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Abstract Three experiments progressively examined, in the prisoner’s dilemma
game, the effects of an opponent’ s happy, neutral, and angry facial expressions
on individuals’ cooperative behavior, as well as the mediating and moderating
roles of related variables. The results of Experiment 1 showed that an opponent’
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s happy expression elicited a higher level of cooperation than an angry expres-
sion, and both happy and neutral expressions generated higher expectations of
cooperation than angry expressions; expectations of cooperation mediated the
relationship between facial expression and cooperative behavior. Experiment 2
introduced instructions to manipulate participants’ intuitive or rational decision-
making mode, and found that the results of Experiment 1 appeared only under
the intuitive condition, not under the rational condition; overall, participants
were more cooperative in the intuitive decision-making mode than in the ratio-
nal decision-making mode. Experiment 3 used a more rigorous time-pressure
paradigm to manipulate participants’intuitive or rational decision-making mode,
and found that, apart from happy expressions also eliciting more cooperative
behavior than neutral expressions, the other results almost replicated those of
Experiment 2. Based on these findings, a moderated mediation model was estab-
lished to reveal the complex relationships among others’facial expressions, expec-
tations of cooperation, cooperative behavior, and individuals’ decision-making
modes.

Keywords facial expressions; expectations of cooperation; cooperative behav-
ior; decision-making mode; social functions of emotions

Classification No. B842:C91

1. Statement of the Problem

A large body of previous research has shown that, in social interaction, the
other party’ s facial expression affects an individual’ s cooperative behavior.
In the ultimatum game, compared with offers made by proposers with neutral
expressions, offers made by proposers with smiling expressions are more likely to
be accepted, whereas offers made by proposers with angry expressions have the
lowest acceptance rate (Mussel et al., 2013). In the dictator game, compared
with happy or disappointed recipients, participants allocate a smaller share to
angry recipients (Lelieved et al., 2013). In the prisoner’ s dilemma game, people
are more willing to cooperate with opponents who display smiling expressions
(Mieth et al., 2016; Raoul et al., 2017), whereas when they are betrayed, they
spend more
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money to punish smiling opponents (Mieth et al., 2016); participants can de-
cide whether to cooperate with virtual agents solely on the basis of different
facial expressions (de Melo et al., 2011; de Melo et al., 2014). Compared
with virtual agents who display happy expressions after being exploited, people
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are more willing to cooperate with virtual agents who display happy expres-
sions after mutual cooperation, and this effect is more pronounced for human-
controlled virtual agents than for computer-controlled virtual agents (de Melo
et al., 2015). In trust games, smiling expressions promote cooperation between
strangers (Scharlemann et al., 2001), whereas angry expressions weaken cooper-
ation between strangers (Campellone & Kring, 2013); happy expressions accel-
erate participants’ cooperative decisions, whereas angry expressions accelerate
participants’ noncooperative decisions (Alguacil et al., 2015). All these studies
indicate that others’ positive, happy facial expressions positively influence peo-
ple’s cooperative behavior, whereas negative, angry facial expressions negatively
influence people’ s cooperative behavior.

Although the studies reviewed above have described relatively well what effects
others’ facial expressions have on cooperative behavior, they have not deeply
revealed the internal psychological mechanisms underlying these effects. Accord-
ing to goal-expectation theory (Pruitt & Kimmel, 1977), cooperation requires
two conditions: payoff maximization and the expectation that the other party
will cooperate. In social dilemmas, mutual cooperation can maximize overall
payoffs, and both parties hope to increase their own payoffs through coopera-
tion; however, neither can be certain whether the other party will cooperate
with them. Therefore, making accurate expectations about the other party’ s
behavior becomes an important prerequisite for cooperative decision-making: if
one expects the other party to cooperate, one chooses cooperation in pursuit of
maximizing both parties’ interests; if one expects the other party not to cooper-
ate, one chooses noncooperation in order to avoid being exploited and thereby
having one’ s own interests minimized. In classical game-theoretic models and
related laboratory studies, because explicit information about whether the other
party will cooperate is sometimes difficult to obtain and is sometimes deliber-
ately concealed or disguised, nonverbal information such as facial expressions—
which is relatively difficult to deliberately fake—becomes a useful, or even the
only, basis for forming expectations.

According to the social functional theory of emotion, others’ facial expressions
contain information about their personality traits and social attitudes, thereby
influencing the individual’s expectations about their subsequent behavior. First,
others’facial expressions influence the individual’s perception of their personality
traits. For example, people who display happy expressions are more likable
(Clark & Taraban, 1991; Wang et al., 2018) and more trustworthy (Krumhuber
et al., 2007; Todorov et al., 2008; Wang et al., 2018), whereas angry people
are less trustworthy (Kausel & Connolly, 2014; Todorov et al., 2008), and trust
evaluations based on facial expressions elicit amygdala activation (Todorov et al.,
2008). Second, others’ facial expressions influence the individual’ s perception
of their social attitudes. Happiness conveys more positive and active social
attitudes than anger (Stouten & Cremer, 2009), and happiness and sadness
convey affiliativeness and an intention to establish close relationships (Hess et
al., 2000; Sutherland et al., 2017); in trust games, happy expressions release
signals of reciprocal intent (Eckel & Wilson, 2003). Third, when people capture
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information from others’ facial expressions and thereby form impressions or
inferences about their personality traits and social attitudes, they naturally
generate expectations about their subsequent behavior, and these expectations
influence people’ s decisions about whether to cooperate with them (Ng & Au,
2016; Pletzer et al., 2018; Ruz et al., 2011). For example, even children aged
2-5 can distinguish genuine from fake smiles and expect people with genuine
smiles to be more prosocial (Song et al., 2016). In short, humans have evolved
the ability to use emotions to transmit social information, and have also evolved
the ability to capture others’ emotions

information and to interpret others’ intentions, thereby providing a basis and
assurance for anticipating others’ cooperative behavior. Integrating the above
literature from different sources, we propose Hypothesis 1 of the present study:

Hypothesis 1: Others’ happy facial expressions elicit the highest expectations
of cooperation, followed by neutral expressions, with angry expressions eliciting
the lowest expectations; these expectations mediate the relationship between
others’ facial expressions and individuals’ cooperative behavior.

However, is this “facial expression — cooperation expectation — cooperative be-
havior” mechanism strengthened or weakened under certain conditions? To date,
the answer to this question remains unclear (Mussel et al., 2013). According
to dual-process theories (Evans & Stanovich, 2013; Kahneman, 2011), people
have two relatively independent decision-making systems, “hot” and “cold.”
The former adopts a relatively intuitive, emotional, rapid, and effortless mode
of information processing, whereas the latter adopts a relatively deliberative, ra-
tionalized, slow, and effortful mode of information processing (Rand, 2016). A
large body of research has manipulated decision-making modes using paradigms
such as instructions, time pressure, or cognitive load, and has found that these
manipulations can effectively activate participants’ “hot” or “cold” systems to
varying degrees, thereby changing the mode of information processing during
decision making. Generally speaking, instructions explicitly guide participants
to consciously and actively switch decision-making modes (Levine et al., 2018;
Liu & Hao, 2011), whereas time pressure and cognitive load, respectively, by
reducing the motivation to process information systematically (De Dreu, 2003;
Van Kleef et al., 2004) and by reducing working-memory capacity (Engle, 2002),
force participants to change the strategy or depth of cognitive control and in-
formation processing (De Dreu & Carnevale, 2003; Jaeger et al., 2019; Lavie et
al., 2004; Van Kleef, 2016; Van Kleef et al., 2004; Van Kleef et al., 2015). In
social interactive decision-making, nonverbal distal implicit information such as
facial expressions is mainly related to the functions and processing modes of
the “hot” system, whereas proximal explicit information such as language and
economic payoffs is mainly related to the functions and processing modes of
the “cold” system (Evans & Stanovich, 2013; Kahneman, 2011). A recent study
found that, in a trust game, under an intuitive (vs. analytic) decision-making
mode, people reduced their reliance on economic-payoff cues but did not reduce
their reliance on facial-expression cues (Jaeger et al., 2019). Based on these
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Figure 1. Hypothesized model in which the opponent’ s incidental emotional
facial expression influences an individual’ s cooperative behavior. The diagram
includes: the individual’ s decision-making mode, the opponent’ s facial
expression, expected cooperation by the opponent, and the individual’ s
cooperative behavior.

Figure 1: Figure 1. Hypothesized model in which the opponent’ s incidental
emotional facial expression influences an individual’ s cooperative behavior. The
diagram includes: the individual’ s decision-making mode, the opponent’ s facial
expression, expected cooperation by the opponent, and the individual’ s coop-
erative behavior.

findings, together with the aforementioned literature on the influence of facial
expressions on cooperative behavior, we propose the following hypothesis:

Hypothesis 2: Under an intuitive decision-making mode, others’ happy facial
expressions elicit the highest expectations of cooperation, followed by neutral
expressions, with angry expressions eliciting the lowest expectations; these ex-
pectations mediate the relationship between others’ facial expressions and indi-
viduals’ cooperative behavior. Under a rational decision-making mode, however,
this effect disappears or is at least weakened.

Based on the above analysis, we constructed the moderated mediation model
shown in Figure 1. The present study will use a prisoner’ s dilemma task and,
through three experiments, progressively and in depth test the two hypotheses
above and examine the hypothesized model on the basis of the data obtained.
Experiment 1 examined whether others’ facial expressions affect cooperative
behavior and cooperation expectations, and whether cooperation expectations
have a mediating role, thereby providing an initial test of Hypothesis 1. On
this basis, Experiment 2 introduced instructions to manipulate decision-making
mode, exploring whether it moderates the effects of facial expressions on co-
operative behavior and cooperation expectations, again testing Hypothesis 1,
with an emphasis on testing Hypothesis 2. Experiment 3 used a more stringent
time-pressure paradigm to manipulate decision-making mode, further testing
Hypothesis 1 and again testing Hypothesis 2.

