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Previous research in evolutionary psychology has highlighted the potential role of facial

structures in explaining human behavior. The facial width-to-height ratio (fWHR) was

found to be associated with testosterone-driven behavioral tendencies like achievement

drive, aggression, and sporting success. The current study aimed to replicate such

relationships using real-world data (i.e., professional basketball players; N = 482).

Achievement drive, aggression, and sporting success were operationalized as field-goal

attempts (FGA), the number of fouls committed (Foul), and player performance rating

(EFF), respectively. The results indicated that fWHRwas significantly associated with FGA

and EFF, controlling for minutes of play and body-mass-index. The same results were

obtained for separate analyses focusing on outsider players. However, analyses of inside

players demonstrated that fWHR was associated only with EFF. The current research

further provides empirical evidence supporting the effects of fWHR on achievement drive

and sporting successes, although the effect sizes are notably small.

Keywords: facial structure, fWHR, achievement drive, aggression, athletic performance

INTRODUCTION

Faces play an important role in society as individuals communicate with facial expressions
and draw inferences about others’ personalities and behavioral tendencies based on their faces
(Zebrowitz, 2018). Although such inferences are often inaccurate and undesirable, various research
has highlighted that faces could be a predictor of human traits and behavior (Wong et al., 2011;
Short et al., 2012). In this research stream, facial width-to-height ratio (fWHR; calculated by
dividing the length between the left and right zygomatic arches by the length between the top
of the lip and the bottom of the eyebrows) has commonly been utilized to better understand
the relationships between facial characteristics and various outcomes (Geniole et al., 2015). For
example, fWHR is positively associated with achievement drive (Lewis et al., 2012), psychopathic
personality traits (Geniole et al., 2015; Anderl et al., 2016), and anti-social behavior (Stirrat and
Perrett, 2010). The common explanation underlying such relationships is related to the testosterone
level (Lefevre et al., 2013). It has been theorized that increased testosterone exposure during puberty
can contribute to forming wider faces—greater fWHR, which in turn leads to aggressive traits and
behavior (Marečková et al., 2011; Lefevre et al., 2013; Haselhuhn et al., 2015).
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Based on the testosterone hypothesis explained above, fWHR
could be a useful tool in certain contexts—Sport. Sporting
success can be associated with testosterone-driven attributes (e.g.,
achievement drive, aggression; Tamiya et al., 2012; Tsujimura
and Banissy, 2013). Indeed, previous literature highlighted the
associations between fWHR and testosterone-driven attributes
in sport (Carré and McCormick, 2008). Carré and McCormick
(2008) found that fWHR is predictive of ice hockey penalties and
aggressive behavior in a laboratory setting. Similarly, fWHR is
associated with aggressive behavior (measured by the number
of penalty cards received and fouls committed) among football
players (Welker et al., 2015; Fujii et al., 2016). Trebický et al.
(2014) demonstrated that fWHR is significantly associated with
fighting success among mixed martial arts (MMA) athletes.
Tsujimura and Banissy (2013) demonstrated that Japanese
professional baseball players’ fWHR is associated with their
home run performance in two consecutive seasons. Although
various scholars operationalized outcome variables differently,
it seems warranted that fWHR is associated with sporting
performances backed by achievement drive, aggression, and
actual performances.

Nevertheless, previous literature has also reported
inconsistent findings regarding fWHR (Haselhuhn et al.,
2015; Kramer, 2015; Kosinski, 2017; Wang et al., 2019). For
example, a large-scale study conducted by Kosinski (2017)
found that fWHR was not associated with self-reported
behavioral tendencies such as cooperativeness, impulsiveness,
and impression management. Wang et al. (2019) indicated
little evidence regarding the relationship between fWHR and
anti-social behavioral tendencies. Similarly, some studies focused
on athletes’ fWHR have provided no support for the association
between fWHR and testosterone-related outcomes. Kramer’s
(2015) study showed that commonwealth game athletes who
compete in contact sports (e.g., boxing, judo) have greater fWHR
than those who compete in non-contact sports (e.g., badminton,
swimming), but the effect was negated when controlling for
body-mass-index (BMI).

