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ABSTRACT
Throughout vertebrate evolution, asymmetries in the ability to inflict costs and
defend resources (i.e., formidability) likely impacted individual fitness and collecting
information about formidability (e.g., size, strength, fighting ability) would have been
crucial. Accordingly, the human mind should possess mechanisms that can efficiently
and accurately track formidability. Previous research has demonstrated that men and
women can accurately judge the formidability of others from minimal cues; however, the
speed and automaticity of such assessments have not yet been documented. Thus, in the
current study, participants underwent a battery of tasks designed to further examine
formidability assessment mechanisms. Results suggest that assessments of formidability
are automatic (i.e., do not need to be prompted) and fast (i.e., accurate with only 33
milliseconds of exposure). With a few interesting exceptions, theoretically–relevant
characteristics of the raters (N = 187) and targets (N = 64) did not influence these
assessments. Additionally, eye–tracking data highlight the salience of upper–body
musculature as a cue to strength. Taken together, these findings provide further evidence
for the existence of formidability assessment mechanisms and demonstrate the
importance of evolutionarily–relevant cues in person perception.
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CHAPTER 1
INTRODUCTION
All living organisms must be collect and decipher a barrage of information in
order to survive and reproduce. Accordingly, natural selection has shaped sensory organs
and brains to extract and analyze fitness–relevant information from the environment; the
human mind and senses are no exception. 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 related to
differential access to resources. One such asymmetry relates to individual differences in
formidability—the ability to impose physical costs on others.
Formidability (e.g., fighting ability, strength, toughness) varies across individuals
and is a major source of asymmetry in physical conflict, which is one route to increasing
an organism’s fitness (Maynard Smith & Parker, 1976). While physical competition has
the potential for high 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 a physical contest. Thus, organisms that can
efficiently and accurately assess the relative formidability of potential combatants will be
better able to estimate the outcome of physical altercations, ultimately leading to cost
avoidance and net fitness benefits. Thus, organisms should possess adaptations designed
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to detect, collect, and analyze fitness–relevant information regarding the potential
outcome of physical contest (e.g., asymmetries in formidability) (Parker, 1974).
Adaptations evolve and are shaped through the process of natural selection to
minimize costs and maximize benefits to fitness. As such, if individual information about
formidability was ancestrally salient, the human mind should possess psychological
adaptations designed to automatically detect, collect, and analyze information regarding
others’ formidability. There are, indeed, good reasons to believe that formidability played
an important role in the fitness of ancestral humans, and that the human mind is capable
of efficiently assessing the formidability of others, which will be discussed in the sections
to follow. Accordingly, the current study will attempt to extend existing evidence that the
human mind possesses adaptations designed to assess the formidability of others and
provide more direct evidence that these assessments occur spontaneously as part of a
mechanism designed to track asymmetries in formidability.
A Violent Past and the Importance of Formidability
Sell, Hone, and Pound (2012) have detailed the ancestral importance of
formidability, and several papers have summarized the evidence of violence in the
evolutionary past (e.g., Buss & Shackleford, 1997; Goetz, 2010). I will echo the
arguments here, as they are crucial to understanding why the human mind might possess
mechanisms designed to assess formidability. First, however, it is important to
communicate the rationale for how cognitive mechanisms arise. Cognitive mechanisms
evolve in response to recurrent challenges to survival and reproduction (i.e., adaptive
problems) over evolutionary history (Tooby & Cosmides, 1989). Thus, if the ability to
assess the formidability of others has evolved, there must have been consistent need (i.e.,
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selection pressure) to estimate the outcome of conflict in order to survive and reproduce.
That is, instances of aggressive conflict must have been frequent in the evolutionary past.
Evidence of such selection pressure is widespread across the animal kingdom,
where violence and aggressive conflict is, and likely always has been, a nearly universal
occurrence. Further, the archeological, anthropological, and historical record provide
compelling evidence that violence and aggression were a common threat to ancestral
humans, especially by young men (Daly & Wilson, 1988; Keeley, 1996; Walker, 2001;
Puts, 2010). Thus, success in physical conflict would have been important to the survival
and reproductive potential of ancestral males.
The effects of this selection pressure 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 evolution 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, Hone,
& Pound, 2012). Notably, these differences substantially influence an individual’s
formidability, making even the least formidable men more formidable than the average
woman. There is, however, considerably more individual variation in formidability
among men than among women (Lindle et al., 1997). As such, there is a statistically
higher chance that there is an asymmetry in the formidability between two men than
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between two women; this further highlights the importance of tracking male
formidability in order to monitor relevant asymmetries and avoid potential fitness costs.
Importantly, formidable individuals likely had several advantages over meek
individuals across social contexts throughout evolutionary history. Broadly, more
formidable individuals would have been better able to impose their will on others and
confer benefits to others (e.g., through within–group enforcement and between–group
representation) at lower cost than less formidable individuals (Lukaszewski, Simmons,
Anderson, & Roney, 2015). Correspondingly, a number of behavioral strategies (e.g.,
forceful imposition of will, frequent social interaction) may have been more successfully
implemented by formidable individuals as a means to increase fitness. In support of this,
trait–formidability seems to be tied to a number of behavioral and psychological
characteristics. For example, more formidable men tend to be more extraverted, more
aggressive, more easily angered, and feel more self–entitled (Archer & Thanzami, 2007;
Archer & Thanzami, 2009; Durkee & Goetz, 2016; Lukaszewski & Roney, 2011;
Lukaszewski, 2013; Petersen, Sznycer, Sell, Cosmides, & Tooby, 2013; Sell, Tooby, &
Cosmides, 2009; Tooby & Cosmides, 1990; von Rueden, Lukaszewski, & Gurven, 2015);
these tendencies appear to be adaptively tailored to individuals’ ability to successfully
benefit from implementing them. Thus, formidability may provide a cue (i.e., an
inadvertent indication) of another’s temperament and abilities—important information for
interactions among social organisms.
Because of the relevance of formidability, ancestral humans would likely have
benefited in a variety of ways from assessing and tracking cues to others’ formidability.
For example, through accurate assessments of others’ formidability, individuals might
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avoid confrontations with more formidable individuals, or escalate confrontations with
less formidable individuals, in a manner that increases net fitness payoffs (Parker, 1974).
Assessments of formidability were also likely to be beneficial when selecting coalitional
allies and leaders who are better able to acquire resources, enforce group norms, and
punish free–riders (Lukaszewski, Simmons, Anderson, & Roney, 2015). In addition to
the above motives for assessing formidability, women may have assessed the
formidability of men in order to estimate potential mates’ ability to protect offspring and
accrue resources; as such, strength and muscularity contribute to the overall perceived
attractiveness of men (Fink, Neave, & Seydel, 2007; Frederick & Haselton, 2007).
Moreover, assessing and tracking the formidability of others in the environment may
have provided an estimate of one’s own relative formidability; this self–assessment could
allow for the calibration of recurrent behavioral and psychological tendencies (i.e.,
personality) and situation-dependent behavior (Archer & Benson, 2008) to one’s
formidability (Lukaszewski, 2013).
Evidently, the pressures of aggressive conflict over the course of evolutionary
history made formidability a significant component of human social interaction. As such,
information regarding the formidability of others would have been highly valuable.
Consequently, the formidability assessment mechanism should automatically collect
