

Faces used in all experiments were depicted from the Karolinska Directed Emotional Faces 

(KDEF) and used as a side-profile during the observation of confrontation stage or in a frontal 

view during aversive learning in the direct confrontation stage (items: M11, M31, M10). The 

neutral facial expression of all three faces have been rated comparable neutral in a previous 

study (hit-rate: 96.8%-89.3%, Goeleven et al., 2008). The faces that were used as the 

Facedominant and Facesubordinate (M11 and M10) were counterbalanced between subjects and have 

been identified as equally angry (hit-rate for both: 100%) (Goeleven et al., 2008). To avoid 

differences in perception of upper-body strength (which has been shown to influence 

attribution of dominance (Sell et al., 2009)), all faces were mounted on the same torso. 

Stimuli were presented using Presentation® Software (NeuroBehavioral Systems, Albany 

California, USA). The unconditioned stimulus during the direct confrontation stage consisted 

of an electric stimulation (100ms DC-pulse, STM200; Biopac Systems Inc, Santa Barbara, 

California, USA) to the participants right wrist. Prior to the experiment, US intensity was 

individually adjusted to a level of maximum unpleasantness. 

 

Experimental Design 
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Observation of confrontation (Social hierarchy Learning)  

Similar to a previous experiment (Jones et al., 2011),  participants were presented with dyadic 

face-to-face confrontations (Fig. 1a), presented for 3 sec. The two faces were selected from a 

total of three of facial stimuli, expressing anger or fear, depending on their position in the 

triadic dominance hierarchy. The highest ranked face (Facedominant) displayed an angry 

expression in each confrontation, whereas the Facesubordinate always displayed fear. 

Accordingly, the Faceintermediate always expressed fear when confronting the Facedominant and 

anger when confronting the Facesubordinate. To track the success of observational learning, 

participants were asked after each Block (3 trials, all possible combinations of confrontations, 

3 sec durations) to select the face with the relatively higher dominance, and rate their 

confidence in their selection on a scale from 1 (not sure) to 3 (very sure). Based on a previous 

study on learning of social hierarchies (Kumaran et al., 2012), we created an index of  

hierarchy knowledge by multiplying accuracy  (0 = incorrect face/1=correct face) with 

confidence-ratings (1-3). 

 

Direct confrontation (fear conditioning) 

Participants underwent a Pavlovian fear conditioning paradigm using the same faces as during 

the observation of confrontation stage, each presented for 6 sec (inter-trial interval 10-13 sec). 

The Facedominant (now: CS+dominant) and the Facesubordinate (now: CS+subordinate) were presented 

(Experiment 2: 6 times; Experiment 3: 9 times) and followed by a mild electric shock as the 

US after 5.5 sec (Experiment 2: 4 times; Experiment 3: 6 times). The Faceintermediate (now: CS-

) served as a control stimulus and was never followed by the US. The threat learning was 

followed by 9 presentations of each CS without aversive stimulation (extinction phase) to 

study the persistence of learned fear once the Faces were ‘safe’. Additionally, in Experiment 3 
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return of fear responses were tested using a reinstatement procedure (3 CS presentation each 

after 3 unsignalled US presentations, for methodological details see supplementary methods). 

In Experiment 2 all CSs were faces expressing anger, while in Experiment 3, neutral 

expression of all CSs were used. 

Acquisition and data analysis 

Subjective rating of fear, anger and trust  

Before the observation of confrontation stage (baseline ratings), as well as before and after the 

aversive learning during the direct confrontation stage, participants provided explicit fear, 

anger and trust ratings on a screen showing a picture of each face, and a visual analogue scale 

(0 [none]-100 [maximum]). Rating-values in each experiment were corrected for the baseline 

rating before the observation of confrontation to eliminate individual differences in the 

evaluation of facial cues (Oosterhof and Todorov, 2008). Two participants were excluded 

from the rating analysis in experiment 3, due to technical difficulties with the response 

buttons within the fMRI environment. 

Skin Conductance  

Skin conductance was measured by a pair of Ag-AgCL electrodes attached to the distal 

phalanges of the index and middle finger of the left hand. The physiological signals were 

amplified and recorded using a Biopac 150 System (Biopac Systems Inc, Santa Barbara, 

California, USA) and filtered between 0.05 and 5Hz. Phasic skin conductance responses 

(SCRs) were scored as an increase in skin conductance within 0.5 to 4.5 sec after stimulus 

onset and then logarithmized and range-corrected (ln[(SCR)/log(SCRmax)]+1) as in previous 

studies (Haaker et al., 2013a, 2013b). 