The replicability of published fWHR findings has recently
been a primary concern.

Although some meta-analyses indicated significant results of
fWHR (e.g., Haselhuhn et al., 2015; Giacomin and Rule, 2020),
studies that obtained null findings have commonly used real-
world small sample data (Wang et al., 2019). Hence, it is essential
to further examine the robustness of the associations between
fWHR and sporting performances by using real-world data with
relatively large observations.

Accordingly, the current study assessed the relationship
between fWHR and sporting performances by using actual
professional basketball players who compete in Japan
Professional Basketball League (B-League). In accordance
with previous literature, we focus on (1) achievement
drive, (2) aggression, and (3) sporting successes as outcome
variables. Achievement drive has been defined as a mentality
that encourages individuals to stand out in competition
(Singh, 2011). Athletes who strongly pursue achievement can
demonstrate certain behaviors that help them stand out from
the crowd. In the context of basketball, scoring is one of the

most crucial indicators that can influence the level of fame
that athletes may receive. In fact, Berri et al. (2011) found that
the scoring record can predict the draft order in NBA. Since
achievement drive itself cannot guarantee that such behaviors
end up successes, the current study operationalized achievement
drive as field-goal-attempts (FGA). Aggression refers to actions
that are intended to harm other people to achieve their results
(Husman and Silva, 1984). The construct of aggression has
been operationalized as the number of penalties received (e.g.,
fouls, yellow/red cards received, penalty minutes; Carré and
McCormick, 2008; Goetz et al., 2013; Welker et al., 2015;
Fujii et al., 2016). The current study also follows the previous
literature and operationalized aggression as the number of
fouls (Foul). Lastly, sporting successes can be viewed from
various perspectives. However, previous literature has commonly
focused on on-field performances of athletes or teams (Beedie
et al., 2000; Wicker et al., 2012). Considering that the current
study aimed to investigate the relationship between fWHR and
sporting successes at the individual athlete level, the authors
operationalized sporting success using player efficiency ratings
(EFF). The current research can further provide evidence
regarding the associations between fWHR and behavioral
tendencies explained above in sport by utilizing real-world data.

METHODS

Materials
To measure fWHR, photographs were obtained via the official
player directory book for the 2019–2020 season published by B-
League. After confirming that all the player images are forward-
facing, two research assistants independently measured vertical
and horizontal lengths by following the established approach
(Weston et al., 2007; Özener, 2012; Lefevre et al., 2013).
Specifically, we measured the vertical lengths between the highest
point of the upper lip to brow. Face width was measured based on
the horizontal distance from the left to the right zygomatic arch.

With regard to dependent measures, we obtained each player’s
performance statistics (i.e., FGA, Foul, and EFF) published by
each team’s official web pages. FGA and Foul are the total number
of shots attempted and fouls committed throughout the season.
EFF was calculated using the formula:

EFF = (Points+ Rebounds+ Assists+ Steals+ Blocks)

− (Missed Field Goals+Missed Free Throws

+ Turnovers)/the number of games played.

It is common to use EFF to understand the contribution of
players to a game in the National Basketball Association (NBA).
EFF has been frequently used as a performance measurement of
basketball players in previous empirical studies (e.g., Staunton
et al., 2017; Kingsley et al., 2021). Ninety players were excluded
from the further analyses due to unavailability of performance
data. Twenty seven players who competed in <10 games were
excluded from further analyses (Tsujimura and Banissy, 2013),
leaving 482 observations.

It is also important to control variables that can potentially
influence the association between fWHR and sporting
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TABLE 1 | Descriptive statistics.

