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a b s t r a c t
Throughout vertebrate evolution, asymmetries in the ability to inﬂict costs on others (i.e., formidability) have
determined the outcomes of contests over limited resources. Therefore, natural selection would have favored
mechanisms designed to efﬁciently and accurately estimate the formidability of conspeciﬁcs. Although previous
research has provided evidence for the existence of adaptations for formidability assessment, the design features
of these mechanisms have not been fully examined. In the current study, participants underwent a battery of
tasks to test hypotheses regarding the speed and automaticity of formidability assessment mechanisms. Results
suggest that formidability is automatically and rapidly tracked and assessed from visual cues. With a few interesting exceptions, characteristics of the raters (N = 187) and targets (N = 64) did not inﬂuence these assessments. Additionally, we present eye–tracking data to highlight the salience of upper–body musculature as a
cue to physical strength. Taken together, these ﬁndings bolster and extend evidence for formidability assessment
mechanisms in humans.
© 2017 Elsevier Inc. All rights reserved.

1. Introduction
All animals must collect and decipher a bewildering array of information to survive and reproduce. Accordingly, natural selection has
shaped sensory organs and brains to extract and analyze ﬁtness–
relevant information from the environment. Over the course of human
evolution, some of the most pertinent information likely concerned
asymmetries in the abilities and intentions of conspeciﬁcs, as many of
these differences would have directly affected differential access to
resources. One such asymmetry relates to individual differences in
formidability—deﬁned as the ability to impose physical costs on others
(Sell, Hone, & Pound, 2012).
Physical formidability varies across individuals and is a major source
of asymmetry in physical conﬂict (Maynard Smith & Parker, 1976).
While physical competition brings the potential for large ﬁtness gains
if victorious (e.g., increased access to resources), there are also high
potential costs to losing (e.g., resource loss, injury, death). Formidability
is a key factor in deciding the outcome of physical combat; all else equal,
less formidable individuals are more likely to suffer the costs while
more formidable individuals are more likely to reap the beneﬁts
(Huntingford & Turner, 1987). Individuals that could efﬁciently and
accurately assess the relative formidability of potential combatants
would be better able to estimate the outcome of altercations, and
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thereby better equipped to make ﬁtness–enhancing decisions about
whether to withdraw from or escalate contests (Parker, 1974). Consequently, adaptations for assessing species–speciﬁc cues of formidability
(e.g. body size, claw size) and guiding conﬂict decisions are common
across taxa (see Arnott & Elwood, 2009).
To the degree that physical contests have regulated access to resources over human evolutionary history, these considerations suggest
that humans should possess adaptations designed for estimating the
formidability of conspeciﬁcs. This paper extends existing evidence
supporting the hypothesis that humans possess psychological mechanisms designed to track and assess the formidability of others.
1.1. A violent past and the importance of formidability
Sell et al. (2012) previously detailed the ancestral importance of
formidability, and several papers have summarized the evidence of
violence in the evolutionary past (e.g., Buss & Shackelford, 1997;
Goetz, 2010). We echo these arguments here, as they are crucial to understanding why the human mind might possess mechanisms designed
to assess formidability.
Selection pressures related to formidability assessment are
widespread across the animal kingdom, where violence and aggressive
conﬂict has likely been a nearly universal occurrence throughout much
of vertebrate evolution. Further, the archeological, anthropological, and
historical record provide compelling evidence that violence and aggression were a common threat to ancestral humans, especially young men
(Daly & Wilson, 1988; Keeley, 1996; Puts, 2010; Walker, 2001).
Circumventing the costs of physical conﬂict would have been essential
to the survival and reproductive potential of ancestral humans.
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The ﬁngerprints of combat–related selection pressures are evident
in the differences between men's and women's bodies. Due to the demands of physical competition—such as the need to withstand blunt
force trauma—men's bodies (more so than women's) have been molded
by natural selection to withstand the demands of aggressive conﬂict. For
example, men have roughly 90% more upper–body strength, 11% higher
muscle–to–fat ratio, nearly double the skeletal density by the end of puberty, and tend to recover faster from concussions (Covassin, Elbin,
Harris, Parker, & Kontos, 2012; Kirchengast, 2010; Lassek & Gaulin,
2009; Miller, MacDougall, Tarnopolsky, & Sale, 1993; Wells, 2007; see
also Sell et al., 2012). There is, however, considerably more individual
variation in formidability among men than among women (Lindle
et al., 1997), and thus, a statistically higher chance that there will be
an asymmetry between two men drawn at random than between two
women. This, coupled with higher rates of physical aggression in men
(Archer, 2004), emphasizes the ancestral importance of tracking
men's formidability to monitor relevant asymmetries and avoid potentially damaging conﬂicts.
The prominence of men's formidability in determining contest outcomes has a variety of additional downstream consequences for social
decision–making. Alliance dynamics are crucial determinants of conﬂict
outcomes among humans (Pietraszewski, 2016), and formidable individuals would have been differentially valuable as social partners, by
virtue of their ability to cost–effectively elicit support and deference
from various social actors with whom one might have conﬂict. Indeed,
formidable men are preferred by women as mates (Fink, Neave, &
Seydel, 2007; Frederick & Haselton, 2007; Snyder et al., 2011), and
members of both sexes as cooperative partners (Eisenbruch, Grillot,
Maestripieri, & Roney, 2016; von Rueden, Gurven, & Kaplan, 2008)
and leaders (Lukaszewski, Simmons, Anderson, & Roney, 2016).
The formidability of others also contains predictive information about
their likely behavioral characteristics. Because formidability inﬂuences
men's social value in the eyes of others, it alters the cost–beneﬁt ratios
along various behavioral dimensions; for example, strong men are better
positioned to capture the beneﬁts, and avoid the costs, of social strategies
involving assertive bargaining tactics, status competition, gregarious networking, and coalitional aggression (Lukaszewski & Roney, 2011). Consistent with this, men's physical strength has been found to associate
positively with their levels of entitlement, anger proneness, aggression,
extraversion, and prosocial leadership orientation (Archer & Thanzami,
2007; Archer & Thanzami, 2009; Durkee & Goetz, 2016; Lukaszewski,
2013; Lukaszewski & Roney, 2011; Petersen, Sznycer, Sell, Cosmides, &
Tooby, 2013; Sell, Tooby, & Cosmides, 2009; Tooby & Cosmides, 1990a,
1990b; von Rueden, Lukaszewski, & Gurven, 2015).
These considerations suggest that, among human ancestors, relative
formidability would have served as a proxy to estimate a man's
(i) ability to win a given physical contest, (ii) value as a partner across
a variety of social domains, and (iii) adoption of various behavioral
strategies. Information about formidability would therefore have been
relevant in solving a multitude of adaptive problems. Consequently, selection should have shaped formidability assessment mechanisms to
detect and collect information that can be used to track and accurately
assess the formidability of male conspeciﬁcs upon encounter.
1.2. Existing evidence for assessments of formidability
The ﬁrst evidence that people can accurately assess formidability
from visual cues was provided by Sell, Cosmides, et al. (2009). They
showed that ratings of strength accurately tracked the actual strength
of targets, regardless of whether the rater was shown only a target's
face, only a target's body, or both. Accurate assessments of formidability
can be made from auditory cues as well (Sell et al., 2010). These studies
further demonstrated that the ability to accurately assess formidability
held across stimuli from a range of populations (i.e., United States and
Romanian college students, Bolivian horticulturists, and Andean
pastoralists).