Figure 1 Hypothesized model in which the opponent’ s incidental emotional
facial expression influences an individual’ s cooperative behavior

G*Power 3.1 (Faul et al., 2007) was used in advance to determine the sample
size. For Experiment 1, assuming an effect size of f = 0.25 and a significance
level of o = 0.05, 159 participants were required to achieve statistical power of
80% (1 — ). For Experiments 2 and 3, assuming an interaction effect size of
f =0.25 and a significance level of a = 0.05, 158 participants were required to
achieve statistical power of 80% (1 — ).
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2 Experiment 1
2.1 Method

2.1.1 Participants A total of 180 adult participants were recruited (109
women), with a mean age of 22.36 years (SD = 4.10). All were physically and
mentally healthy and had normal or corrected-to-normal vision. There were 50
participants in the happy-expression group, 71 in the neutral-expression group,
and 59 in the angry-expression group. After the experiment, participants re-
ceived a cash payment of 10 yuan.

2.1.2 Experimental design A single-factor, three-level, fully between-
subjects design was adopted. The independent variable was the opponent’ s
facial expression (happy, neutral, and angry). The dependent variables were
the individual’ s level of cooperation (the total number of times the participant
chose to transfer in the five rounds of the game task) and the expected level
of the opponent’ s cooperation (the total number of times the participant
expected the partner to choose to transfer in the five rounds of the game task).

2.1.3 Experimental materials

(1) Facial-expression images. Three pairs of frontal grayscale emotional-face
images of Chinese individuals were selected from the standardized Chinese
Affective Picture System (CAPS; Bai Lu et al., 2005), with three male
and three female images depicting happy, neutral, and angry expressions,
respectively. The images were 260 x 300 pixels in size and were used as
the materials for manipulating facial expression (see Appendix 1).

(2) Prisoner’ s dilemma task. Following the method of Levine et al. (2018), a
payoff matrix for the prisoner’ s dilemma game was set up (see Table 1).
Across five rounds of the game, players chose between transferring (coop-
eration) and keeping (defection), and the payoff in each round depended
on the choices made by both players. For example, each person had an
initial endowment of 5 tokens and could choose either to transfer the 5
tokens to the other person or to keep them. Tokens that were transferred
were doubled by the experimenter and became part of the other person’ s
payoff. Specifically, if both parties chose to transfer, each person would
receive 10 tokens; if both parties chose to keep, each person would retain
the initial 5 tokens; if one party transferred

whereas if the other party keeps, the party who keeps will receive 15 tokens, and
the party who transfers will receive 0 tokens. Therefore, for an individual, the
expected payoff from choosing to keep is higher than the expected payoff from
choosing to transfer; however, for both parties, choosing to transfer results in a
greater total payoff for the two players than choosing to keep.

Table 1. Payoff matrix for the two-person prisoner’ s dilemma game task

Round 1
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Round 2
Round 3
Round 4
Round 5
Player 2
Transfer
Keep
Transfer
Keep
Transfer
Keep
Transfer
Keep
Transfer
Keep
Player 1
Transfer
10/10
0/15
12/12
0/18
14/14
0/21
16/16
0/24
18/18
0/27
Keep
15/0
5/5
18/0
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6/6
21/0
7)7
24/0
8/8
27/0
9/9

Note: The number to the left of “/” is Player 1’ s payoff, and the number to
the right is Player 2° s payoff.

2.1.4 Experimental Procedure

After participants agreed to take part in the experiment, the experimenter wel-
comed and thanked them, and then explained the contents of the participant
information sheet and the informed-consent form. The specific experimental
procedure was as follows:

(1)

Understanding the game task. The task was described as follows: “This
game is a two-person game. In the game, each person initially has 30
tokens and may choose whether to transfer the 30 tokens to the other
party. The transferred tokens will be doubled by the experimenter and
become part of the other party’s payoff. Specifically, if both parties choose
to transfer, each person will receive 60 tokens; if neither party transfers,
each person will still keep 30 tokens; if one person transfers while the
other does not, the non-transferring party will receive 90 tokens, and the
transferring party will receive 0 tokens.” After reading this, participants
answered three questions to ensure that they understood the rules of the
game: When you choose to transfer and the other party also chooses to
transfer, how many tokens will you ultimately have? When you choose
to keep and the other party also chooses to keep, how many tokens will
the other party ultimately have? When you choose to transfer and the
other party chooses to keep, how many tokens will you ultimately have?
If participants answered incorrectly, they were instructed to understand
the task again and answer the questions until all answers were completely
correct.

Formal game task. Emotional images were embedded in the program and
presented randomly to participants. The experimenter told participants:
“In a previous experiment, we collected a set of data recording partici-
pants’ facial expressions and their choices at the time. We have randomly
matched you with a same-sex participant who previously completed the
same experiment. You will see his/her photograph; apart from this, you
will not know any other information about him/her. You will then need
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to decide whether to transfer. I will match the choice you make with
the choice made at that time by your same-sex counterpart, in order to
determine your participation payment.” In actual operation, each partic-
ipant saw another same-sex player with one type of facial expression on
the decision-making interface and played five rounds of the game with
that player. In each round, participants had to decide whether to transfer
tokens and predict whether the other party would transfer tokens. No
outcome feedback was provided in any round of the game.

(3) Facial-expression manipulation check. After completing the five rounds of
the game, participants rated on a 5-point scale (1 = strongly disagree, 5

--on a scale from “strongly disagree”to “strongly agree,”they evaluated the player’
s expression in the program (Hillebrandt & Barclay, 2017). This evaluation
consisted of three parts: (1) the degree of happiness was assessed with three
items: “the other person looks very happy,”the other person looks very satisfied,”
and “the other person looks very pleased” ; (2) neutrality was assessed with one
item: “the other person does not seem to have any particular emotion” ; and
(3) the degree of anger was assessed with three items: “the other person looks
very angry,” “the other person looks very annoyed,” and “the other person looks
very irritated.” Finally, participants completed demographic information such
as gender and age; the purpose of the experiment was explained to them, and
they were thanked.

2.2 Results
2.2.1 Manipulation Check for Facial Expressions

For the three items assessing happy expressions, Cronbach’ s a = 0.95; for the
three items assessing angry expressions, Cronbach’ s @ = 0.98. The mean scores
of the three happy-expression items and the three angry-expression items were
taken separately as participants’ evaluations of the opponent’ s facial expression.
A one-way analysis of variance was conducted on participants’ evaluation scores
for the opponent’ s facial expression, with facial expression as the independent
variable. The results showed that the main effect of group on ratings of happy
expressions was significant, F'(2,177) = 48.71, p < 0.001, 772 = 0.36. Post hoc
multiple comparisons indicated that participants in the happy-expression group
rated the opponent’ s happy expression (M = 3.50, SD = 0.93) significantly
higher than did those in the angry-expression group (M = 1.93, SD = 0.94)
and the neutral-expression group (M = 2.71, SD = 0.81). The main effect
of group on ratings of angry expressions was significant, F'(2,177) = 51.62,
p < 0.001, 17% = 0.37. Post hoc multiple comparisons indicated that partic-
ipants in the angry-expression group rated the opponent’ s angry expression
(M = 3.75, SD = 1.01) significantly higher than did those in the happy-
expression group (M = 2.13, SD = 1.04) and the neutral-expression group
(M = 2.30, SD = 0.92). The main effect of group on ratings of neutral expres-
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sions was significant, F'(2,177) = 43.40, p < 0.001, 1712, = 0.33. Post hoc multiple
comparisons indicated that participants in the neutral-expression group rated
the opponent’ s neutral expression (M = 3.58, SD = 1.16) significantly higher
than did those in the angry-expression group (M = 1.83, SD = 0.93) and the
happy-expression group (M = 2.64, SD = 1.00), indicating that the manipula-
tion of facial expressions was effective.

2.2.2 The Effect of Facial Expressions on Cooperative Behavior

A one-way analysis of variance was conducted on participants’ level of cooper-
ation. The results showed that the main effect of facial expression was signifi-
cant, F'(2,177) = 4.01, p = 0.020, 7712) = 0.043. Post hoc multiple comparisons
indicated that there was no significant difference between the cooperation level
of participants in the happy-expression group (M = 2.80, SD = 2.01) and
that of participants in the neutral-expression group (M = 2.22, SD = 1.54),
p = 0.108; the cooperation level of participants in the happy-expression group
was significantly higher than that of participants in the angry-expression group
(M =187, SD = 1.93), p = 0.005; and there was no significant difference be-
tween the cooperation level of participants in the neutral-expression group and
that of participants in the angry-expression group, p = 0.313.

2.2.3 The Effect of Facial Expressions on Expected Cooperation from
the Opponent

A one-way analysis of variance was conducted on participants’ expected level
of cooperation from the opponent. The results showed that the main effect of
facial expression was significant, F(2,177) = 3.09, p = 0.048, 7712) = 0.034. Post
hoc multiple comparisons indicated that participants’ expected cooperation level
for a happy-expression opponent (M = 2.90, SD = 1.97) did not differ signifi-
cantly from their expected cooperation level for a neutral-expression opponent
(M = 2.86, SD = 1.55), p = 0.914; the expected cooperation level for a happy-
expression opponent was significantly higher than that for an angry-expression
opponent (M = 2.18, SD = 1.92), p = 0.029; the expected cooperation level for
a neutral-expression opponent was significantly higher than that for an angry-
expression opponent, p =

0.048.