All players (n = 482) Outside players (n = 318) Inside players (n = 164)

M SD Min Max M SD Min Max M SD Min Max

1 Minutes of Play 685.53 385.79 17.70 1780.82 664.78 353.30 23.55 1737.73 725.76 440.43 17.70 1780.82

2 BMI 24.59 1.65 20.45 32.03 24.02 1.25 20.45 29.19 25.70 1.78 21.04 32.03

3 fWHR 1.96 0.18 1.56 2.67 1.94 0.16 1.56 0.67 2.00 0.21 1.56 2.50

4 FGA 217.91 166.55 3.00 1030.00 195.07 134.65 9.00 904.00 262.21 208.80 3.00 1030.00

5 Foul 60.86 29.54 0.00 135.00 59.18 29.03 0.00 133.00 64.12 30.33 0.00 135.00

6 EFF 8.39 7.57 0.00 33.00 5.86 4.36 0.00 33.00 13.29 9.77 1.00 32.00

BMI, body mass index; fWHR, facial width-to-height ratio; FGA, field goal attempt; Foul, number of fouls committed; EFF, performance efficiency rating.

performance. Based on previous literature, we controlled
minutes of play (Krenn and Meier, 2018) and BMI (Mayew,
2013; Kramer, 2015; Fujii et al., 2016). Krenn and Meier (2018)
suggested that sporting successes can be strongly influenced by
each player’s playing time. Their study found no evidence of
fWHR when controlling for minutes of gameplay. For the same
reason, we also controlled BMI. Deaner et al. (2012) found that
the effect of fWHR on aggression among ice hockey players
was canceled when controlling for body weight. The official
webpage of B-league makes players’ minutes of play, height, and
weight data available, being calculated to develop BMI data for
each player.

Statistical Analyses
We first ran descriptive analyses to assess mean, standard
deviation, minimum and maximum scores for all variables
included in this study. Pearson correlation was then employed to
evaluate inter-correlations among variables. We then performed
a series of hierarchical regression models to investigate the
associations between fWHR and professional basketball players’
performance. Specifically, the first step included minutes of play
and BMI in the model as control variables. In the second step,
we included fWHR as a predictor variable. The effect size was
interpreted based on the R2 changes.

After the omnibus analyses above, we also conducted separate
analyses for outside versus inside players based on previous
literature, suggesting that athletes’ playing positions can influence
their performance statistics (Welker et al., 2015; Fujii et al., 2016;
Krenn and Meier, 2018). Indeed, a study conducted by Ferioli
et al. (2018) also demonstrated that basketball players’ physical
profile is heterogeneous depending on playing positions. Players’
positions were determined based on the information available on
the official B-league webpage. Specifically, we categorized point
guard (PG), shooting guard (SG), and small forward (SF) as
outside players, whereas power forward (PF) and center (C) as
inside players.

RESULTS

Descriptive analyses indicated that players’ minutes of play
ranged between 17.70 and 1780.82 minutes, with an average of
685.53 (SD = 385.79). BMI ranged from 20.45 to 32.03 with
a mean of 24.59 (SD = 1.65). With regard to the dependent

TABLE 2 | Correlations.

1 2 3 4 5

1 Minutes of play –

2 BMI 0.14** –

3 fWHR 0.07 0.23** –

4 FGA (field goal attempt) 0.90** 0.12** 0.20** –

5 Foul (number of fouls committed) 0.80** 0.02 0.11* 0.64** –

6 EFF (performance efficiency rating) 0.68** 0.25** 0.33** 0.81** 0.45**

*p < 0.05. **p < 0.01.

measure, fWHR scores in this study ranged from 1.56 to 2.67,
with a mean of 1.96 (SD = 0.18). It is important to note that
the inter-coder consistency of fWHR was 97.2%, ensuring the
reliability of fWHR data in this study (Deaner et al., 2012). FGA
fell between 3 and 1030 with a mean of 217.91 (SD = 166.55).
Regarding Foul, the score ranged from 0 to 135, whose average
score was 60.86 (SD = 29.54). EFF scores were in the range of 0
to 33, with an average of 8.39 (SD = 7.57). The official webpage
of the league also published players’ age, which ranged from 20 to
49 years old, and the mean was 28.42. Descriptive statistics and
correlations among variables are shown in Tables 1, 2. The visual
summary of the results can be found in Figure 1.