information that can be used to efficiently and accurately assess formidability any time
the proper cues (i.e., conspecifics) are present.
Collecting Information about Formidability
There are two ways to collect information on another’s formidability: directly and
indirectly. Formidability could be directly assessed by fighting others, but this strategy
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carries the high potential costs of injury or death. Although potentially less accurate,
indirect assessments (i.e., assessing the fighting ability of another individual without
engaging in conflict) would be the most cost–effective way of assessing formidability.
Because selection would favor an approach that minimizes costs, indirect assessments
should be used more frequently than high–cost direct assessments.
To understand how the brain might indirectly assess formidability, architecture
must be identified that would be able to collect information from the environment. An
obvious candidate for such a scaffolding involves the visual system, which provides a
low–cost, unobtrusive, and relatively accurate framework for information collection.
Indeed, research has demonstrated that visual information can be used to make judgments
about others’ formidability, which is discussed in the section to follow.
Existing Evidence for Assessments of Formidability
Sell, Cosmides, Tooby, Sznycer, von Rueden, and Gurven (2009) provided the
first evidence that people can accurately assess the strength of others from visual cues.
Participants’ 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. Further, the estimates of men’s fighting ability were associated with their actual
number of fights, further supporting the link between formidability and aggression.
Interestingly, the between–subject ratings of strength and fighting ability were highly
correlated, illustrating the conflation of strength and fighting ability in the human mind.
Additionally, Sell et al. (2010) demonstrated that auditory cues can also be used to
accurately assess formidability. Moreover, in both studies, the ability to accurately assess
formidability (from both visual and auditory cues) held across stimuli from a range of
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populations (i.e., United States and Romanian college students, Bolivian horticulturists,
and Andean pastoralists). In these studies, however, participants were prompted to make
ratings of formidability; hence, while raters used strength and body size as a cue of
formidability, the assessments were not spontaneous.
Additional indirect evidence for spontaneous visual assessments of formidability
comes from two separate meta–analyses establishing that people pick up on 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 fighting ability (Little, Třebický, Havlíček,
Roberts, & Kleisner, 2015; Třebický, Fialová, Kleisner, Roberts, Little, & Havlíček,
2015; Zilioli, Sell, Stirrat, Jagore, Vickerman, & Watson, 2015). Again, while these
studies provide evidence that people can make accurate judgments of formidability (and
that certain cues are intuitively used), they leave unanswered the question of whether or
not these assessments occur spontaneously in everyday life.
An evolutionary perspective would predict that humans possess mechanisms
designed to automatically track and assess the formidability of others in order to calculate
the costs and benefits of potential behavioral outputs (e.g., aggression, dominance,
submission). Yet, existing evidence falls short of providing direct evidence for these
claims. There are, however, self–report data suggesting that men engage in spontaneous
assessments of formidability more than women (Fox, 1997 as cited in Buss, 2015).
Further, men and women report consciously thinking about the strength and toughness of
other men (but not of women), and men are more likely to report having these thoughts
than women (Durkee, Romero, Park, & Goetz, 2015). However, self–reports of the
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frequency of spontaneous assessments are potentially unreliable, as they likely occur
without conscious awareness.
Clearly, details about formidability assessment mechanisms are not well
understood: How quickly do assessments happen? Does the assessment mechanism need
to be provoked by more than the simple existence of cues to formidability within the
environment? These questions are crucial to understanding the role that assessments of
others’ formidability play in everyday social interaction.
The Current Study
In the preceding review, I have outlined the theoretical reasoning for why
cognitive mechanisms designed to spontaneously track and assess formidability might
exist, provided supporting research for their existence, and highlighted a gap in the
evidence for such claims. To reiterate, there is currently no direct evidence to suggest that
assessments of others’ formidability occur spontaneously, nor is there research examining
the speed at which these assessments are made. To address this gap, I have developed
several hypotheses that expand on previous research and provide new evidence to
document the speed and automaticity of formidability assessment mechanisms.
Due to the ancestral importance of formidability, the assessment mechanism
should spontaneously assess formidability of conspecifics. As such, I hypothesized that
(H1) when shown an image of a person for 2000 milliseconds, participants will provide
accurate ratings of an individual’s strength in a surprise recall task (i.e., in a task where
they are not explicitly asked to make this assessment before seeing the target individual).
Relatedly, the design features of the formidability assessment mechanism may
also allow for the assessment of multiple targets very quickly. That is, if participants
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intuitively assess the formidability of individuals, then they should be able to judge the
relative formidability of groups by combining each individual’s formidability. Therefore,
I hypothesized that, in another surprise recall task (H2) groups with greater combined
formidability (i.e., more strong/muscular men) will be endorsed more often as the
stronger group than the groups with lesser combined formidability.
My third hypothesis examines the speed at which assessments occur. Specifically,
I hypothesized that (H3) participants’ ratings of formidability will be accurate, even with
brief exposure to a target (i.e., 500 ms, 300 ms, 100 ms, 33 ms). However, I have no
strong predictions about the minimum exposure needed before accuracy is lost.
Fourth, I examined the saliency of information related to formidability. I
hypothesized that (H4) formidable individuals capture more attention than non–
formidable individuals. If formidability is an important cue that the mind spontaneously
tracks, then when two people are presented on opposing sides of the visual field,
participants should automatically attend to the more formidable individual and be slow to
disengage attention.
Additionally, previous research suggests that upper–body strength is the most
reliable cue of formidability (Sell et al., 2009; Sell et al., 2010). As such, I hypothesized
that (H5) assessors will spend more time looking at the upper body of targets than the
lower body. Further, I predicted that the chest and shoulders will be attended to the most,
followed by the face, abdomen, and legs, respectively.
Finally, I explored characteristics of assessors and targets that influence
assessments of formidability. Due to the different evolutionary pressures faced by
ancestral men and women, men may be more likely to make assessments of formidability
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than women. By a 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 et al., 2009). In the current study, I further examined the
influence of sex on assessments. Additionally, I explored characteristics of assessors that
might influence assessments of formidability. Some research suggests that stronger men
might underestimate the formidability of others (i.e., Fessler, Holbrook, and Gervais,
[2014]), but it is also plausible that the mechanism is designed to be impervious to
outside influences. Therefore, I further investigated whether assessments are influenced
by theoretically–relevant variables (e.g., strength of the assessor).
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CHAPTER 2
METHOD
Participants
A power analysis indicated that to achieve 90% power to detect a medium
positive (i.e., one–tailed) correlation between the target’s strength and participant ratings,
I would need to collect data from at least 40 individuals. As such, I aimed to recruit
roughly 40 participants for each condition of stimulus presentation speed (i.e., four
conditions: 500 ms, 300 ms, 100 ms, 33 ms). Additionally, I sampled roughly equal
numbers of men and women (i.e., 20 of each sex per condition).
Participants (N = 187; 91 women) were recruited from the student research pool at
California State University, Fullerton (CSUF). Participants were compensated for their
time with partial fulfillment of an assignment required for course credit in an introductory
psychology course. Further, participants were incentivized 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.
All procedures were approved by CSUF’s Institutional Review Board.
The age of participants ranged from 18 to 51 years old (M = 19.94, 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%).