More evidence for visual assessments of formidability comes from
two separate meta–analyses establishing that people track facial cues
(i.e., facial width–to–height ratio) associated with aggressiveness
(Geniole, Denson, Dixson, Carré, & McCormick, 2015; Haselhuhn,
Ormiston, & Wong, 2015). These same cues have been shown to be predictive of actual ﬁghting ability (Little, Trebicky, Havlicek, Roberts, &
Kleisner, 2015; Třebický et al., 2015; Zilioli et al., 2015). Together,
these studies provide evidence that people can and do make accurate
judgments of formidability from visual cues.
Self–reports provide additional evidence of formidability assessment. Men engage in assessments of formidability more than women
(Fox, 1997 as cited in Buss, 2015) and both sexes report consciously
thinking about the strength and toughness of men more often than
women (Durkee, Romero, Park, & Goetz, 2015). Men also report a desire
to become more muscular and commonly cite intimidation and self–
protection as a motivating factor (Frederick et al., 2007). These ﬁndings
suggest that men, and to some degree women, assess formidability in
everyday life.
1.3. The current study
Although there exists a cogent theoretical rationale and empirical
support for the existence of evolved formidability assessment mechanisms, little is known about their speciﬁc design–features. Given that
formidability was relevant across social domains, assessment mechanisms should be designed to automatically and rapidly track and assess
others' formidability to calculate the costs and beneﬁts of potential behavioral outputs at any time and across different contexts. No extant research has directly examined this theoretical possibility. To address this
gap, we expand on previous research and examine the speed and automaticity of formidability assessment mechanisms.
1.3.1. Hypotheses
Due to the ancestral importance of formidability across social domains, we hypothesize that (H1) formidability assessment mechanisms
should be designed to automatically assess formidability any time the
proper cues (i.e., male conspeciﬁcs) are present—assessments of
formidability should be spontaneous. For the purposes of this study,
we predict that participants ratings of strength will track targets' actual
strength in a surprise recall task where they are not explicitly asked to
make this assessment before seeing the target individual.
If people assess the formidability of individuals, then it follows that
they should be able to estimate the relative formidability of groups as
well. Given the importance of formidability in coalitional conﬂict
(Tooby & Cosmides, 1988), we hypothesize that (H2) the design features of the formidability assessment mechanism should automatically
form estimates of group formidability. Speciﬁcally, we predict that in
another surprise recall task groups with greater combined
formidability—more strong/muscular men—will be endorsed more
often as the stronger group than the groups with lesser combined
formidability.
Many decisions that use others' formidability as an input, such as
whether to escalate conﬂict or defer, must be made quickly. Because
of this, we hypothesize that (H3) assessments of formidability happen
rapidly upon exposure to male conspeciﬁcs. We predict that even with
brief exposure to a target (i.e., 500 ms, 300 ms, 100 ms, 33 ms) participants' ratings of strength will track target strength. However, in the absence of strong theory to predict the minimum amount of exposure
needed (aside from limitations of the visual system), we have no strong
expectations about the minimum exposure needed.
Considering that information regarding the formidability of others
would have been crucial to attend to, we hypothesize that (H4) assessment mechanisms have been designed to automatically detect and
attend to formidable individuals. As a result, formidability should be
attentionally salient. For the purposes of this study, we predict that
when two men are presented on opposing sides of the visual ﬁeld,
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participants should be more likely to attend to a more formidable man
than a less formidable man.
Upper–body strength was likely the most relevant and reliable cue
to ancestral ﬁghting ability and assessment mechanisms should use relevant and reliable cues as input (Sell, Cosmides, et al. 2009; Sell et al.,
2010). Given this, we hypothesize that (H5) assessors use upper–body
musculature as a cue to formidability when making assessments. Specifically, we predict that participants will spend the most time looking at
the chest and shoulders of targets, followed by the face, abdomen, and
legs, respectively.
Finally, we explore characteristics of assessors and targets that inﬂuence assessments of formidability. Due to the stronger formidability–
related selection pressures faced by ancestral men than women, men
may be more likely to make assessments of formidability than
women. By similar reasoning, men's assessments may be more accurate
than women's assessments; however, previous research did not ﬁnd
differences in accuracy between men and women (Sell, Cosmides,
et al., 2009). In the current study, we further examine the inﬂuence of
sex on formidability estimation. We also examine additional characteristics of assessors that might inﬂuence assessments of formidability.
