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The role of facial cues in signalling
cooperativeness is limited
and nuanced

Johannes Lohse?*, Santiago Sanchez-Pages? & Enrique Turiegano*

Humans display a remarkable tendency to cooperate with strangers; however, identifying prospective
cooperation partners accurately before entering any new relationship is essential to mitigate the

risk of being exploited. Visual appearance, as inferrable, for example, from facial images on job
portals and dating sites, may serve as a potential signal of cooperativeness. This experimental

study examines whether static images enable the correct detection of an individual’s propensity to
cooperate. Participants first played the Prisoner’s Dilemma (PD) game, a standard cooperation task.
Subsequently, they were asked to predict the cooperativeness of participants from a prior PD study
relying solely on their static facial photographs. While our main results indicate only marginal accuracy
improvements over random guessing, a more detailed analysis reveals that participants were more
successful at identifying cooperative tendencies similar to their own. Despite no detectable main
effect in our primary treatment variations (time pressure versus time delay), participants exhibited
increased accuracy in identifying male cooperators under time pressure. These findings point towards
a limited yet nuanced role of static facial images in predicting cooperativeness, advancing our
understanding of non-behavioral cues in cooperative interactions.
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Humans constantly interact with each other. The outcomes of these interactions often hinge on decisions that
individuals make independently. This is the case, for instance, in cooperative interactions where one person
voluntarily incurs a cost to generate a joint benefit shared with a counterpart. However, such cooperative acts are
susceptible to exploitation by opportunistic counterparts who free-ride on the efforts of others. This potential for
exploitation may deter future opportunities for mutually beneficial cooperation and hence result in substantial
losses in social welfare'~*. Thus, the ability to correctly predict others’ cooperative inclinations is advantageous
in establishing new relationships and sustaining cooperative interactions. Signals of cooperativeness typically
emerge from observing past behavior in repeated interactions or from receiving indirect information on the
reputation built in interactions with others, as exemplified by ratings on websites or reference letters*-. However,
in the absence of information on past behaviour, the visual appearance of a potential counterpart could serve
as an alternative cue.

The ability to correctly predict others’ cooperative behaviors holds such an advantage that it might result from
an evolutionary mechanism”®. This mechanism prompts evolutionary changes in assessing a person’s likelihood
to cooperate based on various observable characteristics’™!. As a result, opportunists gain from pretending to
harbor cooperative intentions by imitating any easily observable characteristic that identifies probable coopera-
tors. This, in turn, encourages the emergence of increasingly complex and difficult-to-imitate signals of coop-
erativeness and the development of more sophisticated detection abilities'®. As a consequence, it is commonly
assumed that any observable indication of non-cooperative intent must be subtle and changing; if the differences
between cooperators and opportunists were instead obvious, opportunists would never be successful in exploiting
cooperators and would disappear from the population over time. In line with this proposition, existing studies
on this evolutionary cat-and-mouse game find only a moderate ability to detect cooperators within a population
and the emergence of remarkably subtle indicators of cooperative intent'?.

A better-than-chance ability to predict whether a person will cooperate has been observed when experi-
mental subjects made their choices after a brief face-to-face encounter'*-'%. Detection abilities also appear to be
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significantly better than chance in experiments using silent video clips of partners'>!7-*. Non-verbal cues thus
seem to help detect cooperators. In particular, individuals’ micro-expressions during decision-making appear
to play a role in these non-verbal cues, as indicated by higher detection rates in static photos taken precisely at
the moment the decision is made®?"??, although the evidence is mixed'?. The ability to detect cooperators from
visual appearance, therefore, seems to be better than chance only when involuntary movements and gestures
can be observed!’, but not from observing static images alone?. Only a small set of studies have documented
better-than-chance prediction abilities using static images not captured concurrently with participants’ choices.
In these studies, certain observable attributes of the individuals in the photos, such as their gender or facial
dimorphism?, were observed to affect detection ability. When it comes to trustworthiness - a behavior closely
linked to cooperation - the evidence is equally mixed. Some studies have found that individuals can judge peo-
ple’s trustworthiness from static images®, while other studies suggest that accuracy is no better than chance**.

And yet, in our daily lives, decisions about our future interactions and cooperative partnerships are often
based, at least partially, on observing static images only. Examples include, but are not limited to, the evaluation
of job candidates or potential romantic matches on dating apps. In these examples, evaluations of static images
are rarely final as they are often followed by a further round of evaluation. However, preliminary screenings
based on static photos are frequently used to select potential cooperation partners. This raises the question
whether the use of static images for this purpose is a profitable strategy or whether, instead, this practice invites
additional bias in the assessment of potential interaction partners. Since there are only a few existing studies
that use static facial images as stimuli?®, we provide new insights into whether these types of images provide
clues about the cooperative intent of strangers. Unlike some studies in the literature, our research involves the
use of incentivized economic games. Apart from studying the overall detection rate, we also exploit a rich set of
individual characteristics to investigate drivers of heterogeneity in judgments and accuracy related to rater and
ratee characteristics. In particular, after having completed an economic game that elicits cooperativeness, the
Prisoner’s Dilemma (PD), participants of our study were shown 20 facial images of participants in a previous
PD experiment. They were asked to evaluate whether the individuals in the images had chosen the cooperative
action in that previous experiment. Participants in this rating task were compensated based on the number of
correct guesses they made.

In addition to determining whether static facial images signal cooperative intent, our study also investigates
whether a shorter exposure time to an image increases or decreases the accuracy of these predictions. Subjects
were randomly assigned to one of two treatments: In the Time pressure treatment, they were asked to provide
a judgment within 5 seconds, whereas in the Time delay treatment, they were asked to take at least 5 seconds
before submitting their judgment. This approach expands upon research indicating that assessments of facial
characteristics are frequently made intuitively***’~2°. Prolonged exposure might replace these intuitive judg-
ments with potentially less reliable indicators, such as biases concerning the gender or ethnicity of the potential
cooperation partner. Moreover, everyday evaluations of static images of potential partners are often produced
in very little time, e.g., mere seconds in the case of dating apps®° and a few minutes in the case of CVs’.. Just 100
ms of exposure to a face are used to judge a person’s reliability, competence, and aggressiveness, although these
quick judgments are not necessarily reliable?”*. This rapid evaluation process aligns with the expectation that
discerning indicators of cooperative behavior is an intuitive and effortless endeavor?***. The dual-process model
of decision-making postulates that decisions are the result of two different processes: intuition and reflection®-".
Intuition tends to be relatively automatic, fast, effortless, and emotional, while reflection tends to be a slower,
more deliberative, controlled, effortful, and a rational calculation-based process. Both types of processes operate
concurrently®®*°. Generally, deliberative processes wield a greater influence on behavior when individuals pos-
sess adequate motivation, awareness, and the opportunity to analyze before acting. Intuitive processes are more
automatic and therefore exert a greater influence when these conditions are absent*!~+.

Numerous observable individual characteristics can shape the way we perceive a potential interaction part-
ner. One of the most salient characteristics observable from static facial images is attractiveness**~*°. Substantial
evidence suggests a tendency to associate attractiveness with other positive qualities***’~*, such as intelligence™,
academic and work performance®, and competence*. In laboratory experiments, attractive people are often
perceived as more cooperative®** and receive more money in the dictator game®*. Some of the factors that
contribute to the perception of a person as attractive can be assessed more or less objectively*>*>*. Two such
factors discernible in a photo are facial symmetry®**->® and youthfulness*”’. However, cooperation in the PD
is less prevalent among individuals with more symmetrical facial features®'. The degree of facial dimorphism,
that is, the extent to which a person’s face exhibits more distinctive features of their own sex as opposed to the
opposite sex, has frequently been associated with beauty®®%>-%, In the case of men, a higher degree of masculinity
has also been frequently associated with dominance and a propensity for engaging in antisocial behaviors®*5-%,

To understand whether cooperative intent can be inferred from static images, we first analyze and report
whether participants’ average detection rate is better than chance, in the aggregate and by ratees’ gender and
choice in the PD. We then turn to comparing detection rates by treatment condition, revealing whether shorter
exposure leads to better detection abilities. Finally, we use regression analyses to investigate the influence of rater
and ratee characteristics on the likelihood of accurate assessments, as well as the factors contributing to biases
in raters’ judgments of cooperation.