The results of the regression analyses are represented in
Table 3. In the first step, minutes of play and BMI explained 80.7,
63.4, and 52.2% of variances in FGA, Foul, and EFF of overall
players. In Step 2, fWHR significantly predicted FGA (B= 39.06,
95% CIs [2.11, 76.01], p < 0.05, β = 0.04, 1R2 = 0.002) and EFF
(B= 6.37, 95% CIs [3.78, 8.97], p< 0.001, β = 0.15,1R2 = 0.02).
In addition to the minutes of play and BMI, fWHR explained
0.2 and 2.2 % of the variances in FGA and EFF, respectively.
However, we did not find evidence in Foul (B = −6.70, 95% CIs
[−15.73, 2.33], p= 0.15, β =−0.04, 1R2 =0.002).

With regard to the position-based separate analyses, minutes
of play and BMI explained 79.9, 63.1, and 56.2% of variances in
FGA, Foul, and EFF of outside players in step 1. In Step 2, the
results showed that fWHR was positively associated with FGA (B
= 65.35, 95% CIs [24.79, 105.91], p < 0.01, β = 0.08, 1R2 =

0.006) and EFF (B = 4.71, 95% CIs [2.81, 6.61], p < 0.001, β =

0.18,1R2 = 0.03) in the outside players group while Foul was not
predicted by fWHR (B=−8.55, 95%CIs [−20.55, 3.44], p= 0.16,
β =−0.05,1R2 =0.002). Thus, fWHR significantly explained 0.6
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FIGURE 1 | The summary of the results.

and 3.1 % of the variances in FGA and EFF, respectively. Lastly,
we found that minutes of play and BMI explained 83.9, 64.7, and
59.7% of variances in FGA, Foul, and EFF of inside players. Only
EFF (B = 6.29, 95% CIs [1.61, 10.97], p < 0.01, β = 0.13, 1R2 =
0.02) was significantly predicted by fWHR while no evidence was
shown in FGA (B = −13.79, 95% CIs [−78.37, 50.78], p = 0.67,
β = −0.01, 1R2 =0.001) and Foul (B = 3.45, 95% CIs [−17.35,
10.45], p = 0.63, β = −0.02, 1R2 =0.001) in the inside player
group. The R2 change for EFF of inside players was 1.7%.

DISCUSSION

Previous literature has provided mixed findings regarding the
association of fWHR on sporting performances (Carré and
McCormick, 2008; Deaner et al., 2012; Tsujimura and Banissy,
2013; Kramer, 2015; Welker et al., 2015; Fujii et al., 2016).
The present study was conducted to investigate the relationship
between fWHR and testosterone-driven outcomes such as
professional basketball players’ achievement drive (i.e., FGA),
aggression (i.e., Foul), and sporting successes (i.e., EFF) by
utilizing real-world data (i.e., professional basketball players).
The results indicated that fWHR was significantly related to FGA
and EFF in the total samples, although the effect size was trivial.
Such findings were consistent for the group of outside players,
whereas fWHR only predicted EFF for the inside player group.
Inconsistent with the previous literature, the association between
fWHR and aggression was not supported. Overall, it is concluded
that the testosterone hypothesis was partially supported.

There are several theoretical implications from the above
findings. First, fWHR could be considered a meaningful
predictor of achievement drive (β = 0.04, 95%CIs [2.11, 76.01], p
< 0.05, 1R2 = 0.002) and sporting successes (β = 0.15, 95% CIs
[3.78, 8.97], p < 0.001) in professional basketball in Japan. Based
on the testosterone hypothesis, scholars found that individuals
with large fWHR are more competitive and successful (Wong
et al., 2011; Lewis et al., 2012; Stirrat and Perrett, 2012). Previous
literature focused on sport performances also yielded similar
findings. For example, fWHR is significantly associated with
MMA athletes’ fighting successes (Trebický et al., 2014), baseball