Some research suggests that stronger men might underestimate the
formidability of others (e.g., Fessler, Holbrook, & Gervais, 2014), but it
is also plausible that the mechanism is designed to be impervious to
such potentially confounding inﬂuences. In the current study, we
further investigate whether and how proxies of assessor–formidability
inﬂuence formidability assessments.
2. Materials and method
2.1. Participants
In total, 187 students (91 women) from a state university in Southern California participated in the study. We recruited at least 40 raters
(20 of each sex) in each of the four stimuli–presentation conditions
(see H3). The mean age of participants was 19.9 (SD = 3.70). A majority
of participants identiﬁed as Hispanic (44%), followed by Asian/Paciﬁc Islander (23%), Caucasian/White (23%), Other/Mixed (6%), and African
American/Black (4%). Compensation was provided as partial fulﬁllment
of course credit. We further incentivized participants throughout the
experiment with tickets to win a $20 gift card to the campus store,
ostensibly for their attention and the accuracy of their ratings (in reality,
all participants were given equal chance to win). This study was
approved by our university's Institutional Review Board.
2.2. Materials
2.2.1. PsychoPy
We created the experiment in PsychoPy, a free, open–source,
experiment–building program based on the Python coding language
(Peirce, 2007). Participants completed the experiment on a lab computer
running Windows 7 (screen resolution: 1440 × 900).
2.2.2. Stimuli
The stimuli for strength assessments consisted of 64 photos of male
students at Oklahoma State University (hereafter referred to as the OK
Photoset) taken as part of an ongoing project (Lukaszewski, 2016).
This photo set contains full body images of men in black gym shorts
with no shirt. Each photo (hereafter referred to as targets) is associated
with a standardized composite grip– and chest–strength measurement.
Computer generated images of men's bodies from the UCLA Body Matrices II (Frederick & Peplau, 2007; Gray & Frederick, 2012) were used to
test the group assessment hypothesis (H2) and the attentional adhesion
hypothesis (H4); the speciﬁc images used for each task are detailed in
the Procedures section.
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2.2.3. Eye tracker
Gazepoint GP3 Eye Tracker and Remote Calibration software was
used to track, record, and analyze participants' eye gaze. The eye tracker
was mounted below the computer's monitor. Eye–tracking data collection took place on the same computer as the rest of the study.
2.2.4. Self–perceived formidability scale
The ﬁrst author developed the Self–Perceived Formidability Scale
(SPFS) as a measure of participants' self–perceived formidability. The
psychometric properties of the SPFS were initially examined using
Item Response Theory in a community sample (N = 227). The original
pool of 21 items was reduced to nine items—each with four response
categories (1 = strongly disagree; 4 = strongly agree)—based on
scale modiﬁcation criteria (e.g., clarity, redundancy, unidimensionality,
local dependency). Overall, the ﬁnal nine–item scale exhibited acceptable internal validity as evidenced by an exploratory factor analysis
and good ﬁt indices under the Nominal Response Model (RMSEA =
0.04, NNFI = 0.97). As evidence of external validity, theta scores for
the SPFS were moderately correlated with Sell, Tooby, and Cosmides
(2009) anger–proneness measure (rmen = 0.32, rwomen = 0.14, p's b
0.03). In the current study, we present raw scores rather than theta
scores for simplicity. We provide the psychometric properties of the
SPFS as assessed by internal consistency and total reliability in Table 1.
2.2.5. Hand dynamometer
Participants' left– and right–hand grip strength were measured using
a dynamometer (Camry digital hand dynamometer); an average of the
left and right grip strength (in pounds) was computed for use in analyses
(Mmen = 91.07, SDmen = 22.43; Mwomen = 60.80, SDwomen = 11.72). As
shown in Fig. 1, participants' self–perceived formidability was moderately
correlated with averaged grip strength for men, r(95) = 0.42, 95% CI
[0.23, 0.57], p = 3.4−5, and women, r(91) = 0.58, 95% CI [0.42, 0.70],
p = 0.00001.
2.3. Procedures
Fig. 2 provides a visual summary of the procedures. Participants
were asked to review and sign a consent form, which informed them
that the study was about perceptions of others and that they would be
asked questions about people while their eye–movements were recorded by an eye tracker. After obtaining consent, the research assistant
opened the experiment in PsychoPy, which guided the participants
through the majority of the study. Participants were not given any additional information about the tasks before starting; they were simply
reminded that their accuracy and attention would be rewarded with
chances to win an opportunity drawing and were instructed to follow
the on–screen instructions to proceed. Subsequently, participants
completed several different tasks as part of the study: each is explained
below along with instructions for the participant.
Table 1
Self–Perceived Formidability Scale (SPFS) items and inter–item correlations.
Items