Eye blink startle 

Startle reactions were measured by recording electromyographic (EMG) activity over the 

orbicularis oculi muscle beneath the left eye using miniature Ag/AgCl electrodes. The EMG 
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signal was amplified and filtered through a BIOPAC MP-100 amplifier (BIOPAC Systems 

Inc, Goleta, California, USA) and recorded with AcqKnowledge 4 software. Data were down-

sampled to 100 Hz and manually scored off-line from onset to peak within 20 to 120 ms after 

stimulus onset using a custom-made computer program, as described previously (Haaker et 

al., 2013b). Blink magnitudes were normalized using z-standardization and converted to T-

scores to ensure that all participants contributed equally to the group mean. FPS data from a 

limited number of participants had insufficient data quality (as judged by two researches due 

to technical difficulties were thus excluded (4 participants, leaving 24 participants (14 

females, 10 males) in experiment 1). Startle reactions were scored as missing if a blink 

occurred immediately before startle probe administration or due to obvious electrode artifacts. 

fMRI 

Functional magnetic resonance imaging (fMRI) data were obtained with a 3 Tesla MR 

scanner (General Electrics 750) using an 8-channel head coil. Each functional image volume 

comprised 46 continuous axial slices (2.3 mm thick, no gap) that were acquired using a T2*-

sensitive gradient echo-planar imaging (EPI) sequence [repetition time (TR): 3000 ms; echo 

time (TE): 31 ms; flip angle: 85°; field of view (FOV): 96 x 96 mm, covering the temporal 

lobe up to the cingulate cortex, 3 x 3 mm in-plane resolution]. To account for T1 equilibrium 

effects, the first 5 volumes of each time series were discarded. High-resolution T1-weighted 

structural images (1x1x1mm) were acquired after the experimental session. Pre-processing 

using Statistical parametric mapping (SPM8, (www.fil.ion.ucl.ac.uk/spm)) running on 

Matlab2013b (The MathWorks, Natick, MA)] involved realignment, unwarping co-

registration and normalization to a sample-specific template, using DARTEL (Ashburner, 

2007). Normalized data series were spatially smoothed with a 6 mm FWHM isotropic 

Gaussian kernel and manually inspected for excessive head movement. Further processing 

included temporal high-pass filtering (cut-off 128 s) and correction for temporal auto-

 at B
ibliothekssystem

 U
niversitaet H

am
burg on June 15, 2016

http://scan.oxfordjournals.org/
D

ow
nloaded from

 



 10

correlations using first-order autoregressive modelling (see supplementary methods for 

details). 

A general linear model (GLM) was set up for statistical first-level (single-subject) analysis. 

For the observation of confrontation stage we included two regressors for the confrontation of 

the faces (one for the 45 degree angle and one for the face-to-face confrontations) and two 

regressors for the test-trials (one during the view of the faces and one during the response 

phase). We added to each of these regressors two parametrical modulators (coding the posing 

rank of the viewed stimuli and the social discrimination index for the specific pairing of the 

faces). 

 For the direct confrontation stage we modeled each presentation of the CSs as a separate 

regressors for conditioning and extinction and reinstatement-test (Lonsdorf et al., 2014). To 

each of these regressors we added a time modulation capturing responses changing quadric 

over time as in a previous study of conditioned fear (Buchel et al., 1998) and since the 

psychophysiological data in Experiment 2 indicated a stimulus*time interaction in a quadratic 

temporal fashion (F(1,1)=6.35; p=0.022).  In addition, two nuisance regressors were included 

to factor out experimental effects of no interest: one regressor modelled the whole duration 

(as a boxcar function) of each ITI (including the rest period after the reinstatement-USs) and 

another nuiscance regressor modelled the all USs (as a stick function).  

All regressors were convolved with a canonical hemodynamic response function.  

