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Abstract

Purpose Facial femininity in men is purportedly used as a cue by women as a signal
of paternal involvement. However, evidence for this claim is questionable. Previous
findings have shown that paternal involvement is linked to testosterone, but have not
investigated facial masculinity directly, while other studies have found that facial
masculinity is negatively associated with perceptions of paternal involvement but do
not assess the accuracy of this judgement. Here, we assess whether facial masculin-
ity in men is used as a cue to paternal involvement, and whether this cue is accurate.
Methods We collected facial photographs of 259 men (156 of which were fathers)
who also completed self-report measures of paternal involvement. Facial images
were then rated by a separate group of raters on facial masculinity, attractiveness,
and perceived paternal involvement. Shape sexual dimorphism was also calculated
from the images using geometric morphometrics.

Results We found that facial masculinity was not associated with perceptions of
paternal involvement, nor was it related with self-reported paternal involvement.
Interestingly, facial attractiveness was negatively associated with perceptions of
paternal involvement, and we found partial evidence that facial attractiveness was
also negatively associated with self-reported paternal involvement.

Conclusion These findings challenge the hypothesis that sexual dimorphism is used
as a cue to paternal involvement, and perhaps indicate that facial attractiveness is
more important for this judgement instead.
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Introduction

When assessing men as a potential partner, women purportedly face a trade-off
between a partner with good health or one that is paternally involved. Facial sexual
dimorphism (e.g., the masculinity of male faces) is theorised to be associated with
health and disease resistance (Rantala, et al., 2012; Rhodes, et al., 2003; Thornhill &
Gangestad, 2006; but see Boothroyd, et al., 2013). As such, it is proposed that women
should show a preference for facial sexual dimorphism in men as these mates may
incur benefits to their own fitness, either directly (e.g., through decreased exposure to
pathogens) or indirectly (i.c., genetic health benefits inherited by offspring, Ganges-
tad and Simpson, 2000; but see Lee, et al., 2014). However, previous research inves-
tigating women’s preference for facial sexually dimorphism is mixed; while some
studies have found that women prefer facial masculinity in men (e.g., DeBruine, et
al., 2006; Keating, 1985), others have found a preference for average masculinity
(e.g., Holzleitner and Perrett, 2017; Scott, et al., 2010) or even a preference for facial
femininity (e.g., Geniole and McCormick, 2015; Perrett, et al., 1998).

These mixed results have led some researchers to theorise that there are costs
associated with choosing a facially masculine male as a mate. Indeed, more mas-
culine-looking men tend to report a preference for short- over long-term relation-
ships, as well as report a higher rate of intended and actual infidelity (Arnocky, et
al., 2018; Boothroyd, et al., 2008; Peters, et al., 2008; Rhodes, et al., 2005). Further-
more, facially masculine men are also perceived as less faithful and less committed
(Boothroyd, Jones, Burt, & Perrett, 2007; Rhodes, et al., 2013; but see Lidborg, et
al., 2022). As such, facial femininity is thought to be preferred when women would
benefit from a more investing parent as a partner (Thornhill & Gangestad, 1999).
Indeed, in resource-poor environments where provisioning by both parents is criti-
cal for offspring survival (Gangestad & Simpson, 2000), women have been shown
to prefer less masculine male faces (Little, Cohen, Jones, & Belsky, 2007; Little, et
al., 2012; Lyons, et al., 2016; Watkins, et al., 2012). Also, greater preferences for
facial femininity is associated with individual differences in women’s socioeconomic
status or perceived financial hardship (Holzleitner & Perrett, 2017; Lee, et al., 2013),
or when anticipating less grandparental care (Saxton, Lefevre, & Honekopp, 2020).

Implicit in this trade-off hypothesis is that masculine-faced men are poorer parents
compared to their feminine-faced counterparts. However, evidence for this claim is
questionable. Evidence that is often cited as support for this claim can be classified
into two categories. The first category are studies that investigate external subjective
judgements of parental quality, parental investment, or interest in infants (Boothroyd,
et al., 2007; Johnston, et al., 2001; Kruger, 2006; Perrett, et al., 1998; Roney, et al.,
20006). Using these studies as evidence for the link between facial masculinity and
paternal involvement is problematic as they do not assess direct measures of paternal
involvement and rely on subjective perceptions to be accurate, which may not be the
case.