This study contributes to the existing literature in several ways. Firstly, it allows each image to be judged
individually rather than requiring a forced choice between two options?%. This more accurately reflects deci-
sions made in natural settings, where cooperative intent is often assessed independently rather than compared
between two alternatives. Furthermore, by incorporating two treatments—one requiring judgments to be made
under time pressure and another requiring delayed judgments—our study expands on a relatively small body
of research that explores the relationship between exposure time, decision-making speed, and the ability to
detect cooperative intentions from static facial images. Previous studies have primarily focused on assessing
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trustworthiness and have yielded inconsistent results about this relationship, relying on a relatively small pool of
raters and ratees”. Consistent with the idea that a longer exposure time invites more inferences from irrelevant
facial characteristics, accuracy improves with shorter exposure in these studies. Finally, our study also goes
beyond the existing literature by considering both the characteristics of raters and the ratees—separately and
jointly— when making predictions, thus expanding the understanding of the factors influencing the evaluation
of potential cooperation partners.

Materials and methods
Participants
The experiment was administered online via Qualtrics, recruiting participants from the Spanish pool of Prolific
users. The participant pool was restricted to individuals who have indicated Spanish as their first language and
nationality, and with a Prolific rating exceeding 95%. Attention checks were integrated into the study to ensure
participant engagement. A total of 300 participants (48% male and 52% female), aged between 18 and 73 years
(mean + SD: 31.53 =£ 10.22 years), participated in the experiment. The majority of our sample (291) self-identified
as Caucasian or Hispanic, with the remainder identifying as Asian (4), Black (1), Arabic (1), Mixed (2) or Other
(1). Table 1 summarizes all key demographic variables by treatment condition. It also shows that random assign-
ment worked as expected with little variation in observables between the Time pressure and Time delay conditions.
The study lasted roughly 20 min. Subjects earned £2.80 on average, including a £1.70 participation fee.
Informed consent was obtained from all participants before the experiment. The ethics committee of the Uni-
versity of Birmingham approved the experimental procedures. All methods were performed in accordance with
the relevant guidelines and regulations.

Experimental design

The experiment consisted of three parts, with the first two parts forming the core of this paper. Part 1 included
a simultaneous and anonymous Prisoner’s Dilemma (PD) game. This work-horse two-player game offers two
options: to cooperate or to defect (called ’invest’ and ‘not-invest’ within the experimental instructions). Mutual
cooperation results in a payoft of 90 points for both players. However, there exists an incentive for each player
to deviate from mutual cooperation. Unilateral deviations lead to a payoft of 160 points for the deviating player
and only 10 points for the cooperating player. As this represents a dominant strategy for each player, the only
equilibrium of this game is when both players defect, each earning 30 points. These payoffs were sourced from
previous PD experiments®®. The goal of Part 1 was to familiarize participants with the PD framework and to
collect data on (1) their cooperative behavior and (2) their beliefs about the cooperative behavior of other par-
ticipants. Neutral language was used in the task framing, and participants’ comprehension was assessed through
a set of quiz questions. Participants could only progress to the decision screen of Part 1 after answering all quiz
questions correctly. If this section of the study was randomly selected for payment, participants were matched
ex-post, and remunerated based on their choice and the choice of an anonymous partner, with points converted
into Euros at a rate of one cent per point.

The primary focus of this study was Part 2, during which we assessed participants’ ability to predict others’
decisions based solely on seeing their static facial photograph. Participants, acting as raters, were shown 20 facial
images, randomly chosen from a larger set of 40. These images were those of 40 participants in a previous PD
experiment® under the same incentive structure as in Part 1 here. The individuals in the photographs, referred
to as ratees for brevity, were all between 20 and 34 years of age (mean + SD: 24.2 + 3.29 years). Importantly, there
was consistency in ethnicity and nationality, with both raters and ratees being recruited from a pool of Spanish
nationals and being predominantly Caucasian.

In Part 2, participants were tasked with determining whether ratees had chosen to cooperate or defect when
they played the same PD game. We classified ratees as cooperators if they chose the cooperative option, and as
defectors if they chose the non-cooperative option in that single PD decision. Detection rates were measured as
the proportion of accurate judgments out of the 20 binary decisions presented to each participant (rater). This
task was incentivized, offering a reward of 20p for each correct judgment.

The set of static facial images assigned to each rater was balanced in terms of gender (10 males, 10 females)
and PD decisions (10 cooperators, 10 defectors) and presented in random order. Additionally, within each gender
category, a balance was maintained between cooperators and defectors. We communicated to the raters that there
would be an equal proportion of cooperators and defectors in the set of pictures they were evaluating. This was

Time pressure

Time delay

Total

Proportion of males

0.479 (0.501)

0.481 (0.501)

0.480 (0.500)

Proportion of Non-Spanish

0.014 (0.119)

0.025 (0.157)

0.020 (0.140)

Age

32.571 (11.399)

30.613 (8.992)

31.527 (10.216)

CRT-Score (0-3)

1.221 (1.004)

1.181 (0.896)

1.200 (0.947)

Risk Tolerance (0-10)

5.107 (2.125)

4.944 (2.241)

5.020 (2.185)

Observations

140

160

300

Table 1. Demographics by treatment group. Rater characteristics: sample means and standard deviations.
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done to avoid participants having to guess the correct cooperation rate in the assessed population in addition
to the decision made by each ratee.

Participants were randomly assigned to one of two treatments. In the Time pressure condition, participants
were instructed to submit their judgment of each image within a 5-s time window, whereas in the Time delay
condition, they were told to wait at least 5 s before providing their answer. A timer displayed on the screen showed
the elapsed time since the participant accessed each rating screen. Time constraints were not strictly enforced,
providing participants with the flexibility to deviate in either direction. In the time-pressure literature, there are
ongoing debates on whether and how to enforce compliance with time constraints’"”%. Without any incentives,
there is a potential for participants to disregard the manipulation. However, introducing incentives or stringent
enforcement can lead to selective compliance or, in the latter case, selection bias due to unrecorded responses.
Addressing these issues statistically can be challenging, which led us to opt for not enforcing the time constraints
(i.e., an intent-to-treat approach). Our manipulation checks indicate that the majority of participants in our study
adhered to the time limits (see the online appendix).

Measurements

After the main decision task, we elicited several rater’s characteristics summarized in Table 1 including self-
declared age and gender. We also assessed raters’ risk tolerance since it may influence both their choices in
the PD game of Part 1 and their guessing behavior in Part 2. To that end, we used a self-reported measure of
risk attitudes experimentally validated in large samples”. Finally, we incorporated participants’ scores on the
Cognitive Reflection Test (CRT), hypothesized to be an inverse measure of impulsivity during evaluations”.
Ratees’ characteristics correspond to those of the 40 participants chosen from a previous PD experiment®'. These
traits encompass age, gender, PD choice, facial dimorphism, self-perceived attractiveness, and Mahalanobis
facial asymmetry score. We applied standardized methods to calculate the facial measures from photos of these
participants®®!. The images were full-face shots taken in a natural position. They were taken with an Olympus
E-500 digital camera at a resolution of 4288 x 2848 pixels in JPEG format under standardized lighting condi-
tions. The camera was positioned 3 m from the participant and the aperture was fully opened to avoid distortion.
Participants were asked to remove any facial adornments and were carefully instructed to look directly into the
camera with a neutral expression.

When selecting the 40 photographs for our study, careful consideration was given to ensure a balanced sample
of cooperators and non-cooperators with an equal gender distribution across both groups and no differences
in the characteristics of interest, as shown in the descriptive statistics in Table SI-1 (Supplementary Informa-
tion). Correlation coeflicients between their facial characteristics are within reasonable bounds (—0.162 between
attractiveness and facial asymmetry; —0.199 between attractiveness and dimorphism and 0.347 between facial
asymmetry and dimorphism). Explicit consent was obtained from all individuals whose photographs were used
in this study.

Statistical analyses

To test whether detection rates were better than chance, e.g. 50% of correct judgments, we used one-sided t-tests.
When comparing accuracy rates across treatments, we used two-sided Rank-sum tests. For multivariate analy-
ses, we employed panel logit regression models with random effects to study the determinants of participants’
accuracy and biases. These models allow us to find patterns in how images were rated across treatments while
accounting for the heterogeneity of raters and ratees and the fact that the former were exposed to multiple stimuli.
All statistical tests were performed with Stata v16.0.

Results
Detection rates
In Part 1, 56% of participants chose to cooperate despite the one-shot nature of the task. This cooperation rate
is in line with those observed in previous PD studies in similar populations®"®. Similarly, 66% of participants
believed that their interaction partner had cooperated. In line with earlier findings in PD experiments, beliefs
and cooperative actions were significantly correlated (pairwise correlation coefficient p = 0.61, p < 0.001).