Random effect analysis on the group level was performed using SPM’s “full factorial” model 

and focused on the parametric responses during the observation of confrontation stage as well 

as the comparisons between the CS+dominant and the CS+subordinate during the direct 

confrontation stage. Analyses of the parametric responses during the observation of 

confrontation stage were calculated using one sample t-tests. Separate analyses for fear 
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conditioning extinction and reinstatement test included beta-estimates for each CS (1 factor, 3 

levels), derived from individual single subjects general linear modeling.  

The amygdala ROI was defined as a probabilistic anatomical mask 

(http://www.cma.mgh.harvard.edu; threshold 0.7, Desikan et al., 2006). 

P-values inside the ROI were corrected for multiple testing (small volume correction, SVC) 

using family-wise error (FWE) correction. Additionally, hypothesis generating effects outside 

our ROIs with a FWE corrected p-value for all independent voxels in the brain were reported 

as well.  

In all analysis an alpha level of 0.05 was adopted, but marginally significant results (p<0.10) 

are also reported.  

Results 

 

Observing dyadic confrontation shapes hierarchical representation of dominance rank  

 

In the first experiment (Experiment 1), we asked if the observation of confrontations between 

other individuals shaped the learning of a social dominance rank hierarchy.  

As expected, the result of the logistic linear mixed model (see SI) revealed that the 

hierarchy knowledge index, increased with increasing number of observed confrontations 

(p<0.001, see fig 1d, table S1). This effect interacted with the social dominance rank of the 

observed face (p=0.019), resulting in a lower discrimination between the faces with the lowest 

social rank (Facesubordinate vs Faceintermediate) and the pairs of faces with higher social rank in the 

first  half of the trials (p<0.006). 

After the observation of confrontation stage, we asked participants to estimate their own 

level of dominance relative to the faces. We found that the self-reported relative social status 

of each participant exerted a main effect on the discrimination of social dominance rank 
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(p=0.047), when included in the regression model. Participants with high, as compared to 

low, self-reported social rank displayed a lower hierarchy knowledge index, i.e. relied less on 

observational learning. Additional analysis including gender of the participant did not change 

these results, and did not significantly contribute as a factor of the model (see table S1).   

We then examined how the learned social dominance rank influenced subjective 

responses (fear, anger, and trust) towards the faces. We observed that higher social dominance 

rank of a face was positively related to subjectively rated fear (main effect of rank, p = 0.017), 

and marginally so to subjective anger (p=0.064), but not trust (p=0.129). Participants rated the 

most fear towards the Facedominant as compared to the two other faces (ps<0.048). The 

marginally significant effect for rated anger showed a concordant pattern: participants rated 

more anger towards the faces with the highest social dominance rank as compared to the 

Facesubordinate (ps<0.048, see table S2). Again, entering gender as a covariate did not change 

these results (see table S2). 

 

 

----insert figure 1 here ----- 
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Emergence of social dominance rank modulates defensive responses  

 

In Experiment 1, we measured defensive responding by examining the potentiation of the eye 

blink startle reflex, which has been shown to be sensitive to the presence of learned threats, as 

well as inherently aversive stimuli (Grillon and Davis, 1997). In order to test if the learning 

about social dominance rank modulates defensive responses, we conducted a logistic linear 

mixed model, testing if startle responses during the observation of confrontations stage 

predicted the social rank discrimination during test trials (i.e. the hierarchy knowledge index).  

We found that increasing hierarchy knowledge was associated with decreasing 

potentiation of startle responses (p=0.017, see fig 2a, table S3, controlled for unspecific 

habituation). In other words, Participants exhibited lower defensive responding during 

confrontation of others if participants had acquired knowledge about the dominance structure 

on test-trials. In turn, incomplete knowledge about the dominance structure (i.e. suggesting 

the experience of an unstable social hierarchy) predicted higher defensive responding of the 

participants. Startle response were not modulated by the social dominance rank of the faces in 

the confrontation or the relative self-reported social dominance rank of the participants.  