2.2.4 Mediation Effect Analysis

To test whether the expected cooperation level of the opponent mediated the
effect of the opponent’ s facial expression on the individual’ s level of cooper-
ation, Model 4 in the PROCESS 3.3 macro was used to conduct a mediation
analysis of the above variables (Hayes, 2018). The percentile bootstrap method
was used to compute the 95% confidence interval (CI) for the indirect effect
based on 10,000 bootstrapped samples. The opponent’ s facial expression was
dummy-coded, with the neutral-expression group as the reference group, and
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entered as the independent variable; the participant’ s expected cooperation by
the opponent was entered as the mediator; and the individual’ s cooperation
was entered as the dependent variable in the regression analysis. The results
showed that the three predictors explained 55.85% of the variance in individuals’
cooperative behavior, F(3,176) = 74.23, p < 0.001. The relative direct effect
of the opponent’ s happy expression (vs. neutral expression) on individuals’ co-
operative behavior was significant, 8 = 0.55, 95% CI [0.0685, 1.0281], whereas
the relative indirect effect was not significant (the confidence interval included
0), a; xb =10.03, 95% CI [-0.4534, 0.5265]. The relative direct effect of the op-
ponent’ s angry expression (vs. neutral expression) on individuals’ cooperative
behavior was not significant, 3 = 0.15, 95% CI [-0.3118, 0.6200], whereas the
relative indirect effect was significant (the confidence interval did not include
0), ay * b = —0.50, 95% CT [-0.9588, -0.0248]. This indicates that, compared
with neutral expressions, participants expected partners with angry expressions
to be less cooperative, and consequently they themselves were less cooperative
in the prisoner’ s dilemma.

Table 2
Test of the mediation-effect model of the influence of facial expression
on individuals’ cooperative behavior

Equation
Equation 2De- Equation
1De- pen- 3De-
pen- dent pen-
dent vari- dent
vari- able: vari-
able: ex- able:
par- pected par-
tici- op- tici-
pant’ po- pant’
S nent S

co- co- co-

op- op- op-
era- era- era-
tion tion tion

Varialfl¥) 8 SE t (M) 8 SE t (Y) 8 SE t

Opponept’ 0.58 0.36 1.62 a; 004 035 0.11 ¢y 0.55% 0.24 2.26
S

fa-

cial

ex-

pres-

sion

(D1)
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Equation
Equation 2De- Equation
1De- pen- 3De-
pen- dent pen-
dent vari- dent
vari- able: vari-
able: ex- able:
par- pected par-
tici- op- tici-
pant’ po- pant’
S nent S
co- co- co-
op- op- op-
era- era- era-
tion tion tion
Varialfl¥) 8 SE t (M) 8 SE t (V) 8 SE t
Opponeyt’ - 0.34 - g - 0.34 - ¢y, 0.15 0.23 0.65
S 0.35 1.01 0.68* 1.99
fa-
cial
ex-
pres-
sion
(Dy)
Expected b 0.74**6.05 14.33
op-
po-
nent
co-
op-
er-
a-
tion
(M)
Constanf 2.22**H.26 846 1, 2.86%*H.26 10.98 i, 0.10 0.23 0.45
R? = R? = R? =
0.043 0.034 0.559
F(2,177) = F(2,177) = F(3,176) =
4.01, p = 3.09, p = 74.23, p <
0.020 0.048 0.001

Note: D;: neutral = 0, happy = 1, angry = 0; Dy: neutral = 0, happy = 0,
angry = 1; * p < 0.05, ** p < 0.01, *** p < 0.001.
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3 Experiment 2
3.1 Method

3.1.1 Participants A total of 185 adult participants were recruited (130
women), with a mean age of 21.48 years (SD = 2.71). All were physically and
mentally healthy and had normal or corrected-to-normal vision. There were 34
participants in the happy-expression-rational group, 30 in the happy-expression-
intuitive group, and 32 in the neutral-expression-rational group.

participants, 30 in the neutral-expression-intuition group, 29 in the angry-
expression-rational group, and 30 in the angry-expression-intuition group. After
the experiment, participants received a cash reward of 10 yuan.

3.1.2 Experimental Design A 3 (opponent’ s facial expression:
happy/neutral/angry) x 2 (decision mode: intuitive/rational) completely
between-subjects design was adopted. The independent variables were the
opponent’ s facial expression and the individual’ s decision mode; the dependent
variable was the same as in Experiment 1.

3.1.3 Experimental Materials
(1) Facial-expression images. Same as in Experiment 1.

(2) Prisoner’ s dilemma task. Same as in Experiment 1.

3.1.4 Experimental Procedure After participants agreed to take part in the
experiment, the experimenter welcomed and thanked them, and then explained
the content of the participant information sheet and informed-consent form.
The specific experimental procedure was as follows:

(1) Understanding the game task. Same as in Experiment 1.

(2) Manipulation of decision mode. Following the method of Levine et
al. (2018), participants were guided by instructions to rely on intuition
or rationality when making decisions. Participants in the intuition group
were told: “Sometimes people make decisions by using their feelings and
relying on intuition; sometimes people make decisions by using logic and
relying on rationality. Many people believe that intuition leads to good
decisions. When we use intuition rather than logic, we make emotional
and satisfying decisions. Please rely on intuition rather than rationality
when making your transfer decision.” Participants in the rational group
were told: “Sometimes people make decisions by using logic and relying
on rationality; sometimes people make decisions by using feelings and
relying on intuition. Many people believe that rationality leads to good
decisions. When we use logic rather than intuition, we make rational and
satisfying decisions. Please rely on rationality rather than intuition when
making your transfer decision.”
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(3) Formal game task. Same as in Experiment 1.

(4) Decision-mode manipulation check. After completing the decision task,
participants answered three manipulation-check questions to examine the
extent to which they relied on intuition and rationality in making decisions
(Levine et al., 2018): “How did you make your decision?” (1 = used only
rationality, 7 = used only intuition), “When making the decision, to what
extent did you rely on your feelings?” (1 = not at all, 7 = completely),
and “When making the decision, to what extent did you rely on your
rationality?” (1 = not at all, 7 = completely; reverse-scored).

(5) Facial-expression manipulation check. Same as in Experiment 1.

3.2 Results

3.2.1 Experimental Manipulation Check Decision-mode manipulation
check. The Cronbach’ s « for the three decision-mode items was 0.91. The
mean of the three items was taken

as the participants’ decision-mode score. With decision-mode group as the inde-
pendent variable and participants’decision-mode score as the dependent variable,
an independent-samples (t) test was conducted. The results showed that the dif-
ference in decision-mode scores between the different decision-mode groups was
significant, (t(183)=15.74), (p<0.001), Cohen’ s (d=2.33). Participants in the
intuitive group ((M=3.98, SD=0.73)) reported using intuition to make decisions
more often than did participants in the rational group ((M=2.22, SD=0.78)),
indicating that the decision-mode manipulation was effective.

For the manipulation check of facial expressions, the Cronbach’ s () for
the three happy-expression items was 0.95, and the Cronbach’ s () for the
three angry-expression items was 0.98. The mean scores of the three happy
items and the three angry items were taken respectively as participants’
evaluations of the opponent’ s facial expression. With facial expression
as the independent variable, one-way analyses of variance were conducted
on the evaluation scores of the opponent’ s facial expression. The results
showed that the between-group main effect on happy-expression ratings was
significant, (F(2,182)=152.55), (p<0.001), ( _p~2=0.63). Post hoc multiple
comparisons indicated that participants in the happy-expression group rated
the opponent’ s happy expression ((M=4.09, SD=0.93)) significantly higher
than did those in the angry-expression group ((M=1.34, SD=0.68)) and the
neutral-expression group ((M=2.83, SD=0.97)). The between-group main effect
on angry-expression ratings was significant, (F(2,182)=185.67), (p<0.001),
(_p"2=0.67). Post hoc multiple comparisons indicated that participants in
the angry-expression group rated the opponent’ s angry expression ((M=4.35,
SD=0.93)) significantly higher than did those in the happy-expression group
((M=1.39, SD=0.88)) and the neutral-expression group ((M=1.92, SD=0.90)).
The between-group main effect on neutral-expression ratings was significant,
(F(2,182)=78.38), (p<0.001), ( _p 2=0.46). Post hoc multiple comparisons
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Figure 3. Cooperation of participants facing opponents with different facial
expressions under different decision modes. Y-axis: participants’ cooperation;
X-axis: opponent’ s facial expression. Categories: happy, neutral, angry.
Legend: intuitive, rational.

Figure 2: Figure 3. Cooperation of participants facing opponents with different
facial expressions under different decision modes. Y-axis: participants’ cooper-
ation; X-axis: opponent’ s facial expression. Categories: happy, neutral, angry.
Legend: intuitive, rational.

indicated that participants in the neutral-expression group rated the opponent’
s neutral expression ((M=3.19, SD=1.24)) significantly higher than did those
in the angry-expression group ((M=1.27, SD=0.55)) and the happy-expression
group ((M=1.56, SD=0.81)). These results indicated that the facial-expression
manipulation was effective.

3.2.2 Effects of Facial Expression and Decision Mode on Cooperative
Behavior

With facial expression and decision mode as the independent variables, an
analysis of variance was conducted on participants’ level of cooperation.
The results showed that the main effect of facial expression was significant,
(F(2,179)=14.49), (p<0.001), ( _p 2=0.14). The level of cooperation among
participants in the happy-expression group ((M=2.83, SD=1.76)) and the
neutral-expression group ((M=2.55, SD=1.79)) was significantly higher than
that among participants in the angry-expression group ((M=1.41, SD=1.38)),
(ps<0.001); the level of cooperation in the happy-expression group did not
differ significantly from that in the neutral-expression group, (p=0.292). The
main effect of decision mode was significant, (F(1,179)=11.62), (p=0.001),
(_p 2=0.061); the level of cooperation among participants in the intu-
itive group ((M=2.68, SD=1.78)) was significantly higher than that among
participants in the rational group ((M=1.91, SD=1.66, p<0.01)).