The main interest of the paper lies in the rating task in Part 2. We first examine whether participants’ detec-
tion rate was better than chance. Table 2 provides an answer to this question, summarizing the average share of
accurate judgments out of 20.

Ratees (1) Overall (%) (2) Time pressure (%) (3) Time delay (%)
All (#20) 50.8 51.8 499
Female (#10) 50.4 49.4 51.3
Male (#10) 51.1 54.1 48.5
Cooperators (#10) 53.7 54.3 53.1
Defectors (#10) 47.9 49.2 46.7

Table 2. Detection rates by treatment condition and ratees’ characteristics. This table provides the percentage
of accurate judgments, broken down by ratee characteristics. Row 1 displays the average detection rates for all
20 ratee photographs shown to participants. Rows 2 to 5 contain results grouped by ratee gender (Rows 2 and
3: ten photographs each) and cooperative type (Rows 4 and 5: ten photographs each).
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Column 1 combines data from both treatment conditions. On average, participants’ ability to detect choices
from facial clues was not statistically better than chance (M = 10.15, SD = 2.17, Cohen’s-d = 0.069, 95% CI [9.91,
10.40], t299 = 1.22, p = 0.111, one-tailed). Given the nature of the task, some participants might have perceived
the displayed pictures as lacking informative cues about the cooperativeness of the depicted individuals. Alter-
natively, they might not have paid sufficient attention to the instructions, disregarding the equal presentation
of cooperative and non-cooperative faces. In such cases, participants might consistently choose one action
(cooperate or defect) in all 20 trials or at least exhibit a significant bias towards one option. Analyzing data from
248 participants who did not favour one of the two options more than 12 times, we find tentative evidence that
participants slightly outperformed chance in predicting the actions of the depicted persons (M = 10.22, SD =
2.23, Cohen’s-d = 0.098, 95% CI [9.94, 10.50], t247 = 1.54, p = 0.063, one-tailed). Similarly, when excluding data
from the 14 participants who selected a specific action (cooperate or defect) more than 17 times out of the 20
trials, the remaining participants still showed a slight advantage over random chance (M = 10.19, SD = 2.20,
Cohen’s-d = 0.086, 95% CI [9.93, 10.44], t235 = 1.45, p = 0.074, one-tailed).

The subsequent rows of column 1 provide a more detailed analysis of the results, segmented according to the
actions or gender of the individuals portrayed in the images (ratee). The gender of the ratee did not significantly
influence detection rates for either female (M = 5.04, SD = 1.52, Cohen’s-d = 0.029, 95% CI [4.87, 5.22], tx99=
0.49, p = 0.622, one-tailed) or male ratees (M = 5.11, SD = 1.62, Cohen’s-d = 0.068, 95% CI [4.93, 5.29], t299 =
1.17, p = 0.242, one-tailed). The last two rows offer further analysis of detection rates for cooperative and non-
cooperative ratees separately. The detection rate for cooperative ratees significantly exceeded chance (M = 5.37,
SD =1.68, Cohen’s-d = 0.219, 95% CI [5.18, 5.56], t299 = 3.79, p < 0.001, one-tailed), while the detection rate for
non-cooperative ratees did not exceed chance. Rather, it was significantly below chance (M = 4.79, SD = 1.68,
Cohen’s-d = —0.127, 95% CI [4.60, 4.98], t299 = —2.20, p = 0.028, one-tailed).

Next, we ask whether our primary treatment variation had an impact on detection rates. Columns 2 and 3
of Table 2 break down our results by treatment and ratee characteristics. Overall results in row 1 indicate that
detection rates were better than chance under time pressure (M = 10.35, SD = 2.30, Cohen’s-d = 0.152, 95% CI
[9.97,10.73], t139 = 1.80, p = 0.037, one-tailed). In contrast, under Time delay, detection rates did not show a sig-
nificant improvement over chance (M = 9.98, SD = 2.05, Cohen’s-d = —0.009, 95% CI [9.66, 10.30], ;59 = —0.12,
p = 0.546, one-tailed). When we break down the results by ratee characteristics, we observe that participants
performing under time pressure displayed an ability to correctly detect the actions of male ratees (M = 5.41, SD
= 1.62, Cohen’s-d = 0.251, 95% CI [5.14, 5.68], t;39 = 2.97, p = 0.0018, one-tailed) and cooperative ratees (M =
5.43, SD = 1.70, Cohen’s-d = 0.253, 95% CI [5.15, 5.71], t139 = 2.99, p = 0.0017, one-tailed) that was better than
chance. The same was not true for female and non-cooperative ratees.

Under Time delay, participants still performed better than chance in detecting the actions of cooperative
ratees (M = 5.31, SD = 1.66, Cohen’s-d = 0.188, 95% CI [5.05, 5.57], t159 = 2.38, p = 0.0092, one-tailed), but did
not perform better than chance for non-cooperative ones. The gender of the ratees had no impact on detection
abilities under Time delay.

Finally, comparing detection rates across columns 2 and 3 reveals that participants in the Time pressure con-
dition sometimes exhibited higher detection rates than those in the Time delay condition. This difference was
not statistically significant for the overall sample (Rank-sum test, z = 1.346, p = 0.178, two-tailed), even after
excluding the 14 participants who chose one of the two options 17 times or more (Rank-sum test, z = 1.389, p =
0.165, two-tailed). But breaking down the analysis by the gender of the ratees shows that participants in the time
pressure condition had significantly better detection rates for male faces (All: Rank-sum test, z= 2.603, p = 0.0092;
Systematic: Rank-sum test, z = 2.631, p-value = 0.0085, two-tailed), but not for female faces (All: Rank-sum test,
z =—1.003, p = 0.316; Systematic: Rank-sum test, z = —0.977 p = 0.329, two-tailed). There were no significant
treatment differences when separately analyzing cooperative and non-cooperative ratees.

We note in passing that the small differences between the Time pressure and Time delay condition are not
due to a weak manipulation (see Fig. SI-1 in the SI). On average, response times (per rating) were significantly
faster (3.36 s) in the former compared to the latter (6.91 s), although compliance with the time manipulation
was not perfect (Rank-sum test, z = —11.274, p < 0.001, two-tailed). In Table SI-2 of the SI, we provide further
robustness checks showing that the average treatment effect on the treated (ATT), that is, the effect for those
affected by the treatment, follows similar patterns as the intent-to-treat (ITT) effect: we find weak evidence that
slowing down decisions reduced choice accuracy, which was mostly driven by incorrect judgments about male
ratees and non-cooperative ratees (see also Fig. SI-2).

Rater characteristics and accurate judgments
We observe significant heterogeneity in raters’ ability to correctly detect cooperators. Figure 1 summarizes the
distribution of accurate judgments separately for the Time pressure and Time delay conditions.

The highest-performing raters accurately evaluate 80% of ratee’s actions (16/20), in contrast to the lowest-
performing raters, who only make correct judgments 25% of the time (5/20). As observed previously, the intro-
duction of a time delay shifts this distribution slightly leftward, resulting in a greater proportion of participants
scoring below the random-chance benchmark of 50% accuracy (10 out of 20).

In this section, we explore whether and which rater characteristics can account for this heterogeneity. Table 3
contains the results of a panel logit regression, with correct judgments as the dependent variable. The table reports
odds ratios for the treatment indicator and various rater characteristics.

Considering the full model in column 1 first, neither the treatment nor any of the included rater character-
istics influence the likelihood of a correct judgment. Significant associations arise in the remaining columns
that split the sample according to ratees’ attributes (gender and cooperative type). Columns 2 and 3 show that
male participants exhibited a significant advantage over female participants in detecting the cooperative type of
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Fig. 1. Histogram of Accurate Judgments By Treatment.