 

---insert figure 2 here--- 
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High social dominance rank biases responses to learned threat  

 

In Experiment 2, we examined how the varying degree of social dominance rank of the face 

biased participants’ threat responses during direct confrontations. We employed a Pavlovian 

fear conditioning paradigm using the same faces as during the observation of confrontation 

stage. Participants learned to associate an aversive event (mild electric shock, US) with the 

Facedominant (now: CS+dominant) and the Facesubordinate (now: CS+subordinate). The Faceintermediate 

(now: CS-) served as a control stimulus and was never followed by the US. The threat 

learning was followed by un-reinforced presentations of each CS without aversive stimulation 

(extinction phase) to study the persistence of learned fear once the Face were ‘safe’. The 

analysis of the observation of confrontation stage conceptually replicated the results in 

Experiment 1(see table S4, S5). Whereas the main effect of rank on the subjective rating of 

fear was marginally significant (p=0.06, no effect for subjective anger or trust, see table S5), 

participants rated significantly more fear towards the Facedominant as compared to the 

Facesubordinate (paired comparison p=0.033) confirming that participants effectively learned 

about the social dominance rank of others.  

During the subsequent direct confrontation stage, we tested if the acquired knowledge of 

social dominance rank biased the observers’ conditioned fear learning. We found that 

responses were higher towards the CS+dominant as compared to the unpaired CS- (p=0.010), 

and marginally higher towards the CS+subordinate versus the CS- (p=0.063; see fig 3b, table S6). 

During the subsequent extinction, when the CS+s were not longer followed by the US, we 

observed persistently higher responses to the CS+dominant as opposed to a decline (from block 1 

to block 3) in responding to the CS+subordinate  (stimulus by time interaction, p=0.043; decrease 

http://mc.manuscriptcentral.com/scan
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in SCR from block 1 to 3 : CS+dominant p=0.6; CS- p=0.7; CS+subordinate p=0.051; see fig 3b, 

table S6).  

This pattern indicated that conditioned responses to dominant as compared to subordinated 

faces were more persistent during extinction. 

 

---insert figure 3 here— 

 

 

Neural corollaries of observational learning through others’ confrontations  

 

In both Experiments 1 and 2, we showed that participants learned social dominance rank 

through the observation of confrontations, and that subsequent direct confrontations with 

highly ranked faces evoked sustained threat responses that resisted extinction (Experiment 2). 

Next, in Experiment 3 we used functional magnetic resonance imaging, (fMRI) to investigate 

the hemodynamic responses underlying the observational learning about social dominance 

rank, as well as subsequent threat responses in direct confrontations with highly ranked faces. 

First, we again replicated the behavioral results of social rank discrimination during 

test-trials (as shown in Experiment 1 and 2), indicating the social dominance rank was learned 

through the observation of confrontation (see table S7, S8). Similar to the analysis of the 

startle responses (Experiment 1), we included the individual time-course of social rank 

discrimination, as well as the dominance rank of the observed face as an additional 

(parametric) regressor in the fMRI-analysis. This was done by the inclusion of two 

parametrical modulators coding 1) the posing rank of the viewed faces and 2) the individual 

social discrimination index for the faces during each confrontation.  
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The parametric regressor of the individual social discrimination index for the specific 

pairing during the confrontation of others revealed that social dominance rank discrimination 

was negatively associated with responses in the amygdala. Increasing social rank 

discrimination predicted decreasing responses in the right amygdala [p(FWE)=0.014] and 

trend-wise in the left amygdala [p(FWE)=0.069, see fig 2 b,c].  

The relationship between decreasing responses in the amygdala and increasing 

hierarchy knowledge might be more complex then a linear association, yet these results 

closely mimicked the decreasing startle potentiation as a function of increasing social rank 

discrimination as observed in Experiment 1 (see fig 2a).  

Additionally, the parametric regressor coding the rank of the posing faces during the 

reveled activity within the right dorso-lateral PFC (outside our ROI, but significant as 

corrected for independent voxels in the brain ; p FWE, whole brain =0.043, see table S10) 

Next, we analyzed the same parametric regressor (i.e. social rank discrimination) during 

test-trials, and in support of previous research on transitive inference of social ranks 

(Kumaran et al., 2012), we showed that the increase in rank discrimination performance 

positively predicted amygdala responses [p(FWE)=0.024, see fig S4a]. Negative responses in 

the amygdala were found for test-trials with low discrimination performance and positive 

responses in test-trials where participants discriminated successfully with high confidence.  

  In addition, the same parametric regressor coding the individual social rank 

discrimination during test-trials predicted responses in the mid cingulate cortex (outside our 

ROI, but significant as corrected for independent voxels in the brain ; p FWE, whole brain 

=0.023, see table S10). Here, the pattern of activity was not following a linear increase of 

responses as a function of social rank discrimination (see fig S4b). Instead, activity was 

higher during test-trials with successful discrimination with either no or high confidence. 
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Lower activity was found during test-trials with wrong discrimination of social rank as well as 

successful discrimination with uncertain confidence.  

