Supplementary Materials

Are Multiple Minimal Outgroup Males Readily Associated with Threat?
S1: Pilot Study

We tested whether we would be able to replicate typical fear learning effects with our experimental setup and with a paradigm that involved more than two categories of images (i.e., more kinds of stimuli than the typically used in studies of fear conditioning).
Method

We recruited 21 participants (6 males) in Lyon (France) via a student mailing list. Participants were compensated (10 EUR) for their participation.

The pilot study was a replication of Study 1 in Olsson et al. (2005) with several modifications. The aim was to compare fear learning for images of two types of fear-relevant animals (snakes and spiders) and two types of fear-irrelevant animals (birds and butterflies) stimuli. We used eight pictures showing different animals (2 with snakes, 2 with spiders, 2 with butterflies, and 2 with birds) from the International Affective Picture System (Lang, Bradley, & Cuthbert, 2008). We used a 200 ms burst of white noise delivered via Sennheiser headphones as the aversive unconditioned stimulus (US). Although fear-conditioning paradigms sometimes involve a US that involves both a noise and an electric shock, research suggests that noise might be as effective an US as shocks (Hugdahl & Johnson, 1989).

The experiment consisted of three phases. During the habituation phase, participants were sequentially presented with pictures displayed on the computer screen, without any sound. There were two habituation trials per picture. During the acquisition phase, for each of the four categories (snakes, spiders, birds, butterflies), one picture (the conditioned stimulus or CS+) was always followed by a 200 ms loud burst of white noise (the unconditioned stimulus, US) directly after the picture presentation, while the other picture was never followed by the US and thus constituted the CS-. The intensity of the white noise was calibrated by each participant in a work-up procedure before the experiment to be uncomfortable, but not painful. There were four acquisition trials per picture. The extinction phase was identical to the habituation phase, except that there were five extinction trials per picture. 

Pictures were always presented for 6 s, with inter-trial intervals varying between 12 and 14 s in which participants saw a fixation cross. Pairing of the pictures with the US was counterbalanced between participants so that a picture that was the CS+ for some participants was the CS- for others.

We record skin conductance using a Biopac MP36R and Acqknowledge 4, via electrodes placed on the palm or the fingers of participants’ non-dominant hand. After participants were seated behind a standard desktop computer and connected to the Biopac apparatus, the session involved a baseline period of 2 min during which participants sat calmly and looked at the computer monitor (which showed a fixation cross). The minimal response criterion for skin conductance response (SCR) detection was 0.02 microsiemens. We defined as event-related all SCRs occurring between 1 and 6 s after stimulus onset, and our variable of interest was the magnitude of SCRs for each event. For each subject we scaled the raw SCR values. Raw SCR values were square-rooted and then normalized by dividing them by the square-root of the mean squared SCR to the US for the subject.

For the analysis, we took novelty effects into account (i.e., that at the start of the first trial involving an US, participants cannot yet have learned that the stimulus is paired with the US). Following Olsson et al. (2005), for analysis of the habituation phase we included all habituation trials; for analysis of the acquisition phase we excluded the first trial of the acquisition phase and included the first trial of the extinction phase; for analysis of the extinction phase we excluded the first trial the extinction phase. 
Results

We analyzed data for the 14 participants (4 male) who had an SCR to at least one CS+ during the acquisition phase. We computed the conditioned response (CR) to each category of stimulus. The CR is the difference in the mean SCR magnitude for the CS+ and the CS- of the same category. Thus, the CR represents the differential SCR between the C+ and C- from the same picture category and is a measure of fear learning for that picture category. Table S1 shows the mean CRs for the habituation, acquisition, and extinction phases for the four pairs of animal pictures. Results showed that we were able to observe the acquisition of conditioned responses for the two stimuli categories typically associated with threat: snakes and spiders. We did not observed acquisition effects for birds and butterflies. For both snakes and spiders we observed an extinction of the conditioned response.
Table S1. Pilot study: Means, standard deviations, inferential statistics, and Cohen’s d effect sizes for the conditioned responses (CR) for the habituation, acquisition, and extinction phases for the four pairs of animal pictures.
	Stimuli category
	M (SD)
	95% CI for M
	t(13)
	p
	Cohen’s d