Inter–item
correlations

1. I am a physically strong person.
2. I am physically stronger than most people my age and sex.
3. If I had to, I could beat most people my age and sex in a ﬁght.
4. I am weaker than the majority of people my age and sex. [R]
5. I could win in hand–to–hand combat against most people my age
and sex.
6. Most people my age and sex could take me in a ﬁght. [R]
7. I could probably hold my own in a ﬁght.
8. I am physically tough.
9. If I had to, I could probably use my strength and toughness to get
my way.

0.76
0.77
0.76
0.71
0.75
0.58
0.68
0.80
0.59

Note. Inter–item correlations are corrected for item overlap and scale reliability
(Cronbach's alpha = 0.90). Item 4 and Item 6 are reverse coded [R].
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2.3.3. Spontaneous group assessment
To test the hypothesis that the formidability assessment mechanism
should automatically form estimates of group formidability (H2), we
presented participants with two, 2 × 2 arrays of pictures from the
UCLA Body Matrices II (Frederick & Peplau, 2007). One array consisted
of three muscular men (Image #18) and one weaker man (Image
#15), and another consisted of three weaker men and one muscular
man. Each pair was presented for 2000 ms in random order. All participants saw the same groups. Importantly, this task followed after a
distractor task, and the participants did not know what the goal in the
task was before seeing the stimuli. After both stimuli were presented
and removed, participants indicated which group consisted of stronger
men (the ﬁrst or second group) by clicking a corresponding button on
the computer screen.

Fig. 1. Scatterplot depicting the relationship between self–perceived formidability and
averaged grip strength for male and female participants.

2.3.1. Spontaneous assessment task
The ﬁrst hypothesis—that formidability assessments are spontaneous (H1)—was necessarily tested by the ﬁrst task of the experiment.
Once the experiment program started, introductory instructions
appeared and remained on the screen until the participant chose to proceed by clicking the ‘space’ bar. Next, a ﬁxation cross (+) appeared on
the screen for 1000 milliseconds (ms) followed by a target image, randomly selected from the OK photo set, for 2000 ms. After target removal,
the participants used the mouse to rate the physical strength of the
target using a 7–point scale anchored by “Very weak” and “Very strong”
(as per Sell, Cosmides, et al., 2009).
Any claim of spontaneous assessments is dependent on the participant not being explicitly prompted to assess formidability before seeing
targets. Therefore, we presented participants with distractor ratings
(e.g., “How smart is this person?”, “How physically attractive is this person?”) following the next two targets so that participants were not
expecting to assess formidability each time. The rating order, which
was constant across participants, started with a strength rating, followed by an intelligence and attractiveness rating, two subsequent strength
ratings, an intelligence rating, an attractiveness rating, and a strength
rating. This order appeared random, and the trials did not repeat enough
times for participants to identify a pattern. Moreover, after each rating,
we presented participants with a distractor task meant to prevent them
from knowing when the next image would appear.

