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A B S T R A C T

Individuals use facial width-to-height ratio (fWHR) to infer men's formidability. We hypothesized that fWHR as-
sessments would form a basis for men's coalitional value, with high-fWHR men being valuable in roles requiring
physical strength. Five studies (N = 1323) tested how perceptions of formidability influence coalitional deci-
sions. In addition to replicating previous findings indicating a preference for high-fWHR men in tasks requiring
strength (Study 1), the formidability inference most associated with this high-fWHR preference was perceived
strength and not aggressiveness (Studies 2a, 2b). Two pre-registered studies showed that activating competitive
motivations increased preferences for high-fWHR allies (Study 3), though this preference appeared driven by a
tolerance for high-fWHR men rather than an interest (Study 4). Findings provide evidence for how inferences of
fWHR shape interpersonal preferences based on social contexts.

Despite sharp declines in recent history, physical violence remains
pervasive across human societies. This violence has exerted significant
selection pressure for adaptations that manage the costs and benefits of
aggression. Adaptations include the quick recognition of formidable
physical features to estimate the capability of others to inflict harm on
the perceiver (Sell, Tooby, & Cosmides, 2009) and perceptual systems
to detect threats (Neuberg, Kenrick, & Schaller, 2011). Humans infer
formidability through physical cues indicating upper body strength,
particularly men's due to their greater proclivity toward physical con-
flict throughout evolutionary history (Lukaszewski, Simmons,
Anderson, & Roney, 2016; Puts, 2010; Sell, Hone, & Pound, 2012). Al-
though bodily cues provide the most accurate information, humans also
rely heavily on facial features due to the immediacy of face-to-face con-
tact. Facial features allow individuals to estimate men's aggressive ten-
dencies and thus their capability to inflict harm. Perceivers could then
estimate the social benefits (e.g., protection) and costs (e.g., physical
harm) of formidable men for group living based on inferences from fa-
cial cues (Zebrowitz & Montepare, 2006).

One facial characteristic that humans use to infer formidability is
men's facial width-to-height ratio (fWHR), the ratio of bizygomatic width
relative to upper face height. Men with a higher ratio (high-fWHR) are

perceived as aggressive and actually are more aggressive than low-
fWHR men (Caton, Pearson, & Dixson, 2022; Carré, McCormick, &
Mondloch, 2009; Durkee & Ayers, 2021; Geniole & McCormick, 2015;
Goetz et al., 2013; Haselhuhn, Ormiston, & Wong, 2015; Welker, Goetz,
Galicia, Liphardt, & Carré, 2015; cf. Deaner, Goetz, Shattuck, &
Schnotala, 2012). Despite their potential costs, high-fWHR men could
benefit the group by offering protection. The current research consid-
ered how men's fWHR shapes coalitional preferences based on the
trade-off of high-fWHR men being beneficial in group combat despite
the risk of physical harm they pose.

1. Features associated with formidability

Inferences of male formidability appear multimodal, with perceivers
relying on various behaviors and physical features. Behaviors include
head-tilting (Toscano, Schubert, & Giessner, 2018) and lowered vocal
pitch (Aung, Rosenfield, & Puts, 2021), which are hypothesized to in-
crease perceptions of men's prowess. However, behavioral displays may
only create an intimidating display without reflecting actual ability.
The difficulty in modifying facial structures implicates them as useful
for estimating formidability in social targets accurately. Masculinized
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facial features provide such information for men (Caton, Zhao, Lewis, &
Dixson, 2022). Masculinization is rooted in fetal androgen exposure
and pubertal testosterone surges, which foster muscle growth and face
widening (Griggs et al., 1989; Whitehouse et al., 2015). The resulting
upper body strength is associated with masculinized facial features
from which perceivers can infer men's actual strength (Holzleitner &
Perrett, 2016; Price, Sheehy-Skeffington, Sidanius, & Pound, 2017).

Men's fWHR appears to contribute to perceptions of formidability.
Though not exclusively sexually dimorphic (e.g., Lefevre et al., 2012),
several components of fWHR are diagnostic of masculinization in men.
Men have wider and longer lower faces which are associated with an-
drogen activity throughout development (Hodges-Simeon et al., 2021;
Hodges-Simeon, Hanson Sobraske, Samore, Gurven, & Gaulin, 2016). In
fact, recent findings suggest that facial width is sexually dimorphic,
with the connotation of threat through fWHR being amplified by the
height of men's faces (Caton & Dixson, 2022; Kajonius & Eldblom, 2020;
Liu, Wen, & Zheng, 2022). Male formidability appears to have been se-
lected due to recurrent physical conflict and intrasexual competition
(Puts, 2010), implicating components of fWHR as a result of sexual se-
lection. This selection could have led to the emergence of functional
heuristics for men's formidability when these features are presented to-
gether (Dixson, 2018). The threatening appearance of high-fWHR men
could lead them to perceive themselves as advantaged in conflict and
capable of using aggressive strategies (Haselhuhn, Wong, & Ormiston,
2013; Mileva, Cowan, Cobey, Knowles, & Little, 2014).