(1) Overall (2) Female (3) Male (4) Defector (5) Cooperator
Treatment (1 = Delay) —0.0771 (-1.52) | 0.0778 (1.08) —0.233 (=3.16)"** | -0.132(-1.72)* | -0.0244 (-0.31)
Male (1 = Yes) 0.0781 (1.59) ~0.0254 (=0.36) | 0.183 (2.50)** 0.0988 (1.30) 0.0596 (0.77)
Cooperator (1 = Yes) —-0.00193 (-0.03) | 0.0375 (0.42) —0.0416 (- 0.43) —-0.0321 (-0.36) 0.0282 (0.29)
Cooperative belief (1 = Yes) —0.0411 (- 0.65) -0.0761 (-0.76) —0.00610 (-0.06) | —0.304 (—=3.11)** | 0.222 (2.14)**
Age (Standardized) 0.0178 (0.75) 0.00837 (0.24) 0.0274 (0.73) 0.00453 (0.12) 0.0317 (0.93)
CRT (> Median) —-0.00385 (-0.07) | 0.0286 (0.40) —0.0365 (—0.48) —0.0584 (-0.72) 0.0508 (0.63)
Risk Tolerance (> Median) —-0.0722 (- 1.44) —0.0420 (- 0.60) —-0.103 (- 1.39) —0.0480 (- 0.62) -0.0987 (- 1.27)
Constant 0.123 (1.60) —0.00521 (—0.05) | 0.253 (2.48)** 0.257 (2.54)** ~0.00761 (- 0.07)
Order Dummy YES YES YES YES YES
Observations 6000 3000 3000 3000 3000
Prob > x2 0.192 0.922 0.001 0.002 0.123

Table 3. Accuracy: rater characteristics. Dependent variable: Correct judgment (1 for correct, 0 for incorrect).
This table presents odds ratios from a logit regression with s.e. clustered at the individual level. ¢ statistics in
parentheses are used to determine the statistical significance of the respective odds ratios. Significance levels:
*p < 0.10,**p < 0.05,**p < 0.01, ***p < 0.001.

male ratees, while the same was not true for the ability of female participants in detecting the behavior of female
ratees. Moreover, the odds of making an accurate judgment about male ratees were reduced under time delay
relative to time pressure.

Columns 4 and 5 show an association between beliefs in Part 1 of the experiment and detection ability in
Part 2. Specifically, those participants who believed that their partner in the PD of Part 1 had cooperated dis-
played a worse ability to correctly identify defectors and a better ability to correctly identify cooperators. Other
individual characteristics such as CRT-score, age, and risk tolerance did not influence the odds of making an
accurate judgment.

Ratee characteristics and correct judgments

Raters could base their judgments on some characteristics (e.g., age or gender) inferred from the ratees’ pho-
tographs. Figure 2 below shows that there was significant heterogeneity in detection rates across images. This
suggests that, rather than random guessing, which would lead to detection rates clustering around 50% for each
image, the raters systematically relied on certain characteristics when predicting the actions of the ratees. For
example, Figure 2 indicates that female defectors were relatively overrepresented in the lower tail of the distribu-
tion of detection rates (below 40% accuracy), while female cooperators were relatively underrepresented. No ratee
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Fig. 2. Accurate judgment rate by image.

photograph allowed perfect identification or was perfectly deceptive. This again suggests that cues, if existent,
are subtle and not uniformly discernible.

In Table 4, we augment the regression models in Table 3 with a set of observable ratee characteristics. We also
control for all unobserved heterogeneity in facial characteristics by including a fixed effect for each image. Results
indicate that several ratee characteristics can account for the heterogeneity in detection rates across images. First,
male cooperators were harder to correctly identify compared to male defectors, and vice versa. An increase in the

(1) Overall

(2) Female

(3) Male

(4) Defector

(5) Cooperator

Panel A: rater characteristics

Treatment (1=Delay)

—-0.0798 (-1.52)

0.0809 (1.08)

—-0.241 (-3.16)***

-0.138 (- 1.72)*

-0.0251 (-0.31)

Male (1 = Yes)

0.0809 (1.59)

-0.0264 (-0.36)

0.188 (2.51)**

0.104 (1.31)

0.0610 (0.77)

Cooperator (1=Yes)

-0.00202 (-0.03)

0.0390 (0.42)

—0.0430 (-0.43)

—-0.0336 (-0.36)

0.0289 (0.29)

Cooperative Belief (1 = Yes)

—0.0425 (- 0.65)

—-0.0791 (- 0.76)

-0.00622 (-0.06)

—-0.318 (- 3.10)***

0.227 (2.14)**

Age (Standardized)

0.0184 (0.75)

0.00868 (0.24)

0.0283 (0.73)

0.00469 (0.12)

0.0325 (0.93)

CRT (> Median)

-0.00399 (-0.07)

0.0297 (0.40)

—-0.0377 (- 0.48)

—-0.0617 (-0.73)

0.0521 (0.63)

Risk tolerance (> Median) —-0.0747 (- 1.44) —0.0436 (- 0.60) —-0.106 (- 1.39) -0.0501 (-0.62) —-0.101 (- 1.27)
Panel B: ratee characteristics
Age (Standardized) —0.292 (-2.61)*** —0.620 (—3.60)**** —-0.294 (—2.61)*** —-0.297 (—2.61)*** —0.462 (—1.45)
Cooperator (1 = Yes) 0.422 (1.37) 1.586 (3.70)** - 1.122 (=2.77)***
Male picture (1 = Yes) —-0.720 (- 1.61) -0.0503 (-0.17) —-0.0110 (-0.05)
Mabhalanobis (standardized) 0.487 (3.67)%+* 0.375 (2.22)** 0.490 (3.67)+** 0.495 (3.66)** 0.495 (1.45)
Dimorphism (standardized) 0.656 (3.28)*** —0.556 (—3.52)**** 0.661 (3.28)*** 0.667 (3.28)*** -0.205 (- 0.77)
Attractiveness (standardized) —0.0780 (-0.98) —0.457 (—4.56)*** -0.0786 (-0.98) —-0.0794 (-0.98) -0.155 (- 0.30)
Constant 0.449 (0.76) —1.872 (—4.06)*** 1.340 (2.95)** 0.449 (1.40) —0.241 (-0.92)
Face FE YES YES YES YES YES
Order FE YES YES YES YES YES
Observations 6000 3000 3000 3000 3000
Prob > x2 0.000 0.000 0.000 0.000 0.000

Table 4. Accuracy: rater and ratee characteristics. Dependent variable: Correct judgment (1 for correct,
0 for incorrect). This table presents odds ratios from a logit regression with s.e. clustered at the individual
level. ¢ statistics in parentheses are used to determine the statistical significance of the respective odds ratios.

Significance levels: *p < 0.10, **p < 0.05, **p < 0.01, ***p < 0.001.
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ratees age significantly worsened the detection rates in all specifications, apart from model 5 (cooperative ratees).
In this respect, it is important to point out that the age of ratees only ranged from 20 to 34 years (average 24.2).

We also include metrics of facial symmetry, gender dimorphism, and self-assessed attractiveness. We first
focus on gender dimorphism, which measures the divergence of the depicted face from the average features
of the opposite sex; thus, higher scores denote more masculinity in males and more femininity in females.
In single-gender regressions (columns 2 and 3), higher dimorphism implies a greater similarity to the facial
attributes of that specific gender. In mixed-gender regressions (the remaining columns), higher scores suggest a
stronger resemblance to the facial features typical of the own gender. Here, we observe that a higher resemblance
to gender-specific facial features enhanced the overall detection of ratees’ type, more specifically for males and
non-cooperative ratee’s. In contrast, a higher degree of dimorphism in females significantly reduced correct
identification. In simpler terms, males ratees appearing relatively more masculine were identified correctly more
often, whereas females appearing more feminine were less likely to be correctly identified.

We next examine the impact of facial symmetry, measured using the Mahalanobis distance. This metric
assesses the symmetry in each individual’s facial features by quantifying how much they deviate from a face
with the expected symmetry in the population of reference; higher values indicate lower symmetry. Our findings
indicate that ratees with less symmetric faces, as denoted by higher Mahalanobis scores, were identified with
higher accuracy. This observation is consistent across both genders. While the effect is similar in direction and
strength between cooperative and defective ratees, it only reaches statistical significance for defectors.

Lastly, our analysis reveals that while facial attractiveness does not affect rating accuracy in the full sample
of images, there is a pronounced negative effect for female ratees. Specifically, female ratees who perceive them-
selves as more attractive tend to be identified correctly less often. This effect is not observed among male ratees.

Identifying biases: the role of rater and ratee characteristics in judgments

This section explores through regression models how the characteristics of raters and ratees affected judgments
(rather than judgment accuracy). Given the balanced presentation of cooperative types and the absence of dif-
ferences in ratees’ characteristics across types, any variable showing significance in these regressions indicates
that it generated a systematic bias in raters’ evaluations. As expected if participants followed our instructions
closely, 52% of all judgments were in favor of cooperation and 48% in favor of non-cooperation.