2.3.2. Distractor task
Following a ﬁxation cross, participants saw a colored square and
were instructed to indicate if it was orange or not. The participant completed 20 to 30 trials of this tedious distractor task before another target
appeared on the screen—without warning—for 2000 ms. The participant
was again asked to rate the target's physical strength or a distractor
rating (e.g., “How smart is this person?”). This cycle (i.e., distractor
tasks followed by a target and then a rating prompt) repeated nine
times in succession.

2.3.4. Speed assessment task
We tested the hypothesis that assessments of formidability
happen rapidly (H3) by quickly presenting targets from the OK
photo set followed by a rating prompt. Upon starting the task, a ﬁxation cross appeared for 1000 ms, followed by a randomly selected
target presented for either 33, 100, 350, or 500 ms. Presentation
time was constant within participants. Roughly equal numbers of men
and women (around 20 of each sex) were assigned to each of the four
stimuli presentation–time conditions. After the target was ﬂashed and
masked with a 100 ms visual noise patch, the participant rated the
target's strength on a seven–point scale (1 = “Very Weak”; 7 = “Very
strong”). There were 64 trials in total; participants saw every target
once.
2.3.5. Attentional–adhesiveness task
We tested the hypothesis that assessment mechanisms automatically detect and attend to formidable individuals (H4) using the
dot–probe paradigm, a common method for testing attentional–
bias hypotheses (e.g., Bryant & Harvey, 1997). Participants read instructions before starting the task. Upon starting the task, a ﬁxation
cross appeared for 1000 ms followed by a screen with both a formidable person and a less–formidable person from the OK photo set
(we determined pairings by taking one target photo from the
highest quartile on the physical strength composite and one from
the lowest quartile) or two images from different ends of the
muscularity continuum of the UCLA Body Matrices II (image #15
was always paired with image #18; image #20 was always paired
with image #22). The images were presented for 1000 ms, removed,
and two small white dots appeared where one of the previous images had been (counter–balanced across trials). The participant
then used the left and right arrow keys to indicate which side of
the screen the dot was on and their reaction time (in milliseconds)
was recorded by the computer, ending the ﬁrst trial. This task
consisted of seven practice trials and 60 counterbalanced experimental trials.
2.3.6. Eye–tracking ratings
After completing the PsychoPy portion of the study, participants
underwent eye–tracker calibration where they followed a moving dot
with their eyes through nine points; participants were asked to repeat
the process if accuracy was poor. Once successfully calibrated, participants saw each target again in a randomized order that was ﬁxed across
participants. Participants again rated each target's physical strength on a
7–point scale, this time by saying a number to a research assistant who

Fig. 2. Sequence of laboratory tasks completed by participants in relation to focal hypotheses.
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Correlations (r) between ratings and target strength
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Table 2
Correlations between aggregated ratings of strength by stimulus presentation time.

0.9
Combined
0.8

Men
Women

0.7
0.6

Condition

1

2

3

4

5

6

1. No time constraint (free ratings)
2. 2000 ms (spontaneous ratings)
3. 500 ms
4. 300 ms
5. 100 ms
6. 33 ms

0.99
0.91
0.97
0.95
0.96
0.85

0.90
0.92
0.91
0.90
0.80

0.97
0.98
0.97
0.92

0.96
0.98
0.92

0.96
0.89

0.93

Note: All correlations are based on N = 63, p's b 0.001. Inter-rater reliability for each condition is listed on the diagonal.

0.5
0.4
0.3
0.2
0.1
0.0
Free

500ms

300ms

100ms

33ms

Condition (time to view target)
Fig. 3. The relationship between aggregated ratings of strength and actual strength across
different exposure times for men's ratings only, women's ratings only, and combined
ratings. All correlations are based on N = 63 and all p b 0.02, with the exception of
women's ratings at 33 ms, where p = 0.17.

recorded the ratings into a spreadsheet while the participant's gaze was
tracked and recorded by the eye–tracking program. This portion of the
experiment tested the hypothesis that upper–body musculature is
used as a cue to formidability (H5).
2.3.7. SPFS administration and grip strength measurement
After completing the experimental tasks above, participants
answered basic demographic questions (e.g., height, weight, age, sex)
and completed the Self–Perceived Formidability Scale (SPFS). Finally,
participants' grip–strength was measured and recorded by a research
assistant: While seated, participants were asked to hold the Camry
digital hand dynamometer at their side, squeeze as hard as they could
for three seconds with their dominant hand, and release; the research
assistant recorded the resulting measurement and followed the same
procedure with the participant's non–dominant hand. Upon completion
of the study, participants were thanked for their time and asked not to
share information about the tasks in the study with others.
3. Results
3.1. Data considerations
Data were screened and analyzed using R and SAS (R Core Team,
2012; Sas & Guide, 2008). Strength ratings and actual strength were
standardized, as in Sell, Cosmides, et al., 2009. Unless otherwise noted,
assumptions of each analysis were reasonably met. Less than 2% of the
data were missing at the rater and target levels, so we used list–wise deletion for each analysis. One target was consistently a multivariate outlier and was excluded from all rating–analyses, thus, analyses at the
target level (i.e., individuals from the OK Photoset) are based on N =
63 unless otherwise noted.
3.2. Conﬁrmatory analyses
3.2.1. Are assessments of formidability spontaneous?
Yes. The prediction that assessments of formidability would be
accurate even when raters were not primed to assess formidability
(H1) is supported by a positive correlation between targets' composite
strength and aggregated ratings (N = 187) of spontaneous