Several heuristics emerge readily through fWHR. For example, high-
fWHR men are heuristically associated with toughness (Brown, Bauer,
Sacco, & Capron, 2021; Deska et al., n.d.; Deska & Hugenberg, 2018).
Although some of these inferences appear rooted in stereotypes of ag-
gression (Matsumoto & Hwang, 2021), other judgments have a kernel
of truth. High-fWHR men have more favorable win-loss records in
mixed martial arts, particularly when considering grappling capabili-
ties (Caton, Hannan, & Dixson, 2022; Třebický et al., 2015; Zilioli et al.,
2015). Forensic records of male skeletons analyzed to determine causes
of death (e.g., homicide) further indicate that high-fWHR men are his-
torically less likely to die from violent encounters (Stirrat, Stulp, &
Pollet, 2012). This aggression among formidable men is further exem-
plified in small-scale societies (Christiansen & Winkler, 1992; von
Rueden & Van Vugt, 2015). Formidability inferences via fWHR could
serve to identify men's aggressive intent and physical advantages.

2. Coalitional value of formidability

Formidability inferences could inform perceivers of men's costs and
benefits for specific coalitional roles. Regarding costs, high-fWHR men
appear threatening (Geniole, Denson, Dixson, Carré, & McCormick,
2015), intimidating (Hehman, Leitner, & Gaertner, 2013), and prone to
bullying (Brown, Tracy, & Boykin, 2022). These perceptions foster de-
sires for social distance from high-fWHR men (Lieberz et al., 2017).
Nonetheless, formidable men afford benefits to group living. Individu-
als prefer formidable men for protection cross-culturally (Apicella,
2014; Brown, Donahoe, & Boykin, 2022; Lukaszewski et al., 2016; von
Rueden & Van Vugt, 2015). High-fWHR men are seen as good fighters
(Brown, Sacco, & Barbaro, 2022; Zilioli et al., 2015) and desirable for
coalitions that benefit from strength (e.g., protection; Hehman, Leitner,
Deegan, & Gaertner, 2015). Taken together, in certain contexts, individ-
uals may be motivated to ally themselves with high-fWHR men as the
protection against hostile outgroups they afford may outweigh con-
cerns regarding their potential for ingroup exploitation or harm.

Nonetheless, the use of fWHR in affordance judgments presents lim-
itations. Several trait inferences common in WEIRD cultures (e.g., dom-
inance) are not cross-culturally robust (Durkee & Ayers, 2021) or mani-
fest differently (Magginetti, 2015). In certain ecologies where the costs
of formidable group members could be particularly salient, masculin-
ized facial structures are aversive (Borras-Guevara, Batres, & Perrett,

2017; Brooks et al., 2011; DeBruine, Jones, Little, Crawford, & Welling,
2011). Previous research indicates that the aggressiveness inferred in
masculine features impedes their desirability, which could lead individ-
uals to be averse to high-fWHR men in contexts where aggression has
considerable costs (Geniole & McCormick, 2013). Human perceptual
systems appear to identify formidability through fWHR for perceivers
to consider whether the benefits of formidability outweigh the costs in a
given context. Aggressive tendencies are cross-culturally inferred
through men's fWHR, which may position research to focus on physical
abilities inferred through fWHR (Deska, Lloyd, & Hugenberg, 2018a;
Durkee & Ayers, 2021).

3. Current research

The current research examined the trade-off that perceivers of men's
fWHR could consider when deciding whether to affiliate with formida-
ble men and for what types of roles. We first replicated previous find-
ings demonstrating individuals prefer high-fWHR men for tasks that re-
quire strength using an expanded stimulus set and larger sample (Study
1). We next assessed the perceptual bases for the preference of high-
fWHR men through trait inferences related to physical and mental capa-
bilities (Studies 2a and 2b). Given the different value of high- and low-
fWHR men in competitive and cooperative roles, we investigated next
motives underlying these preferences by priming competitive and coop-
erative motives before participants indicated their preferences for high-
and low-fWHR men (Study 3). Finally, we considered whether prefer-
ences for high-fWHR men are rooted in motivations to approach allies
or whether these preferences represent a tolerance to high-fWHR men
by using a visual bias task (Study 4). Data in each study were collected
in single waves and not analyzed until completion.

4. Study 1

Individuals prefer high-fWHR men as teammates to complete tasks
requiring strength (Hehman et al., 2015). Although theoretically sensi-
ble, results from previous studies are limited by stimulus choices and
small samples. This conceptual replication addresses these limitations
with an expanded number of male stimuli and a larger sample. We also
tasked participants to indicate preferences for high- and low-fWHR men
for group roles that are less variable in their needs than what has been
used in previous research. For example, previous research has used
American football as a “strength” task (Hehman et al., 2015), but play-
ers in this sport are highly specialized for their position and some posi-
tions are less reliant on strength. The strength task in this study was tug-
of-war because it requires strength among all members of a team for
success. The cooperative task assumed irrelevant to physical strength
was an escape room. We predicted that high-fWHR men will be pre-
ferred in tug-of-war but not preferred for the escape room.

Although men and women are both adept at inferring formidability,
men's historically greater involvement in physical conflict could posi-
tion them to prefer high-fWHR allies more readily in their coalitions
(McDonald, Navarrete, & Van Vugt, 2012). Conversely, the dimorphism
in physical size between men and women could implicate women as
more vulnerable to exploitation by formidable men, resulting in a
greater overall aversion to affiliate with high-fWHR men. We predicted
that this preference for high-fWHR men would therefore be larger for
men.