The second category of studies that are often cited as evidence between facial
masculinity and lower paternal involvement are studies investigating the relationship
between testosterone and paternal involvement (e.g., Gray, et al., 2002; Gray, et al.,
2019; Mueller, et al., 2009; Roney, et al., 2006; Wingfield, et al., 1990). These studies
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do not assess facial masculinity directly, and therefore, a claim that facial masculinity
is used as a cue to paternal investment relies on facial masculinity being consistently
associated with men’s testosterone levels. Crucially, the evidence for this is mixed,
while some studies find that men’s testosterone levels do reflect facial masculinity
(Penton-Voak & Chen, 2004; Pound, et al., 2009; Roney, et al., 2006; Whitehouse,
et al., 2015), others find no such association (Apicella, et al., 2011; Kordsmeyer, et
al., 2019; Lefevre, et al., 2013; Neave, et al., 2003; Peters, et al., 2008; Rantala, et
al., 2013). Another issue is that studies identifying a link between lower levels of
testosterone and higher paternal involvement are correlational, and as such the direc-
tion of causality is unclear. It is possible that becoming a more involved father lowers
circulating testosterone levels; indeed, Gettler et al. (2011) found that higher levels of
paternal involvement directly leads to lower levels of testosterone in men.

As described above, the popular trade-off hypothesis postulates that facial sexual
dimorphism is used as a cue to paternal involvement, though the evidence for this
claim is problematic. Therefore, here, we assess whether facial masculinity in men
is used as a cue to paternal investment potential, and whether facial masculinity is
linked to self-reported paternal involvement directly. We collected a sample of men
who provided a facial image of themselves, as well as completed self-reported mea-
sures of paternal involvement. Facial images were used to calculate shape sexual
dimorphism scores, and were also judged by separate raters on attractiveness, per-
ceived masculinity, and perceived paternal involvement. We assessed the following
hypotheses:

H1 If facial masculinity is used as a cue to paternal involvement, then we would
expect a negative relationship between men’s facial masculinity and judgements of
paternal investment based on facial images.

H2 If facial masculinity is an accurate cue to paternal involvement, facial masculin-
ity will be negatively associated with self-reported paternal involvement.

Methods

The study procedure was pre-registered and available on the OSF (https://osf.io/
un3vg/).

Participants

Online volunteers were recruited via social media (e.g., Twitter) and paid participants
were recruited via Prolific (www.prolific.co). When recruiting online, the study was
advertised as a study on men’s attitudes towards children. In total, 312 men partici-
pated in the study. Of these, 28 participants were removed as they did not provide
a facial photograph that could be used for analysis. A further 21 participants were
removed for indicating that they did not take the study seriously (e.g., reported a
score below 5 on a 7-point scale on items asking if participants answered the ques-
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tions honestly, or whether their data should be self-excluded). An additional 2 par-
ticipants were removed as they indicated language issues. Finally, one participant
was removed for indicating that they participated in the study twice. The final sample
included 259 participants (M=35.04 years, SD=11.60 years), of which, 156 partici-
pants reported being fathers. Fathers reported having between 1 and 5 children (mean
child age=9.95 years, SD=8.41 years). Of this final sample, 147 were volunteers
recruited via social media, while 112 were paid participants.

Originally, the pre-registered target sample size was 293 participants; this was
based on a power analysis for a linear regression to detect a small effect size of
£=0.027 with 80% statistical power. However, due to data exclusions and time con-
straints, we fell short of this target.

Procedure

The study was conducted via an online survey. After giving informed consent, partic-
ipants responded to demographic questions, as well as the measures described below
in a randomised order. Participants who had indicated that they had children were
additionally asked about their family composition, which included questions such as
number of children, and age of children.

After answering the questionnaires, participants were prompted to upload a facial
photograph. Participants were instructed to upload a clear image of their face and to
face the camera directly with a neutral expression, much like a passport photo. They
were also asked to upload a photo taken by someone else (i.e., not a selfie). Partici-
pants were also asked not to apply filters commonly used on social media. Partici-
pants were provided with examples of facial images that fulfilled these requirements.
Participants’ facial images were used to calculate objective sexual dimorphism
scores, but also judged by a group of separate raters on facial attractiveness, per-
ceived facial masculinity, and perceived parental ability (described in detail below).
All participants gave informed consent for use of their facial photograph in this way.