The interaction effect between facial expression and decision mode was sig-
nificant, (F(2,179)=5.28), (p=0.006), ( _p 2=0.056). Further simple-effects
analyses showed that, under the intuitive decision mode, there were significant
differences in participants’ level of cooperation across the different expression
groups, (F(2,179)=18.23), (p<0.001), ( _p~2=0.17). The level of cooperation
among participants in the happy-expression group ((M=3.50, SD=1.43)) and
the neutral-expression group ((M=3.27, SD=1.57)) was significantly higher than
that among participants in the angry-expression group ((M=1.27, SD=1.44)),
(ps<0.001); the level of cooperation in the happy-expression group did not differ
significantly from that in the neutral-expression group, (p=0.872). Under the ra-
tional decision mode, there were no significant differences in participants’ level of
cooperation across the different expression groups, (F(2,179)=1.48), (p=0.230).

Figure 3 Cooperation of participants facing opponents with different facial
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Figure 4. Expected cooperation of opponents with different facial expressions
under different decision-making modes.

Figure 3: Figure 4. Expected cooperation of opponents with different facial
expressions under different decision-making modes.

expressions under different decision modes

Note: Error bars indicate standard errors; * p < 0.05, ** p < 0.01, *** p <
0.001.

3.2.3 Effects of Facial Expression and Decision Mode on Expected
Cooperation by the Opponent

Using facial expression and decision mode as independent variables, an analysis
of variance was conducted on the level of cooperation participants expected
from the opponent. The results showed that the main effect of facial expression
was significant, F'(2,179) = 15.82, p < 0.001, n% = 0.15. Participants expected
opponents with happy (M = 3.19, SD = 1.60) and neutral (M = 3.19, SD =
1.77) expressions to cooperate significantly more than opponents with angry
expressions (M = 1.78, SD = 1.47), ps < 0.001; there was no significant
difference between the expected cooperation level of happy-expression opponents
and that of neutral-expression opponents, p = 0.981. The main effect of decision
mode was not significant, F'(1,179) = 0.73, p = 0.395.

The interaction effect between facial expression and decision mode was signifi-
cant, F'(2,179) = 3.64, p = 0.028, 7712) = 0.039. Further simple-effects analyses
showed that, under the intuitive decision mode, there were significant differ-
ences in the cooperation levels that participants expected from opponents with
different expressions, F'(2,179) = 17.22, p < 0.001, 1712, = 0.16. Participants
expected opponents with happy (M = 3.56, SD = 1.38) and neutral (M = 3.50,
SD = 1.55) expressions to cooperate significantly more than opponents with
angry expressions (M = 1.43, SD = 1.52), ps < 0.001; there was no significant
difference between the expected cooperation level of happy-expression opponents
and that of neutral-expression opponents, p = 0.872. Under the rational decision
mode, there were no significant differences in the cooperation levels that par-
ticipants expected from opponents with different expressions, F(2,179) = 2.17,
p=0.118.

Figure 4 Cooperation expected from opponents with different facial expressions
under different decision-making modes

Note. Error bars represent standard errors; (* p < 0.05), (** p < 0.01), (***
p < 0.001).
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3.2.4 Analysis of the Moderated Mediation Effect

To test whether the expected level of cooperation from the opponent mediated
the effects of the opponent’ s facial expression, decision-making mode, and their
interaction on individuals’ level of cooperation, Model 8 in the PROCESS 3.3
macro was used to conduct a moderated mediation analysis of the above vari-
ables (Hayes, 2018). The percentile bootstrap method was used to compute the
95% confidence interval (CI) for the indirect effect based on 10,000 bootstrapped
samples. Regression analysis was conducted with the dummy-coded opponent
facial expression (with the neutral-expression group as the reference condition),
decision-making mode, and their interaction as independent variables, the ex-
pected cooperation of the opponent as the mediator, and participants’ coopera-
tion as the dependent variable.

The results showed that the six predictors explained 64.38% of the variance in
individuals’ cooperative behavior, (F(6, 178) = 53.63), (p < 0.001). Analysis of
the relative conditional direct effects found that the direct effects under all con-
ditions were nonsignificant. Analysis of the relative conditional indirect effects
found that, under the intuitive decision-making mode, the relative indirect effect
of the opponent’ s happy expression (vs. neutral expression) on individuals’ coop-
erative behavior was nonsignificant, ( = 0.05), 95% CI ([-0.4952, 0.5967]); under
the rational decision-making mode, the relative indirect effect of the opponent’
s happy expression (vs. neutral expression) on individuals’ cooperative behavior
was also nonsignificant, ( = -0.04), 95% CI ([-0.7011, 0.6043]); the moderated
indirect effect was nonsignificant (the confidence interval included 0), (a_4b =
0.09), 95% CI ([-0.7501, 0.9438]). In addition, under the intuitive decision-
making mode, the relative indirect effect of the opponent s angry expression
(vs. neutral expression) on individuals cooperative behavior was significant, ( =
-1.50), 95% CI ([-2.1290, -0.8958]); under the rational decision-making mode,
the relative indirect effect of the opponent s angry expression (vs. neutral expres-
sion) on individuals cooperative behavior was nonsignificant, ( = -0.56), 95%
CI ([-1.1767, 0.0605]); the moderated indirect effect was significant (the confi-
dence interval did not include 0), (a_5b = -0.94), 95% CI ([-1.8390, -0.1256]).
This indicates that, under the intuitive decision-making mode, compared with a
neutral expression, participants expected peers with angry expressions to be less
cooperative, and consequently were less cooperative in the prisoner’ s dilemma.

Table 3
Test of the mediating-effect model of facial expression and decision
mode influencing individual cooperative behavior
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Equation
Equation 2De- Equation
1De- pen- 3De-
pen- dent pen-
dent vari- dent
vari- able: vari-
able: ex- able:
par- pected par-
tici- op- tici-
pant’ po- pant’
S nent S
co- co- co-
op- op- op-
era- era- era-
tion tion tion
Variable  (Y) (M) (Y)
Expected b 0.73"0.05 14.55
op-
po-
nent
co-
op-
er-
a-
tion
(M)
Constanfj 1.8870.28 6.73 4, 2.9170.28 10.27 1, - 0.4 -
0.23 0.98
R? = R? = R? =
0.22 0.18 0.64
F(5,179) = F(5,179) = F(6,178) =
10.11,p < 7.87,p < 53.63,p <
0.001 0.001 0.001

Note: D;: neutral = 0, happy = 1, angry = 0; D,: neutral = 0, happy = 0,
angry = 1; W: rational = 0, intuitive = 1; *p < 0.05, **p < 0.01, **p < 0.001.

4 Experiment 3

4.1 Method
4.1.1 Participants

A total of 218 adult participants were recruited (148 women), with a mean age
of 23.74 years (SD = 3.11). All were physically and mentally healthy and had
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normal or corrected-to-normal vision. There were 37 participants in the happy-
expression-time-delay group, 35 in the happy-expression-time-constraint group,
47 in the neutral-expression-time-delay group, 31 in the neutral-expression-
time-constraint group, 32 in the angry-expression-time-delay group, and 36 in
the angry-expression-time-constraint group. After the experiment, participants
received a cash reward of 10 yuan.

4.1.2 Experimental design

A 3 (opponent’ s facial expression: happy/neutral/angry) x 2 (time pressure:
time constraint/time delay) fully between-subjects design was adopted. The
independent variables were the opponent’ s facial expression and time pressure;
the dependent variables were the same as in Experiments 1 and 2.

4.1.3 Experimental materials
(1) Facial-expression images. The same as in Experiments 1 and 2.

(2) Prisoner’ s dilemma task. The same as in Experiments 1 and 2.

4.1.4 Experimental procedure

After participants agreed to take part in the experiment, the experimenter wel-
comed and thanked them, and then explained the contents of the participant
information sheet and the informed-consent form. The specific experimental
procedure was as follows:

(1) Comprehension of the game task. Same as in Experiments 1 and 2.

(2) Decision-mode manipulation. Following the time-pressure manipulation
paradigm of Rand et al. (2012), participants were required either to make
decisions quickly within a specified time limit (i.e., the time-constraint con-
dition) or to make decisions only after thinking for a period of time (i.e.,
the time-delay condition). The maximum time allowed in the former con-
dition is typically 10 seconds or less. Their studies further demonstrated
that, under the time-constraint condition, decisions are more strongly in-
fluenced by intuition, whereas under the time-delay condition, decisions
are more strongly influenced by deliberation or rational analysis (Rand,
2016). In the time-constraint group: “You will complete five rounds of
the game in total, and each round must be completed within 10 seconds.
After 10 seconds, the interface will automatically submit your response.
Missing any round of decisions will affect your final experimental pay-
ment. To remind you of the time remaining, the interface will display a
countdown of the remaining time.” In the time-delay group: “You will
complete five rounds of the game in total, and each round must be com-
pleted after 10 seconds. The interface will remain on screen for 10 s before
you are allowed to fill in and submit your response. Missing any round of
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decisions will affect your final experimental payment. To remind you of
the time, the interface will display a timer.”

(3) Formal game task. Same as in Experiments 1 and 2. The only difference
was that, when the decision interface appeared in each round, a countdown
or count-up timer was presented.