	Habituation (trials 1-2)
	
	
	
	
	

	Snakes
	0.06 (0.69)
	-0.33, 0.46
	0.35
	.734
	0.09

	Spiders
	0.004 (1.13)
	-0.65, 0.66
	0.01
	.989
	0.00

	Birds
	0.26 (0.94)
	-0.28, 0.81
	1.04
	.318
	0.28

	Butterflies
	0.11 (0.86)
	-0.39, 0.60
	0.47
	.647
	0.13

	
	
	
	
	
	

	Acquisition (trials 4-7)
	
	
	
	
	

	Snakes
	0.44 (0.65)
	0.07, 0.82
	2.55
	.024
	0.68

	Spiders
	0.36 (0.62)
	0.01, 0.72
	2.19
	.047
	0.58

	Birds
	0.19 (0.60)
	-0.15, 0.54
	1.21
	.249
	0.32

	Butterflies
	0.30 (0.95)
	-0.25, 0.85
	1.17
	.263
	0.32

	
	
	
	
	
	

	Extinction (trials 8-11)
	
	
	
	
	

	Snakes
	-0.14 (0.85)
	-0.63, 0.35
	-0.62
	.547
	-0.16

	Spiders
	0.37 (0.86)
	-0.13, 0.86
	1.59
	.136
	0.43

	Birds
	-0.21 (0.54)
	-0.52, 0.19
	-1.46
	.167
	-0.39

	Butterflies
	-0.26 (0.77)
	-0.70, 0.19
	-1.26
	.230
	-0.34


Discussion

Results suggest we were able to make typical observations for such a fear-conditioning paradigm. We did not observe significant CRs in the habituation phase for any picture category. We were able to observe typical acquisition effects for both categories of threat-related pictures. We observed no significant CRs in the extinction phase for any picture categories. Overall, the pilot study suggested that our experimental set up allowed for the measurement of the acquisition and extinction of fear learning.

S2: Materials and Methods for Study 1
Materials
Slides of 400 by 800 pixels were made with GIMP 2.8 that showed one or four avatars. The avatars’ faces were human frontal facial photographs of males with neutral expressions from the KDEF picture set (Lundqvist, Flykt, & Öhman, 1998).

Below examples of images used in Study 1 in the “self green” condition. Images in the “self orange” condition were identical but with green and orange shirt colors reversed. Numbers in parentheses correspond to numbers for within-subject conditions in Table S2.
Different color, group (1)

Picture 1 (id1):
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Picture 2 (id2):
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Similar color, group (2)

Picture 1 (id1):
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Picture 2 (id2):
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Different color, single male (3)

Picture 1 (id1):
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Picture 2 (id2):
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Similar color, single male (4)

Picture 1 (id1):
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Picture 2 (id2):
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Method

Participants. Research suggests that perceptions of outgroup males may trigger different fear responses in male and female perceivers (McDonald, Navarrete, & Van Vugt, 2012). Therefore, we aimed to maximize power (given the resources available) by recruiting only male participants for Study 1. Assuming the effect size observed for the acquisition effect for outgroup stimuli in Navarrete et al. (2012), to have power = .90 for observing a significant acquisition effect would require at least N = 61. Participants were excluded for lacking skin conductance responses (n = 2), technical problems (n = 2), or failing to acquire a conditioned response to at least one of the conditioned stimuli (n = 1).