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Materials
PsychoPy
The experiment was created in PsychoPy, a free, open–source, experiment–
building program based on the Python coding language (Peirce, 2007). The experiment
took place on one lab computer running Windows 7 (screen resolution: 1440 × 900).
Stimuli
The stimuli set for strength assessments consisted of 64 photos of male students at
Oklahoma State University (hereafter referred to as the OK Photoset) that were taken as
part of an ongoing project (Lukaszewski, 2016). This photoset contains full body images
of men in black gym shorts with no shirt. Each photo (hereafter referred to as targets) is
associated with several measures of strength (i.e., grip strength and chest strength) which
were standardized and combined to form the composite variable, physical strength.
Additionally, computer generated images of men’s bodies from the UCLA Body Matrices
II (Frederick & Peplau, 2007) were used to test the group–assessment hypothesis and the
attentional adhesion hypothesis.
Eye–tracker
The eye tracker that was used is the Gazepoint GP3 Eye–Tracker and Remote
Calibration software (purchased with funds from the ASI Student Research Grant #16–
079). The eye tracker was mounted below the computer’s monitor. The eye–tracking data
collection took place on the same computer as the rest of the study.
Procedures
Upon arriving at the lab, participants were greeted by a research assistant (RA)
and seated at a computer. Next, participants were asked to review and sign a consent
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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. Once consent was obtained, the RA 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 instructions on the screen to
proceed. Subsequently, participants completed several different tasks as part of the study:
each is explained below along with instructions for the participant.
Spontaneous Assessment Task
The first hypothesis, that participants will be able to make accurate assessments of
formidability (i.e., strength) without being prompted to make this assessment before
stimuli are presented (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 photoset for 2000 ms. The target was then
removed and the participants were asked to rate the physical strength of the target using a
7–point scale anchored by “Very weak” and “Very strong” (as per Sell et al., 2009);
participants used the mouse to select their rating from a scale presented on the computer
screen.
My claim of spontaneous assessments is dependent on the participant not being
explicitly prompted to assess formidability before seeing targets. Therefore, participants
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were presented 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 remained
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 to for participants to identify a pattern. Moreover, after each
rating, participants were presented with a distractor task meant to prevent them from
knowing when the next image would be presented.
Distractor task. Following a fixation cross, participants were shown a colored
square and were instructed to indicate if it was orange or not. The participant completed
between 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 of distractor tasks was followed by a target and then a rating prompt was repeated
nine times in succession.
Spontaneous group assessment. To test the hypothesis that participants will be
able to accurately gage the fighting ability of two groups of men (H3), participants were
presented with two, 2 × 2 arrays of pictures from the UCLA Body Matrices II (Frederick
& Peplau, 2007). One array consisted of three muscular men and one weaker man, and
another consisted of three weaker men and one muscular man. Each pair was presented
for 2000 ms in random order (i.e., the strong groups did not consistently appear before
the weak groups or vice versa). After both stimuli were presented and removed,
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participants were asked to indicate which group consisted of stronger men (the first or
second group) by clicking a corresponding button on the computer screen. Importantly,
this task followed after a distractor task and the participants were not informed of what
their goal in the task was prior to seeing the stimuli.
Speed Assessment Task
The hypothesis that participants would be able to make accurate ratings of
formidability even with minimal exposure (H2), was tested by quickly presenting targets
followed by a rating prompt. Upon starting the task, a fixation cross appeared for 1000
ms, followed by a target presented for either 33, 100, 350, or 500 ms (presentation time
was constant within participants). After the target was flashed and masked, the participant
was prompted to rate the target’s strength on a 7–point scale (1 = “Very Weak”,
7 = “Very strong”), as they were in the first spontaneous assessment task. There were 64
trials in total and every target was shown to every participant.
Attentional–Adhesiveness Task
The hypothesis that formidable individuals are more likely to be automatically
attended to (i.e., capture more attention) than less formidable individuals (H4) was tested
using the dot–probe paradigm, a common method for testing attentional–bias hypotheses
(e.g., Bryant & Harvey, 1997). Instructions were presented to the participants 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
photoset (pairings were determined by taking one target photo from the highest quartile
on the physical strength composite and one from the lowest quartile) or two extremes
from the UCLA Body Matrices II. The images were presented for 1000 ms, removed, and
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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 25 counter–balanced experimental trials.
Eye–Tracking Ratings
After the PsychoPy portion of the study was completed, the RA started the eye–
tracker’s calibration program. The participant then completed the calibration process
where they followed a moving dot with their eyes through nine calibration points;
participants were asked to repeat the process if calibration was poor. Once the eye–
tracker was calibrated, the participants were shown each target again (in a randomized
order that was fixed across participants) and asked to rate each target’s physical strength
(again on a 7–point scale) by saying a number to the RA, who recorded the ratings into a
spreadsheet while the participant’s gaze was tracked and recorded by the eye–tracking
program.
Self–Perception Survey and Grip Strength
After completing the tasks above, participants answered basic demographic
questions (e.g., height, weight, age, sex) and completed the Self–Perceived Formidability
Scale (SPFS). The SPFS consists of nine questions (see Table 2; Appendix A), each with
four response categories (1 strongly disagree; 4 = strongly agree). Scores on the SPFS
were computed from the mean of an individual’s responses ( = .90). Finally, the
participants’ left and right grip strength was measured using a dynamometer (Camry
digital hand dynamometer); an average of the left and right grip–strength (in pounds) was
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computed for use in analyses (Mmen = 91.07, SDmen = 22.43; Mwomen = 60.80,
SDwomen = 11.72). As shown in Figure 1, participants’ self–perceived formidability was
moderately correlated with averaged grip strength for both men, r(95) = .42, 95% CI [.23,
.57], p = 3.4–5, and women, r(91) = .58, 95% CI [.42, .70], p = .00001.
Upon completion of the survey, participants were thanked for their time and asked
to provide an email address to be contacted at if they won the opportunity drawing.
Finally, participants were asked not to share information about the tasks in the study with
others because knowledge of the tasks could bias the results
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Figure 1. Scatterplot depicting the relationship between self–perceived formidability and
averaged grip strength for male and female participants.
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CHAPTER 3
RESULTS
Data Considerations
Prior to analysis, rater data files (N = 187) were combined into a master data file.
Subsets were then created for each analysis as necessary. Data were screened and
analyzed using R and SAS (R Core Team, 2012; SAS Institute Inc., 2008). Strength
ratings and actual strength were standardized, as in Sell et al. (2009). Unless otherwise
noted, assumptions of each analysis were reasonably met. One target was consistently an
influential outlier in pilot tests and was excluded from all analyses; thus, all analyses at
the target level (i.e., individuals from the OK Photoset) are based on N = 63 unless
otherwise noted. Less than 2% of the data were missing at the rater and target levels; as
such missingness was handled with list–wise deletion for each analysis.
Confirmatory Analyses
Are Assessments of Formidability Spontaneous and Fast?
Spontaneous? Yes. The hypothesis that assessments of formidability would be
accurate even when raters were not primed to assess formidability (H1) is supported by a
positive statistical correlation between targets’ composite strength and aggregated ratings
(N = 187) of spontaneous assessments, r(60)1 = .31, 95% CI [.06, .52], p = .02. Further,