Table 5 presents the outcomes of various random effects logit models where the dependent variable takes
the value 1 if the rater judged the person in the photograph to be a cooperator. All results reported in the table
represent odds-ratios.

Panel A contains the results for rater characteristics. Apart from the cooperative beliefs elicited in Part 1,
none of the individual rater characteristics assessed in the post-experimental questionnaire shows a significant
association with judgments when looking at all judgments (column 1). In short, participants with cooperative
beliefs were more likely to judge ratees as cooperative.

The remaining models segment the data further, distinguishing by treatment condition (columns 2 and 3)
and ratee gender (columns 4 and 5). In each of these additional specifications, we again find little evidence that
any rater characteristic biased judgments.

(1) Overall

(2) Time pressure

(3) Time delay

(4) Female

(5) Male

Panel A: rater characteristics

Male (1 = Yes)

~0.0197 (- 0.33)

~0.0379 (- 0.45)

—0.00409 (- 0.04)

—0.0288 (- 0.31)

~0.0114 (-0.13)

Cooperator (1 = Yes)

0.0276 (0.39)

0.0884 (1.08)

-0.0313 (-0.26)

0.0752 (0.73)

-0.0181 (-0.16)

Cooperative belief (1 = Yes)

0.271 (3.34)****

0.248 (2.91)***

0.321 (2.29)**

0.223 (1.93)*

0.334 (2.75)**

Age (standardized)

0.0114 (0.42)

—0.00198 (-0.06)

0.0280 (0.51)

0.0448 (1.04)

~0.0214 (- 0.52)

CRT (> Median)

0.0533 (0.84)

0.0204 (0.23)

0.0945 (0.99)

0.160 (1.69)*

~0.0489 (- 0.52)

Risk tolerance (> Median)

—0.0284 (-0.47)

0.0567 (0.66)

-0.0979 (-1.03)

0.0120 (0.13)

-0.0707 (-0.79)

Panel B: ratee characteristics

Age (standardized)

0.297 (2.61)***

0.390 (2.05)**

0.224 (1.60)

0.648 (3.61)**

0.305 (2.61)**

Male (1 = Yes)

0.967 (1.93)*

1.026 (1.32)

0.980 (1.43)

Mabhalanobis (standardized)

—0.495 (—3.66)***

—0.585 (—2.87)***

—0.433 (—2.34)**

-0.392 (-2.22)**

—0.508 (—3.65)****

Dimorphism (standardized)

—0.667 (—3.28)%*

—0.880 (—2.59)***

—0.511 (= 1.99)**

0.581 (3.53)0**

—0.685 (—3.29)***

Attractiveness (standardized) 0.0793 (0.98) —-0.0150 (- 0.13) 0.158 (1.39) 0.478 (4.57)*%%* 0.0814 (0.98)
Face FE YES YES YES YES YES

Order FE YES YES YES YES YES
Observations 6000 2800 3200 3000 3000

Prob> x? 0.000 0.000 0.000 0.000 0.000

Table 5. Cooperative judgments: rater and ratee characteristics. Dependent variable: Cooperation judgment
(1 for cooperator, 0 for defector). This table presents odds ratios from a logit regression with s.e. clustered at
the individual level. ¢ statistics in parentheses are used to determine the statistical significance of the respective
odds ratios. Significance levels: *p < 0.10, **p < 0.05, **p < 0.01, ***p < 0.001.
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However, Panel B shows across all specifications that participants’ judgments were partially based on specific
facial characteristics of ratees. Focusing on column 1 first, it is evident that older ratees were judged as more
cooperative; furthermore, age mattered more for female than for male ratees, as shown in columns 4 and 5.

Again, we included three measures derived from the facial images used in our study. Facial asymmetry affects
judgments across all specifications: more facially asymmetric ratees were consistently less likely to be judged as
cooperators. The remaining models show that facial asymmetry has a more pronounced impact on judgments
made under Time pressure compared to those made after a Time delay. This suggests that facial symmetry is used
as an intuitive cue of cooperativeness.

Attractiveness does not matter for judgments overall. However, female ratees who perceive themselves as more
attractive are judged to be more cooperative compared to female ratees who perceive themselves as less attractive.

Facial dimorphism has an overall negative effect on judgments again with stronger effects under Time pres-
sure than under Time delay. Breaking this down by gender reveals that females with more feminine features
are perceived as more cooperative, while men with more masculine features are perceived as less cooperative.

In Table SI-3 in the Supplementary Information, we further demonstrate that, excluding age, none of the
aforementioned facial characteristics correlates with the actual decisions made by the ratees in our sample. This
implies that the raters’ reliance on these characteristics, as suggested by Table 5, leads them to misjudge the behav-
ioral type of ratees. Given our earlier observation that participants’ detection ability modestly improved over
chance, this result implies the existence of additional, more subtle facial cues contributing to that improvement.

Discussion

Our findings suggest an ability to discern the cooperative disposition of individuals shown in static images that
is only moderately above chance. This capability varied with the time allotted for participants to scrutinize the
images and with the characteristics of both raters and ratees. Differences emerged when examining the accuracy
for specific subsets of ratees. Detection rates significantly outperformed chance across both treatments for coop-
erative ratees but fell below chance when the ratee in the picture did not cooperate. This differential effect was
more pronounced with extended deliberation. Whilst the ability to detect non-cooperators was slightly better
than random under Time pressure, having more time was counterproductive. Put differently, non-cooperators’
faces successfully obscured their type, especially when raters had more time for deliberation.

These results prompt two remarks. First, the observation that allocating more time to evaluate a static image
diminishes detection ability is in line with some previous findings on the advantages of unconscious versus con-
scious responses’>’%, although this body of research remains debated”””®. Our study does not aim to make a gen-
eral statement on the merits of these two response types; we cannot assess how consciously participants focused
on their judgments or how aware they were of their evaluation process during the allotted time. Moreover, in our
specific context, 5 s could be sufficient for forming conscious judgments, while unconscious judgments about
facial features may already occur within milliseconds. Notwithstanding, our time-pressure design incorporates
some features that allow for an evaluation of the advantages of unconscious decisions’*’, such as stimulus com-
plexity, participant training, and task-independent success criteria. Although not a central focus of our study,
we find suggestive evidence that unconscious judgments can yield better outcomes than conscious judgments in
a large sample of facial ratings. More research will be needed to confirm this, for example, by directly assessing
whether judgments are made shortly after exposure to stimuli, even with extended evaluation times.

A second noteworthy observation from Table 2 pertains to non-cooperators’ faces appearing deceptive, i.e.,
only marginally harder to accurately predict than the faces of cooperators. This aligns with the expectation that
non-cooperators imitate cooperative traits, resulting in an overall low accuracy rate in predicting cooperation'?.
Despite the subtlety of cooperation indicators, their detectability persists**°!. The notion that cooperative indica-
tors manifest themselves in facial features is not surprising from an evolutionary perspective. It is plausible that
signs indicating a propensity to cooperate eventually evolve into signals, understood as “any act or structure that
alters the behavior of other organisms, evolved due to that effect, and is effective because the receiver’s response
has also evolved”®!. A key evolutionary mechanism to ensure signal honesty is that signals must be costly, allow-
ing only the most capable individuals to bear the cost®>®. For example, acts of helping are most often costly®*°.
Hence, according to costly signaling theory, signals indicating a propensity to cooperate must also signify indi-
vidual quality®, for instance in the context of partner selection®”. Fixed facial features can indeed be employed
to predict behavior; for example, the detection of trustworthy counterparts in the trust game is notably accurate
when facial images lack chromatic information®*#%%. When judgments of trustworthiness include information
beyond a facial image, detection ability diminishes, as raters then resort to explicit judgments about the perceived
reliability of the person in the photograph.