Design. Pictures were always presented for 6 s, with inter-trial intervals varying between 12 and 14 s in which participants saw a fixation cross. Pairing of the pictures with the US was counterbalanced between participants so that a picture that was the CS+ for some participants was the CS- for others. For each picture category, the C+ and C- picture were presented on different sides of the monitor. This allowed for fear learning based on position of the picture (picture on left or right was associated the US). Position on screen thus served as an arbitrary feature that allowed distinguishing the C+ and was present in the same way across all picture categories. The position (left, right) on the screen on which the C+ was counterbalanced across participants. We also used counterbalancing so that (a) the position of the C+ did not correlate with shirt color of the avatars, (b) position of the C+ did not correlate with the number of avatars in the picture, (c) the position of the C+ was varied for each picture category. For details see Table S2.
	Table S2: Design of Study 1. Position on screen is indicated by L (left) and R (right).

	
	
	
	Between-subject conditions

	
	
	
	Condition A
	Condition B
	Condition C
	Condition D

	
	
	
	C+ position 1
	C+ position 2 

(counter balanced)

	
	
	
	Identity 1
	Identity 2 (counterb.)
	Identity 1
	Identity 2 (counterb.)

	Within-subject conditions
	Target color
	Target number
	Stimuli
	Stimuli
	Stimuli
	Stimuli

	1
	1 = different
	1 = group
	C+ id1 L

C- id2 R
	C+ id2 L

C- id1 R
	C+ id1 R

C- id2 L
	C+ id2 R

C- id1 L

	2
	0 =

same
	1 = group
	C+ id1 R

C- id2 L
	C+ id2 R

C- id1 L
	C+ id1 L

C- id2 R
	C+ id2 L

C- id1 R

	3
	1 = different
	0 = single
	C+ id1 R

C- id2 L
	C+ id2 R

C- id1 L
	C+ id1 L

C- id2 R
	C+ id2 L

C- id1 R

	4
	0 = 
same
	0 = single
	C+ id1 L

C- id2 R
	C+ id2 L

C- id1 R
	C+ id1 R

C- id2 L
	C+ id2 R

C- id1 L


In this design, participants could learn at least two rules for associating cues of unaffiliated collectives with the US. Rule A: For individual avatars, the C+ for “different color” is on the opposite side than the C+ for “same color”. (This rule also applied to groups of avatars.) Rule B: For avatars of similar color, the C+ for groups of avatars is on the opposite side than the C+ for individual avatars. (This rule also applied to avatars of different color.)
Note that rules A and B are independent (i.e., learning one of these rules does not imply that one has learned the other). As a consequence, just learning to associate one feature (e.g., different shirt color, or multiple avatars) with the position of a C+ does not mean one has learned the position of the C+ for pictures displaying both features (multiple avatars with different shirt color, as in pictures of Category 1). Thus, the design allowed for the assessment of fear learning for each stimulus category independently.
Analysis of Ratings of Stimuli
After the fear conditioning procedure, participants rated all C+ and C- pictures for their perceptions of difference (“The men seem [man seems] different than me”), threat (“The men seem [man seems] dangerous”), and groupness (“The men form [man is part of] a cohesive group”). Questions were presented in random order and were rated on a 7-point scale from 1 = strongly disagree to 7 = strongly agree. We analyzed these ratings to verify how participants perceived the stimuli. Due to missing data, Ns were 65, 63, and 65, for analyses of perceived difference, cohesion, and threat, respectively.

We analyzed ratings for difference with a repeated-measures ANOVA including effects for color (ingroup vs. outgroup), number (individual vs. group), stimulus type (C+ vs. C-), and all interactions (all factors within-subjects). This revealed a main effect of color, F(1, 64) = 5.22, p = .026, partial η2 = .075. This effect indicated that outgroup avatars (M = 4.58, SE = 0.18) were perceived as more different than ingroup avatars (M = 4.26, SE = 0.16). There was also a marginal effect of stimulus type, F(1, 64) = 3.41, p = .069, partial η2 = .051. This effect indicated that the C+ pictures (M = 4.53, SE = 0.16) were perceived as more different than the C- pictures (M = 4.31, SE = 0.17). No other effects approached significance, Fs < 2.73, ps > .102.