1

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.
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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) = .45, 95% CI [.23, .63], p < .001. Finally, in support of the hypothesis
that participants could spontaneously assess group formidability (H3), 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 [.77, 1.00], p = 2.2–16.
Fast? Yes. In support of the hypothesis that participants would be able to make
accurate ratings of formidability even when stimulus presentation time is reduced (H2),
there are positive medium statistical correlations between aggregated ratings and targets’
actual strength at 500 ms (r = .45, 95% CI [.23, .63], p = 2.15–4), 300 ms (r = .42, 95% CI
[.20, .61], p = 6.11–4), and 100 ms (r = .45, 95% CI [.23, .63], p = 2.15–4). Even when
presentation time was 33 ms, aggregated strength ratings (N = 66; 23 female) were
statistically correlated with the targets’ strength, r = .31, 95% CI [.07, .52], p = .01.
Further, interrater reliability was high for all conditions ( ’s = .90 – .99) and aggregated
ratings at different presentation times are all highly correlated (Table 1).
Table 1. Correlations Between Aggregated Ratings of Strength by Condition
5
1
2
3
4
6
Condition
.99
1. Free
.91
.90
2. Spontaneous
.97
.92
.97
3. 500 ms
.95
.91
.98
.96
4. 300 ms
.96
.90
.97
.98
.96
5. 100 ms
.85
.80
.92
.92
.89
.93
6. 33 ms
Note: all correlations are based on N = 63, p’s < .001. Inter-rater reliability for each condition
is listed on the diagonal.
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Individual accuracy. To examine if ratings of strength are accurate within
individuals, I used a cross–classified multilevel linear model (MLM). This type of MLM
allows ratings to be nested within both the targets and raters, allowing the intercepts to
vary independently for each (see Figure 2). Modeling effects in this manner has been
shown to provide maximum power for designs with multiple random factors (see Judd,
Westfall, & Kenny, 2017; Westfall, Kenny, & Judd, 2014).

Raters

Targets

Strength Ratings
Figure 2. The nested structure of strength ratings, where each rating belongs to only one
rater, and only one target, but ratings are crossed (shared) between targets and raters.
All variables were z–scored prior to analysis, which allows the MLM coefficients
( ) to be compared and interpreted in the same manner as standardized regression
coefficients (Sell et al., 2009). Controlling for rater sex, individual ratings of strength
were positively associated with target strength across the set presentation times ( = .24,
p = .0005) and when raters had unlimited time to view targets ( = .28, p = .0012). Thus,
every standard deviation increase in target strength was, on average, associated with at
least a .21 increase in individual ratings of that target, as would be predicted if ratings are
tracking actual strength.
Differences by condition. The relationship 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 = .47, 95% CI [.24, .65], p < .001). A
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dependent–samples Z test2 showed that the difference between the two correlations—.31
versus .47—was statistically significant (ZH = 2.48, p = .0013), suggesting that accuracy
differs at varying stimulus presentation times for men’s and women’s ratings combined.
Further, examining accuracy at different exposure times by sex of the rater revealed
potential sex differences (see Figure 3).

Correlations (r) between ratings and target strength

1.0
0.9
Combined

0.8

Men

0.7

Women

0.6
0.5
0.4
0.3
0.2
0.1
0.0
Free

500ms

300ms

100ms

33ms

Condition (time to view target)

Figure 3. The relationship between aggregated ratings of strength and actual strength
across different exposure times broken apart for men’s ratings only, women’s ratings
only, and combined ratings. All correlations are based on N = 63 and all p < .02, with the
exception of women’s ratings at 33 ms, where p = .17.