4.1. Method

4.1.1. Participants
We recruited 199 U.S. participants through Mechanical Turk for

$0.35 (US). Three participants were excluded for not completing the
full study (nFinal = 195; 84 men, 111 women; MAge = 36.63 years,
SD = 13.22; 64.1% White, 14.9% Asian, 9.2% Black, 8.2% Latin, 7%
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Other). A sensitivity analysis indicated we had adequate power for
small effects (Cohen's f = 0.10, 1-β = 0.80).

4.1.2. Materials and procedure
4.1.2.1. Target faces. Participants built coalitions based on arrays of 20
neutrally expressive, color-presented White male faces from the
Chicago Faces Database (Ma, Correll, & Wittenbrink, 2015; Fig. 1).
Faces naturally varied in fWHR. We used the 10 highest and 10 lowest
fWHRs in the set (Deska & Hugenberg, 2018). The difference between
stimulus categories was large (d = 6.32), allowing us to compare rela-
tive differences as high-fWHR (i.e., formidable) and low-fWHR (i.e.,
non-formidable) categories, akin to how humans naturally categorize
others (see Phillips, Slepian, & Hughes, 2018).

Norming data indicated that these categories did not differ in attrac-
tiveness (d = −0.05). Although previous findings demonstrated a lack
predictive value of attractiveness for coalition-building (Lukaszewski et
al., 2016), similar levels of attractiveness would minimize possible halo
effects and reduce concerns of high-fWHR men being perceived as less
attractive (Dixson, Lee, Sherlock, & Talamas, 2017). Two manipulation
check items assessed the extent targets appeared strong and good at
fighting on 7-point scales (1 = Not at All; 7 = Very Much). Items were
highly correlated in both target categories and aggregated as composite
formidability scores (rs > 0.82).

4.1.2.2. Coalition-building. We presented faces in two arrays of 10.
Participants chose between zero and five target individuals for two hy-
pothetical cooperative tasks (e.g., Brown, Sacco, & Drea, 2022). One
task required choosing allies for tug-of-war, a task requiring strength.
The other task was choosing allies for an escape room, ostensibly irrel-
evant to strength. Participants viewed arrays in random, counterbal-
anced orders (i.e., some viewed a set for tug-of-war first and others for
the escape room first). Five high- and five low-fWHR targets appeared
in each array. We summed the high- and low-fWHR target participants
chosen for both tasks.

4.2. Results

4.2.1. Formidability
Participants perceived high-fWHR targets as more formidable

(M = 4.81, SD = 0.80) than low-fWHR targets (M = 3.94,
SD = 1.02), t(194) = 15.57, p < 0.001, d = 1.11.

4.2.2. Coalition-building
We conducted a 2 (participant sex: male vs. female) × 2 (target

fWHR: high vs. low) × 2 (task: tug-of-war vs. escape room) mixed-
model ANOVA with repeated factors for target fWHR and task. We de-
composed significant interactions in all studies using simple effects
tests. A target fWHR main effect indicated participants selected more
high-fWHR targets (M = 2.56, SD = 1.08) than low-fWHR targets
(M = 2.09, SD = 1.01), F(1, 193) = 25.95, p < 0.001, ηp2 = 0.119.

A target fWHR × task interaction emerged, F(1, 193) = 102.55,
p < 0.001, ηp2 = 0.347 (Fig. 2). Participants selected more high-fWHR
targets for tug-of-war (M = 3.10, SD = 1.15) than low-fWHR targets
(M = 1.58, SD = 0.94), F(1, 193) = 119.14, p < 0.001, ηp2 = 0.382.

Fig. 1. Examples of relatively high- (left) and low-fWHR targets (right).

Fig. 2. Selection of high- and low-fWHR targets for tug of war and escape room
tasks in Study 1 (with standard errors).

Conversely, participants selected more low-fWHR targets for escape
rooms (M = 2.61, SD = 1.09) than high-fWHR targets (M = 2.03,
SD = 1.02), F(1, 193) = 17.50, p < 0.001, ηp2 = 0.083. No other
main effects or interactions emerged, Fs < 2.68, ps > 0.102.1

4.3. Discussion

Participants preferred high-fWHR men for tug-of-war. High-fWHR
men appeared to have been preferred for tug-of-war presumably due to
being perceived as strong. Affordance judgments of high-fWHR men's
capabilities could motivate an interest in preferring formidable allies
for strength tasks. Conversely, low-fWHR targets were preferred for es-
cape rooms, presumably this preference reflects perceptions of high-
fWHR men as costly in strength-irrelevant domains. Study 2a sought to
identify potential perceptual bases of these preferences.

No difference emerged in preference between men and women.
Women's preferences could represent an interest in optimizing protec-
tion against threats (Snyder et al., 2011), whereas men's preferences
could reflect choosing coalitional allies. Given the null sex-differences,
we did not consider sex-differences in subsequent studies.

5. Study 2a

This study assessed the bases of preferences for high- and low-fWHR
men through inferences of strength and cooperativeness. We predicted
the strength advantage of high-fWHR targets would be a basis for a tug-
of-war preference. Conversely, the possibility that escape rooms require
cooperation led us to assess perceived cooperativeness. We predicted
that the cooperation advantage for low-fWHR targets would be a basis
of choosing these targets for escape rooms (Haselhuhn et al., 2013).

5.1. Method

5.1.1. Participants
We recruited 200 undergraduates from a large public university in

Northwest Arkansas for course credit. We excluded one participant for
not responding to the coalition-building task (nFinal = 199; 145 women,
50 men, 4 undisclosed; MAge = 18.98 years, SD = 2.42; 80.4% White,
7.5% Latin, 5.5% Asian, 2.5% Black, 3.5% Other). A sensitivity analysis
indicated adequate power to detect small effects (f = 0.10, 1-
β = 0.80).