Measures
Objective Sexual Dimorphism

From the facial images uploaded by participants, we calculated an objective sexual
dimorphism score using techniques from geometric morphometrics, the statistical
analysis of shape (Zelditch, Swiderski, Sheets, & Fink, 2004). Morphometric analy-
sis was conducted using the geomorph package in R (Adams & Otarola-Castillo,
2013). Sexual dimorphism scores were calculated using the vector method, which
has been used in previous research (e.g., Holzleitner, et al., 2014; Komori, et al.,
2011; Valenzano, et al., 2006). This involved extracting shape information from
131 landmarks, which were delineated on each face using Webmorph (DeBruine &
Tiddeman, 2016). Objective sexual dimorphism is then calculated by computing a
multi-dimensional vector between an average female and male face, and then pro-
jecting each participant’s face onto this vector. Reference images used to compute
this sexual dimorphism vector was the Face Research Lab London Set (DeBruine &
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Jones, 2017), which includes 49 females and 53 men. This method produces a single
score for each participant which represents the position of their facial image along the
male-female face shape continuum. Scores are scaled such that higher scores indi-
cate more male-like faces (i.e., greater sexual dimorphism). Even though participants
were instructed to provide standardised images, there was variation in adherence to
these instructions. In order to validate the objective sexual dimorphism scores, we
created facial composites of the 10 highest and lowest scoring participants, shown
in Fig. 1. While the score does capture facial attributes typically associated with
sexual dimorphism, it also captures unrelated image properties that covaries with
shape sexual dimorphism (e.g., head angle), which should be considered when inter-
preting results.

Subjective Facial Ratings. Facial images submitted by participants were rated on
facial attractiveness, perceived facial masculinity, and perceived paternal involve-
ment by a separate group of raters. A total of 422 raters were recruited via social
media (n=367) and Prolific (n=55); however, 4 raters were removed for indicat-
ing that they did not take the survey seriously. The final sample included 139 men,
239 women, and 39 participants who reported being non-binary/preferred not to say
(M=27.70 years, SD=10.77 years). Raters predominantly reported being hetero-
sexual (175 women and 115 men) with the remainder indicating a preference for
same-sex individuals (7 women and 15 men) or being attracted to both sexes equally
(57 women and 9 men). Raters were randomly assigned to rate a random subset
of the faces on one of the three traits. Ratings were made on a 10-point scale. For
facial attractiveness, participants were asked “How attractive do you perceive this
face?” (1=Extremely unattractive, 10=Extremely attractive). For perceived facial
masculinity, participants were asked “How feminine/masculine do you perceive this
face?” (1=Extremely feminine, 10=Extremely masculine). For perceived paternal

Fig. 1 Validation of the objective sexual dimorphism score. Composite images of the 10 highest scor-
ing (left) and lowest scoring (right) faces.
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involvement, participants were asked “What type of parent would you guess this man
is?” (1 =Extremely uninvested, 10=Extremely invested). Following recommenda-
tions in Hehman, Xie, Ofosu, and Nespoli (Pre-print), a minimum of 30 ratings per
facial attribute was collected (each face received an average of 33.55 ratings). For
each face, mean ratings for each trait across the raters were calculated and used in
subsequent analyses.

Paternal Involvement. Self-reported paternal involvement was measured using
two scales: the Nurturant Fathering Scale (NFS; Finley and Schwartz, 2004), and the
Father Involvement Scale (FIS; Finley and Schwartz, 2004). Both scales were modi-
fied to allow participants to rate their own affective relationship with their child, as
done in Galovan et al. (2014). For the NFS, participants rated 9 items assessing father-
child relationship quality (e.g., “How emotionally close are you to your child?”) on
a 5-point scale (1=not at all/never/poor, 5=a great deal/always/outstanding). Higher
scores indicated a better overall father-child relationship. The FIS assesses father
involvement in 20 domains (e.g., intellectual development, caregiving). This mea-
sure includes two subscales: actual reported involvement (FIS-reported; e.g., “How
involved are you as a father in the following aspect of your child’s life and develop-
ment?), and desired level of involvement (FIS-desire; e.g., “What would you like
your level of involvement be compared with what it actually is?”). Items were rated
on a 5-point scale (1 =never involved/much less involved, 5=always involved/much
more involved). A “not applicable” option was added to the scale since not all items
were applicable for children of all ages. Both subscales on the FIS were calculated
by averaging all applicable responses, with higher scores indicating greater levels
of involvement, or desired involvement. Participants without children were asked to
respond to the questions imagining they were the father of an 8-year-old child.