2

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 = .91 (Table 1).
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To further examine potential differences in accuracy across the set presentation
conditions (i.e., the 500, 300, 100, and 33 ms conditions), presentation time was entered
into the MLM model as a covariate with strength and sex. Interestingly, presentation time
was negatively related to ratings ( = –.00036, p = .04), suggesting that every millisecond
decrease in presentation time is associated with a slight increase in overall ratings.
Importantly, target strength was still a robust predictor of ratings holding presentation
time constant ( = .24, p = .0005).
Sex differences in ratings. As shown in Figure 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. However, at 33 ms of exposure, women’s ratings were no longer
statistically correlated with target strength (r = .18, 95% CI [–.07, .41], p = .17) while
men’s ratings were still moderately and statistically correlated with target strength
(r = .41, 95% CI [.25, .60], p = 8.47–4).
I further examined the influence of sex on ratings by including the sex of raters
(men = 0, women = 1) as a covariate in an MLM. In the free rating condition, sex was
statistically associated with ratings ( = .08, p = .03); however, this addition to the model
did not appreciably improve model fit (see Appendix B; Table 3), suggesting that the
influence of sex on strength assessments is negligible. Additionally, reproducing the
model with the time–constrained ratings did not reveal a statistical influence of sex on
ratings, ( = –.01, p = .78). As such, there does not seem to be a meaningful difference in
accuracy between male and female raters.
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Is Formidability Attentionally Adhesive?
Somewhat. The hypothesis that formidable individuals would more likely be
automatically attended to (i.e., capture more attention) than less formidable individuals in
a dot–probe task (H4) was partially supported. When the dot–probe stimuli were photos
from the OK Photoset (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) = .17, p = .87. However, in conditions where the images from the
UCLA Body Matrices II are used as the stimuli (i.e., 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 = .42. This effect3 is somewhat
small to moderate (Cohen, 1998), but suggests that—all else equal—formidability is
indeed attentionally adhesive.
Is the Upper–Body a Salient Cue of Formidability?
Yes. The hypothesis that participants would spend more time looking at the chest
and shoulders, than the abdomen, face, or legs of the targets when assessing formidability
(H5) was supported. 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

3

This effect size was calculated using Morris & DeShon’s (2002) equation eight, which corrects for
dependence between means using the correlation between the two means, r(185) = .91.
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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 = .37) in comparison
to the face (M = .44, SD = .29), abdomen (M = .35, SD = .23), and legs (M = .04,
SD = .05), p’s < 20–15, d’s > 2.68. Further, as shown in Figure 4, the face and abdomen
were given an equal amount of attention (p = .053) and all body parts were given more
attention than the legs (p’s < 6.4–11). As such, it seems that the upper body (specifically
the chest) is given a disproportionate amount of attention in assessments of formidability,
while the lower body is not used a cue.

1.5
1.4
1.3

Mean Gazetime (seconds)

1.2
1.1
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Face

Chest

Abdomen

Legs

Body Area

Figure 4. Average amount of time (in seconds) spent viewing body areas of interest and
95% confidence intervals for each. All pairwise comparisons are statistically different
from each other at p < .001, except for the face and abdomen comparison, p = .053.
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Exploratory Analyses
In order to explore individual traits of raters and targets that may influence
assessments of formidability, I again employed cross–classified multilevel models
treating both raters and targets as random effects. Statistically significant covariates are
discussed in sections to follow. Appendix B contains tables with information for the full
set of exploratory models.
Target–Level Covariates of Strength Ratings
As in Sell et al. (2009), I 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 (Appendix B, Table 3, and Table 4). 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 Appendix B, Table 5). Additionally, no target–level
covariates influenced time spent looking at any of the targets in the eye–tracking task (see
Appendix B, Table 6). Interestingly, target attractiveness was statistically associated with
ratings of strength in both the time–constrained and unconstrained models ( = .39,
= .41, p’s < .001), even though attractiveness ratings are not correlated with target
strength (r = –.04, p = .75); this may reflect a more general halo–effect of attractiveness
on rater perceptions. Importantly, target strength still predicted ratings even when
attractiveness was included in the model,

= .15 – .18, p’s < .02.

Rater–Level Covariates of Strength Ratings
I also explored the influence of rater–level traits ratings of strength. To do so, I
entered the rater’s self–perceived formidability (SPF), averaged grip strength (GS),
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height, weight, age into the model with the aforementioned target–level traits, rater sex,
and target strength (see Appendix B, Table 4). Controlling for these covariates, self–
perceived formidability was negatively related to ratings of strength in the unconstrained
condition,