1 An analysis considering order or counterbalance did not meaningfully
change results.
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5.1.2. Materials and procedure
We used the same task as Study 1 in a between-subjects capacity.

That is, participants chose up to five targets for either a tug-of-war
(n = 100) or an escape room (n = 99). Participants responded to the
array from Study 1 that elicited the largest difference in formidability
perceptions (d = 7.47). Participants rated targets along single 7-point
scales for perceived strength and cooperativeness (1 = Not at All;
7 = Very Much).

5.2. Results

5.2.1. Affordance judgments
Participants perceived the high-fWHR targets as stronger

(M = 4.90, SD = 0.79) than low-fWHR targets (M = 2.92,
SD = 0.71), t(198) = 34.65, p < 0.001, d = 2.45. Low-fWHR targets
were perceived as more cooperative (M = 4.26, SD = 0.84) than high-
fWHR targets (M = 3.66, SD = 0.82), t(198) = 9.11, p < 0.001,
d = 0.64.

5.2.2. Coalition-building
We used a 2 (condition: tug of war vs. escape room) × 2 (target

fWHR: high-fWHR vs. low-fWHR) mixed-model ANOVA with repeated
factors over Target fWHR. A target fWHR main effect indicated that
participants chose high-fWHR targets more often (M = 2.81,
SD = 1.41) than low-fWHR targets (M = 1.75, SD = 1.21), F(1,
197) = 82.92, p < 0.001, ηp2 = 0.296. A condition main effect indi-
cated participants chose more targets for tug-of-war (M = 2.41,
SD = 0.79) than escape rooms (M = 2.16, SD = 1.01), F(1,
197) = 17.98, p < 0.001, ηp2 = 0.084.

A condition × target fWHR emerged, F(1, 197) = 262.31,
p < 0.001, ηp2 = 0.571 (Fig. 3). Participants selected more high-fWHR
targets for tug-of-war (M = 3.87, SD = 0.89) than low-fWHR targets
(M = 0.95, SD = 0.70), F(1, 197) = 321.73, p < 0.001, ηp2 = 0.620.
Participants chose more low-fWHR targets for an escape room
(M = 2.57, SD = 1.06) than high-fWHR targets (M = 1.75,
SD = 0.97), F(1, 197) = 25.00, p < 0.001, ηp2 = 0.113.

5.2.3. Bases of selection
Our next step was understanding the basis of choosing allies through

perceived strength and cooperativeness. The between-subjects nature
of our task necessitated two separate zero-order correlations for both
conditions. We calculated difference scores for target categories for
choices, perceived strength, and perceived cooperativeness. Higher
scores reflected an advantage for high-fWHR targets. Unlike difference
scores for between-subjects designs, within-subjects variables are not
impeded by unreliability and are therefore amenable to difference score
analyses (Thomas & Zumbo, 2012; Trafimow, 2015).

Fig. 3. Selection of high- and low-fWHR targets for tug of war and escape room
tasks in Study 2a (with standard errors).

The perceived strength advantage of high-fWHR targets was associ-
ated with choosing high-fWHR men for tug-of-war (r = 0.23,
p = 0.021). Perceived cooperation was not associated with tug-of-war
selections (r = 0.02, p = 0.820). No association emerged for perceived
strength and escape room decisions (r = 0.10, p = 0.321). Unexpect-
edly, a perceived cooperation advantage of high-fWHR targets was as-
sociated with choosing them for the escape room (r = 0.22,
p = 0.028).

5.3. Discussion

We replicated results from Study 1 by demonstrating a preference
for high-fWHR men in strength tasks, further indicating that this prefer-
ence is based in perceiving high-fWHR men as stronger. Interestingly,
perceptions of high-fWHR men as uncooperative were not the basis of
an aversion to them in escape rooms. That is, perceptions of high-fWHR
men as cooperative were associated with a preference for high-fWHR
men in escape rooms. This association could suggest participants saw
high-fWHR men as able to provide unique benefits for the task (e.g.,
group rule enforcement; Lukaszewski et al., 2016). Nonetheless, the ba-
sis of the aversion to high-fWHR men remains unclear. Study 2b consid-
ered additional judgments to identify the basis of the high-fWHR aver-
sion in escape rooms.

6. Study 2b

Strength and anger inferences frequently covary with high- and low-
fWHR in men (MacDonell, Geniole, & McCormick, 2018), suggesting
potential ambiguities in understanding whether perceived strength or
aggressiveness shapes coalitional decisions with high-fWHR men. Study
2b sought to clarify whether preferences for high-fWHR men in tug-of-
war are driven more by inferences of strength or aggressiveness.

Despite high-fWHR targets being perceived as uncooperative, re-
sults from Study 2a indicated that perceptions of high-fWHR men as co-
operative facilitated preferences for them in escape rooms. This finding
could suggest that inferences of cooperativeness through fWHR are less
robust than those traits related to formidability. Another purpose of
Study 2b was to identify additional affordance judgments of fWHR.
High-fWHR men are frequently perceived as lacking mental complexity
(e.g., intelligence; Brown, Bauer, et al., 2021; Deska, Lloyd, &
Hugenberg, 2018b), a stereotype without any kernel of truth (Kosinski,
2017). This stereotype could foster an aversion to high-fWHR men in
escape rooms, given that these tasks often require creativity and intelli-
gence that perceivers assume high-fWHR men lack. We thus assessed
perceived intelligence and creativity of high- and low-fWHR men in this
study.