Taken together, our results showed that learning about social dominance rank of others 

by observing their confrontation involves amygdala activity, responses in the dorso-lateral 

PFC and mid-cingulate cortex of the observers. 

 

The amygdala is responsive to dominant social threat  

 

Next, we examined the hemodynamic responses underlying the effect of the social dominance 

rank on direct threat learning. Notably, we used neutral expression of all CSs to test that the 

effects obtained in Experiment 2 were independent of the facial expression of the CS. The 

psychophysiological results in Experiment 3 during threat acquisition closely mirrored our 

previous finding (Experiment 2) showing that SCRs were potentiated only towards the 

CS+dominant as compared to the CS-, (p=0.042) (see table S9, fig S1). Hemodynamic responses 

in the amygdala displayed a convergent pattern with the SCRs, i.e. higher responses to the 

CS+dominant as compared to the CS- in the right amygdala, whereas no activity in the amygdala 

was significantly greater to the CS+subordinate relative to the CS- [p(FWE)=0.031, see fig S4]. 

 In addition, outside our ROIs, we found patterns of activity similar to the one observed in the 

amygdala, in the midbrain, resembling the substantia nigra/ventral tegmental area (SN/VTA), 

displaying greater responses to the CS+dominant as compared to the CS- [p(FWE, whole 

brain)=0.002, see table S11). Importantly, we found a difference between the CS+dominant and 

the CS+subordinate in the their temporal dynamics of responses. Comparing the quadratic change 

of responses over time, we observed that the CS+dominant showed higher exponentially 

increasing responses over trials as compared to the CS+subordinate [p(FWE)=0.010 and 

p(FWE)=0.039, see fig 4a]. A comparable pattern emerged in the left amygdala during 
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extinction, consisting of higher exponentially increasing responses over time towards the 

CS+dominant as compared to the CS+subordinate [p(FWE)=0.034, see fig 4b]. This pattern mirrored 

the psychophysiological findings in Experiment 2, as well as the higher SCRs towards the 

CS+dominant  as compared to the CS+subordinate (p=0.020) in the fMRI Experiment (see above and 

table S9).  

In Experiment 3, we additionally administered 3 unexpected shocks (reinstatement) 

after extinction to induce the return of threat responses. We observed a CS+ specific increase 

(for both, CS+dominant and the CS+subordinate ) of SCRs from extinction to the reinstatement-test 

(p=0.006), displaying a reinstated pattern of conditioned fear with higher responses to the 

CS+dominant (p=0.001), but not the CS+subordinate (p=0.124, see table S9, fig S3), when compared 

to the CS-. During Reinstatement-test, we did not observe any differences between the CS+s 

in the fMRI analysis inside the amygdala ROI. However, outside the ROI, responses in the 

anterior cingulate cortex were marginally larger to the CS+dominant as compared to the 

CS+subordinate [p(FWE, whole brain)=0.074, see table S11). 

 

 

 

 

---insert figure 4 here---- 

Discussion 

 

We show in three independent experiments how the observed relative dominance level of 

others is threat relevant. Consistent with previous research, observing confrontations between 

others is sufficient to learn a linear hierarchy of social dominance rank (Jones et al., 2011). 

Accordingly, the observation of confrontations modulated basic defensive responses (eye-

http://mc.manuscriptcentral.com/scan
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blink startle) and amygdala activity in the observer, and biased subsequent threat learning 

through direct, aversive experiences. 

Our study used only male faces as stimuli, but the sample consisted of both genders. Fear 

conditioning has shown to be affected by gender (Lonsdorf et al., 2015; Merz et al., 2011, 

2010; Milad et al., 2009), but we did not observe any effects of participant gender on 

conditioned dominance threats in our results. The absence of this effect is consistent with 

previous studies suggesting that fear responses towards male fear-relevant dominance cues 

(angry faces) are enhanced in both, males and females, whereas female angry faces only 

showed enhanced responding in female participants (Dimberg and Öhman, 1996; Öhman and 

Dimberg, 1978).  To our knowledge, our findings are the first to show that watching social 

confrontations not only transmits information about relative dominance of the antagonists to 

bystanders, but also biases future threat learning about these individuals as a function of their 

relative dominance.  