= –.10, p = .02. As such, a standard deviation increase in the rater’s self–

perceived formidability was, on average, associated with a .10 standard deviation
decrease in ratings of strength. This relationship was not found in the constrained
conditions ( = –.006, p = .88) suggesting that rater–level traits may only influence
assessments of formidability when exposure time is more than 500 ms. However, self–
perceived formidability was negatively associated with gaze time in the eye–tracking task
( = –.06, p = .03), where raters with higher self–perceived formidability spent less time
looking at targets while assessing formidability. No other rater–level traits were
associated with ratings of strength in a statistically meaningful way (see Appendix B).
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CHAPTER 4
DISCUSSION
These results offer support for the hypotheses that (1) assessments of
formidability are accurate even when participants are not prompted to make these
assessments before seeing a target; (2) group formidability is spontaneously assessed; (3)
assessments are accurate even with limited exposure to a target; (4) formidability is
attentionally adhesive; and (5) upper–body strength is a salient cue of formidability.
Moreover, it appears that the accuracy of assessments is only minimally affected by the
amount of exposure to targets, characteristics of the assessor, and potentially confounding
characteristics of the target. Importantly, while attractiveness of the target is associated
with ratings of strength (where more attractive individuals are rated as stronger), strength
was still a reliable predictor of ratings when controlling for the effects of attractiveness.
Together, these findings hold important implications for an understanding of
formidability assessment mechanisms and—at a wider scope—person perception.
Implications for Formidability Assessment Research
These findings provide the first experimental evidence for the main premise of
this study: assessments of formidability are automatic. Ratings of strength were accurate
in the surprise–recall task, suggesting that information about strength was automatically
collected and encoded by participants. Even when the assessments involved groups, the
vast majority of participants were able to accurately identify and remember the more
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formidable group without being instructed to do so beforehand. Further, the results of the
dot–probe task suggest that the mind preferentially and spontaneously attends to cues to
formidability. As such, formidability appears to be an evolutionarily salient characteristic
that the mind has been designed to unconsciously 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).
Additionally, these results are the first to document the amount of exposure
needed to accurately assess formidability. Information about formidability would likely
important for downstream computations, such as welfare tradeoff ratios (i.e., the value
placed on another’s well–being relative to oneself; Sell, Tooby, & Cosmides, 2009 a), and
behavioral outputs (e.g., aggression, extraversion). Accordingly, assessment mechanisms
should have evolved to assess the formidability of others quickly from minimal exposure.
In support of this argument, the current study demonstrated that assessments are indeed
accurate at extremely fast presentation times (i.e., 33 ms). Further, accuracy does not
seem to improve substantially after 100 milliseconds, which suggests that all necessary
visual information about formidability is encoded within that time.
It is also interesting that ratings of target strength increased as exposure time
decreased (although relative strength was still tracked equally well). This overestimation
is in accordance with the logic of Error–Management Theory (Haselton & Buss, 2000),
which states that decisions made under uncertainty will err on the side of minimizing
potential fitness costs. In the case of formidability assessment, individuals might
overestimate the formidability of others under uncertainty because of the high potential
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fitness–costs of 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; the negative
relationship between self–perceived formidability and strength ratings in the free–rating
condition suggests that this may indeed be the case.
Finally, this is the first study to use eye–tracking data to examine the visual cues
that are employed by assessors in assessments of formidability. Far more attention was
given to the chest of targets, highlighting the salience of the upper–body musculature as a
cue to formidability. This agrees with evidence that upper–body strength may be the most
reliable predictor of formidability in human males (Sell et al., 2009). Further, this
predisposition likely reflects the evolutionary importance of upper–body strength in
men’s intrasexual competition throughout evolutionary history (Sell, Hone, & Pound,
2012). It is also interesting that raters’ self–perceived formidability was negatively
related to the amount of time they spent viewing each target, as it bolsters the evidence
that internal regulatory variables may influence perceptions and judgments of others.
Implications for Person Perception Research
Considering the implications of formidability assessments could be beneficial for
our understanding of person perception. Specifically, this new evidence for the
automaticity and speed of assessments of formidability could be integrated with existing
research on evaluations of other characteristics (e.g., sex, age, health, attractiveness, and
group membership), as well as research regarding subsequent inferences about
personality traits (e.g., trustworthiness, competence, likeability, and aggressiveness;
Willis & Todorov, 2006). In Figure 5, I have constructed a model postulating where
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formidability assessments fit with evidence of other interpersonal–evaluations as an
example of how existing research could be incorporated. These quick perceptions,
assessments, and judgments may form the basis for subsequent calculations of social
value and the resulting interpersonal valuation of an individual (see Figure 5).
Understanding the progression of such basic processes, and their interactions with
various internal regulatory variables (e.g., self–perceived attractiveness, formidability,
social value; Sugiyama, 2005), that precede behavioral outputs (e.g., approach,
avoidance) provides a holistic approach to explaining various factors of interpersonal
interaction. Improved theoretical models that incorporate an appreciation for adaptations
shaped over the course of human evolution may help to clarify the myriad of ways in
which information about others affects downstream computations and behavioral outputs.
As an example, in the evolutionary past, certain traits might have reliably
indicated a variety of characteristics that were relevant to an individual’s social value,
which should have triggered inferences based on those characteristics. Specifically,
formidability likely increased an individual’s ability to acquire resources, protect
offspring, and enforce group norms (von Rueden et al., 2015). Fittingly, formidability is
associated with inferences of competency, leadership ability, aggression, and fighting
ability (Lukaszewski et al., 2015; Sell et al. 2009b). These inferences might serve to
regulate welfare tradeoff ratios to place more or less weight on the target–individual’s
well–being. Moreover, the current research suggests that judgments may be at least
partially dependent on characteristics of the assessor, such as self–perceived
formidability.
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Figure 5. A hypothesized model integrating evidence for the speed of basic processes of person perception with theoretically relevant
downstream computations that lead to behavioral outputs.
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Limitations & Future Directions
Several methodological limitations may inhibit strong conclusions from my
findings. Even though I employed a surprise–recall task, raters were still prompted to
recall formidability. Thus, while it can be concluded that participants automatically
encoded information about formidability, the evidence could be improved by future
research through the use of established paradigms for examining memory and encoding
(e.g., the memory confusion paradigm) (Taylor, Fiske, Etcoff, & Ruderman, 1978).
Implementing such tasks would remove the need for explicit instructions and allow for
more concrete claims regarding the spontaneity of formidability assessments.
Additionally, while reducing the presentation time of targets was necessary to
examine the speed of formidability assessments mechanisms, real–life assessments are
not restricted in the same manner; most encounters with others in the environment
provide far more time to accurately encode formidability. Thus, slight differences in
assessments at this speed may not have many ecologically relevant implications, although
potentially important downstream consequences should be examined by future research.
A third potential methodological limitation may be due to the order of the
experimental tasks. The results suggest that formidability is attentionally adhesive, but
participants may have been primed by earlier tasks to attend to formidability. Future
research should circumvent these potential order effects. In defense of the current study,
however, participants’ attention to relevant cues would still have been spontaneous even
if they had been primed to think about formidability.
Finally, the convenience sample used here is fairly homogeneous (i.e., young–
adult college students) and is not representative of the majority of the population.
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However, since the mechanisms under examination in the study should be part of the
universal design of the human mind, it is unlikely that the sample would alter the
findings. Still, future research should aim to replicate these findings in different
populations, especially in non–WEIRD (i.e., Westernized, Industrialized, Rich, and
Democratic) (Henrich, Heine, & Norenzayan, 2010) samples. Notably, previous research
has documented accurate assessments of individuals from both Bolivian horticulturalists
and Andean pastoralists (Sell et al., 2009a), but no research has yet examined
formidability assessments in different cultures. Because formidability assessment
mechanisms evolved to solve an ancient problem, tests of these mechanisms should yield
similar results across populations where reliable visual cues of formidability exist.
Conclusion
This study highlights the usefulness of an evolutionary approach for exploring
human psychology and behavior. That is, a consideration of the adaptive landscape and
associated challenges faced by human ancestors can lead to novel predictions and
findings (Tooby & Cosmides, 1990a). The existence of formidability assessment
mechanisms, for example, likely reflects the importance of tracking formidability for
survival and reproduction across evolutionary history. While assessments of formidability
likely do not contribute significantly to the human fitness in modern society, and may
even lead to socially sanctioned behavioral outputs (e.g., aggression), an appreciation for
the ultimate purpose of our putatively numerous cognitive mechanisms augments our
understanding of the mind. In aggregate, evolutionary explanations may ultimately serve
to elucidate both the universal and unique features of human psychology.
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APPENDIX A
SELF–PERCEIVED FORMIDABILITY SCALE
I constructed the Self–Perceived Formidability Scale (SPFS) using Item Response
Theory. The psychometric properties the SPFS were initially examined in a community
sample (N = 227). An original item pool of 21 items was reduced to nine based on scale
modification criteria (e.g., clarity, redundancy, unidimensionality, local dependency).
Overall, the scale exhibited acceptable internal validity as evidenced by an exploratory
factor analysis and good fit indices under the Nominal Response Model (RMSEA = .04,
NNFI = .97). Theta scores for the SPFS were moderately correlated with the Sell et al.
(2009b) anger–proneness measure (rmen = .32, rwomen = .14, p’s < .03) and the Rosenberg
Self–Esteem Scale (Rosenberg, 1965), r = .45, providing evidence of external validity. In
the current study, raw scores were used rather than theta scores for simplicity. The
psychometric properties of the SPFS as assessed by internal consistency and total
reliability are provided in Table 2. The moderate correlation between the SPFS and
averaged grip strength, rmen(95) = .42; rwomen(91) = .58, in participants of the current study
bolsters the evidence for external validity of the SPFS.
Table 2. Self–Perceived Formidability Scale (SPFS) items and inter–item correlations
Items
1. I am a physically strong person.