assessments, r(60)2 = 0.31, 95% CI [0.06, 0.52], p = 0.02. Further, assuming that the distractor task worked as intended (i.e., that the successive assessments were also spontaneous) adds additional support for
the hypothesis; the aggregated subsequent ratings were positively
and statistically correlated with targets' actual strength, r(61) = 0.45,
95% CI [0.23, 0.63], p b 0.001. Finally, in support of the prediction that
participants could spontaneously assess group formidability (H2), 82%
of the participants identiﬁed the more formidable group in the ﬁrst
trial (i.e., when prior knowledge of the task was absent), which is statistically greater than chance guessing (50%) as indicated by a one–tailed
binomial test, 95% CI [0.77, 1.00], p = 2.2−16.
3.2.2. Are assessments of formidability fast?
Yes. As shown in Fig. 3, the prediction that participants would be
able to make accurate ratings of formidability even when stimulus presentation time is reduced (H3), is supported by positive statistical correlations of medium effect size between aggregated ratings and targets'
actual strength at 500 ms (r = 0.45, 95% CI [0.23, 0.63], p = 2.15−4),
300 ms (r = 0.42, 95% CI [0.20, 0.61], p = 6.11−4), and 100 ms (r =
0.45, 95% CI [0.23, 0.63], p = 2.15− 4). Even when presentation time
was 33 ms, aggregated strength ratings (N = 66; 23 female) were correlated with the targets' strength, r = 0.31, 95% CI [0.07, 0.52], p = 0.01.
Interrater reliability was high for all conditions (ICC's = 0.90–0.99) and
aggregated ratings at different presentation times were all highly correlated (Table 2).
3.2.2.1. Individual accuracy. To examine if ratings of strength are accurate
within individuals, we used a cross–classiﬁed multilevel linear model
(MLM). Cross–classiﬁed models allow ratings to be nested within both
the targets and raters and the intercepts to vary independently for
each. Modeling effects in this manner helps maximize power for designs
with multiple random factors (see Judd, Westfall, & Kenny, 2017;
Westfall, Kenny, & Judd, 2014).
Controlling for rater sex, individual ratings of strength were positively associated with target strength across the set presentation times
(γ = 0.24, p = 0.0005) and when raters had unlimited time to view targets (γ = 0.28, p = 0.0012). Every standard deviation increase in target
strength was associated, on average, with at least a 0.21 increase in individual ratings of that target, as would be predicted if ratings are tracking actual strength.
3.2.2.2. Differences by condition. The correlation between averaged ratings and target strength is somewhat lower at the fastest stimulus presentation (i.e., 33 ms) than when raters had no time limit to view the
targets (r = 0.47, 95% CI [0.24, 0.65], p b 0.001). A dependent–samples
Z test3 showed that the difference between the two correlations—0.31
2
One target was never shown in the spontaneous rating condition due to the randomization of stimuli across participants, so spontaneous ratings are based on N = 62.
3
The dependent samples Z–statistic was computed using an online calculator (Hoerger,
2013), which uses three correlations to assess the statistical difference between two dependent samples correlations that share a common measure (i.e., strength) based on
Steiger's (1980) formula. The third correlation, which restricts the level of deviation between the two correlations, is the correlation between the ratings being compared, in this
case r3 = 0.91 (Table 1).
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Fig. 4. Heat maps depicting aggregate time participants spent viewing different body areas for a representative subset of targets.