(4) Time-pressure manipulation check. After completing the decision-making
task, participants answered two manipulation-check items (Gao et al.,
2020): “When I made the decision, I did not have time to think,” and “I
thought carefully when making the decision” (1 = strongly disagree, 5 =
strongly agree).

(5) Facial-expression manipulation check. Same as in Experiments 1 and 2.

4.2 Results
4.2.1 Experimental manipulation checks

Time-pressure manipulation check. With time-pressure group as the indepen-
dent variable and participants’ scores on the time-pressure manipulation-check
items as the dependent variable, independent-samples ¢ tests were conducted.
The results showed that the different time-pressure groups differed significantly
in their scores on “When I made the decision, I did not have time to think,”
t(216) = 11.32, p < 0.001, Cohen’ s d = 1.54: the time-constraint group
(M = 3.76, SD = 0.90) reported greater decision-time pressure and less time to
think than the time-delay group (M = 2.25, SD = 1.05). The different time-
pressure groups also differed significantly in their scores on “I thought carefully
when making the decision,” #(216) = —7.55, p < 0.001, Cohen’ s d = 1.02: the
time-constraint group (M = 2.66, SD = 1.06) deliberated less when making
decisions than the time-delay group (M = 3.64, SD = 0.86). These results
indicate that the time-pressure manipulation was effective.

Facial-expression manipulation check. The three items used to assess happy
expressions had a Cronbach’ s a = 0.94; the three items used to assess angry
expressions:-+

The items had Cronbach’ s @ = 0.95; the mean scores of the three items
for happiness and anger were taken, respectively, as participants’ evaluations
of the opponent’ s facial expression. With facial expression as the indepen-
dent variable, a one-way analysis of variance was conducted on the evalua-
tion scores for the opponent’ s facial expression. The results showed that
the between-group main effect for ratings of happy expressions was significant,
F(2,215) = 69.26, p < 0.01, nf) = 0.39. Post hoc multiple comparisons in-
dicated that participants in the happy-expression group rated the opponent’ s
happy expression significantly higher (M = 3.83, SD = 0.93) than did those in
the angry-expression group (M = 1.97, SD = 1.07) and the neutral-expression
group (M = 291, SD = 0.76). The between-group main effect for ratings
of angry expressions was significant, F'(2,215) = 131.30, p < 0.01, 7712) =
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0.55. Post hoc multiple comparisons indicated that participants in the angry-
expression group rated the opponent’ s angry expression significantly higher
(M = 3.87, SD = 0.91) than did those in the happy-expression group (M =
1.80, SD = 0.90) and the neutral-expression group (M = 2.11, SD = 0.62).
The between-group main effect for ratings of neutral expressions was significant,
F(2,215) = 74.52, p < 0.001, 17% = 0.41. Post hoc multiple comparisons indi-
cated that participants in the neutral-expression group rated the opponent’ s
neutral expression significantly higher (M = 3.91, SD = 0.93) than did those in
the angry-expression group (M = 1.94, SD = 1.08) and the happy-expression
group (M = 2.40, SD = 1.08). This indicates that the facial-expression manip-
ulation was effective.

4.2.2 Effects of Facial Expression and Time Pressure on Cooperative
Behavior

Using facial expression and time pressure as independent variables, an analysis
of variance was conducted on participants’ level of cooperation. The results
showed that the main effect of facial expression was significant, F'(2,212) =
4.39, p = 0.014, 77% = 0.040. The level of cooperation among participants in
the happy-expression group (M = 2.63, SD = 1.78) was significantly higher
than that of participants in the angry-expression group (M = 1.84, SD =
1.70, p = 0.003), but did not differ significantly from that of participants in
the neutral-expression group (M = 2.39, SD = 1.82, p = 0.123). The level of
cooperation in the neutral-expression group did not differ significantly from that
in the angry-expression group (p = 0.144). The main effect of time pressure was
significant, F'(1,212) = 15.15, p < 0.001, 7712) = 0.067; the level of cooperation
among participants in the time-constraint group (M = 2.68, SD = 1.71) was
significantly higher than that among participants in the time-delay group (M =
1.83, SD = 1.69).

The interaction effect between facial expression and time pressure was signifi-
cant, F(2,212) = 3.32, p = 0.038, 7712) = 0.030. Further simple-effects analyses
showed that, under the time-constraint condition, there were significant dif-
ferences in cooperation levels among participants in the different expression
groups, F(2,212) = 6.58, p = 0.002, 1712, = 0.058. The cooperation level
of participants in the happy-expression group (M = 3.49, SD = 1.56) was
significantly higher than that of participants in the neutral-expression group
(M = 239, SD = 1.82, p = 0.008) and the angry-expression group (M =
2.14, SD = 148, p = 0.001); the cooperation level of participants in the
neutral-expression group did not differ significantly from that of participants in
the angry-expression group, p = 0.541. Under the time-delay condition, there
were no significant differences in cooperation levels among participants in the
different expression groups, F'(2,212) = 1.11, p = 0.331.

Legend: Time constraint  Time delay

Y-axis: Participants’ cooperation
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X-axis: Opponent’ s facial expression
Categories: Happy; Neutral; Angry

Figure 5. Participants’ cooperation toward opponents with different facial
expressions under different time-pressure conditions

Note: Error bars indicate standard errors; * (p < 0.05), ** (p < 0.01), *** (p
< 0.001).

4.2.3 Effects of Facial Expression and Time Pressure on Expected
Opponent Cooperation

An analysis of variance was conducted with facial expression and time pressure
as independent variables and the expected level of opponent cooperation as the
dependent variable. The results showed that the main effect of facial expression
was significant, (F(2, 212) = 6.90), (p = 0.001), ( _p~2 = 0.061). Participants’
expected cooperation level for happy opponents ((M = 2.87, SD = 1.73)) and
neutral opponents ((M = 2.64, SD = 1.70)) was significantly higher than that
for angry opponents ((M = 1.85, SD = 1.84, p_1 < 0.001, p_2 = 0.0006)).
There was no significant difference between the expected cooperation levels for
happy and neutral opponents, (p = 0.404). The main effect of time pressure was
significant, (F(1, 212) = 12.13), (p = 0.001), ( _p~2 = 0.054). The expected
cooperation level of opponents in the time-constraint group ((M = 2.85, SD =
1.76)) was significantly higher than that in the time-delay group (M = 2.04,
SD = 1.76, p = 0.001)).

The interaction effect between facial expression and time pressure was signifi-
cant, (F(2, 212) = 3.10), (p = 0.047), ( _p 2 = 0.028). Further simple-effects
analyses showed that under the time-constraint condition, there were significant
differences in participants’ expected cooperation levels for opponents with differ-
ent expressions, (F(2, 212) = 6.96), (p = 0.001), ( _p~2 = 0.062). Participants’
expected cooperation level for happy opponents (M = 3.66, SD = 1.45)) was
significantly higher than that for neutral (M = 2.74, SD = 1.86, p = 0.030))
and angry (M = 2.17, SD = 1.67, p < 0.001)) opponents. The expected co-
operation level for neutral opponents did not differ significantly from that for
angry opponents, (p = 0.168). Under the time-delay condition, there were sig-
nificant differences in participants’ expected cooperation levels for opponents
with different expressions, (F(2, 212) = 3.33), (p = 0.038), ( _p~2 = 0.030).
Participants’ expected cooperation level for happy opponents (M = 2.08, SD
= 1.64)) did not differ significantly from that for neutral (M = 2.53, SD =
1.60, p = 0.228)) or angry (M = 1.53, SD = 1.98, p = 0.181)) opponents. The
expected cooperation level for neutral opponents was significantly higher than
that for angry opponents, (p = 0.011).

[Bar chart: y-axis, “Participant’ s expected cooperation from the opponent” ;
x-axis, “Opponent’ s facial expression” with categories Happy, Neutral, Angry;
legend: gray bars = Time constraint, white bars = Time delay. Significance
brackets are marked with , **.]
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Figure 6 Cooperation expected by participants from opponents with different
facial expressions under different time pressures

Note: Error bars indicate standard errors; ({} " {}p < 0.05), ({} " {}p < 0.01),
({} {}p < 0.001).

4.2.4 Analysis of moderated mediation effects To examine whether ex-
pected cooperation from the opponent mediated the effects of the opponent’ s
facial expression, time pressure, and their interaction on individuals’ cooperative
behavior, Model 8 in the PROCESS 3.3 macro was used to conduct a moder-
ated mediation analysis of the above variables (Hayes, 2018). The percentile
bootstrap method was used to compute the 95% confidence intervals (CIs) for
the indirect effects based on 10,000 bootstrapped samples. A regression anal-
ysis was conducted with dummy-coded opponent facial expression (with the
neutral-expression group as the reference condition), time pressure, and their
interaction as independent variables; expected cooperation from the opponent
as the mediator; and participants’ cooperation as the outcome variable.

The results showed that the six predictors explained 61.00% of the variance in
individuals’ cooperative behavior, (F(6, 211) = 55.00), (p < 0.001).