Inter–Item
Correlations
0.76

2. I am a physically stronger than most people my age and sex.

0.77

3. If I had to, could beat most people my age and sex in a fight.

0.76

4. I am weaker than the majority of people my age and sex. [R]

0.71

5. I could win in hand–to–hand combat against most people my age and sex.

0.75

6. Most people my age and sex could take me in a fight. [R]

0.58

7. I could probably hold my own in a fight.

0.68

8. I am physically tough.

0.80

9. If I had to, I could probably use my strength and toughness to get my way.

0.59

Note. Inter–item correlations are corrected for item overlap and scale reliability
(Cronbach’s alpha = .90). Item 4 and Item 6 are reverse coded.
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APPENDIX B
ADDITIONAL TABLES FOR MLM ANALYSES
Table 3. Confirmatory Models for Controlled Exposure Time Conditions.
Null Model
Cov. Parameter
Intercept
Intercept
Residual
Effect
Intercept
Model Fit
Cov. Parameter
Intercept
Intercept
Residual
Effect
Intercept
T Strength
Model Fit

AIC = 25869.30
Covariance Parameter Estimates
Subject
Estimate
Standard Error
Target
0.3152
0.0571
Rater
0.1916
0.02074
0.4927
0.006506
Solution for Fixed Effects
Standard Error
DF
–0.01539
0.07795
62
Covariance Parameter Estimates
Estimate
Standard Error
0.2615
0.0478
0.1916
0.0207
0.4927
0.0065
Solution for Fixed Effects
Standard Error
DF
–0.02144
0.07229
92.6
0.06555
61
0.24190
Subject
Target
Rater

Effect
Intercept
T Strength

Covariance Parameter Estimates
Subject
Estimate
Standard Error
Target
0.2615
0.0478
Rater
0.1926
0.0209
0.4927
0.0065
Solution for Fixed Effects
Standard Error
DF
–0.012460
0.07914
125
0.241900
0.06555
61

R Sex

–0.018360

Cov. Parameter
Intercept
Intercept
Residual

0.06567

184

Z Value
5.52
9.24
75.73

Pr > Z
<.0001
<.0001
<.0001

t
p
–0.20
0.8441
AIC = 25860.40
Z Value
5.47
9.24
75.73

Pr > Z
<.0001
<.0001
<.0001

t
p
–0.30
0.7675
3.69
0.0005
AIC = 25864.00
Z Value
5.47
9.22
75.73

Pr > Z
<.0001
<.0001
<.0001

t
–0.16
3.69

p
0.8752
0.0005
0.7801

–0.28
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Table 3 continued.
Model Fit

AIC = 25875.20
Covariance Parameter Estimates

Cov. Parameter
Intercept
Intercept
Residual

Subject
Target
Rater

Estimate
0.2615
0.1891
0.4927

Standard Error
0.0478
0.0206
0.0065

Z Value
5.47
9.19
75.73

Pr > Z
<.0001
<.0001
<.0001

t

p

0.73
3.69
–0.05

0.4646
0.0005
0.9573

–2.06

0.0406

Solution for Fixed Effects
Effect
Intercept
T Strength
R Sex
Time

0.063890
0.241900
–0.003510
–0.000360

Standard Error
0.0871600
0.0655500
0.0655000
0.0001770

DF
163
61
183
183

Model Fit

AIC = 25882.40
Covariance Parameter Estimates

Cov. Parameter
Intercept
Intercept
Residual

Subject
Target
Rater

Estimate
0.26000
0.18910
0.49270

Standard Error
0.0488
0.0206
0.0065

Z Value
5.33
9.19
75.73

Pr > Z
<.0001
<.0001
<.0001

Solution for Fixed Effects
Effect
Intercept
Strength
Sex
Time
T Height

Standard Error

DF

t

p

157
58
183
183

0.76
3.52
–0.05
–2.06

0.4473
0.0008
0.9573

–0.00036

0.0871
0.0719
0.0655
0.0002

0.25310
–0.00351
0.00135

0.0680

58

0.02

0.9842

T Weight
T Age

–0.09656
0.10320

0.0743
0.0699

58
58

–1.30
1.48

0.1988
0.1451

0.06632

0.0406

Note. ‘T’ denotes target characteristic; ‘R’ denotes target characteristic. Sex is
dummy–coded (1 = Female, 0 = Male). Time is in units of milliseconds. All other
variables are z–scored. Strength rating is the dependent variable.
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Table 4. Exploratory Model for Controlled Exposure–Time Conditions.
Model Fit

AIC = 25522.60
Covariance Parameter Estimates

Cov. Parameter
Intercept
Intercept

Subject
Target

Estimate
0.1654

Standard Error
0.0318

Z Value
5.21

Pr > Z
<.0001

Rater

0.1912

0.0211

9.06

<.0001

0.4948

0.0066

75.12

<.0001

Residual

Solution for Fixed Effects
Effect
Intercept

Standard Error

DF

t

p

0.10760

0.0844

208

1.27

0.204

0.0617

56

2.49

Time

0.15360
–0.06600
–0.00034

0.0884
0.0002

178
178

–0.75
–1.89

0.016
0.456
0.060

T Height

–0.00862

0.0546

56

–0.16

0.875

T Weight

0.0754

56

2.29

T Age

0.17300
0.09155

0.0562

56

1.63

0.026
0.109

R SPF

–0.00559

0.0384

178

–0.15

0.884

R GS

–0.01721

0.0552

178

–0.31

0.756

R Height

–0.05794

0.0389

178

–1.49

0.138

R Weight

0.01708

0.0446

178

0.38

0.702

–0.00974

0.0344

178

–0.28

0.777

0.38800

0.0662

56

5.86

<.0001

T Strength
R Sex

R Age
T Attractiveness

Note. ‘T’ denotes target characteristic; ‘R’ denotes target characteristic. Sex is dummy–
coded (1 = Female, 0 = Male). All variables are z–scored, except Time which is in units
of milliseconds. Strength rating is the dependent variable. SPF = Self–Perceived
Formidability; GS = Grip Strength.
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Table 5. Confirmatory Models for Free Rating Condition.
Null Model

