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Abstract

Facial expressions are central to human interaction, yet their role in strategic decision-making has re-
ceived limited attention. We investigate how real-time facial communication influences cooperation in
repeated social dilemmas. In a laboratory experiment, participants play a repeated Prisoner’s Dilemma
game under two conditions: in one, they observe their counterpart’s facial expressions via gender-
neutral avatars, and in the other no facial cues are available. Using state-of-the-art biometric technology
to capture and display emotions in real-time, we find that facial communication significantly increases
overall cooperation and, notably, promotes cooperation following defection. This restorative effect sug-
gests that facial expressions help participants interpret defections less harshly, fostering forgiveness
and the resumption of cooperation. While past actions remain the strongest predictor of behavior, our
findings highlight the communicative power of facial expressions in shaping strategic outcomes. These
results offer practical insights for designing emotionally responsive virtual agents and digital platforms
that sustain cooperation in the absence of physical presence.

Introduction
Facial expressions play a critical role in shaping human interactions. As a fundamental channel of non-
verbal communication, facial expressions convey emotions and intentions without the need for words, yet
significantly influence others’ behavior and expectations [1, 2, 3, 4, 5]. They guide social behavior, evoke
empathy, and help regulate cooperation and conflict in both casual and strategic settings such as negotia-
tions, team decision making, and everyday interactions [6, 7, 8, 9]. The ability to recognize and interpret
facial expressions in such settings allows individuals to better anticipate reactions and adjust their decisions
accordingly [10].

Despite its central role, much of the economic literature on strategic decision-making has abstracted
away from nonverbal communication [11, 12]. In particular, the canonical Prisoner’s Dilemma and its
repeated versions typically do not account for facial signals, even though such cues are omnipresent in real-
world social dilemmas [13, 14, 15]. Understanding the role of facial expressions in strategic interactions
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is therefore not only scientifically relevant but also practically important in a digital world where in-person
encounters are increasingly replaced by text-based communication.

Recent advancements in biometric technology now allow us to investigate the importance of facial
expressions with precision. In this study, we utilize state-of-the-art technology to automatically and ac-
curately measure and classify facial expressions in real time, via a webcam, as individuals interact. An
individual’s captured expression is represented to their counterpart by an avatar.

Crucially, this methodology overcomes a major hurdle in behavioral analysis: the signal-to-noise prob-
lem inherent in human faces. In standard interactions, the “signal” of an emotion is often confounded
by the “noise” of the sender’s identity—where attributes like race, gender, and attractiveness can over-
power the expression itself and form biases [16]. By re-targeting biometric data to gender-neutral avatars,
we effectively isolate the emotional signal from these identity cues . We design and evaluate a novel
set of gender-neutral avatars to accurately represent the universal set of facial expressions as defined by
Ekman [1].

In prior research on the role of emotions in social dilemmas [17, 18, 19, 20], by contrast, participants
select a facial expression or a text description of their emotional state from a predefined set of faces or
states, either before or after making a decision. In this case, participants may behave strategically in
conveying their emotional state. We address this challenge in our study by capturing and communicating
facial expressions in real time as participants interact with each other.

In our experiment, pairs of participants play the repeated Prisoner’s Dilemma game for at least 30
rounds, with a continuation probability of 90% thereafter. We study how the ability to observe facial ex-
pressions – communicated in real-time via avatars – affects cooperation rates. In the Facial Communication
(FC) treatment, players see their counterpart’s facial expressions as represented by a gender-neutral avatar
that reflects the most intense emotion detected by the biometric software. In the control treatment, no Facial
Communication (nFC), players receive no visual emotional feedback.

Our results show that, in addition to sustaining high mutual cooperation rates, the ability to observe
facial expressions significantly increases cooperation following defection. This suggests that visual social
cues soften the perceived severity of non-cooperative behavior, encouraging participants to respond with
greater forgiveness. These findings highlight the power of embedding real-time emotional feedback in
social dilemmas, where facial expressions play a restorative role in maintaining cooperative dynamics.