We also observe that the behavior of male ratees is detected more accurately under limited exposure time.
This result partially aligns with those obtained when studying the impact of rater characteristics on detection
ability. The significant heterogeneity in the ability to detect cooperation has been associated with several rater
traits®!7-2%%1, For instance, the sex of the evaluator influences their ability to detect cooperators and defectors
in images taken at the time of the decision??, and their judgments of trustworthiness®. Table 3 confirms men’s
higher precision in assessing the behavior of other men, whereas men and women are not different in their
ability to evaluate the cooperative type of women. This aligns with previous findings highlighting the impact
of ratees’ characteristics, such as gender or facial dimorphism*!. Although there are no gender differences in
cooperation rates®, meta-analyses show that men exhibit a higher level of intragroup cooperation®*2, This
enhanced intragroup cooperation is commonly associated with ancestral pressures like hunting and intergroup
conflict®. Selective pressures, which persisted until recently in an evolutionary time-frame, might thus explain
men’s enhanced capacity to detect the cooperative intent of male counterparts.
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Regarding raters’ characteristics, our results are in line with those observed in the aggregate in previous
studies. Increasing deliberation time diminishes predictive ability, particularly for evaluating men and non-
cooperators. A crucial finding is the significant impact of participants’ beliefs about their opponent’s behavior
in the PD. Those participants who expected their counterpart to cooperate in the PD of Part 1 displayed an
enhanced detection ability for cooperative ratees, while those who expected their counterpart to defect in Part 1
were better at spotting non-cooperators among the pool of ratees. In essence, beliefs regarding the behavior of an
unknown individual in an anonymous PD game correlate with improved detection of that behavior. Cooperators
have a strong interest in detecting fellow cooperators. But for defectors, detecting other non-cooperators should
be less important, as they typically prioritize self-interest. However, our findings suggest that non-cooperators
develop an ability to detect fellow defectors, possibly because these are less likely to retaliate in the future. In
other words, in addition to the well-known presence of conditional cooperators®, our results suggest that there
could be conditional non-cooperators, who cooperate to avoid exposure for not following a social norm of
cooperation. It is crucial to highlight that the correlation we identify between beliefs and detection capability is
not attributable to the former skewing guesses in the detection task. Such behavior cannot improve detection
rates given that half of the images presented cooperators. For example, if a participant anticipated that 60% of
potential partners would cooperate and predicted that 60% (or any percentage greater than 50%) of the images
viewed were cooperators, their overall detection rate would amount to (60% x 50%) + (40% x 50%) = 50%.

With respect to the characteristics of ratees, several noteworthy observations emerge. First, all relevant raters’
characteristics maintain significance, along with the impact of extended evaluation time. The findings in Table 4
diverge from those presented in Table 2 in that we no longer observe that overall cooperators are more likely to
be detected than defectors. This appears to be due to the fact that we are now controlling for facial symmetry
and dimorphism, two traits that affected the cooperative choices of the individuals in the photographs?*¢1:6995
and display a significant impact on detection rates.

Specifically, high dimorphism enhances the detection of non-cooperators and males, while it has the opposite
effect in females. These results align with the male warrior hypothesis and the debate on the relationship between
dimorphism, beauty, and social status in men®?! and women®. Shifting the focus, facial asymmetry improves
the detection of female ratees, while age hinders the identification of cooperators. Theoretical explanations for
these results pose challenges, hinting at the presence of systematic biases in judgments of cooperation.

Table 5 reveals that several variables are associated with biases in judging a person as a cooperator. Individuals
who expected cooperation (defection) from their counterpart in Part 1 were more likely to judge the individuals
shown in the photographs as cooperators (defectors). This bias explains the results on detection rates by ratees’
cooperative type in Table 4.

Other biases include perceiving older individuals, particularly older women, and females with more femi-
nine features as more cooperative. This aligns with research suggesting that age and dimorphism are related to
beauty®®$2-491_Attractive individuals enjoy advantages in human social interactions®”” and are generally seen as
more cooperative?>*2, Facial asymmetry also consistently biased judgments, with more asymmetrical faces being
judged as less cooperative. This finding contrasts with the common observation in the literature that people with
more asymmetric facial features cooperate more often in the PD game® . Hence, if judgments were based on
experience alone®, participants should have judged facially asymmetric individuals as more cooperative. This
phenomenon may be influenced by the stereotype that attractive individuals are inherently good, as symmetry
often correlates with perceived attractiveness. While there was no significant correlation between facial symmetry
and self-perceived attractiveness of our ratees, it is worth noting that we found that female ratees who perceived
themselves as more attractive were judged more often as cooperative. This partially supports previous findings
showing that attractive individuals are seen as more cooperative™.

It is important to note that these biases were stronger under limited evaluation time; under Time delay, all
of the described effects were weaker, and insignificant in the case of age. This is remarkable given that judg-
ments are rapidly established””*? and are unlikely to change following deliberation’®. While biases are present
in both quick and deliberate evaluation processes®, our findings align with research indicating that decisions
made under stress often rely on biased judgments®. Although we did not directly measure stress levels in our
participants, time pressure likely played a role, particularly considering that reliability judgments are made in
a matter of milliseconds.

In sum, our findings underscore the presence of biases that can hinder the accurate prediction of coopera-
tive behavior. The complex interplay between facial characteristics, gender, and time pressure in shaping these
judgments highlights the challenge of identifying cooperators based solely on facial cues. Overall, our results
demonstrate that preconceived biases based on facial features often impair, rather than enhance, the ability to
identify cooperators.

In conclusion, our results highlight the complexity of predicting cooperation based on static images. Although
overall detection rates are not better than chance, certain individuals demonstrate enhanced detection ability
under specific circumstances. We must acknowledge the inherent noise in investigating accuracy due to vari-
ous factors. For instance, while there exists a phenotype often associated with cooperative individuals*>'%, the
cooperative phenotype of both raters and ratees in our study was assessed based on choices made in a single
economic game. This may introduce some risk of misclassification that, in turn, may pose significant challenges
in evaluating the accuracy of raters. Future studies may circumvent this problem by employing larger sample
sizes and/or more comprehensive measures of classifying ratees. Nonetheless, even if a cooperative phenotype
likely exists, cooperative behavior often depends on the context, rendering such assessments specific to particular
situations and inherently probabilistic. Another consideration is that the raters in our task were informed that
50% of the ratees would be cooperators. This approach was deliberately chosen to avoid any bias in identifying
detection rates that could arise from mispredicting the baseline rate of cooperation in a population®. However,
in real-world settings, this additional source of information is rarely available, which, in turn, is likely to affect
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individuals® ability to accurately identify cooperative types in the population. We regard these limitations as

prom

ising directions for future research. Given the substantial advantages for both individuals and society in

correctly identifying cooperators in real-world contexts, exploring the elements that influence this capability
remains a crucial topic for further investigation.

Data availability
Data for this study are available under: https://doi.org/10.6084/m9.figshare.25610673.

Received: 16 April 2024; Accepted: 30 August 2024
Published online: 24 September 2024

References

1.
2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

Fehr, E. & Fischbacher, U. The nature of human altruism. Nature 425, 785-791 (2003).

Bonnefon, J.-E, Hopfensitz, A. & Neys, W. D. Can we detect cooperators by looking at their face?. Curr. Directions Psychol. Sci.
26,276-281 (2017).

Henrich, J. & Muthukrishna, M. The origins and psychology of human cooperation. Annu. Rev. Psychol. 72, 207-240 (2021).
Andreoni, J. & Miller, J. H. Rational cooperation in the finitely repeated prisoner’s dilemma: Experimental evidence. Econ. J.
103, 570-585 (1993).

Cooper, R., DeJong, D. V., Forsythe, R. & Ross, T. W. Cooperation without reputation: Experimental evidence from prisoner’s
dilemma games. Games Econ. Behav. 12, 187-218 (1996).

Embrey, M., Fréchette, G. R. & Yuksel, S. Cooperation in the finitely repeated prisoner’s dilemma. Quart. J. Econ. 133, 509-551
(2018).

Cosmides, L. & Tooby, ]. Cognitive adaptations for social exchange. Adapted Mind Evolut. Psychol. Generation Culture 163,
163-228 (1992).

Belot, M., Bhaskar, V. & Van De Ven, J. Can observers predict trustworthiness?. Rev. Econ. Stat. 94, 246-259 (2012).
Verplaetse, J., Vanneste, S. & Braeckman, J. You can judge a book by its cover: The sequel. A kernel of truth in predictive cheating
detection. Evolut. Hum. Behav. 28, 260-271 (2007).

Brown, W. M. & Moore, C. Smile asymmetries and reputation as reliable indicators of likelihood to cooperate: An evolutionary
analysis. Adv. Psychol. Res. 11, 59-78 (2002).

Hanley, J., Orbell, J. & Morikawa, T. Conflict, interpersonal assessment, and the evolution of cooperation: Simulation results.
Trust Reciprocity Interdiscip. Lessons Exp. Res. 170-206 (2003).

Sylwester, K., Lyons, M., Buchanan, C., Nettle, D. & Roberts, G. The role of theory of mind in assessing cooperative intentions.
Personality Individual Differences 52, 113-117 (2012).