In addition to being influenced by the social rank of the confronting others’, observational 

learning was influenced by the self-reported (relative) social rank of the observer. Indeed, 

participants were better in learning the social rank of individuals above themselves in social 

rank, consistent with the fact that humans (and other primates) pay more attention to 

conspecifics with higher rank (Jones et al., 2010; Klein et al., 2009; Shepherd et al., 2006). 

Moreover, participants that placed themselves in a high position relative to the confronting 

others’ showed a weaker learning of the social hierarchy, supporting previous research 

showing that aggressive dominant humans rely relatively less on social learning experiences 

(Cook et al., 2014). Moreover, our results showed that observational learning about outcome 

of social conflicts between others (i.e. inferring the social rank of others) influenced the 

defensive responding (i.e. potentiated eye-blink startle reflex) and amygdala activity during 

the observation of confrontations. In two independent samples, we showed that defensive 
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responses (Experiment 1) and amygdala reactivity (Experiment 3) decreased with increasing 

knowledge about the social rank. These results dovetail with the observation that unstable 

hierarchies are perceived as stressful in primates, even in animals that hold a high social rank 

position (Sapolsky, 2005). In humans, competition with others within an unstable hierarchy 

engages more amygdala activity as compared to a stable hierarchy (Zink et al., 2008). Our 

findings suggest that the amygdala serves to integrate information about others’ relative 

dominance in order to resolve ambiguous social information (Davis and Whalen, 2001).  

Consistent with this interpretation, uncertainty about the social status of the faces during 

confrontations might have contributed to the observed responses in the amygdala. Following 

this, responses in this region could reflect an additional recruitment of attention in order to 

resolve the uncertainty of the social situation (Todorov, 2012).   

During test trials, when participants succeeded to discriminated between levels of dominance, 

the amygdala activity increased as a function of accumulated knowledge about the hierarchy. 

This finding mirrors the effect described by Kumaran and colleagues (Kumaran et al., 2012), 

where the effect of increasing amygdala activity as function of hierarchy knowledge was 

compared with a non-social control. Additionally, we found that the mid cingulum coded 

hierarchy knowledge in concert with the amygdala, yet with a different pattern that might be 

related to uncertainty.  

  To sum up, we show that when participants had less knowledge about the social hierarchy, 

their amygdala was engaged during the observation of confrontations. As the knowledge 

about the social hierarchy developed, the amygdala was no longer involved during the 

observation of confrontation, but during the discriminations between the social ranks of 

others. In our study, the attributions of social rank to others were acquired through observing 

the outcome history of dyadic confrontations, offering an associative learning account for the 

establishment of social dominance. According to this account, amygdala activity during 
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observing confrontations in others should decrease, while its activity to the associatively 

learned attribution of social rank should increase. Indeed, this is what we found. A 

corresponding pattern has been observed in associative learning paradigms (e.g. fear 

conditioning), were expectancy and anticipation is reflected by activity of the amygdala 

(McNally et al., 2011).  

While the results in our study are framed within the context of dominance learning, we cannot 

disentangle categorization of dominance from processes elicited by emotional expression 

and/or saliency of the facial stimuli during the confrontations (Oosterhof and Todorov, 2008). 

As such, psychophysiological responses and activity in the amygdala might be biased by the 

emotional expressions of the faces. Accordingly, the relatively greater saliency of the angry 

faces might have triggered more attention (along with amygdala activation (Davis and 

Whalen, 2001; Todorov, 2012)), and thus enhanced later learning. Nevertheless, these 

explanations are in line with our conclusion that the observation of social conflicts in others 

biases direct experiences with the observed conspecifics. Here, we frame the results in the 

context of dominance categorization. 

Apart from the described activity in the amygdala, we found that during the 

discrimination of social rank, activity within the dorso-lateral PFC was modulated by the 

social ranks of the confronting individuals. Studies in rodents have suggested that the PFC is 

involved in the representation of a dominance rank and is an important regulatory structure to 

gate adaptive behavior towards dominant and subordinate conspecifics (Wang et al., 2014). 