Results
To evaluate the avatars we designed, shown in Figure 1, we invite subjects to participate in a Qualtrics
survey. In the survey we ask each participant to classify the avatars into 9 categories, consisting of the
8 universal emotions (Joy, Sadness, Surprise, Fear, Anger, Disgust, Contempt, Neutral) and the category
“Hard to Classify.” We also ask participants to classify the avatars by gender (Male, Female, Can be Either)
by dragging an image of the avatar and dropping it into the category where they believe it belongs. Figure 2
shows the participants’ classification accuracy. All of the avatars achieved a classification accuracy rate
greater than 80%, with the exception of Contempt (accuracy ≈ 57%). This lower accuracy is consistent
with established literature, which documents that contempt is frequently conflated with Disgust or Anger
and is difficult to recognize [21]. Indeed, the majority of misclassifications for this avatar fell into “Anger”,
“Disgust”, and “Hard to Classify” categories (see Supplementary information Figure S1), confirming that
the avatar successfully captured the intended negative valence despite the semantic ambiguity. Figure 3
shows the participants’ gender classification. For each avatar except Contempt, the majority of participants
assigned “Can be Either” as the gender classification.
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Figure 1: The avatars used to represent facial expressions. The avatars utilize a schematic design to
minimize the “Uncanny Valley” effect while maximizing signal clarity.
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Figure 2: Avatars classification accuracy. Error bars show the standard error of the mean.
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Figure 3: Avatars gender classification. Error bars show the standard error of the mean.

Given the high classification accuracy of the avatars (except for Contempt) and that “Can be Either” is
the most frequent gender classification, we use these avatars to represent participants’ facial expressions
in the Prisoner’s Dilemma experiment. The experiment has two treatments that differ in whether a player
observes the avatar of his counterpart. We label the treatment in which facial communication is enabled as
FC and the treatment in which facial communication is disabled as nFC (for further details, see the Methods
section). In the FC treatment, facial expressions are communicated via an avatar. Each player observes, in
real-time on their own screen, the facial expression of the other player.

Figure 4 shows the cooperation rates for both treatments. Participants cooperate more in the FC treat-
ment than in the nFC treatment. This result is validated through regression analysis, using the Generalized
Linear Mixed Model (GLMM) to account for within-subject dependencies and repeated measurement.
Figure 5 visualizes the regression coefficients (see Supplementary Table S1 for full model details). The
positive coefficient for FC (β = 0.47, p < 0.001) indicates that the presence of facial avatars significantly
increases cooperation rates compared to the anonymous baseline.

To understand the influence of perceived facial expressions on the decision to cooperate, we regress
whether or not a participant cooperated on (i) own and other’s displayed facial expression prior to making a
decision and (ii) the cooperation decisions of both players in the prior round. Figure 6 shows that while the
presence of Joy (Own and Other) is a positive predictor of cooperation, recent history of actions (Own and
Partner’s Previous Cooperation) is the strongest predictor of current behavior, confirming the dominance
of reciprocal strategies such as Tit-for-Tat. See Supplementary Table S2 for full model details
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Figure 4: Experimental results – Cooperation. a) Shows the cooperation rate in each treatment. Error
bars show the standard error of the mean. b) Depicts cooperation rates across 30 rounds.

We run further analysis to investigate whether participants’ facial expressions are influenced by their
own and the counterpart’s actions. Crucially, this analysis relies on the raw biometric values captured by
the iMotions software, which differs from the facial expressions displayed to the counterpart. Unlike the
avatar, which applied a 60% intensity threshold to ensure signal clarity, these measured values capture
subtle emotional shifts and internal reactions that may not have been visible to the other player.

Figure 7 shows how participants’ own actions influence these internal emotional states. It is evident that
participants are more emotionally engaged (expressing more non-Neutral emotions) in the FC treatment
than in the nFC treatment. When participants cooperate, they tend to express positive emotions – especially
Joy – suggesting emotional satisfaction or prosocial signaling (see Figure 7 (a) and (c)). This aligns with
the view that cooperation is emotionally rewarding.