We analyzed ratings for groupness with the same repeated-measures ANOVA. This revealed a main effect of number, F(1,62) = 76.51, p < .001, partial η2 = .552. This effect indicated that the pictures of multiple avatars (M = 4.95, SE = 0.13) were rated as showing more cohesive groups than the pictures of single avatars (M = 3.08, SE = 0.18). No other effects approached significance, Fs < 0.95, ps > .333.

We analyzed ratings for threat with the same repeated-measures ANOVA. This revealed a main effect of number, F(1, 64) = 14.08, p < .001, partial η2 = .180. However, this main effect was qualified by a color × number interaction, F(1, 64) = 15.89, p  < .001, partial η2 = .199. No other effects approached significance, Fs < 2.49, ps  > .119. We examined estimated marginal means to interpret the color × number interaction. For pictures of ingroup avatars, number had no effect on threat ratings: groups (M = 2.93, SE = 0.15) were rated the same dangerous as individuals (M = 2.92, SE = 0.16, p = .920). In contrast, for pictures of outgroup avatars, number influenced threat ratings: groups (M = 3.26, SE = 0.15) were rated as more dangerous than individuals (M = 2.42, SE = 0.12, p < .001).

S3: Materials and Methods for Study 2
Materials

We used 20 pictures showing one or more male-like avatars as background stimuli. Ten of the pictures showed a single avatar in the center and four blobs. Five of these pictures showed avatars with green shirts; five showed avatars with orange shirts. These 10 pictures showed avatars with 10 different human male faces. The other ten pictures showed five avatars positioned in close proximity of each other. Five of these pictures showed five avatars with green shirts; five of these pictures showed five avatars with orange shirts. These 10 pictures showed the same 10 human male faces. Different male faces were used for avatars with green and orange shirts. Below are examples of the background stimuli used in Study 2. (A different set of faces was used for the stimuli used in the practice block.)
Shirt color: orange; single avatar
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Shirt color: orange; multiple avatars
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Shirt color: green; single avatar
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Shirt color: green; multiple avatars
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We used 20 pictures of human male faces as target stimuli. These pictures showed 10 males with either neutral or angry expressions. Faces were frontal facial photographs of males from the KDEF picture set (Lundqvist, Flykt, & Öhman, 1998). Below examples of the target stimuli used in Study 2.

Neutral target (noise trials)

[image: image13.jpg]



Angry target (signal trials)
[image: image14.jpg]



Method
Participants. We excluded participants from data analysis for not completing the signal detection task (n = 3), not indicating sex (n = 15), indicating colorblindness (n = 4), or having timed out on many trials (n = 19 had timed out on more than 91 trials, which was > M+2SD). For the final sample, participants on average timed out on 16.4% of trails. 
Design. The design consisted of 8 within-subject conditions: 2 (target face emotion: neutral vs. anger; within subjects) × 2 (avatar shirt color: ingroup vs. outgroup, within-subjects) × 2 (avatar number: single individual vs. coordinated group, within-subjects). Similar to the study of Correll et al. (2011), the research question is whether participants have different tendencies to perceive a signal (i.e., perceive an angry face) when the target is accompanied by different background stimuli (i.e., across color and number conditions).

Placement in minimal groups in Study 2. After consenting to participate, participants indicated their preference for modern art paintings as in Study 1. Participants were then randomly placed in either the Green or the Orange group with the following instruction:

“Based on your preferences you have been placed in the GREEN [ORANGE] group. In this experiment, members of the Green [Orange] group can be recognized by their green [orange] shirts. For the experiment, please imagine that you are wearing a green [orange] shirt as shown below. There will follow a couple of questions about your group membership.”