AIC = 22328.60
Covariance Parameter Estimates
Estimate
Standard Error

Cov. Parameter

Subject

Intercept

Target

0.3898

Intercept

Rater

Residual

Z Value

Pr > Z

0.0693

5.63

<.0001

0.2532

0.0272

9.31

<.0001

0.3537

0.0046

76.11

<.0001

Solution for Fixed Effects
Effect
Intercept

–0.0178

Standard Error

DF

t

p

0.08613

64

–0.21

0.8370

Model Fit

AIC = 22318.30
Covariance Parameter Estimates
Estimate
Standard Error

Cov. Parameter

Subject

Intercept

Target

0.3190

Intercept

Rater

Residual

Z Value

Pr > Z

0.0572

5.58

<.0001

0.2532

0.0272

9.31

<.0001

0.3537

0.0046

76.11

<.0001

Solution for Fixed Effects
Effect
Intercept
T Strength

Standard Error

DF

t

p

–0.0244

0.07957

101

–0.31

0.7593

0.2764

0.07109

63

3.89

0.0002

Model Fit

AIC = 22317.10
Covariance Parameter Estimates
Estimate
Standard Error

Cov. Parameter

Subject

Intercept

Target

0.3190

Intercept

Rater

Residual

Z Value

Pr > Z

0.0572

5.58

<.0001

0.2483

0.0267

9.28

<.0001

0.3537

0.0046

76.11

<.0001

Solution for Fixed Effects
Effect

Standard Error

DF

t

p

Intercept

–0.1015

0.08723

135

–1.16

0.2467

Strength

0.2764

0.07109

63

3.89

0.0002

R Sex

0.1593

0.07471

180

2.13

0.0343
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Table 5 continued
Model Fit

Cov. Parameter
Intercept
Intercept

AIC = 22322.40
Covariance Parameter Estimates
Standard
Subject
Estimate
Error
Z Value
Target
0.3100
0.0570
5.44
Rater

Residual

Effect
Intercept

–0.0984

Pr > Z
<.0001

0.2483

0.0267

9.28

<.0001

0.3537

0.0046

76.11

<.0001

t
–1.14

p
0.2570

Solution for Fixed Effects
Standard
Error
DF
0.08645
131

T Strength

0.2711

0.07686

60

3.53

0.0008

R Sex

0.1593

0.07471

180

2.13

0.0343

T Height

–0.0513

0.07266

60

–0.71

0.4826

T Weight

–0.0436

0.07979

60

–0.55

0.5864

0.1412

0.07388

60

1.91

0.0607

T Age

Note. ‘T’ denotes target characteristic; ‘R’ denotes target characteristic. Sex is
dummy–coded (1 = Female, 0 = Male). All other variables are z–scored. Strength
rating is the dependent variable.
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Table 6. Exploratory Model for Free Rating Condition.
Model Fit

AIC = 21978.30

Cov. Parameter

Subject

Intercept
Intercept
Residual

Target
Rater

Effect
Intercept
T Strength
R Sex
T Height
T Weight
T Age
R SPF
R GS
R Height
R Weight
R Age
T Attractiveness

–0.0520
0.1752
0.0959
–0.0643
0.2382
0.1233
–0.0991
–0.0060
–0.0621
0.0255
0.0617
0.4118

Covariance Parameter Estimates
Estimate
Standard
Z Value
Error
0.2022
0.0379
5.33
0.2405
0.0263
9.14
0.3538
0.0047
75.51

<.0001
<.0001
<.0001

Solution for Fixed Effects
Standard Error
DF
0.0826
184
0.0665
58
0.0991
175
0.0590
58
0.0814
58
0.0602
58
0.0437
175
0.0613
175
0.0437
175
0.0518
175
0.0386
175
0.0711
58

p
0.5297
0.0107
0.3344
0.2802
0.0049
0.0451
0.0246
0.9228
0.1573
0.6229
0.1111
<.0001

t
–0.63
2.64
0.97
–1.09
2.93
2.05
–2.27
–0.10
–1.42
0.49
1.60
5.79

Pr > Z

Note. ‘T’ denotes target characteristic; ‘R’ denotes rater characteristic. Sex is dummy–
coded (1 = Female, 0 = Male). All other variables are z–scored. Strength rating is the
dependent variable. SPF = Self–Perceived Formidability; GS = Grip Strength.
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Table 7. Exploratory Model for Gaze–Time.
Null Model
Cov. Parameter
Intercept
Intercept
Residual

AIC = 123451.4
Covariance Parameter Estimates
Subject
Estimate
Standard
Z Value
Error
Target
0.0609
0.0111
5.50
Rater
0.0939
0.0103
9.09
0.8538
0.0057
150.84

Model Fit
Effect
Intercept
R Sex
R SPF
R GS
R Height
R Weight
R Age
T Height
T Weight
T Age
T Strength
T Attractiveness
T Face
T Abdomen
T Legs

Pr > Z
<.0001
<.0001
<.0001
AIC = 106280.5

0.82180
–0.01736
–0.06079
0.04990
–0.04336
0.03628
–0.01989
–0.02304
0.01820
–0.01622
–0.00330
0.00821
–0.90970
–1.00520
–1.35100

Solution for Fixed Effects
Standard Error
DF
0.0405
122
0.0312
171
0.0274
171
0.0387
171
0.0279
171
0.0328
171
0.0243
171
0.0341
57
0.0474
57
0.0348
57
0.0387
57
0.0415
57
0.0104
45,000
0.0105
45,000
0.0103
45,000

t
20.28
–0.56
–2.22
1.29
–1.55
1.11
–0.82
–0.67
0.38
–0.47
–0.09
0.20
–87.47
–96.17
–130.70

p
<.0001
0.5782
0.0280
0.1986
0.1219
0.2702
0.4137
0.5026
0.7026
0.6430
0.9323
0.8441
<.0001
<.0001
<.0001

Note. ‘T’ denotes target characteristic; ‘R’ denotes rater characteristic. Sex is dummy–
coded (1 = Female, 0 = Male). Body area is dummy–coded, where all variables in the
model are being compared to the chest. All other variables are z–scored. Gaze time (in
seconds) is the dependent variable. SPF = Self–Perceived Formidability; GS = Grip
Strength.
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