In the FC treatment, own defection is associated with less Joy and a rise in negative emotions (see Fig-
ure 7 (b)). This biometric spike potentially indicates internal conflict, guilt, or social disapproval—affective
reactions that occur even if the expression was too subtle to trigger the avatar. In contrast, in the nFC treat-
ment, own defection is not associated with any significant change in the defector’s measured emotional
state, highlighting the lower emotional stakes of anonymous interaction.

Figure 8 illustrates the influence of the counterpart’s actions on the participant’s measured internal
emotional state. Consistent with the findings on own actions, participants in the FC treatment exhibit
significantly higher emotional reactivity than those in the nFC treatment.

When the counterpart cooperates, participants respond with a distinct rise in Joy, reflecting social ap-
proval, gratitude, or a shared prosocial orientation (see Figure 8 (a) and (c)). Conversely, when the coun-
terpart defects, it triggers strong negative biometric signals in the FC treatment—specifically spikes in
Contempt and Sadness (see Figure 8 (b)). This sharp negative reaction (absent in the anonymous condi-
tion) suggests that when facial identity is present, defection is perceived not merely as a strategic loss, but
as a social or moral violation.

Crucially, the timeline of emotional states reveals a difference in expectations. In the nFC treatment,
“pre-Joy” (measured Joy before the outcome is revealed) is significantly lower in rounds where the coun-
terpart eventually defects (see Figure 8 (d)). This indicates that in anonymous play, defection is often the
status quo; participants are trapped in a cycle of mutual defection and negative affect, correctly anticipating
further betrayal.
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Figure 5: Facial communication significantly increases the likelihood of cooperation. Fixed-effect
coefficient from a GLMM predicting cooperation (N = 5, 160). The point estimate represents log-odds
relative to the nFC baseline; error bars denote 95% confidence intervals.
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Figure 6: History of play is the strongest predictor of cooperation. GLMM estimates comparing struc-
tural and emotional variables. Points represent log-odds; error bars denote 95% confidence intervals.
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Figure 7: Measured Emotions Before and After Own Action. Error bars show the standard error of the
mean.
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Figure 8: Measured Emotions Before and After The Other Player’s Action. Error bars show the stan-
dard error of the mean.
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In contrast, in the FC treatment, pre-Joy remains high even in rounds where the counterpart subse-
quently defects. This suggests that FC participants maintain a state of emotional optimism or cooperative
intent right up until the moment of betrayal. The defection in the FC treatment therefore acts as a vio-
lation of this sustained hope, explaining the intense restorative efforts (forgiveness) that follow. Further
information can be found in our Supplementary information.

Figure 9 (a) shows the participants’ cooperation rate given that they cooperated in the previous round,
for both FC and nFC treatments. Likewise, Figure 10 (a) shows the participants’ cooperation rate given that
their counterpart cooperated in the previous round, for both treatments. In each case, there is no statistically
significant difference in cooperation rates between the treatments.

There is, however, a striking difference between the treatments if a player defected in the previous
round. Figure 9 (b) shows that participants are significantly more likely to cooperate in the FC than in the
nFC treatment following their own defection in the previous round. Participants may feel a sense of guilt
and regret following their own defection when facial expressions are communicated between players, that
they don’t feel in the absence of facial communication. Figure 10 (b) shows that participants are also signif-
icantly more likely to cooperate in the FC than in the nFC treatment following their counterparts’ defection.
In the presence of facial communication, participants are more forgiving and more cooperative after their
counterparts’ defection. This suggests that visual social cues (facial expressions) play a restorative role in
maintaining cooperative dynamics.

At the end of the experiment, each participant completed a survey to rate the other player’s likability,
intelligence, cooperativeness, trustworthiness, selfishness, forgivingess, tendency to bully, and whether
they would like to interact with them again (see Figure 11 (a) and the Supplementary material for more
details). We find a statistically significant difference in the reported “Forgivingess” of the other player
between the two treatments. FC participants perceive the other player to be more forgiving than nFC
participants (see Figure 11 (b)). This result supports that Facial Communication promotes forgiveness
following a defection – see Figure 10 (b).
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Figure 9: Conditional Cooperation of Own Previous Decision. a) Cooperation rate given own coopera-
tion in the previous round and b) Cooperation rate given own defection in the previous round. Error bars
show the standard error of the mean.
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Figure 10: Conditional Cooperation of the Other Player’s Previous Decision. a) Cooperation rate
given the other player’s cooperation in the previous round and b) Cooperation rate given the other player’s
defection in the previous round. Error bars show the standard error of the mean.