Additional Measures. The questionnaire also included additional measures that
are not analysed here. These include the Mating Effort Scale (Rowe, Vazsonyi, &
Figueredo, 1997), the Fathering Self-Efficacy Scale (Sevigny & Loutzenhiser, 2010),
the Social Roles Questionnaire (Barber & Tucker, 2006), and a measure of subjective
socioeconomic status (Adler, Epel, Castellazzo, & Ickovics, 2000). These measures
were collected for additional pre-registered exploratory analyses and are included in
the dataset supporting this article. The analysis code and results for these exploratory
analyses can be found at https://osf.io/un3vg/.

Statistical Analysis

To test whether facial masculinity predicted paternal involvement or judgements
of paternal involvement, the data was analysed using multiple regression in R. The
pre-registered outcome variables included the measures of paternal involvement,
including scores on the NFS, FIS-reported, and FIS-desired. An additional outcome
variable of perceived paternal involvement was analysed that was not pre-registered,
though was deemed important in order to assess whether facial masculinity is used as
a cue to paternal involvement. As pre-registered, separate analyses were conducted
with objective sexual dimorphism and perceived facial masculinity as predictors.
Also, separate analyses were conducted using the full sample, and a subset of the
sample who reported being a father. In the main analyses, facial attractiveness was
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also included as a control variable. Outliers on all continuous variables were winso-
rised to £3 SDs from the mean. Bayes factors were also calculated using the Bayes-
Factor package (Morey, et al., 2022) for each model using uninformative priors to
determine whether non-significant p-values were indicative of evidence for the null
hypothesis. The data and analysis code supporting this article can be found on the
OSF at https://osf.io/un3vg/.

Results
Correlations Between Variables

Correlations between outcome variables for the full sample and the fathers-only sub-
set are reported in Table 1; however, the pattern of results were identical for both
groups. Of note, of the three scales measuring paternal involvement, there was only
a strong, significant correlation between the NFS and the FIS-involved scales; the
FIS-desired scale did not significantly correlate with the other two measures. This
perhaps indicates that actual paternal involvement and desired paternal involvement
are separate constructs. Also, there was no significant correlation between perceived
paternal involvement based on the facial images and participants reported paternal
involvement, indicating that judgements of paternal involvement based solely on
facial information may not be accurate.

We also conducted correlations between the facial metrics scores. There were sig-
nificant correlations between facial attractiveness and objective sexual dimorphism
(r(252)=0.16, p=.009), as well as between facial attractiveness and perceived mascu-
linity ((252)=0.21, p=.001). This would indicate that multicollinearity in the mod-
els was not problematic. Also, there was a significant positive correlation between
objective sexual dimorphism and perceived masculinity (#(252)=0.28, p<.001).

Objective Sexual Dimorphism Models

Results for the objective sexual dimorphism regression models are reported in
Table 2. and Table 3. for the full sample and fathers-only subset respectively. In
both the full sample and the fathers-only subset, objective sexual dimorphism did not
predict paternal involvement as measured by the NFS, FIS-involved, or FIS-desired.
Objective sexual dimorphism also did not significantly predict perceived paternal

Table 1 Correlations between NFS FIS FIS Perceived
outcome variables for the full (involved) (desired)  Paternal
sample (upper; N=259) and involvement
;Llitiastg;irs—only subset (lower; NFS 0 59%#% 0.01 0.04

’ FIS (involved) 0.60 0.11 0.10

*kk
NFS=Nurturant Fathering FIS (('1651red) 0.100.14 0.09
Perceived 0.08 0.06 0.09

Scale, FIS=Father Involvement

Scale, * p<.05, ** p<.001, #*+  Paternal
p<.001 involvement
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Table 2 Standardised coef-