Additionally, we found responses in the mid-cingulate cortex that coded hierarchy knowledge 

during the discrimination (test-trials) of the dominance status of others. The pattern of the 

mid-cingulate was different as compared to the activity in the amygdala and it is tempting to 

speculate that the combination of cortico-limbic interaction between these regions mediate the 

learning and the representation of a social dominance hierarchy in humans.  We can, however, 
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not conclude that the aforementioned results are exclusive for hierarchical learning of social 

stimuli, since no non-social control of hierarchical learning was employed in the current 

study.  

Following the establishment of a dominance hierarchy, our behavioral, 

psychophysiological and hemodynamic measures consistently showed that high social 

dominance rank in others serves as a potent social threat, especially when paired with a direct 

aversive experience (here a shock). Previous studies show that conditioned fear to threat-

relevant social stimuli, such as angry and fearful faces (Dimberg and Öhman, 1996; Orr and 

Lanzetta, 1980), and faces belonging to social out-group members (Olsson et al., 2005), 

results in strong learned threat responses that are resistant to change. In these studies, the 

social stimuli were themselves contained threat-relevant visual cues, such as negative 

emotional expressions or out-group features. Importantly, and in contrast to these studies, in 

the current experiment, both angry (Exp. 2) and neutral (Exp. 3) looking faces were presented 

during the direct confrontation stage, which implies that the enhanced threat responses to high 

dominance faces must have been acquired through the preceding observation of 

confrontations. The stronger threat learning towards the dominant, as compared to 

subordinate, face was reflected by potentiated SCR responses and sustained activity in the 

amygdala during acquisition of conditioned threat a pattern that was resistant to the extinction 

of conditioned fear. Whereas a similar resistance to extinction has been previously found to 

male faces from social out-groups (Olsson et al., 2005), our experiments are the first to show 

that relative dominance rank bias threat learning towards social stimuli.  

Taken together, the results obtained in three separate experiments indicate that social 

knowledge about others biases both our direct experience and our subsequent learning about 

these individuals. Our results might be explained within a framework of prepared learning and 

belongingness between dominance attributes and threat learning (Öhman and Dimberg, 1978; 
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Öhman and Mineka, 2001; Seligman, 1971), but future studies are needed to investigate the 

underlying mechanisms in more detail. However, this pattern of biased responding might 

contribute to our understanding the emergence and maintenance of the organizational 

structure of social groups. A biased responding to real or imagined dominant others might not 

always be adaptive, and has been suggest as a hallmark of neuropsychiatric disorders (Meyer-

Lindenberg and Tost, 2012; Selten et al., 2013; Selten and Cantor-Graae, 2005). Moreover, 

the biased persistence of social dominant threat could mark one step within a cascade of stress 

responses to inequalities of social rank that are thought to result in maladaptive cardiovascular 

and pro-inflammatory responses and changes in neurogenesis (Kaplan and Manuck, 1999; 

McEwen, 2012; Sapolsky, 2005, 2004). Such a learning bias might have been adaptive in our 

ancestral environment, and might still be so in certain contexts. Yet, this response pattern 

might also represent what go awry in dysfunctional social avoidance, and experiences of fear 

and defeat that are commonly seen in clinical social anxiety and depression. Our results can 

also be linked to recent findings on the relevance of the experience of being low in social 

status for the stress responses as implicated in neuropsychiatric illness (Akdeniz et al., 2014). 

Our findings describe basic biological processes underlying the learning and responding 

to social dominance, which is central to the individual’s health and survival, as well as to the 

functional organization of our society at large. We hope that our novel experimental model of 

the formation of a social dominance hierarchy can be used in future research on the processes 

underlying this universal social phenomenon in humans, and possibly also in other primates.  
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Figure captions 
 

 

Fig 1. Observation of confrontations between others. (a) Face-to-face confrontation between 

others (b) enabled participants to discriminate between social dominance rank during 

interspersed test-trials. (c) The individual history of confrontations outcomes of each face (d) 

shapes hierarchical representation of social dominance rank evolving over time in Experiment 

1.  

 

 

 

Fig 2: (a) Decreasing Startle Responses (Experiment 1, N= 22 in category 0, N= 13 in 

category 1, N= 26 in category 2 , N= 25 in category 3) and (b) Amygdala reactivity 

(Experiment 3, N= 19 in category 0, N= 9 in category 1, N= 20 in category 2 , N= 21 in 

category 3) with increasing hierarchy knowledge (social discrimination score, 0= wrong 

discrimination, 1-3=discrimination with increasing confidence) during observation of 

confrontations in others [right amygdala: x,y,z (MNI): 16;-2;-18; t=4.44; z=3.66; left 

amygdala: x,y,z (MNI) -22;-4;-16; t=3.38; z=2.97].  