Discussion
Our results show that face-to-face communication via avatars promotes cooperation in social dilemmas,
fundamentally changing the perception of a defection. In the nFC treatment, a defection is just a cold
numerical choice and the standard tit-for-tat logic (“you defect, I defect”) dominates. But when the partic-
ipant can see their counterpart’s avatar before and after their counterpart defects, they obtain extra social
and emotional information that lets them handle their betrayal with more forgiveness. That is, in the FC
treatment, one might pick up on an expression – e.g., Sadness following defection and Joy following coop-
eration. Those facial cues signal that the defection may have been unintentional or that the defector feels
bad about it, which makes the participant more willing to give them another chance. By contrast, in the nFC
treatment, the participants see the outcome without any avatar. There is no socially costly apology-signal
to soften the blow, and thus they retaliate more than in the FC treatment.

The effect of facial communication is especially pronounced after a defection, whether one’s own or the
counterpart’s. In standard repeated games, defection typically initiates a downward spiral, with reciprocity
mechanisms punishing defections. Here, however, facial expressions appear to soften the rigidity of that
response. Players in the FC treatment are more likely to re-establish cooperation after it has been breached,
indicating that facial cues provide an interpretive context to actions that would otherwise be perceived as
purely self-interested and hostile.

Facial expressions function as affective “repair tools,” helping participants to attribute remorse or alter-
native motives to a defection that might otherwise be viewed as intentional. This is consistent with work
showing that emotions – particularly those expressed facially – are not just reflective but communicative;
they convey intent, invite empathy, and facilitate reconciliation [4, 5, 19].

While the history of play establishes the baseline for cooperation, our analysis reveals that facial ex-
pressions function as a critical ’circuit breaker’ specifically when that baseline is fractured. Although past
actions remain the primary driver of routine behavior – consistent with standard reciprocity – emotional
cues become decisive following a violation. By recontextualizing an unexpected defection, facial expres-
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sions modulate the rigid logic of tit-for-tat, allowing players to prioritize forgiveness over retaliation. Thus,
while memory sustains stability, emotional communication restores it.

Importantly, players in the FC treatment not only behaved more cooperatively but also were more
emotionally engaged. Their facial expressions, especially Joy and Contempt, were more pronounced and
responsive to both their own and others’ actions. This increased expressiveness suggests that being seen,
and seeing others, increases the social salience of the interaction and promotes cooperation.

These findings carry several practical implications. In digital settings, where facial feedback is usu-
ally absent, basic avatar-driven emotional expressions can revive elements of accountability, empathy, and
shared understanding. For designers and developers of virtual agents and AI systems, our results highlight
the importance of embedding real-time emotional feedback loops that are interpretable and responsive, not
merely reactive.

Our experimental design involves specific trade-offs inherent to the digital mediation of human affect.
While our real-time emotion mapping ensures strict experimental control, the imposition of a 60% intensity
threshold likely filters out subtle micro-expressions. By suppressing low-intensity signals (e.g., a faint
smile below the threshold), our design prioritizes signal clarity over sensitivity to prevent avatar flickering
or signal instability. Consequently, our results may represent a conservative estimate of the restorative
power of facial expressions, as subtle conciliatory cues were effectively censored. Despite the artificial
nature of the avatars, the high ratings for Likability in Figure 11 (a) show that participants treated the
interaction as a genuine social exchange, not just a human-computer interaction task.