Below the instruction was a picture of a green or orange shirt. The task proceeded with two questions that served as manipulation checks. For the first check participants were presented with an avatar with the shirt color of their group. Participants were asked: “To which group does the man shown below belong?” (answer options: Same group as me, Different group than me). For the second check they were presented with an avatar with the shirt color of the other group. Again, participants had to indicate to which group the man belonged. For both questions participants were given feedback (either “Correct” or “Incorrect. Please improve your answer”) and could only proceed when they gave the correct response.


Instruction signal detection task. At the start of the task participants were given the following instruction: 
“The next task will be about emotion recognition and should take about 5 minutes. On each trial you will see a picture with one or more men. The men will be from the Green group or from the Orange group. Immediately after the picture there will appear a human face somewhere on the screen. Your task is to answer whether the face has an angry expression. When the face has an angry expression, press the "M" key. When the face has a neutral expression, press the "Z" key. You must respond as quickly and as accurately as you can, so please put your fingers on the M and Z keys. When you respond too slow or incorrectly, there will appear an error message. When you are ready, please continue with the first practice block.”

Participants then completed the practice block. After the practice block participants were given the following instruction:

“You finished the practice block. The next block will involve the same task. To repeat: On each trial you will see a picture with one or more men. The men will be from the Green group or from the Orange group. Immediately after the picture there will appear a human face somewhere on the screen. Your task is to answer whether the face has an angry expression. When the face has an angry expression, press the "M" key. When the face has a neutral expression, press the "Z" key. You must respond as quickly and as accurately as you can, so please put your fingers on the M and Z keys. When you respond too slow or incorrectly, there will appear an error message. When you are ready, please continue with the first test block.”


Signal detection task.  The signal detection task consisted of one practice block of 12 trials and two test blocks of 80 trials. In each test block, there were 10 trials for each cell in the design (in random order). Trials consisted of a pre-trial pause of 1000 ms, followed by the presentation of the background picture. Then after 750 ms the target face appeared at random in one of six positions on the screen (bottom or top half, and left, center, or right side). (This sequential presentation allows the participant to process the background stimuli, which may then influence responses to the target stimulus, akin to how a prime may influence the response to a target in a sequential priming paradigm; e.g., Cameron, Brown-Iannuzzi, & Payne, 2012.) After the presentation of the target picture participants could respond within 630 ms. If participants gave an incorrect response, or did not respond within 630, the word “ERROR” appeared in the center of the screen for 1000 ms. The task would then proceed to the next trial. All trials showed a reminder of the participant’s group membership (“You are a member of the Green [Orange] group” at the center bottom of the screen in green or orange font) and reminders of the response keys (“Neutral = Z” and “Angry = M” left and right of the center of the screen, respectively).
We computed the response bias c using the standard correction for hit rates of H = 1 and false alarm rates of F = 0 (i.e., values of 1 were transformed to 0.975, values of 0 were transformed to 0.025; Stanislaw & Todorov, 1999).
Diagram of trial procedure of Study 2.
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Additional Analysis for Study 2

Error rates. Table S3 shows error rates for all within-subject conditions. The rates for false alarms were lower than the rates for misses.

	Table S3. Error rates (proportions) for all within subject conditions (N = 257).

	Color
	Number
	Neutral target

(noise trial, error = false alarm)
	Angry target (signal trial, error = miss)

	
	
	M
	SD
	M
	SD

	Ingroup
	Individual + blobs
	.179
	.129
	.208
	.120

	
	Coordinated group
	.171
	.138
	.220
	.126

	
	
	
	
	
	

	Outgroup
	Individual + blobs
	.188
	.134
	.209
	.123

	
	Coordinated group
	.169
	.118
	.224
	.117



Analysis of d’. Additional analyses showed that the manipulations had not influenced sensitivity d’. Sensitivity d’ scores were analyzed with a 2 (color: ingroup vs. outgroup; within-subjects) × 2 (number: individual vs. group; within-subjects) × 2 (participant sex; between-subjects) × mixed-design ANOVA that included all interaction effects. This revealed no significant effects, all ps > .154. 
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