Analysis of relative conditional direct effects showed that the direct effects un-
der all conditions were nonsignificant. Analysis of relative conditional indirect
effects showed that, under the time-constraint condition, the relative indirect
effect of the opponent’ s happy expression (vs. neutral expression) on individ-
uals’ cooperative behavior was significant, ( = 0.66), 95% CI ([0.0732, 1.2889]);
under the time-delay condition, the relative indirect effect of the opponent’ s
happy expression (vs. neutral expression) on individuals’ cooperative behavior
was nonsignificant, (= -0.33), 95% CI (]-0.8395, 0.1975]). The moderated in-
direct effect was significant (the confidence interval did not include 0), (a_4b
= 0.99), 95% CI ([0.1962, 1.8178]). In addition, under the time-constraint
condition, the relative indirect effect of the opponent s angry facial expression
(vs. neutral expression) on individuals cooperative behavior was nonsignificant,
(= -0.42), 95% CI ([-1.0330, 0.2137]); under the time-delay condition, the
relative indirect effect of the opponent s angry expression (vs. neutral expres-
sion) on individuals cooperative behavior was significant, ( = -0.73), 95% CI
([-1.3405, -0.1204]). The moderated indirect effect was nonsignificant (the con-
fidence interval included 0), (a_5b = 0.31), 95% CI ([-0.5588, 1.1938]). This
indicates that, under the time-constraint condition, compared with a neutral
expression, participants expected partners with happy expressions to be more
cooperative, and consequently cooperated more in the prisoner’ s dilemma.

Table 4
Test of the mediation-effect model for the influence of facial expres-
sion and time pressure on individual cooperative behavior

Variable

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

Equation 1
Equation 2
Equation 3

Dependent variable: participant’ s cooperation (Y)
Dependent variable: expected opponent cooperation (M)

Dependent variable: participant’ s cooperation (Y)

B
SE

t

g
SE
t

g
SE

t
Opponent’ s facial expression (D1)
cl
-0.25
0.36
-0.70
al
-0.45
0.37
-1.21
c’'l
0.07
0.24
0.31
Opponent’ s facial expression (D2)
c2
-0.56
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0.38
-1.49
a2
-1.00
0.39
-2.58
c’'2
0.16
0.26
0.63
Time pressure (W)
c3
0.32
0.38
0.85
a3
0.21
0.39
0.54
c’'3
0.17
0.26
0.67
D1 x W
c4
1.35%
0.54
2.48
a4
1.37*
0.56
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2.44
4
0.36
0.37
0.97
D2 x W
co

0.32
0.55
0.57

ad

0.43
0.57
0.75
c’b
0.01
0.37
0.02
Expected opponent cooperation (M)
b
0.73%+*
0.04
16.23
Constant
iy

2.06
0.24
8.56
im
2.53
0.25
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10.24

iy

0.23

0.20

1.14

R2 = 0.12

R2 =0.13

R2 = 0.61

F(5, 212) = 5.94, p < 0.001
F(5, 212) = 6.19, p < 0.001
F(6, 211) = 55.00, p < 0.001

Note: D1: neutral = 0, happy = 1, anger = 0; D2: neutral = 0, happy = 0,
anger = 1; W: time delay = 0, time constraint = 1; p < 0.05, p < 0.01, p <
0.001.

5 Discussion

Experiment 1 showed that, in the prisoner’s dilemma game, the opponent’s facial
expression not only directly influenced participants’ cooperative behavior, but
also influenced cooperative behavior by affecting participants’expectations of the
opponent’s cooperative behavior, supporting Hypothesis 1. By manipulating de-
cision mode through instructions, Experiment 2 not only verified the findings of
Experiment 1, but also showed that decision mode had a dual moderating effect
on the two pathways whereby facial expressions influence cooperative behavior
and expectations of the opponent’ s cooperative behavior, further supporting
Hypothesis 1 and also supporting Hypothesis 2. Experiment 3 manipulated
participants’ decision mode through a time-pressure task and essentially repli-
cated the results of Experiment 2, again supporting Hypothesis 1 and further
supporting Hypothesis 2. Experiments 2 and 3 also found that individuals mak-
ing relatively intuitive decisions were more cooperative than individuals making
relatively rational decisions.

5.1 The influence of facial expressions on individuals’ cooperative be-
havior

Across the three experiments in this study, we consistently found that, in the
prisoner’s dilemma game, the opponent’s incidental facial expressions influenced
participants’ cooperative behavior, and that different types of facial expressions
had different effects on participants’ cooperative behavior. That is, when partic-
ipants faced opponents with different facial expressions, they showed a tendency
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toward cooperative decision-making, supporting the social-functional theory of
emotion (Erickson & Schulkin, 2003; Fischer & Manstead, 2008; Keltner et al.,
1999; Van Kleef et al., 2010). In addition, the results of the present study are
to some extent consistent with evidence from related research (e.g., Alguacil et
al., 2015; Raoul et al., 2017; Tortosa et al., 2013), indicating that people are
not always completely rational when making cooperative decisions (Wang et al.,
2018).

Specifically, the level of cooperation in the anger, neutral, and happy facial-
expression groups showed a gradually increasing trend. However, a stable sig-
nificant difference appeared only between the anger and happy facial-expression
groups; the cooperation levels of participants in the happy and neutral facial-
expression groups showed a stable nonsignificant difference; and the differ-
ence in cooperation levels between participants in the anger and neutral facial-
expression groups was not highly consistent across experiments: in Experiments
1 and 3, the difference in cooperation levels between the anger and neutral facial-
expression groups was nonsignificant, whereas in Experiment 2, the difference
between the two groups was significant. According to the negativity bias (Rozin
& Royzman, 2001) and the asymmetrical effects of bad and good (Baumeister
et al., 2001), negative information, events, and emotions have a greater impact
than positive information, events, and emotions (bad is stronger than good), and
also exert a stronger effect on impression formation. Therefore, the effect of pos-
itive interaction information (such as happy expressions) may be more similar
to that of neutral interaction information (such as neutral expressions), whereas
the effect of negative interaction information (such as angry expressions) may
be markedly different. Evolutionary theory and classical conditioning theory
also hold that, compared with happy and neutral expressions, angry expres-
sions are associated with negative consequences and are more salient (Tortosa
et al., 2013). Thus, compared with happy or neutral expressions, angry expres-
sions will produce stronger effects; that is, cooperation levels are lowest when
facing an opponent with an angry expression.

From the perspective of the social function of emotion, the social signals re-
leased by smiling expressions (happy expressions) are relatively complex, such
as reward smiles, affiliative smiles, and dominance smiles (Martin et al., 2017),
as well as genuine smiles and polite smiles (Johnston et al., 2010; Reed et al.,
2012; Shore & Heerey, 2011), among others. Whether the recipient of such emo-
tional signals can correctly interpret the meaning of another person’ s smiling
signal is the key to whether it can play a positive social function. Although in
the present study participants were randomly assigned to groups, standardized
facial-expression images were used, and the results of the manipulation check
also showed that participants were able to recognize them accurately, individ-
ual differences may nevertheless have existed in participants’ interpretations of
smiling expressions. For example, some participants may have regarded them
as sincere smiles, whereas others may not have done so, ultimately leading to
no significant difference in the effects of happy and neutral expressions. Future
research should attempt to use more refined experimental designs and control
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or measure relevant individual-difference variables, so as to further examine the
effects of happy facial expressions of different natures on individuals’ cooperative
behavior.

5.2 The Mediating Role of Expectations

Across the three experiments, the present study consistently found that, in
the prisoner’ s dilemma game, others’ facial expressions influenced participants’
expectations regarding their opponents’ cooperative behavior, and that differ-
ent types of facial expressions had different effects on cooperation expectations.
This is consistent with the view that facial expressions function to externalize
intentions as social signals (Darwin, 1872/1962), and that emotional expression
functions to guide interpersonal interaction (Erickson & Schulkin, 2003; Frith &
Frith, 2006; Horstmann, 2003). Specifically, participants expected the coopera-
tion levels of angry-, neutral-, and happy-faced opponents to show a gradually
increasing trend. However, stable significant differences appeared only between
participants in the happy and neutral facial-expression groups and those in the
anger facial-expression group, whereas participants in the happy and neutral
facial-expression groups showed a stable nonsignificant difference. This indi-
cates that people can consciously or intuitively interpret the latent psychologi-
cal meanings contained in the social signals of others’ facial expressions, thereby
helping them form expectations about others’ behavior.

Mediation-effect analyses showed that expectations about others’ cooperative
behavior mediated the relationship between facial expressions and individuals’
cooperative behavior.

Specifically, Experiment 1 found that participants’ expectations about the op-
ponent’ s cooperative behavior mediated the effect of the opponent’ s angry
expression (vs. neutral expression) on individuals’ cooperative behavior. Ex-
periment 2 found that the mediation effect observed in Experiment 1 appeared
only under the intuitive decision-making mode. Experiment 3 found that, under
time constraints, participants’ expectations about the opponent’ s cooperative
behavior mediated the effect of a happy expression (vs. neutral expression) on
individuals’cooperative behavior. These results are consistent with findings from
related studies (Ruz et al., 2011; Ng & Au, 2016; Pletzer et al., 2018), and also
support the aforementioned goal-expectation theory (Pruitt & Kimmel, 1977).
They indicate that when explicit information about whether the other party
will cooperate is unavailable, people use indirect information such as the other
party’ s facial expression to form expectations about that person’ s cooperative
behavior, thereby deciding whether to cooperate with them. The mediation
model established and verified in the present study helps further deepen our
understanding of the potential psychological processes through which facial ex-
pressions influence cooperative behavior.
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5.3 The Moderating Role of Decision-Making Mode