versus 0.47—was statistically different (ZH = 2.48, p = 0.0013), suggesting that accuracy differs at varying stimulus presentation times for
men's and women's ratings combined.
To further examine potential differences in accuracy across the set
presentation conditions (i.e., the 500, 300, 100, and 33 ms conditions),
we included presentation time in the MLM model as a covariate with
strength and sex; we left presentation time unstandardized as milliseconds for ease of interpretation. Presentation time negatively predicted
ratings (γ = −0.00036, p = 0.04), suggesting that every millisecond
decrease in presentation time is associated with a slight overall increase
in ratings. Importantly, target strength was still a robust predictor of
ratings holding presentation time constant (γ = 0.24, p = 0.0005).
3.2.2.3. Sex differences in ratings. As shown in Fig. 3, when participants
had unlimited time to view targets (i.e., in the free condition) and at exposure times of 500, 300, and 100 ms, correlations between target
strength and aggregated ratings did not markedly differ by sex. With
only 33 ms of exposure, women's ratings were no longer statistically
correlated with target strength (r = 0.18, 95% CI [− 0.07, 0.41], p =
0.17), while men's ratings were still moderately and statistically correlated with target strength (r = 0.41, 95% CI [0.25, 0.60], p = 8.47−4).
We further examined the inﬂuence of sex on ratings by including the
sex of raters (men = 0, women = 1) as a dummy–coded covariate in an
MLM. In the free rating condition, women generally made higher ratings
(γ = 0.16, p = 0.03); this addition to the model did not appreciably improve model ﬁt (see ESM), suggesting that the inﬂuence of sex on the
accuracy of ratings is negligible. Reproducing the model with the
time–constrained ratings did not reveal a statistical inﬂuence of sex on
ratings, (γ = − 0.02, p = 0.78). In sum, there does not seem to be a
meaningful difference in accuracy between male and female raters.
3.2.2.4. Is formidability attentionally adhesive?. Arguably, yes. We found
partial support for our prediction that participants would pay more
attention to formidable men than less formidable men in a dot–probe
task (H4). When the dot–probe stimuli were photos from the OK
photo set (i.e., real people), a paired samples t-test revealed no statistical
difference in mean reaction time (in milliseconds) between the congruent conditions (i.e., probe on same side as the more formidable individual; M = 478.21, SD = 66.50) and incongruent conditions (i.e., probe

opposite the more formidable individual; M = 477.90, SD = 67.34),
t(184) = 0.17, p = 0.87). However, in conditions where the images
from the UCLA Body Matrices II are used as the stimuli—where formidability is the only characteristic that differs—reaction times of congruent
conditions (M = 454.11, SD = 64.41) were, on average, statistically
faster than those in incongruent conditions (M = 465.85, SD = 66.37),
t(184) = 5.81, p = 2.69−8, d = 0.42. This effect4 is small–to–moderate
(Cohen, 1988), but suggests that, all else equal, formidability is indeed
attentionally adhesive.
3.2.3. Is the upper–body a salient cue of formidability?
Yes. We found support for the hypothesis that assessors rely on
upper–body musculature when assessing formidability (H5). A
repeated–measures ANOVA with targets (N = 64) as subjects revealed
an overall statistical difference in the number of seconds spent viewing
different body parts within targets, Fgreenhouse–geisser(1.78, 115.86) =
771.67, p = 1.07−63. Post–hoc tests using Bonferroni–adjusted alpha
levels revealed that, on average, participants spent statistically more
time looking at the chest of targets (M = 1.33, SD = 0.37) in comparison
to the face (M = 0.44, SD = 0.29), abdomen (M = 0.35, SD = 0.23), and
legs (M = 0.04, SD = 0.05), p's b 20−15, d's N 2.68. Further, as illustrated
in Fig. 4, participants gave the face and abdomen roughly equal amounts
of attention (p = 0.053) but gave statistically less attention to the legs of
targets than the upper body (p's b 6.4−11). The upper body, especially
the chest, is given a disproportionate amount of attention in assessments of formidability.
3.3. Exploratory analyses
To explore individual traits of raters and targets that may inﬂuence
assessments of formidability, we again employed cross–classiﬁed multilevel models treating both raters and targets as random effects. Statistically signiﬁcant covariates are discussed in sections to follow. See the
electronic Supplementary materials (ESM) for the full set of exploratory
models.
4
Effect size calculated using Morris and DeShon's (2002) equation eight, which corrects
for dependence between means using the correlation between the two means, r(185) =
0.91.
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3.3.1. Target–level covariates of strength ratings
As in Sell, Cosmides, et al. (2009), we examined if target–level characteristics, such as height, weight, attractiveness, and age moderated
ratings of strength. None of these variables were statistical contributors
in the model after controlling for target strength, sex of the rater, and
target presentation time (see ESM). The same was true in the model exploring target–level covariates of ratings based on free viewing (i.e., no
time constraints) of the targets (see ESM). No target–level covariates inﬂuenced time spent looking at any of the targets in the eye–tracking
task (see ESM). Target attractiveness (z–scored) was associated with
ratings of strength in both the time–constrained and unconstrained
models (γ = 0.39, γ = 0.41, p's b 0.001), even though attractiveness ratings are not correlated with target strength (r = −0.04, p = 0.75); this
may reﬂect a more general halo–effect of attractiveness on rater perceptions. Target strength still predicted strength ratings even when attractiveness was included in the model, γ = 0.15–0.18, p's b 0.02.
3.3.2. Rater–level covariates of strength ratings
We also explored the inﬂuence of rater–level traits ratings of
strength. We entered the rater's self–perceived formidability (SPF),
averaged grip strength (GS), height, weight, age into the model with
the aforementioned target–level traits, rater sex, and target strength
(see ESM). Controlling for these covariates, self–perceived formidability
(z–scored) was negatively related to ratings of strength in the unconstrained condition, γ = −0.10, p = 0.02. Each standard deviation increase in raters' self–perceived formidability was, on average,
associated with a 0.10 standard deviation decrease in ratings of
strength. This relationship was not found in the constrained conditions
(γ = −0.006, p = 0.88) suggesting that rater–level traits may only inﬂuence assessments of formidability when exposure time is N 500 ms.
However, self–perceived formidability was negatively associated with
gaze time in the eye–tracking task (γ = −0.06, p = 0.03), where raters
with higher self–perceived formidability spent less time looking at
targets while assessing formidability. No other rater–level traits under
examination (GS, height, weight, age) were associated with ratings of
strength in a statistically meaningful way (see ESM).
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Additionally, these results are the ﬁrst to document the duration of
exposure needed for accurate formidability assessment. Assessments
tracked target strength even at extremely fast presentation times
(i.e., 33 ms); that accuracy did not improve substantially after 100 milliseconds suggests that the necessary visual information about formidability is encoded within that time. Because information about
formidability is likely a factor in the computation of welfare tradeoff ratios (Sell, Cosmides, et al., 2009) and calculating cost–beneﬁt structure
of different behavioral outputs (e.g., aggression, deference), our ﬁndings
imply that formidability may begin to inﬂuence the course of social interactions almost as soon as they have begun.
Our results also highlight the potential for bias in assessment mechanisms, as assessments of target strength increased as exposure time
decreased (although relative strength still tracked equally well). This
overestimation is in accordance with the logic of Error Management
Theory (Haselton & Buss, 2000). In the case of formidability assessment,
individuals might overestimate the formidability of others under uncertainty because of the large potential ﬁtness costs associated with losing
a physical altercation. By similar logic, individuals who are relatively
more formidable than average might underestimate the formidability
of others under uncertain conditions due to the higher baseline odds
of victory; our ﬁnding of a negative relationship between self–
perceived formidability and strength ratings suggests that this may indeed be the case.
Finally, this is the ﬁrst study to use eye–tracking data to examine the
visual cues employed in formidability assessments. Our results show
that more attention is paid to the chest and shoulders of targets,
which emphasizes the salience of the upper–body musculature as a
cue to formidability. This ﬁnding comports well with proposals that
upper–body strength was the most ancestrally reliable predictor of formidability in human males (Sell, Cosmides, et al., 2009) and a characteristic under intrasexual selection via contest competition throughout
evolutionary history (Puts, 2010; Sell et al., 2012). That raters' self–
perceived formidability was negatively related to the amount of time
they spent viewing each target provides further evidence of the potential for bias in formidability assessment.
4.1. Future directions