Note the similarity in response pattern.  

Bars display the mean parameter estimate for category; Error-bars indicate standard error of 

the mean. Activation superimposed on an average structural image. Threshold of p<0.01 for 

illustrative purposes. 
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Fig 3: Experiment 2: (a) Aversive learning (fear conditioning) through paring of the dominant 

and subordinate Face with an aversive stimulus. (b) During extinction, skin-conductance 

responses were more sustained to the CS+ Dominant as compared to the CS+ Subordinate.  

The asterisks indicate a p-value of 0.043 for the interaction between stimulus-type and block 

 

 

Fig 4:  Experiment 3: (a) amygdala activity was more sustained during acquisition of threat 

towards the CS+ Dominant as compared to the CS+ subordinate [right amygdala: x,y,z (MNI) 

28;0;-14; t=3.75; z=3.56; right amygdala: p(FWE)=0.010; x,y,z (MNI) 18;-6;-20; t=3.23; 

z=3.10], and (b) more sustained to the CS+ dominant as compared to the CS+ subordinate 

during extinction of conditioned threat [left amygdala: x,y,z (MNI) -30,-6,-20; t=3.19; 

z=3.06]. The asterisks indicate significant differences within the amygdala ROI (small 

volume corrected, p=0.01 for acquisition and p=0.034 for extinction). 

Activation superimposed on an average structural image. Threshold of p<0.01 for illustrative 

purposes. Bars display the mean parameter estimate for each CS; Error-bars indicate standard 

error of the mean.  
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Fig 1. Observation of confrontations between others. (a) Face-to-face confrontation between others (b) 
enabled participants to discriminate between social dominance rank during interspersed test-trials. (c) The 
individual history of confrontations outcomes of each face (d) shapes hierarchical representation of social 

dominance rank evolving over time in Experiment 1.  
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Fig 2: (a) Decreasing Startle Responses (Experiment 1, N= 22 in category 0, N= 13 in category 1, N= 26 in 
category 2 , N= 25 in category 3) and (b) Amygdala reactivity (Experiment 3, N= 19 in category 0, N= 9 in 

category 1, N= 20 in category 2 , N= 21 in category 3) with increasing hierarchy knowledge (social 
discrimination score, 0= wrong discrimination, 1-3=discrimination with increasing confidence) during 
observation of confrontations in others [right amygdala: x,y,z (MNI): 16;-2;-18; t=4.44; z=3.66; left 

amygdala: x,y,z (MNI) -22;-4;-16; t=3.38; z=2.97].  
Note the similarity in response pattern.  

Bars display the mean parameter estimate for category; Error-bars indicate standard error of the mean. 
Activation superimposed on an average structural image. Threshold of p<0.01 for illustrative purposes. 
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Fig 3: Experiment 2: (a) Aversive learning (fear conditioning) through paring of the dominant and 
subordinate Face with an aversive stimulus. (b) During extinction, skin-conductance responses were more 

sustained to the CS+ Dominant as compared to the CS+ Subordinate.  
The asterisks indicate a p-value of 0.043 for the interaction between stimulus-type and block  
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Fig 4: Experiment 3: (a) amygdala activity was more sustained during acquisition of threat 

towards the CS+ Dominant as compared to the CS+ subordinate [right amygdala: x,y,z 
(MNI) 28;0;-14; t=3.75; z=3.56; right amygdala: p(FWE)=0.010; x,y,z (MNI) 18;-6;-20; 
t=3.23; z=3.10], and (b) more sustained to the CS+ dominant as compared to the CS+ 

subordinate during extinction of conditioned threat [left amygdala: x,y,z (MNI) -30,-6,-20; 
t=3.19; z=3.06]. The asterisks indicate significant differences within the amygdala ROI 

(small volume corrected, p=0.01 for acquisition and p=0.034 for extinction). 

Activation superimposed on an average structural image. Threshold of p<0.01 for 
illustrative purposes. Bars display the mean parameter estimate for each CS; Error-bars 

indicate standard error of the mean. 
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