We also considered participants' additional perceptions of high-and
low-fWHR men being generally effective for a given task. This allowed us
to identify complementary bases of coalitional decisions for high- and
low-fWHR men. We predicted that perceived effectiveness for tug-of-
war for high-fWHR men would be a basis for choosing them in that task
and perceived effectiveness for low-fWHR for escape rooms as a basis
for choosing them in escape rooms.

6.1. Method

6.1.1. Participants
A sample of 170 undergraduates from a public university in North-

west Arkansas completed this study for course credit (126 women, 42
men, 2 identifying as neither; MAge = 18.66 years, SD = 1.49; 78.2%
White, 7.1% Black, 6.5% Latin, 2.4% Asian, 5.3% Other). No data were
excluded. Sensitivity analyses indicated we had sufficient power to de-
tect small effects (f = 0.11, 1-β = 0.80).
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6.1.2. Materials and procedure
This study employed the same methods as Study 2a, with partici-

pants being assigned to the tug-of-war (n = 86) or escape room condi-
tion (n = 84). In addition to the same preference task and assessments
for strength and cooperativeness, we assessed perceptions of intelli-
gence (i.e., a single-item corollary to mental sophistication), creativity,
and aggressiveness. A final item assessed how effective a target would
be for the task to which participants were assigned. All items used the
same 7-point scales as Study 2a.

6.2. Results

6.2.1. Affordance judgments
High-fWHR targets were perceived as stronger and more aggressive

than low-fWHR targets. Low-fWHR targets were perceived as more cre-
ative, cooperative, and intelligent. Table 1 provides relevant statistics.

6.2.2. Coalition-building
We used a 2 (condition: tug of war vs. escape room) × 2 (target

fWHR: high-fWHR vs. low-fWHR) mixed-model ANOVA with repeated
factors over target fWHR. A target fWHR main effect indicated partici-
pants chose more high-fWHR targets (M = 2.67, SD = 1.34) than low-
fWHR targets (M = 1.77, SD = 1.12), F(1, 168) = 61.53, p < 0.001,
ηp2 = 0.268. A condition main effect indicated participants chose more
targets for tug-of-war (M = 2.35, SD = 0.77) than escape rooms
(M = 2.17, SD = 1.02), F(1, 168) = 8.25, p = 0.005, ηp2 = 0.047.

A condition × target fWHR emerged, F(1, 168) = 183.13,
p < 0.001, ηp2 = 0.522 (Fig. 4). Participants chose more high-fWHR
targets for tug-of-war (M = 3.67, SD = 0.82) than low-fWHR targets
(M = 1.03, SD = 0.71), F(1, 168) = 231.20, p < 0.001, ηp2 = 0.579.
Low-fWHR targets were chosen more for escape rooms (M = 2.52,
SD = 0.95) than high-fWHR targets (M = 1.82, SD = 1.09), F(1,
168) = 15.99, p < 0.001, ηp2 = 0.087.

6.2.3. Bases of selection
We used the zero-order correlation strategy from Study 2a. The per-

ceived strength advantage of high-fWHR targets was associated with

Table 1
Mean perceptions (and SD) for high- and low-fWHR targets in Study 2b.

High-fWHR Low-fWHR t d

Strength 5.09 (0.70) 3.05 (0.71) 32.64⁎ 2.50
Aggressiveness 4.46 (1.00) 3.01 (0.85) 18.48⁎ 1.41
Creativity 3.29 (0.72) 3.96 (0.81) −10.79⁎ 0.83
Cooperativeness 3.74 (0.76) 4.34 (0.77) −9.33⁎ 0.71
Intelligence 3.73 (0.79) 4.47 (0.81) −12.19⁎ 0.93
⁎ p < 0.001.

Fig. 4. Selection of high- and low-fWHR targets for tug of war and escape room
tasks in Study 2b (with standard errors).

choosing them more frequently for tug-of-war. No other associations
emerged for tug-of-war. For escape rooms, two unexpected correlations
emerged: Perceptions of high-fWHR men as creative were unexpectedly
correlated with choosing them more frequently (Table 2).

6.2.4. Effectiveness
We used a similarly dimensioned 2-way ANOVA to assess general ef-

fectiveness in the given task. A target fWHR main effect indicated high-
fWHR targets (M = 4.58, SD = 0.95) were perceived as more effective
in their given task than were low-fWHR targets (M = 4.03,
SD = 0.90), F(1, 168) = 52.66, p < 0.001, ηp2 = 0.239. No Condition
main effect emerged, F(1, 168) = 1.00, p = 0.318, ηp2 = 0.006.

A Condition × Target fWHR interaction emerged, F(1,
168) = 169.35, p < 0.001, ηp2 = 0.502. High-fWHR targets were per-
ceived as more effective in tug-of-war (M = 5.00, SD = 0.88) than
low-fWHR targets (M = 3.51, SD = 0.74), F(1, 168) = 207.88,
p < 0.001, ηp2 = 0.553. Low-fWHR targets were perceived as more ef-
fective in escape rooms (M = 4.57, SD = 0.74) than high-fWHR tar-
gets (M = 4.14, SD = 0.83), F(1, 168) = 16.38, p < 0.001,
ηp2 = 0.089.