Objective Sexual Attractiveness
ficients for the objective sexual Dimorphism
filmorphlsm regression models Beta t-value Beta t-value
including the full sample
predicting scores on the NFS, NFS -0.10  -1.59 0.04 0.67
FIS-involved, FIS-desired, and FIS (involved) -0.01 -0.10 -0.10 -1.53
perceived paternal involvement.  FIS (desired) -0.06 -0.95 -0.13  -2.08%
Perceived Paternal 0.03 0.51 -044 -
Involvement 7.66%**

NFS=Nurturant Fathering Scale, FIS=Father Involvement Scale, *
p<.05, ** p<.001, *** p<.001

Table 3 Standardised coef-

- sed Objective Sexual Attractiveness

ficients for the objective sexual Dimorphism

fhmorphlsm regression models Beta tvalue Beta tvalue

including the father-only subset

predicting scores on the NFS, NFS —0.11 -1.34 -0.04  -045

FIS-involved, FIS-desired, and FIS (involved) 0.02 0.28 -0.13 -1.58

perceived paternal involvement.  FIS (desired) -0.15  -1.83 -0.17  -2.06*
Perceived Paternal 0.05 0.67 -048 -
Involvement 6.60%**

NFS=Nurturant Fathering Scale, FIS=Father Involvement Scale, *
p<.05, ** p<.001, *** p<.001

Table 4 Standardised coef-

Perceived Facial Attractiveness
ﬁcientsv f(?r the perci:ived facial Masculinity
I'nascu'hmty regression models Bota tvalue  Beta tvalue
including the full sample
predicting scores on the NFS, NFS 0.02 0.37 0.02 0.33
FIS-involved, FIS-desired, and FIS (involved) 0.09 1.37 -0.12  -1.83
perceived paternal involvement.  FIS (desired) 0.06 0.89 -0.15  -2.39*
Perceived Paternal 0.10 0.09 -046 -
Involvement 7.90%**

NFS=Nurturant Fathering Scale, FIS=Father Involvement Scale, *
p<.05, ** p<.001, *** p<.001

involvement. However, for both samples, there was a significant, negative associa-
tion between facial attractiveness and desired paternal involvement, as well as with
perceived paternal involvement, indicating that more attractive men had less desire
to be paternally involved, and they were perceived as such.

Perceived Facial Masculinity Models

Results for the perceived facial masculinity regression models are reported in Table 4.
and Table 5. for the full sample and fathers-only subset respectively. Similar to the
models with objective sexual dimorphism, in both the full sample and the fathers-
only subset, perceived facial masculinity did not predict paternal involvement as
measured by the NFS, FIS-involved, or FIS-desired. Perceived facial masculinity
also did not significantly predict perceived paternal involvement.
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Table5 Standardised coef- Perceived Facial Attractiveness

ficients for the perceived facial Masculinity

mascu‘hmty regression models Beta t-value Beta tvalue

including the father-only subset

predicting scores on the NFS, NES =0.05 0.56 -0.07 -082

FIS-involved, FIS-desired, and FIS (involved) 0.03 0.35 -0.13  -1.60

perceived paternal involvement.  FIS (desired) -0.02 -0.30 -0.19 -2.36%
Perceived Paternal 0.12 1.68 -050 -
Involvement 6.86%***

NFS=Nurturant Fathering Scale, FIS=Father Involvement Scale, *
p<.05, ** p<.001, *** p<.001

Bayes Factors

In order to determine whether the non-significant p-values reported above were
indicative of evidence for the null hypothesis, Bayes Factors were calculated. For
all effects related to objective sexual dimorphism, Bayes factors ranged from 0.15 to
0.47, indicating moderate evidence for the null hypothesis. One exception to this was
the Bayes factor for the effect of objective sexual dimorphism on FIS-desired scores
for fathers only, which had a Bayes factor of 1.84, indicating weak evidence for the
alternative hypothesis. Similarly, the Bayes factors for all effects related to subjective
masculinity ratings ranged from 0.14 to 0.22, indicating moderate evidence for the
null hypothesis. Overall, the Bayes Factors indicated moderate support for the null
hypothesis (i.e., that there is no association between facial masculinity and paternal
investment scores or perceived paternal involvement). Full results are reported on the
OSF at https://osf.io/un3vg/.

Additional Analyses

At the request of reviewers, additional analyses were conducted as robustness checks.
A summary of these results are reported here, but full results for these additional
models are reported on the OSF at https://osf.io/un3vg/.