4. Discussion
These results offer support for the hypotheses that assessment
mechanisms (H1 and H2) spontaneously assess both individual and
group formidability; (H3) quickly assess formidability; (H4) automatically attend to formidable men; and (H5) use cues contained in men's
upper–body musculature. Our results suggest that assessments are
only minimally affected by potentially confounding characteristics of
the assessor (e.g., sex) and target (e.g., attractiveness). While previous
research provided evidence of formidability assessment mechanisms
by showing that people can accurately assess strength from visual
cues, our ﬁndings extend existing evidence in several important ways.
To our knowledge, this study provides the ﬁrst experimental evidence that formidability is spontaneously assessed upon encountering
male conspeciﬁcs. Results of the dot–probe task further suggest that
(all else equal) the mind automatically attends to more formidable individuals. Formidability appears to be an evolutionarily salient characteristic that the mind has been designed to automatically track and
assess—much like sex, age, attractiveness, kinship, and group membership (Kurzban, Tooby, & Cosmides, 2001; Lieberman, Oum, & Kurzban,
2008; Maner, Gailliot, & DeWall, 2007; Stangor, Lynch, Duan, & Glas,
1992). Our results suggest that men and women are generally accurate,
reﬂecting the signiﬁcance of formidability assessment to both sexes:
men would have beneﬁted by avoiding costly conﬂicts and detecting
potential coalitional allies, and women from identifying mates better
able to acquire and maintain resources, defend offspring, and pass on
genes related to formidability—especially in dangerous environments
(c.f., Snyder et al., 2011).

Future research could elucidate additional nuances in the design features of formidability assessment mechanisms. The developmental trajectory of formidability assessment should be studied to ascertain how
these mechanisms are calibrated. Systematic examination of the modulating effects of contextual cues (e.g., current state of assessor, number
of allies, past outcomes, imminence of combat) on assessments is also
needed. Whether and how the outputs of rapid formidability assessments inﬂuence the course of downstream social outcomes is a fruitful
avenue for future investigation as well.
4.2. Conclusion
The current study bolsters and extends formidability assessment research in important ways by identifying hypothesized design features of
this crucial psychological adaptation. Our ﬁndings suggest that accurate
formidability assessments are spontaneous, quick, and based on
attentionally adhesive cues contained in sexually dimorphic upper–
body musculature. The existence of this collection of design features attests to the ancestral importance of beginning social encounters with
estimates of others' formidability in mind. Formidability assessment
mechanisms likely helped our ancestors solve a raft of adaptive problems and, consequently, still play a role in human social cognition.
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