6.2.5. Bases of selection
We conducted two mediation analyses considering Condition as the

predictor, number of high- and low-fWHR targets chosen as outcomes,
and corresponding perceptions of general effectiveness for high- and
low-fWHR targets for the given task as mediators. We employed Model
4 of PROCESS using 5000 bootstraps (Hayes, 2013). The choice of high-
fWHR targets for tug-of-war was mediated by perceiving high-fWHR
targets as generally more effective for tug-of-war, 95% CI [−0.32,
−0.02]. Choosing low-fWHR for an escape room was also mediated by
perceptions of low-fWHR men's general effectiveness in escape rooms,
95% CI [0.18, 0.59].

6.3. Discussion

Preferences for high-fWHR men in tug-of-war were based in
strength, but not aggressiveness. This finding complements previous
work by demonstrating how multifaceted formidability assessments are
(Durkee & Ayers, 2021). Perceived cooperativeness was unassociated
with choosing high- or low-fWHR men, suggesting the previously iden-
tified association is less reliable due to greater idiosyncrasies in under-
standing perceptions of high-fWHR toward cooperation.

Perceptions of high-fWHR men as creative and intelligent were asso-
ciated with preferring high-fWHR men for escape rooms. Perceivers
could have recognized the targets as sufficiently creative and intelligent
for the task. These results are further evidence, when paired with Study
2a, that the connotation of creativity and intelligence are less apparent
through fWHR than formidability. This discrepancy could reflect the
fact that fWHR is a veridical cue to men's actual formidability (e.g.,
Zilioli et al., 2015), whereas inferences of high-fWHR men as unintelli-
gent or uncreative are rooted in unfounded stereotypes (Kosinski,
2017).

Along with specific contexts, it could be possible that different moti-
vations similarly shape coalitional decisions. That is, certain motiva-

Table 2
Bivariate correlations for each difference score in affordance judgments and
selection of targets in Study 2b.

Strength Aggression Creativity Cooperativeness Intelligence

Tug-of-War
Selection

0.25* −0.02 0.11 0.15 0.08

Escape Room
Selection

0.02 −0.14 0.26* 0.14 0.37**

Note. Higher values represent an advantage for high-fWHR targets in percep-
tions and selection. *p < 0.05, **p < 0.001.
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tional states could foster a preference allies whose abilities could facili-
tate group goals akin to those of a given task. Study 3 considered the
trade-offs in choosing allies based on motivational states.

7. Study 3

Study 3 considered competitive and cooperative motivations. The
motivation to protect one's ingroup from threats could lead to choosing
men capable of optimizing group interest (Montoya & Pittinsky, 2013).
High-fWHR men afford benefits when competing for finite resources,
given inferences of their competitiveness that corresponds with actual
competitive intentions (Haselhuhn et al., 2013). We predicted that indi-
viduals would build coalitions with more high-fWHR men when com-
petitive motives are salient (pre-registered hypothesis).

Nonetheless, the costs of high-fWHR men could exceed their bene-
fits in tasks that do not require competition. Perceptions of low-fWHR
men as cooperative could implicate them as more desirable in contexts
that require cooperation more readily without having to consider the
trade-offs inherent in choosing high-fWHR men. We predicted that low-
fWHR men would be chosen more than high-fWHR men when coopera-
tion motives are salient (pre-registered hypothesis).

7.1. Method

7.1.1. Participants
A sample of 498 undergraduates from a large public university in

Southern Mississippi completed this study for course credit. Based on
the pre-registered power analysis, we sought to recruit at least 200 par-
ticipants to detect small effects (f = 0.10, 1-β = 0.80). We oversam-
pled to ensure sufficient power in case of exclusions. Thirteen partici-
pants did not respond to the prompt (e.g., writing nonsense, blank
textboxes), resulting in their exclusion (nFinal = 485; 379 women, 104
men, 2 undisclosed; MAge = 20.35, SD = 5.09; 59.2% White, 32.8%
Black, 3.1% Latin, 2.9% Asian, 2.1% Other).2

7.1.2. Materials and procedure
Participants were randomly assigned to be primed with competitive

(n = 240) or cooperative (n = 245) motives (Montoya & Pittinsky,
2013). To prime competitive motives, participants wrote about how
students from their university would treat students from the rival
school during a football game. To prime cooperative motives, partici-
pants wrote about how students would treat rival students in a univer-
sity exchange program. Participants then chose up to five individuals to
accompany them to a football game at the rival university from the ar-
ray from Studies 2a and 2b while using the instructions from Study 1.3

7.2. Results

We used a 2 (condition: competitive vs. cooperative) × 2 (target
fWHR: high vs. low) mixed-model ANOVA with repeated factors over
the Target fWHR. A target fWHR main effect indicated participants
chose more high-fWHR targets for their coalitions (M = 2.44,
SD = 1.09) than low-fWHR targets (M = 2.12, SD = 1.01), F(1,
483) = 16.97, p < 0.001, ηp2 = 0.034. No condition main effect
emerged, F(1, 483) = 0.10, p = 0.749, ηp2 < 0.001.