First, the models above were conducted separately where trait ratings of attrac-
tiveness, perceived masculinity, and perceived paternal involvement were calculated
separately for male and female raters. The pattern of results for these additional mod-
els were identical to that reported above, with a few exceptions. First, in the fathers-
only subset there was a significant, negative effect of objective sexual dimorphism on
FIS-desired when perception scores were calculated from female raters only. Second,
there was no significant effect of attractiveness on FIS-desired with the full sample
when only male raters are considered. Finally, there was a significant, positive effect
of perceived masculinity on perceived paternal involvement for both the full and
fathers-only subset when only male raters are considered — this is in the opposite
direction to predictions where more masculine males were perceived (by men) to be
more involved paternally.

Second, we analysed the data without including facial attractiveness as a covariate.
The pattern of results for the effects of objective sexual dimorphism and perceived
facial masculinity on the paternal involvement measures and perceived paternal
involvement remained unchanged as reported above, with one exception. For the
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fathers-only subset, there was a significant, negative effect of objective sexual dimor-
phism on FIS-desired (i.e., participants with more feminine faces reported having a
greater desire to be paternally involved).

Discussion

Inconsistent with H1, there was no significant association between perceived paternal
involvement and either objective sexual dimorphism or perceived facial masculinity.
This would suggest that facial masculinity is not used as a cue to paternal involve-
ment. Similarly, contrary with H2, there was no significant association between facial
masculinity (both objective sexual dimorphism and perceived masculinity) and the
self-reported paternal involvement measures for our pre-registered analyses. We
note, however, that there is weak/inconsistent support from the additional analyses,
where objective sexual dimorphism was negatively associated with the FIS-desired
measure in the fathers-only subset. Interestingly, there were significant associations
with facial attractiveness; facial attractiveness was significantly, negatively asso-
ciated with perceived paternal involvement, suggesting that raters perceived more
attractive faces as being less paternally involved. There was also a significant associ-
ation between facial attractiveness and one of the three measures of paternal involve-
ment (FIS-desired), perhaps offering partial support that facial (un)attractiveness is
an accurate cue to paternal involvement.

Collectively, these findings do not support the trade-off hypothesis prediction that
facial masculinity is used as a cue to paternal involvement. Our findings are incon-
sistent with previous research that has found the facial masculinity is associated with
negative perceptions of paternal involvement (Boothroyd, et al., 2007; Johnston,
et al., 2001; Kruger, 2006; Perrett, et al., 1998). One explanation for our divergent
results is that our study uses a ratings task with naturally occurring faces, while pre-
vious research has predominantly used a two alternative forced choice (2AFC) task,
where participants are typically shown pairs of identical faces manipulated on facial
masculinity. Recent work has shown that the 2AFC task can produce qualitatively
different results compared to a ratings task (Jones & Jaeger, 2019; Lee, et al., 2021),
questioning the ‘real-world’ validity of results produced by the 2AFC. Pertinently,
strong effects are reported between facial masculinity and dominance ratings with a
2AFC, but not with a rating task (Dong, et al., Pre-print), which may generalise to
other pro-social judgements such as paternal involvement.

In addition, our results are inconsistent with previous interpretations that have
linked facial masculinity with paternal involvement through testosterone (Gray, et
al., 2002, 2019; Mueller, et al., 2009; Wingfield, et al., 1990). However, as previously
mentioned, this interpretation relies on a robust link between facial masculinity and
testosterone levels, which is debatable (Apicella, et al., 2011; Kordsmeyer, et al.,
2019; Lefevre, et al., 2013; Neave, et al., 2003; Peters, et al., 2008; Rantala, et al.,
2013). More broadly, our results contribute to the growing literature that challenges
the trade-off hypothesis account regarding the importance of facial masculinity in
human mate choice. This includes studies that report null results when investigat-
ing the relationship between facial masculinity and health (Boothroyd, et al., 2013;
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Nowak-Kornicka, et al., 2020; Thornhill & Gangestad, 2006), as well as studies
showing no evidence of predicted contextual shifts in women’s preferences for male
facial masculinity (Jones, et al., 2018; Tybur, et al., 2022). One important caveat is
that our study only investigates paternal involvement, and women may still prefer
facially feminine men for other pro-social traits; for instance, if facially feminine
men are more likely to commit to a relationship, be more faithful, or offer greater
resource security (Arnocky, et al., 2018; Boothroyd, et al., 2008; Peters, et al., 2008;
Rhodes, et al., 2005). This could perhaps continue to explain findings where women
report a greater preference for facial femininity when primed with resource scarcity
or environmental harshness (Little, et al., 2007, 2012; Lyons, et al., 2016; Watkins, et
al., 2012), or face individual differences in perceived material hardship (Holzleitner
& Perrett, 2017; Lee, et al., 2013; Lee & McGuire, Pre-print).