All put together, our findings suggest that even subtle facial communication, in controlled conditions,
can meaningfully shift behavioral outcomes in strategic environments. By transforming how individuals
interpret defection, facial expressions provide a window into intent and a platform for emotional repair.
Future research could explore how these mechanisms operate across different cultural contexts, group
sizes, or in high-stakes environments, as well as investigate whether artificial agents designed to express
human-like emotions can similarly foster trust and cooperation. Understanding how emotional visibility
shapes long-run dynamics is especially timely in an increasingly digital world – where the capacity to “see
and be seen” may determine not only what we choose, but who we become in relation to others.
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Figure 11: Participants’ perception of the other player’s attributes. a) The average perceived scores for
each attribute of the other player. b) The frequency that participants report a Likert score of 3 or above of
the other player’s forgivingess. Error bars show the standard error of the mean.
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Methods
All of our protocols received IRB approval from the NYU Abu Dhabi (NYUAD) Internal Review Board.
In the first experiment, the subjects assessed the accuracy of the designed avatars. The second experiment,
on the interactive Prisoner’s Dilemma, followed a between-subject design, and participants were recruited
for different treatments on different days. Participants were not aware of the different treatments. Subjects
signed a consent form before participating.

Experimental design and setup
To investigate the impact of facial expressions on decision making, we first designed our own set of gender-
neutral avatars to represent the universal set of 8 emotions identified by Ekman [1]: neutral, sadness,
happiness, fear, anger, surprise, disgust, and contempt.1 Figure 1 shows the avatars created. The schematic
nature of the avatars was a deliberate choice to avoid the “Uncanny Valley” effect, where hyper-realistic but
imperfect avatars cause revulsion [22, 23]. Showing avatars instead of the players’ actual faces eliminates
potential decision biases towards facial characteristics such as gender, ethnicity, attractiveness, and so on
[24, 25, 26]. To verify the accuracy of the designed avatars, in the first experiment subjects evaluate the
avatars by classifying them according to the universal emotions and according to gender (Male, Female,
Can be Either).

We chose to study the Prisoner’s Dilemma since it is an engaging game where players might exhibit a
broad range of facial expressions. In the experiment, we used the graphical user interface (GUI) of Blake
et al. [27] (see Figure 12). In the game, two players face each other, with the participant being the player at
the bottom and his counterpart being the player on top. Each player can either “push” or “pull” their tray
by clicking the corresponding button. The game is played simultaneously since a player does not observe
their counterpart’s action before they take their own. The game is played by fixed pairs.

We build on the original GUI by adding a block in the middle of the screen where the counterpart’s
facial expression is represented via an avatar. In particular, we display the avatar corresponding to the most
intense emotion, as measured by the biometric software, so long as its intensity exceeds a threshold of
60%; otherwise we display the Neutral avatar. If the software does not detect a face, the block is empty.

There are two experimental treatments: (i) Facial Communication (FC) and (ii) no Facial Communica-
tion (nFC). In both treatments, the participants’ facial expressions are captured and measured in real-time
using iMotions [28], which provides accurate and automatic facial expression analysis using Affectiva
Affdex [29, 30]. The software detects and measures facial expressions via a webcam on top of each moni-
tor. In the FC treatment, participants observe their counterpart’s avatar throughout the entire experiment. In
the nFC treatment, participants’ facial expressions were recorded but not displayed. See the Supplementary
material for more details about iMotions platform.

The experimental sessions were held in the Social Science Experimental Lab (SSEL) at NYUAD, where
participants sat at private cubicles. We invited participants in groups of 8 per session. After participants
read and signed consent forms, the experimenter reviewed the instructions and participants undertook a
tutorial on their computer to familiarize themselves with the mechanics of taking an action in the game and
calibrate the software to their facial expressions. Participants were informed that their facial expressions
are recorded and analyzed throughout the play of the PD game, and were instructed to avoid covering their
face. Participants were informed that they would play the PD game with another fixed participant for at
least 30 rounds, after which there would be a 10% chance that the interaction would terminate at the end

1We designed our own avatars since, in the existing literature, avatars are often gendered.
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of each following round. In this setting, cooperation at each round is sustainable as a subgame perfect
equilibrium using strategies like Grim Trigger or Tit-for-Tat. Participants were also informed they would
be paid for two random rounds at the end of the experiment.