According to dual-system theories of decision making (Evans & Stanovich, 2013;
Kahneman, 2011), if people make decisions using a relatively rational decision-
making mode that is slow, deliberative, and analytical, they are relatively less
influenced by superficial emotional information such as facial expressions. If,
however, people make decisions using a relatively intuitive decision-making
mode that is fast, automatic, and heuristic, they are more sensitive to emo-
tional information such as facial expressions. In addition, the perspective of
heuristic decision-making holds that people are usually unable or unwilling to
consider all available information, and instead prefer to use heuristic strategies
to reduce cognitive effort—that is, to make decisions by relying on only part of
the available information (Gigerenzer et al., 2011). In Experiments 2 and 3 of
the present study, participants’ decision-making modes were directly manipu-
lated using two paradigms, namely instructions and time pressure, respectively.
Both experiments found that decision-making mode moderated the influence of
the opponent’ s facial expression on cooperative behavior and expectations of
cooperation. In Experiment 2, under the intuitive decision-making mode, the
cooperation levels of the happy- and neutral-expression groups were significantly
higher than that of the angry-facial-expression group; participants expected the
cooperation levels of opponents with happy and neutral expressions to be sig-
nificantly higher than those of opponents with angry facial expressions; and
only under the intuitive decision-making mode did participants’ expectations
about the opponent’ s cooperative behavior mediate the effect of an angry ex-
pression (vs. neutral expression) on individuals’ cooperative behavior. In Ex-
periment 3, under the time-constraint condition, the cooperation level of the
happy-facial-expression group was significantly higher than those of the neutral-
and angry-facial-expression groups; participants expected the cooperation level
of opponents with happy facial expressions to be significantly higher than those
of opponents with neutral and angry facial expressions; and only under the
time-constraint condition did participants’ expectations about the opponent’
s cooperation mediate the effect of a happy facial expression (vs. neutral ex-
pression) on individuals’ cooperative behavior. These results not only support
dual-system theories of decision making, but also clarify the boundary condi-
tions under which others’ facial expressions influence individuals’ expectations
of cooperation and, in turn, their cooperative behavior. Theoretically, they sup-
plement and advance existing related research to a certain extent; practically,
they help people better understand under what conditions, or for what kinds
of individuals, it is appropriate to influence cooperative behavior through facial
expressions.

Interestingly, the results of Experiments 2 and 3 also showed a significant main
effect of decision-making mode on participants’ level of cooperation; that is, a
relatively intuitive decision-making mode led people to be more cooperative than
did a relatively rational decision-making mode. A series of studies by Rand and
colleagues found that, in one-shot anonymous interactions in which self-interest
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is the optimal choice, intuitive responses tend to be more cooperative than
deliberative responses (Bear &

Rand, 2016; Jordan et al., 2016; Levine et al., 2018; Rand, 2016; Rand et al.,
2012; Rand et al., 2014). On this basis, they proposed the social heuristics
hypothesis (SHH), revising the “human nature is selfish” assumption of most
prosocial theoretical models—that is, that humans are essentially selfish and that
prosocial behavior requires reflection on and control over these basic instincts.
They argued that, in many situations, prosocial behavior is itself an intuitive
impulse rather than a rational choice made after controlling impulses. The
findings of the present study provide some evidence for the SHH.

5.4 Limitations and Prospects

The present study shows that an opponent’ s incidental facial expression influ-
ences an actor’ s immediate cooperative behavior in short-term social interac-
tions. But can this influence be extended to subsequent long-term behavior?
Or, what is the relationship between an opponent’ s incidental expressions in
specific situations and the actor’ s later long-term cooperative behavior? Peo-
ple’ s understanding of an opponent’ s incidental emotional signals may be more
complex. As Knutson (1996) pointed out, facial expressions can be used not
only to predict an opponent’ s immediate behavior during an interaction, but
may also be interpreted as related to the opponent’ s stable traits and long-term
behavioral tendencies. This view has been supported by relevant experimental
evidence (Wang et al., 2018). Future research could incorporate people’ s trait
inferences based on an opponent’s facial expressions into experimental designs as
a potential mediating variable, so as to gain a deeper understanding of whether
and how facial expressions affect individuals’ long-term cooperative behavior.

The present study mainly focused on whether and how the social signal of an op-
ponent’ s facial expression influences the actor’ s cooperative behavior. However,
some incidental emotional responses generated during the cooperative decision-
making process may also influence the actor’ s cooperative behavior. Although
researchers have shown that, in prisoner’ s dilemma games, the reverse appraisal
mechanism can fully explain the effect of incidental emotional signals on cooper-
ative behavior, and that the role of incidental affective responses can therefore
be ignored (de Melo et al., 2014), the results of the present study suggest that
even in non-face-to-face communication contexts, the possibility that inciden-
tal emotional responses play a role still cannot be completely ruled out. As
indicated by the emotions as social information theory (Van Kleef, 2016; Van
Kleef et al., 2010), emotion-based inference processes cannot explain or replace
incidental affective responses; in some cases, these mechanisms may occur si-
multaneously and may also interfere with one another. Research on cognitive
neural mechanisms has shown that, in dictator-game contexts, compared with
recipients who were happy or disappointed, participants interacting with angry
recipients more often displayed anger themselves and made selfish offers; more-
over, the expression of anger (vs. disappointment) increased activation in brain
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regions related to self-referential thinking (Lelieveld et al., 2013). This provides
a path for future work using neuroeconomic techniques to integratively exam-
ine the relative effects of inference processes and affective-response processes,
in order to reveal the neural mechanisms by which facial expressions influence
cooperative decision-making.

The present study used static pictures of emotional facial expressions, which
differ markedly from emotional facial expressions in real situations. Studies have
shown that when an interaction partner (the signal sender) smiles in a responsive
and rapid manner, the individual (the signal receiver) is more likely to cooperate;
conversely, when the signal sender smiles in an unresponsive and slow manner,
the signal receiver’ s likelihood of cooperating decreases (Danvers & Shiota,
2018). This indicates, to some extent, that in real life, the way emotional facial
expressions are presented also affects individuals’ level of cooperation. Future
research could examine dynamic emotional

--facial expressions on individuals’ cooperative behavior, thereby increasing the
ecological validity of the research conclusions. In addition, human emotions are
rich and varied, and the ways in which emotions are expressed are also diverse,
such as through voice, posture, text, video, and so forth. Studies have shown
that emotions conveyed by voice influence cooperative behavior: compared with
voices expressing negative emotions, voices expressing positive emotions elicit
higher levels of cooperation (Caballero et al., 2017). Future research may ex-
amine the effects of more types and more forms of emotional signals on individ-
uals’ cooperative behavior, with the aim of further enriching, improving, and
constructing an overall theoretical framework for how emotional information
influences individual cooperative behavior.

6 Conclusion

(1) Happy facial expressions elicited higher levels of cooperation than angry
facial expressions.

(2) Expectations regarding the cooperative behavior of opponents with differ-
ent facial expressions mediated the relationship between facial expressions
and cooperative behavior.

(3) Individuals’ decision-making mode both moderated the effect of facial ex-
pressions on cooperative behavior and indirectly influenced cooperative
behavior by moderating cooperation expectations.

References

Alguacil, S., Tudela, P., & Ruz, M. (2015). Ignoring facial emotion expressions
does not eliminate their influence on cooperation decisions. Psicoldgica, 36(2),
309-335.

Bai, L., Ma, H., Huang, Y. X., & Luo, Y. J. (2005). The development of native

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

ChinaRxiv [$X]

Chinese affective picture system. Chinese Mental Health Journal, 19(11), 719~
722.

[Bai, L., Ma, H., Huang, Y. X., & Luo, Y. J. (2005). The development of the
Chinese affective picture system. Chinese Mental Health Journal, 19(11), 4-7.]

Baumeister, R. F., Bratslavsky, E., Finkenauer, C., & Vohs, K. D. (2001). Bad
is stronger than good. Review of General Psychology, 5(4), 323-370.

Bear, A., & Rand, D. G. (2016). Intuition, deliberation, and the evolution of
cooperation. Proceedings of the National Academy of Sciences, 113(4), 936-941.

Caballero Meneses, J. A., & Menez Diaz, J. M. (2017). Vocal emotion expres-
sions effects on cooperation behavior. Psicoldgica, 38(1), 1-24.

Campellone, T. R., & Kring, A. M. (2013). Who do you trust? The impact of
facial emotion and behaviour on decision making. Cognition & Emotion, 27(4),
603-620.

Clark, M. S., & Taraban, C. (1991). Reactions to and willingness to express
emotion in communal and exchange relationships. Journal of Experimental
Social Psychology, 27(4), 324-336.

Danvers, A. F., & Shiota, M. N. (2018). Dynamically engaged smiling pre-
dicts cooperation above and beyond average smiling levels. Fvolution €& Human
Behavior, 39(1), 112-119.

Darwin, C. (1962). The expression of the emotions in man and animals. London:
John Murray (Originally published in 1872).

De Dreu, C. K. (2003). Time pressure and closing of the mind in negotiation.
Organizational Behavior & Human Decision Processes, 91(2), 280-295.

De Dreu, C. K., & Carnevale, P. J. (2003). Motivational bases of information
processing and strategy in conflict and negotiation. Advances in Experimental
Social Psychology, 35, 235-291.

de Melo, C. M., Carnevale, P. J., & Gratch, J. (2011). The impact of emotion
displays in embodied agents on emergence of cooperation with people. Presence:
Teleoperators and Virtual Environments, 20(5), 449-465.

de Melo, C. M., Carnevale, P. J., Read, S. J., & Gratch, J. (2014). Reading
people’ s minds from emotion expressions in interdependent decision making.
Journal of Personality and Social Psychology, 106(1), 73-88.

de Melo, C. M., Gratch, J., & Carnevale, P. J. (2015). Humans versus computers:
Impact of emotion expressions on people’ s decision making. IFEFE Transactions
on Affective Computing, 6(2), 127-136.

Eckel, C. C., & Wilson, R. K. (2003). The human face of game theory: Trust
and reciprocity in sequential games. In E. Ostrom, & J. Walker (Eds.), Trust
and reciprocity: Interdisciplinary lessons from experimental research (pp. 245-
274). Russell Sage Foundation.