A condition × target fWHR interaction emerged, F(1, 476) = 6.55,
p = 0.011, ηp2 = 0.013 (see Fig. 5). Competition-primed participants
chose more high-fWHR targets (M = 2.55, SD = 1.12) than low-fWHR
targets (M = 2.01, SD = 1.05), F(1, 475) = 22.07, p < 0.001,
ηp2 = 0.044. Cooperation-primed participants did not differ in choos-

2 Including all participants did not meaningfully alter findings for Studies 3
and 4.

3 We assessed individual differences in group-favoring norms in our pre-
registration. We provide these nonsignificant results through OSF.

Fig. 5. Selection of high- and low-fWHR targets for Competitive and Coopera-
tive motives in Study 3 (with standard errors).

ing high- (M = 2.33, SD = 1.05) and low-fWHR targets (M = 2.20,
SD = 0.96), F(1, 475) = 1.23, p = 0.268, ηp2 = 0.003.

7.3. Discussion

Competition-primed participants preferred high-fWHR men, pre-
sumably to identify strong coalitional allies. However, cooperation-
primed participants did not prefer low-fWHR men. Although low-fWHR
men could appear cooperative, coalitions could still benefit from the in-
tergroup protection offered by high-fWHR men. These findings provide
additional support to Studies 2a and 2b demonstrating a relatively
weak and inconsistent connotation of cooperative intent through
fWHR. Based on these results, it is unclear whether preferences for
high-fWHR men were based in an interest in formidability or a toler-
ance for risky allies. Study 4 sought to determine the nature of this
high-fWHR preference with approach/avoidance responses.

8. Study 4

Study 4 examined whether coalitional preferences for high- and
low-fWHR men are based in an interest in formidability or tolerance.
This study considered the extent to which high- and low-fWHR men
elicit approach or avoidance reactions when competitive and coopera-
tive motives are primed. We used a visual bias task that has previously
been identified as capable of providing a behavioral proxy for neural
activity in cortical areas implicated in approach and avoidance motiva-
tions (Miller, Prokosch, & Maner, 2012), as evidenced by previous elec-
troencephalographic studies (Harmon-Jones & Allen, 1998). This para-
digm has become increasingly popular in identifying associations be-
tween motivation and face perception to identify the motivational un-
derpinnings of various preferences without explicit awareness of the
purpose of a given study (Brown, Sacco, & Medlin, 2019; Slepian,
Young, & Harmon-Jones, 2017).

The perceived threat associated with high-fWHR led us to predict in-
dividuals will be avoidant toward high-fWHR men independent of mo-
tivational state. However, activation of cooperative and competitive
motives should modulate responses. We hypothesized that activating
competitive motives would downregulate avoidance for coalition-
building (preregistered hypothesis), with participants having a reduced
aversion toward high-fWHR men. Conversely, we predicted that coop-
erative motives would heighten avoidance.

8.1. Method

8.1.1. Participants
A sample of 293 participants in Southern Mississippi completed this

study for course credit. We considered only right-handed participants
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(Jewell & McCourt, 2000). Based on pre-registered power analyses, we
recruited at least 200 participants to detect small effects (f = 0.10, 1-
β = 0.80). We oversampled in case of exclusions. Eight participants
were excluded for failing to respond to the prompt per a quality check
or not responding to more than two critical trials in the bisection task.
This latter criterion ensured a sufficient number of trials to calculate a
composite for dichotomous forced-choice tasks (Pollet & Little, 2017).
Eleven participants were excluded for being ambidextrous due to the
possibility their left hand is more dominant (nFinal = 274; 237 women,
35 men, 2 unreported; MAge = 21.10, SD = 4.99; 52.6% White, 39.2%
Black, 4.4% Latin, 1.8% Asian, 1.8% Other).

8.1.2. Materials and procedure
Participants were first primed with competition (n = 144) or coop-

eration (n = 130) like in Study 3. They then completed the line bisec-
tion task by judging whether horizontal lines were longer on the left or
right side of a perpendicular line to measure visual field bias, a tech-
nique to assess neural activity that underpins approach/avoidance mo-
tives (Miller et al., 2012). Due to contralateral connections in cortical
areas implicated in motivations (Nash, McGregor, & Inzlicht, 2010),
right cortical activity is associated with avoidance responses toward
aversive stimuli that elicit left visual field biases. Left cortical activity is
associated with approach responses toward appetitive stimuli that elicit
right visual field biases.

Participants viewed 10 filler trials with asymmetrically bisected
lines and 20 critical trials with centrally bisected lines in random order.
Above each line was a face (Slepian et al., 2017). Critical trials dis-
played high- and low-fWHR targets. We coded indication of centrally
bisected lines as longer on the left (LVF-bias) as 0 and longer on the
right as 1 (RVF-bias). We calculated proportions for high- and low-
fWHR targets separately by summing responses of each trial divided by
number of trials. Scores below 0.5 indicated LVF-bias. Scores above 0.5
RVF-bias.

8.2. Results

We used a 2 (condition: competition vs. cooperation) × 2 (target
fWHR: high vs. low) mixed-model ANOVA with repeated factors over
target fWHR. A target fWHR main effect indicated participants reported
more LVF-bias toward high-fWHR targets (M = 0.44, SD = 0.22) than
low-fWHR targets (M = 0.47, SD = 0.22), F(1, 272) = 4.77,
p = 0.030, ηp2 = 0.017. Neither the Condition main effect nor interac-
tion emerged, Fs < 0.07, ps > 0.805.