Interestingly, we found a significant negative association between facial attractive-
ness and perceived paternal involvement. This is inconsistent with previous research
that has found that women rate males as more attractive when they report a greater
affinity for children (Roney, et al., 2006). Also, we found some evidence that facial
attractiveness may be negatively associated with self-reported paternal involvement,
consistent with previous research that has found that attractive men perform worse
on behavioural tasks measuring interest in children (Penton-Voak, et al., 2007). These
findings could be explained by the differential allocation hypothesis, which stipu-
lates that attractive men invest more in mating effort at the expense of parental effort
(Csathd & Bereczkei, 2003). We note, however, that we only found an association
between facial attractiveness and paternal involvement in one of the three measures
(FIS-desired), which suggests our evidence that facial attractiveness is an accurate
cue to paternal involvement is tentative at best. Our study also highlights the impor-
tance of controlling for facial attractiveness when assessing the influence of facial
masculinity as a cue to paternal involvement.

Our study has several limitations that are important to note. First, due to data
exclusions and time constraints, we were unable to reach the intended sample size
that was calculated by our a priori power analysis. As a result, we may have simply
failed to detect a true association between facial masculinity and paternal involve-
ment. However, we note that the direction of the estimated effects across outcome
variables/measures of facial masculinity are inconsistent, and often close to zero,
suggesting that increased power would unlikely produce robust results consistent
with predictions. Also, Bayes analyses indicated that there is moderate support for
the null hypothesis given our data.

Second, the photographs submitted by participants were not highly standardised.
This is important to consider when interpreting results based on the morphometric
sexual dimorphism score, or the trait judgements given by the raters. For instance,
when calculating objective sexual dimorphism, the lack of standardisation would
not only introduce additional random error, but it may also introduce some system-
atic bias (e.g., slight differences in head angle being included in the score). Also,
contextual factors unrelated to face shape (e.g., hair styling) may influence the trait
judgements given by raters. Most previous studies have used standardised photo-
graphs to evaluate facial masculinity (e.g., Boothroyd, et al., 2007; Holzleitner and
Perrett, 2017; Perrett, et al., 1998); however, we were unable to use this approach
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as this study was conducted during the COVID-19 pandemic, where lab access was
restricted. Also, arguably, a limitation of collecting highly standardised images is
that it restricts participant inclusivity. Typically, studies that use highly standardised
images rely on facial photographs from a university population, which may not be
appropriate for a study such as ours which aimed to recruit fathers, particularly those
who might not have the opportunity to come into the lab to have their facial pho-
tograph taken (e.g., stay-at-home fathers, or fathers working multiple jobs). Also,
the use of unstandardised images may increase the ecological validity. As such, the
approach chosen, while necessary given the circumstances, might also improve the
inclusivity and generalisability of the research.

Third, the operationalisation of paternal investment in our study only focused on
direct care. Indirect care, such providing financial support, are also critical aspects of
paternal investment (Geary, 2000). Since direct paternal care might not reflect other
forms of investment, future research should include an extended definition of pater-
nal investment. Also, we relied on self-report measures, which relies on participants
having accurate insight into their own level of paternal involvement and could be
subject to self-serving biases. We note, however, that the measures used have previ-
ously been validated with paternal involvement judgements made by others (Finley
& Schwartz, 2004; Galovan, et al., 2014).

In conclusion, the current study challenges the predominant interpretation that
facial masculinity is used as an accurate cue to potential paternal involvement.
Instead, we raise the possibility that facial attractiveness may be more important for
paternal involvement judgements. Future research could investigate the link between
facial masculinity and paternal investment by collecting images of fathers under stan-
dardised conditions, as well as using a wider range of paternal investment measures.
Also, the potential link between facial attractiveness and paternal involvement war-
rants further investigation, as well as the identification of other cues that may signal
paternal involvement.
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