players’ home runs (Tsujimura and Banissy, 2013), and football
players’ goals and assists (Welker et al., 2015). Nevertheless, some
empirical studies demonstrated very little or null effects of fWHR
(Haselhuhn et al., 2015; Kramer, 2015; Kosinski, 2017; Wang
et al., 2019). In particular, the refuting evidence has been reported
when controlling for various characteristics of players (e.g., BMI,
minutes of play; Mayew, 2013; Kramer, 2015; Krenn and Meier,
2018). In this sense, since we also controlled for BMI andminutes
of play, it deemed acceptable to conclude that the effect of fWHR
on achievement drive as well as performance in basketball players
is—while small—replicated.

Second, the relationship between fWHR and aggression did
not turn out statistically significant (β = −0.04, 95% CIs
[−15.73, 2.33], p = 0.15). The results of the current study were
somewhat inconsistent because the relationship between fWHR
and aggression has been relatively oft-supported with various
operationalizations (e.g., fouls, yellow/red cards received, penalty
minutes; Carré and McCormick, 2008; Goetz et al., 2013; Welker
et al., 2015; Fujii et al., 2016) and even in meta-analytic projects
(Geniole et al., 2015; Haselhuhn et al., 2015). However, some
prior studies have also reported the null findings of fWHR
on aggression (e.g., Deaner et al., 2012; Kramer, 2015; Krenn
and Meier, 2018). Moreover, it is imperative to note that the
supporting evidence reported in previous literature was small in
effect sizes with somewhat inconsistent findings when separate
analyses based on players’ positions were conducted (e.g., Fujii
et al., 2016). In this sense, the current research further added to
the empirical evidence refuting the effect of fWHR on aggression.
A possible interpretation for this non-significant finding is our
operationalization of aggression. Based on previous literature,
fouls could be an appropriate variable that operationalizes
aggression. Nevertheless, committing fouls in basketball is highly
strategic (Ángel et al., 2006). Hence, players might commit fouls
outside of the influence of aggression. Although FGA, Foul,
and EFF could be appropriate operationalizations in basketball
among publicly available data, it would have been more desirable
to obtain more detailed player statistics. One example could be
the number of technical or unsportsmanlike fouls, which could
be linked more to aggressive traits.
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TABLE 3 | Results of regression analyses for FGA, Foul, and EFF.

FGA Foul Efficiency

B 95% CI β 1R2 p B 95% CI β 1R2 p B 95% CI β 1R2 p

All players (n = 482)

Step 1 0.807*** <0.001 0.634*** <0.001 0.522*** <0.001

Minutes of play 0.38*** [0.36, 0.40] 0.88*** <0.001 0.06*** [0.06, 0.07] 0.80*** <0.001 0.01*** [0.011,0.014] 0.65*** <0.001

BMI 7.98*** [3.96, 11.99] 0.08*** <0.001 −0.03 [−1.01, 0.95] −0.01 0.95 1.13*** [0.84, 1.41] 0.25*** <0.001

Step 2 0.002* <0.05 0.002 0.15 0.022*** <0.001

Minutes of play 0.38*** [0.36, 0.40] 0.88*** <0.001 0.06*** [0.06, 0.07] 0.80*** <0.001 0.01*** [0.011,0.014] 0.64*** <0.001

BMI 7.01*** [2.91, 11.12] 0.07*** <0.001 0.13 [−0.87, 1.14] 0.01 0.80 0.97*** [0.68, 1.26] 0.21*** <0.001

FWHR 39.06* [2.11, 76.01] 0.04* <0.05 −6.699 [−15.73, 2.33] −0.04 0.15 6.37*** [3.78, 8.97] 0.15*** <0.001

Outside players (n = 318)

Step 1 0.799*** <0.001 0.631*** <0.001 0.562*** <0.001

Minutes of play 0.341*** [0.32, 0.36] 0.89*** <0.001 0.07*** [0.06, 0.07] 0.80*** <0.001 0.01*** [0.008, 0.01] 0.75*** <0.001