Sparks, A., Burleigh, T. & Barclay, P. We can see inside: Accurate prediction of prisoner’s dilemma decisions in announced games
following a face-to-face interaction. Evolut. Hum. Behav. 37, 210-216 (2016).

Brosig, J. Identifying cooperative behavior: Some experimental results in a prisoner’s dilemma game. J. Econ. Behav. Organ. 47,
275-290 (2002).

Frank, R. H., Gilovich, T. & Regan, D. T. The evolution of one-shot cooperation: An experiment. Ethol. Sociobiol. 14, 247-256
(1993).

Reed, L. L, Zeglen, K. N. & Schmidt, K. L. Facial expressions as honest signals of cooperative intent in a one-shot anonymous
prisoner’s dilemma game. Evolut. Hum. Behav. 33, 200-209 (2012).

Brown, W. M., Palameta, B. & Moore, C. Are there nonverbal cues to commitment? An exploratory study using the zero-
acquaintance video presentation paradigm. Evolut. Psychol. 1, 147470490300100100 (2003).

Fetchenhauer, D., Groothuis, T. & Pradel, J. Not only states but traits-humans can identify permanent altruistic dispositions in
20 s. Evolut. Hum. Behav. 31, 80-86 (2010).

Oda, R., Naganawa, T., Yamauchi, S., Yamagata, N. & Matsumoto-Oda, A. Altruists are trusted based on non-verbal cues. Biol.
Lett. 5,752-754 (2009).

Oda, R., Yamagata, N., Yabiku, Y. & Matsumoto-Oda, A. Altruism can be assessed correctly based on impression. Human Nat.
20, 331-341 (2009).

Yamagishi, T., Tanida, S., Mashima, R., Shimoma, E. & Kanazawa, S. You can judge a book by its cover: Evidence that cheaters
may look different from cooperators. Evolut. Huma. Behav. 24, 290-301 (2003).

Kovacs-Balint, Z., Bereczkei, T. & Hernddi, I. The telltale face: Possible mechanisms behind defector and cooperator recognition
revealed by emotional facial expression metrics. Br. J. Psychol. 104, 563-576 (2013).

Rostovtseva, V. V. et al. Unravelling the many facets of human cooperation in an experimental study. Sci. Rep. 13 (2023).
Tognetti, A., Berticat, C., Raymond, M. & Faurie, C. Is cooperativeness readable in static facial features? An inter-cultural
approach. Evolut. Hum. Behav. 34, 427-432 (2013).

Todorov, A. Evaluating faces on trustworthiness: An extension of systems for recognition of emotions signaling approach/
avoidance behaviors. Ann. N. Y. Acad. Sci. 1124, 208-224 (2008).

Jaeger, B. et al. Can people detect the trustworthiness of strangers based on their facial appearance?. Evolut. Hum. Behav. 43,
296-303 (2022).

Todorov, A., Pakrashi, M. & Oosterhof, N. N. Evaluating faces on trustworthiness after minimal time exposure. Social Cognition
27, 813-833 (2009).

Todorov, A., Loehr, V. & Oosterhof, N. N. The obligatory nature of holistic processing of faces in social judgments. Perception
39, 514-532 (2010).

De Neys, W., Hopfensitz, A. & Bonnefon, J.-F. Split-second trustworthiness detection from faces in an economic game. Exp.
Psychol. 64(4), (2017).

Pronk, T. M., Bogaers, R. I., Verheijen, M. S. & Sleegers, W. W. A. Pupil size predicts partner choices in online dating. Social
Cognit. 39, 773-786 (2021).

Watkins, L. M. & Johnston, L. Screening job applicants: The impact of physical attractiveness and application quality. Int. J.
Selection Assessment 8, 76-84 (2000).

Willis, J. & Todorov, A. First impressions: Making up your mind after a 100-ms exposure to a face. Psychol. Sci. 17, 592-598
(2006).

Bonnefon, J.-E, Hopfensitz, A. & De Neys, W. The modular nature of trustworthiness detection. J. Exp. Psychol. General 142,
143 (2013).

Evans, J. S. B. In two minds: Dual-process accounts of reasoning. Trends Cognit. Sci. 7, 454-459 (2003).

Kahneman, D. Fast and Slow Thinking (Allen Lane and Penguin Books, 2011).

Sloman, S. A. The empirical case for two systems of reasoning. Psychol. Bull. 119, 3 (1996).

Scientific Reports |

(2024) 14:22009 |

https://doi.org/10.1038/s41598-024-71685-9 nature portfolio


https://doi.org/10.6084/m9.figshare.25610673

www.nature.com/scientificreports/

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.
49.

50.
51.

52.
53.
54.
55.
56.

57.
58.

59.

61.

62.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.
75.

76.

77.
78.

Stanovich, K. E. & West, R. F. 24. Individual differences in reasoning: Implications for the rationality debate?. Behav. Brain Sci.
23, 665-726 (2000).

Fazio, R. H. & Olson, M. A. Implicit measures in social cognition research: Their meaning and use. Annu. Rev. Psychol. 54,
297-327 (2003).

Strack, E & Deutsch, R. Reflective and impulsive determinants of social behavior. Personality Social Psychol. Rev. 8, 220-247
(2004).

Cecchini, D. Dual-process reflective equilibrium: Rethinking the interplay between intuition and reflection in moral reasoning.
Philos. Explorations 24, 295-311 (2021).

Gawronski, B. & Hahn, A. Implicit measures: Procedures, use, and interpretation. in Measurement in Social Psychology, 29-55
(Routledge, 2018).

Forstmann, B. U. et al. Striatum and pre-sma facilitate decision-making under time pressure. Proc. Natl. Acad. Sci. 105, 17538
17542 (2008).

Kurdi, B. et al. Relationship between the implicit association test and intergroup behavior: A meta-analysis. Am. Psychol. 74,
569 (2019).

Langlois, J. H. et al. Maxims or myths of beauty? A meta-analytic and theoretical review. Psychol. Bull. 126, 390 (2000).

Little, A. C., Jones, B. C. & DeBruine, L. M. Facial attractiveness: Evolutionary based research. Philos. Trans. R. Soc. B Biol. Sci.
366, 1638-1659 (2011).

Maestripieri, D., Henry, A. & Nickels, N. Explaining financial and prosocial biases in favor of attractive people: Interdisciplinary
perspectives from economics, social psychology, and evolutionary psychology. Behav. Brain Sci. 40, €19 (2017).

Brand, R. J., Bonatsos, A., D'Orazio, R. & DeShong, H. What is beautiful is good, even online: Correlations between photo
attractiveness and text attractiveness in men’s online dating profiles. Comput. Hum. Behav. 28, 166-170 (2012).

Feingold, A. Good-looking people are not what we think. Psychol. Bull. 111, 304 (1992).

Lorenzo, G. L., Biesanz, J. C. & Human, L. J. What is beautiful is good and more accurately understood: Physical attractiveness
and accuracy in first impressions of personality. Psychol. Sci. 21, 1777-1782 (2010).

Beall, A. E. Can a new smile make you look more intelligent and successful?. Dental Clin. N. Am. 51, 289-297 (2007).
Talamas, S. N., Mavor, K. I. & Perrett, D. I. Blinded by beauty: Attractiveness bias and accurate perceptions of academic perfor-
mance. PloS One 11, e0148284 (2016).

Mulford, M., Orbell, J., Shatto, C. & Stockard, J. Physical attractiveness, opportunity, and success in everyday exchange. Am. J.
Sociol. 103, 1565-1592 (1998).

Zylbersztejn, A., Babutsidze, Z., Hanaki, N. & Hopfensitz, A. How beautiful people see the world: Cooperativeness judgments
of and by beautiful people. J. Econ. Behav. Organ. 218, 296-308 (2024).

Rosenblat, T. S. The beauty premium: Physical attractiveness and gender in dictator games. Negotiation J. 24, 465-481 (2008).
Koscinski, K. Facial attractiveness: General patterns of facial preferences. Anthropol. Rev. 70, 45-79 (2007).

Muioz-Reyes, J. A., Iglesias-Julios, M., Pita, M. & Turiegano, E. Facial features: What women perceive as attractive and what
men consider attractive. PLoS One 10, €0132979 (2015).

Perrett, D. I et al. Symmetry and human facial attractiveness. Evoluti. Hum. Behav. 20, 295-307 (1999).

Jones, A. L. & Jaeger, B. Biological bases of beauty revisited: The effect of symmetry, averageness, and sexual dimorphism on
female facial attractiveness. Symmetry 11, 279 (2019).