Once the instructions were presented, the experimenter attended to each participant and ensured they
were seated properly for the webcam (Logitech C920 Widescreen HD Pro) to accurately capture their
face and they were requested to make several facial expressions to ensure that the iMotions module could
detect their facial expressions. After the iMotions calibration was complete, the participants were asked to
input their player ID (which was provided to them by the experimenter upon entering the lab), their age,
and gender in the game software. Once the information was entered by paired players, the game began.
iMotions software was running in the background while the game was active. There was no timer set for
participants to make a decision in each round. The game lasted approximately 10–15 minutes, depending
on the number of rounds realized and how fast participants made decisions. When the interaction ended,
a screen with the total earnings was displayed. Participants filled out a post-experiment survey that had
questions related to how they made their decisions in the game, demographics, and how do they rate the
other player’s behavior. Participants were paid using YouGotaGift, a digital gift card company in the
Middle East that supports electronic gift cards of over 700 brands, including Amazon.

Figure 12: User interface and treatments. a) The interface of our 2-player Prisoner’s Dilemma game
under the FC treatment, where the player can observe the avatar of the other player. Participants control the
player on the bottom and see the other player on the opposite side. Each player can either push (Cooperate)
or pull (Defect) the lever by clicking the corresponding buttons for these actions. Pushing the lever delivers
three coins to the other player and causes one coin to fall into a black hole. Pulling the lever delivers
one coin to the player and causes three coins to fall into the black hole. b) The interface under the nFC
treatment. The rules are the same as the FC treatment, but the player does not observe the avatar of the
other player. c) The interface of mutual cooperation. d) The interface of cooperating against a defector.
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Recruitment
We recruited students from NYUAD, who were 18 years or older, using the ORSEE recruitment system to
evaluate the designed avatars and to participate in our experimental studies. To be eligible to participate
in the PD game, students could not have a thick beard or wear glasses, in order to avoid distorting the
quality of the data collected by iMotions. Students who evaluated the designed avatars were also allowed
to participate in the PD game if they satisfied both of these eligibility criteria. A student was not allowed
to participate in both the FC and the nFC treatment.

Data collection for the survey took place between the 14th of October and the 3rd of November, 2022.
For the FC Treatment, it took place between the 29th of May and the 16th of June, 2023, and for the nFC
treatment, it took place between the 6th and the 24th of November, 2023. We recruited 113 participants for
the avatar evaluation survey, and a total of 172 participants for the PD game, 86 for the FC treatment and
86 for the nFC treatment.

Participants received AED 15 ($4.08) for completing the evaluation survey, which took an average
completion time of 8.60 minutes. The participants in the PD game received an AED 30 ($8.17) show-up
fee in addition to a bonus that ranged between AED 0 ($0) and AED 190 ($51.73) depending on their
decisions and the randomly selected rounds for payment. The average compensation in the FC treatment
was AED 121.86 ($33.18) and in the nFC treatment was AED 116.02 ($31.59). The average completion
time was 20 minutes.

Subject characteristics
Participants who completed the avatar evaluation survey were 56.64% female and 42.48% male, 36.28% of
which come from South Asia (16.81% from Europe and Central Asia, 14.16% from East Asia and Pacific,
11.50% from Middle East and North Africa, 10.62% from Sub-Saharan Africa, 6.19% from Latin America
and Caribbean, and 3.54% from North America), with an average age of 20.97 (sd = 1.38). Participants
who completed the FC experimental treatment were 60.47% male and 39.53% female, with an average
age of 20.31 (sd = 1.51). Participants who completed the nFC experimental treatment were 52.33% male,
46.51% female, and 1.16% other. The participants’ average age was 20.27 (sd = 1.46).

Data availability
All data analyzed in these studies will be deposited on Open Science Framework at the time of publication
and will be made available for review upon request.

Code availability
The plots, regressions, and statistical analysis were executed using R (version: 4.3.2). The code will be
deposited on Open Science Framework at the time of publication and will be made available for review
upon request.
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