BMI −0.13 [−5.49, 5.24] −0.001 0.963 −0.13 [−1.70, 1.43] −0.01 0.87 0.07 [−0.16, 0.35] 0.03 0.46

Step 2 0.006** <0.01 0.002 0.16 0.031*** <0.001

Minutes of play 0.34*** [0.32, 0.36] 0.90*** <0.001 0.07*** [0.06, 0.07] 0.79*** <0.001 0.01*** [0.008, 0.10] 0.75*** <0.001

BMI −1.49 [−6.85, 3.86] −0.01 0.584 0.04 [−1.54, 1.63] 0.01 0.96 −0.01 [−0.25, 0.25] −0.01 0.99

FWHR 65.35** [24.79, 105.91] 0.08** <0.01 −8.55 [−20.55, 3.44] −0.05 0.16 4.71*** [2.81, 6.61] 0.18*** <0.001

Inside players (n = 164)

Step 1 0.839 <0.001 0.647 <0.001 0.597*** <0.001

Minutes of play 0.43*** [0.40, 0.46] 0.91*** <0.001 0.06*** [0.05, 0.06] 0.81*** <0.001 0.02*** [0.015, 0.019] 0.76*** <0.001

BMI 2.83 [−4.66, 10.32] 0.02 0.46 −0.14 [−1.76, 1.47] −0.01 0.86 0.25 [−0.31, 0.80] 0.05 0.38

Step 2 0.001 0.67 0.001 0.63 0.017** <0.01

Minutes of play 0.43*** [0.40, 0.46] 0.91*** <0.001 0.06*** [0.05, 0.06] 0.81*** <0.001 0.02*** [0.014, 0.019] 0.75*** <0.001

BMI 3.15 [−4.50, 10.80] 0.03 0.42 −0.06 [−1.71, 1.58] −0.01 0.94 0.10 [−0.45, 0.66] 0.02 0.72

FWHR −13.79 [−78.37, 50.78] −0.01 0.67 −3.45 [−17.35, 10.45] −0.02 0.63 6.29** [1.61, 10.97] 0.13** <0.01
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The practical implication that the current study can
highlight can be related to the player selection. In basketball,
team performance is dependent upon a variety of qualities.
Therefore, coaches and sport scientists need to understand the
complex player selection dynamics (Balli and Korukoglu, 2014).
Consistent with the association between BMI and performances
observed in this study, Drinkwater et al. (2008) also emphasized
the importance of the size of basketball players. However,
it can be challenging to secure a “big-man” even in the
professional basketball market. In such situations, incorporating
the information about human face structure may contribute to
effective player selection.

There were several research limitations in this study.
The sample representation and generalizability were the first
limitations due to the highly selective sample (i.e., professional
basketball players in Japan). It could be possible to include
fWHR data of non-professional athletes (e.g., college athletes)
from various sports and test the relationship with standardized
performance data. By doing so, concerns regarding alternative
explanations about the restricted sample and a particular
sport would be minimized. Second, although we attempted to
investigate the association between fWHR and performances
based on players’ positions as a potential moderator. Future
research should also consider other moderating variables that
can alter the relationship between fWHR and focal variables. For
example, Goetz et al. (2013) found that social status moderated
the relationship between fWHR and aggression with the sample
of NHL players. Specifically, fWHR gives a meaningful impact
on aggression when the target individuals are low in social status.
Social status can be operationalized as players’ salaries in sport
(Goetz et al., 2013). However, we could not incorporate it into
the current study due to data availability issues.

In conclusion, the current research provided valuable
additions to the literature. Expressly, this study further
provided supporting evidence regarding the relationship between
basketball players’ fWHR and achievement drive as well as
sporting successes. Nevertheless, the relationship between fWHR
and aggression should be re-considered. Considering the above
limitations, scholars should exercise caution in generalizing the
findings. Meanwhile, we welcome future scholarly efforts in
extending our research by incorporating various moderators,
which will contribute to the growing body of evolutionary
psychology literature that focuses on physical characteristics and
sporting performances.
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