Coetzee, V. et al. African perceptions of female attractiveness. PloS One 7, e48116 (2012).

Ebner, N. C. et al. An adult developmental approach to perceived facial attractiveness and distinctiveness. Front. Psychol. 9, 561
(2018).

Rodriguez-Ruiz, C., Sanchez-Pages, S. & Turiegano, E. The face of another: Anonymity and facial symmetry influence coopera-
tion in social dilemmas. Evolut. Hum. Behav. 40, 126-132 (2019).

Ekrami, O. et al. Effects of male facial masculinity on perceived attractiveness. Adaptive Hum. Behav. Physiol. 7, 73-88 (2021).
Scott, I. M., Pound, N,, Stephen, I. D., Clark, A. P. & Penton-Voak, I. S. Does masculinity matter? The contribution of masculine
face shape to male attractiveness in humans. PLoS One 5, 13585 (2010).

Puts, D. A. Beauty and the beast: Mechanisms of sexual selection in humans. Evolut. Hum. Behav. 31, 157-175 (2010).

Albert, G., Wells, E., Arnocky, S., Liu, C. H. & Hodges-Simeon, C. R. Observers use facial masculinity to make physical domi-
nance assessments following 100-ms exposure. Aggressive Behav. 47, 226-235 (2021).

Dong, J. et al. The importance of face-shape masculinity for perceptions of male dominance depends on study design. Sci. Rep.
13, 12620 (2023).

Geniole, S. N., Denson, T. E, Dixson, B. ], Carré, . M. & McCormick, C. M. Evidence from meta-analyses of the facial width-
to-height ratio as an evolved cue of threat. PloS One 10, 0132726 (2015).

Haselhuhn, M. P, Ormiston, M. E. & Wong, E. M. Men’s facial width-to-height ratio predicts aggression: A meta-analysis. PloS
One 10, 0122637 (2015).

Sanchez-Pages, S. & Turiegano, E. Testosterone, facial symmetry and cooperation in the prisoners’ dilemma. Physiol. Behav. 99,
355-361 (2010).

Serra-Garcia, M. & Gneezy, U. Mistakes, overconfidence, and the effect of sharing on detecting lies. Am. Econ. Rev. 111, 3160-
3183 (2021).

Trautmann, S. T. Risk taking under stress: The role (s) of self-selection. A comment on Buckert et al. (2014). Front. Neurosci. 8,
197 (2014).

Goeschl, T. & Lohse, J. Cooperation in public good games. Calculated or confused?. Eur. Econ. Rev. 107, 185-203 (2018).
Dohmen, T. et al. Individual risk attitudes: Measurement, determinants, and behavioral consequences. J. Eur. Econ. Assoc. 9,
522-550 (2011).

Biatek, M. & Sawicki, P. Cognitive reflection effects on time discounting. J. Individual Differences. 39(2), (2018).

Greenwald, A. G. & Banaji, M. R. The implicit revolution: Reconceiving the relation between conscious and unconscious. Am.
Psychol. 72, 861 (2017).

Usher, M., Russo, Z., Weyers, M., Brauner, R. & Zakay, D. The impact of the mode of thought in complex decisions: Intuitive
decisions are better. Front. Psychol. 2, 37 (2011).

Newell, B. R. & Shanks, D. R. Unconscious influences on decision making: A critical review. Behav. Brain Sci. 37, 1-19 (2014).
Nieuwenstein, M. R. et al. On making the right choice: A meta-analysis and large-scale replication attempt of the unconscious
thought advantage. Judgment Decis. Making 10, 1-17 (2015).

Strick, M. et al. A meta-analysis on unconscious thought effects. Social Cognit. 29, 738-762 (2011).

Dijksterhuis, A. & Strick, M. A case for thinking without consciousness. Perspect. Psychol. Sci. 11, 117-132 (2016).

Smith, J. M. & Harper, D. Animal Signals (Oxford University Press, 2003).

Grafen, A. Biological signals as handicaps. J. Theor. Biol. 144, 517-546 (1990).

Zahavi, A. Reliability in communication systems and the evolution of altruism. in Evolutionary Ecology, 253-259 (Springer,
1977).

Kurzban, R., Burton-Chellew, M. N. & West, S. A. The evolution of altruism in humans. Annu. Rev. Psychol. 66, 575-599 (2015).
Heinsohn, R. & Legge, S. The cost of helping. Trends Ecol. Evolut. 14, 53-57 (1999).

Zahavi, A. Altruism as a handicap: The limitations of kin selection and reciprocity. J. Avian Biol. 26, 1-3 (1995).

Scientific Reports |

(2024) 14:22009 |

https://doi.org/10.1038/s41598-024-71685-9 nature portfolio



www.nature.com/scientificreports/

87. Barclay, P. & Van Vugt, M. The evolutionary psychology of human prosociality: Adaptations, byproducts, and mistakes. in The
Oxford Handbook of Prosocial Behavior 37-60 (2015).

88. De Neys, W,, Hopfensitz, A. & Bonnefon, J.-F Adolescents gradually improve at detecting trustworthiness from the facial features
of unknown adults. . Econ. Psychol. 47, 17-22 (2015).

89. Stirrat, M. & Perrett, D. 1. Valid facial cues to cooperation and trust: Male facial width and trustworthiness. Psychol. Sci. 21,
349-354 (2010).

90. Balliet, D., Li, N. P, Macfarlan, S. J. & Van Vugt, M. Sex differences in cooperation: A meta-analytic review of social dilemmas.
Psychol. Bull. 137, 881 (2011).

91. Vugt, M. V,, Cremer, D. D. & Janssen, D. P. Gender differences in cooperation and competition: The male-warrior hypothesis.
Psychol. Sci. 18, 19-23 (2007).

92. Yuki, M. & Yokota, K. The primal warrior: Outgroup threat priming enhances intergroup discrimination in men but not women.
J. Exp. Social Psychol. 45, 271-274 (2009).

93. Choi, J.-K. & Bowles, S. The coevolution of parochial altruism and war. Science 318, 636-640 (2007).

94. Burton-Chellew, M. N., El Mouden, C. & West, S. A. Evidence for strategic cooperation in humans. Proc. R. Soc. B Biol. Sci. 284,
20170689 (2017).

95. Mufioz-Reyes, J. A., Pita, M., Arjona, M., Sanchez-Pages, S. & Turiegano, E. Who is the fairest of them all? The independent
effect of attractive features and self-perceived attractiveness on cooperation among women. Evolut. Hum. Behav. 35, 118-125
(2014).

96. Rahal, D., Fales, M. R., Haselton, M. G., Slavich, G. M. & Robles, T. . Cues of social status: Associations between attractiveness,
dominance, and status. Evolut. Psychol. 19, 14747049211056160 (2021).

97. Singh, D. Mating strategies of young women: Role of physical attractiveness. J. Sex Res. 41, 43-54 (2004).

98. Rehak, L. A., Adams, B. & Belanger, M. Mapping biases to the components of rationalistic and naturalistic decision making. in
Proceedings of the Human Factors and Ergonomics Society Annual Meeting, Vol. 54, 324-328 (SAGE Publications, 2010).

99. Yu, R. Stress potentiates decision biases: A stress induced deliberation-to-intuition (sidi) model. Neurobiol. Stress 3, 83-95 (2016).

100. Peysakhovich A, N. M. & DG, R. Humans display a ‘cooperative phenotype’ that is domain general and temporally stable. Nat.
Commun. 5 (2014).

Acknowledgements
The authors gratefully acknowledge funding for data collection from King’s College London and the University
of Birmingham. This publication was funded by the German Research Foundation (DFG).

Author contributions

J.L. was involved in experimental design, Qualtrics programming, carrying out the study in Prolific, analyzing the
data and writing the manuscript. S.S.P. was involved in the experimental design and writing of the manuscript.
E.T was involved in experimental design, analyzing the data and writing the manuscript. All authors read and
approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-71685-9.

Correspondence and requests for materials should be addressed to J.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:22009 | https://doi.org/10.1038/s41598-024-71685-9 nature portfolio


https://doi.org/10.1038/s41598-024-71685-9
https://doi.org/10.1038/s41598-024-71685-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The role of facial cues in signalling cooperativeness is limited and nuanced
	Materials and methods
	Participants
	Experimental design
	Measurements
	Statistical analyses

	Results
	Detection rates
	Rater characteristics and accurate judgments
	Ratee characteristics and correct judgments
	Identifying biases: the role of rater and ratee characteristics in judgments

	Discussion
	References
	Acknowledgements