Regarding whether these LVF-biases were categorical, we con-
ducted one-sample t-tests weighted against the midpoint of 0.5 (i.e., no
VF-bias). Participants reported a categorical LVF-bias for high-fWHR
targets suggesting activation of avoidance motives, t(273) = 3.97,
p < 0.001, d = 0.24. The low-fWHR target bias was not categorical, t
(273) = 1.74, p = 0.083, d = 0.10.

8.3. Discussion

High-fWHR targets elicited aversion, possibly reflecting perceptions
of high-fWHR men as threatening. Bias against high-fWHR men could
be difficult to override, given perceptions of exploitativeness. The pref-
erences for high-fWHR men in previous studies in this paper could re-
flect more of a tolerance than an interest (see Brown, Sacco, Lolley, &
Block, 2017; Brown, Tracy, Young, & Sacco, 2021). Alternatively, per-
ceptions of high-fWHR men as threatening could be resistant to motiva-
tional priming at the automatic level. The nuance in formidability as-
sessments may only be discernable through conscious assessments,
wherein perceivers override automatic associations through effortful
judgments to recognize coalitional benefits despite the salient costs.

9. General discussion

Five experiments indicated that affordance judgments of formidabil-
ity, inferred through men's fWHR, were the basis of individuals' prefer-
ence for formidability in tasks requiring strength. We further found that
competitive motives fostered preferences for high-fWHR men, though
this preference was ultimately rooted in a tolerance for formidable men.
Results contribute to growing research demonstrating how formidable
facial features, particularly fWHR, influence preferences for coopera-
tive alliances to increase access to resources and security despite the po-
tential risks of aggressive men (Barbaro, Mogilski, Shackelford, &
Pham, 2018; Brown et al., 2017).

Although findings continue to demonstrate associations between
perceived formidability and the presence of masculinized features,
fWHR is unreliably associated with other trait inferences across cul-
tures, such as dominance (Durkee & Ayers, 2021). This unreliability of
certain trait inferences highlights the likelihood of specific ratios in hu-
man bodies not actually being selected so much as the individual com-
ponents comprising these ratios (Richardson, 2020). Selection for high-
fWHR men could be pleiotropic: Desirable features within the ratio
were sexually selected for a benefit, with covarying traits being indi-
rectly selected (Dixson, 2018). The perceived formidability of high-
fWHR men could prompt them to recognize their advantage in conflict
and foster aggression via self-fulfilling prophecies (Haselhuhn et al.,
2013).

Identifying underpinnings of fWHR in sexual selection makes it cru-
cial to discuss specificity. Conflicting findings exist for whether fWHR is
reliably associated with trait inferences, including dominance or ag-
gression, for example. Archival and machine learning studies indicate
that fWHR is uninformative in many inferences, particularly in non-
Western cultures (Durkee & Ayers, 2021; Jaeger & Jones, n.d.). Incon-
sistencies should motivate conversations on the robustness of various
fWHR affordance judgments and trait inferences. Aggression in male
faces is consistently inferred cross-culturally, suggesting that research
would benefit from focusing on physical capabilities and emotional
states rather personality traits.

9.1. Limitations and future directions

Several limitations emerged, which require continued research to
address. Although we identified contexts under which high- and low-
fWHR influence preferences and affordance judgments, it is likely that
additional contextual factors influence whether perceivers prefer or
avoid high-fWHR men. Increased salience of threats to one's physical
safety heightens preference for formidable men, which could serve to
protect the perceiver from danger (Brown, Donahoe, & Boykin, 2022;
Sacco, Lustgraaf, Brown, & Young, 2015), though chronic environmen-
tal danger is frequently associated with an aversion to dominant faces
(Borras-Guevara et al., 2017; Brooks et al., 2011). Future research
could identify how motivational states shift valuations of high-fWHR.

Preferences for high-fWHR men were based on heuristic judgments
and not actual formidability. Future research would benefit from as-
sessing actual formidability of prospective allies, perhaps through
handgrip strength or win-loss records in competitions (e.g., Caton,
Hannan, & Dixson, 2022; Zilioli et al., 2015). A study could assess coali-
tional affordances of MMA fighters while identifying features from
which perceivers make decisions beyond the heuristics of fWHR.

Our exclusively U.S. samples necessitate future research to fWHR
judgments cross-culturally. Dominance inferences appear less universal
than previously thought (Jones et al., 2021). Nonetheless, formidability
remains accurately inferred through components of fWHR in Western
and non-Western societies (Butovskaya et al., 2018; Zilioli et al., 2015).
Amazonian societies perceive high-fWHR men as effective hunters, yet
ineffective warriors, a difference possibly reflecting cultural conceptu-
alizations of traits (Magginetti, 2015). Future research would benefit
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from identifying cross-cultural differences in coalition preferences. Sex-
ually selected components of fWHR are also sexually dimorphic in both
WEIRD and non-WEIRD societies (Hodges-Simeon et al., 2021). Under-
standing the consistency of cross-cultural findings would facilitate un-
derstanding the affordances connoted through fWHR.

10. Conclusion

The current studies provided robust evidence indicating that high-
fWHR men are perceived as especially formidable and therefore most
desirable for group tasks that require physical formidability. The pref-
erence for high-fWHR men was limited to domains related to strength
and protection, potentially related to the inferred costs of formidability,
such as low intelligence or aggressiveness. Individuals appear to weigh
the costs and benefits associated with affordances of formidable and
non-formidable men when determining how well they can facilitate
group goals.
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