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

ChinaRxiv [$X]

Engle, R. W. (2002). Working memory capacity as executive attention. Current
Directions in Psychological Science, 11(1), 19-23.

Erickson, K., & Schulkin, J. (2003). Facial expressions of emotion: A cognitive
neuroscience perspective. Brain and Cognition, 52(1), 52-60.

Evans, J. S. B. T., & Stanovich, K. E. (2013). Dual-process theories of higher
cognition: Advancing the debate. Perspectives on Psychological Science, 8(3),
223-241.

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G* Power 3: A flexi-
ble statistical power analysis program for the social, behavioral, and biomedical
sciences. Behavior Research Methods, 39(2), 175-191.

Fischer, A. H., & Manstead, A. S. R. (2008). Social functions of emotion. In
M. Lewis, J. M. Haviland-Jones, & L. F. Barrett (Eds.), Handbook of emotions.
3rd ed. (pp. 456-468). New York, NY: The Guilford Press.

Frith, C, D., & Frith, U. (2006). The neural basis of mentalizing. Neuron, 50(4),
531-534.

Gao, Q., Jia, X., Liu, H., Wang, X., & Liu, Y. (2020). Attachment style predicts
cooperation in intuitive but not deliberative response in one-shot public goods
game. International Journal of Psychology, 55(3), 478-486.

Gigerenzer, G., Hertwig, R., & Pachur, T. (2011). Heuristics: The foundations
of adaptive behavior. New York: Oxford University Press.

Hayes, A. F. (2018). Introduction to mediation, moderation, and conditional
process analysis: A regression-based approach (2nd Ed.). New York: Guilford
Press.

Hess, U., Blairy, S., & Kleck, R. E. (2000). The influence of facial emotion dis-
plays, gender, and ethnicity on judgments of dominance and affiliation. Journal
of Nonverbal Behavior, 24(4), 265-283.

Hillebrandt, A., & Barclay, L. J. (2017). Comparing integral and incidental
emotions: Testing insights from emotions as social information theory and at-
tribution theory. Journal of Applied Psychology, 102(5), 732-752.

Horstmann, G. (2003). What do facial expressions convey: Feeling states, be-
havioral intentions, or action requests? Emotion, 3(2), 150-166.

Jaeger, B., Evans, A. M., Stel, M., & van Beest, 1. (2019). Explaining the persis-
tent influence of facial cues in social decision-making. Journal of Experimental
Psychology: General, 148(6), 1008-1021.

Johnston, L., Miles, L., & Macrae, C. N. (2010). Why are you smiling at me?
Social functions of enjoyment and non-enjoyment smiles. British Journal of
Social Psychology, 49(1), 107-127.

Jordan, J. J., Hoffman, M., Nowak, M. A., & Rand, D. G. (2016). Uncalculat-
ing cooperation is used to signal trustworthiness. Proceedings of the National

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

ChinaRxiv [$X]

Academy of Sciences, 113(31), 8658-8663.

Kahneman, D. (2011). Thinking, fast and slow. New York: Farrar, Strauss,
Giroux.

Kausel, E. E., & Connolly, T. (2014). Do people have accurate beliefs about
the behavioral consequences of incidental emotions? Evidence from trust games.
Journal of Economic Psychology, 42, 96-111.

Keltner, D., & Haidt, J. (1999). Social functions of emotions at four levels of
analysis. Cognition & Emotion, 13(5), 505-521.

Knutson, B. (1996). Facial expressions of emotion influence interpersonal trait
inferences. Journal of Nonverbal Behavior, 20(3), 165-182.

Krumhuber, E., Manstead, A. S. R., Cosker, D., Marshall, D., Rosin, P. L.,
& Kappas, A. (2007). Facial dynamics as indicators of trustworthiness and
cooperative behavior. Emotion, 7(4), 730-735.

Lavie, N., Hirst, A., De Fockert, J. W., & Viding, E. (2004). Load theory of
selective attention and cognitive control. Journal of Fxperimental Psychology:
General, 133(3), 339-354.

Lelieveld, G. J., Van Dijk, E., Giirglu, Berna, Van Beest, 1., Van Kleef, G. A.,
& Rombouts, S. A., et al. (2013). Behavioral and neural reactions to emotions
of others in the distribution of resources. Social Neuroscience, 8(1), 52-62.

Levine, E. E., Barasch, A., Rand, D., Berman, J. Z., & Small, D. A. (2018). Sig-
naling emotion and reason in cooperation. Journal of Experimental Psychology:
General, 147(5), 702-719.

Liu, C., & Hao, F. (2011). An application of a dual-process approach to decision
making in social dilemmas. The American Journal of Psychology, 124(2), 203-
212.

Martin, J., Rychlowska, M., Wood, A., & Niedenthal, P. (2017). Smiles as
multipurpose social signals. Trends in cognitive sciences, 21(11), 864-877.

Mieth, L., Bell, R., & Buchner, A. (2016). Facial likability and smiling enhance
cooperation, but have no direct effect on moralistic punishment. Fzxperimental
Psychology, 63(5), 263-277.

Mussel, P., Goritz, A. S., & Hewig, J. (2013). The value of a smile: Facial
expression affects ultimatum-game responses. Judgment € Decision Making,
8(3), 381-385.

Ng, G. T. T., & Au, W. T. (2016). Expectation and cooperation in prisoner’
s dilemmas: The moderating role of game riskiness. Psychonomic Bulletin &
Review, 23(2), 353-360.

Pletzer, J. L., Balliet, D., Joireman, J., Kuhlman, D. M., Voelpel, S. C., & Van
Lange, P. A. M., et al. (2018). Social value orientation, expectations, and coop-

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

ChinaRxiv [$X]

eration in social dilemmas: A meta-analysis. European Journal of Personality,
32(1), 62-83.

Pruitt, D. G., & Kimmel, M. J. (1977). Twenty years of experimental gaming:
Critique, synthesis, and suggestions for the future. Annual Review of Psychology,
28(1), 363-392.

Rand, D. G. (2016). Cooperation, fast and slow: Meta-analytic evidence for a
theory of social heuristics and self-interested deliberation. Psychological Science,
27(9), 1192-1206.

Rand, D. G., Greene, J. D., & Nowak, M. A. (2012). Spontaneous giving and
calculated greed. Nature, 489(7416), 427-430.

Rand, D. G., Peysakhovich, A., Kraft-Todd, G. T., Newman, G. E., Wurzacher,
0., Nowak, M. A., & Greene, J. D. (2014). Social heuristics shape intuitive
cooperation. Nature Communications, 5, 3677.

Raoul, B., Laura, M., Axel, B., & Yong, D. (2017). Separating conditional and
unconditional cooperation in a sequential prisoner’ s dilemma game. PLoS One,
12(11), e0187952.

Reed, L. I., Zeglen, K. N., & Schmidt, K. L. (2012). Facial expressions as honest
signals of cooperative intent in a one-shot anonymous prisoner’ s dilemma game.
Evolution & Human Behavior, 33(3), 200-209.

Rozin, P., & Royzman, E. B. (2001). Negativity bias, negativity dominance,
and contagion. Personality and Social Psychology Review, 5(4), 296-320.

Ruz, M., Moser, A., & Webster, K. (2011). Social expectations bias decision-
making in uncertain interpersonal situations. PLoS One, 6(2), e15762.

Scharlemann, J. P. W., Eckel, C. C., Kacelnik, A., & Wilson, R. K. (2001).
The value of a smile: Game theory with a human face. Journal of Economic
Psychology, 22(5), 617-640.

Shore, D. M., & Heerey, E. A. (2011). The value of genuine and polite smiles.
Emotion, 11(1), 169-174.

Song, R., Over, H., & Carpenter, M. (2016). Young children discriminate gen-
uine from fake smiles and expect people displaying genuine smiles to be more
prosocial. Evolution & Human Behavior, 37(6), 490-501.

Stouten, J., & Cremer, D. D. (2009). “Seeing is believing” : The effects of facial
expressions of emotion and verbal communication in social dilemmas. Journal
of Behavioral Decision Making, 23(3), 271-287.

Sutherland, C. A., Young, A. W., & Rhodes, G. (2017). Facial first impressions
from another angle: How social judgements are influenced by changeable and
invariant facial properties. British Journal of Psychology, 108(2), 397-415.

Todorov, A., Baron, S. G., & Oosterhof, N. N. (2008). Evaluating face trustwor-
thiness: A model based approach. Social cognitive and Affective Neuroscience,

chinarxiv.org/items/chinaxiv-202104.00002 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00002

ChinaRxiv [$X]

3(2), 119-127.

Tortosa, M. L., Strizhko, T., Capizzi, M., & Ruz, M. (2013). Interpersonal effects
of emotion in a multi-round trust game. Psicoldgica, 34(2), 179-198.

Van Kleef, G. A. (2016). The interpersonal dynamics of emotion: Toward an
integrative theory of emotions as social information. Cambridge: Cambridge
University Press.

Van Kleef, G. A., De Dreu, C. K. W., & Manstead, A. S. R. (2004). The inter-
personal effects of emotions in negotiations: A motivated information processing
approach. Journal of Personality and Social Psychology, 87(4), 510-528.

Van Kleef, G. A., De Dreu, C. K. W., & Manstead, A. S. R. (2010). An
interpersonal approach to emotion in social decision making: The emotions as
social information model. Advances in Ezperimental Social Psychology, 42, 45-
96.

Van Kleef, G. A., Van den Berg, H., & Heerdink, M. W. (2015). The persuasive
power of emotions: Effects of emotional expressions on attitude formation and
change. Journal of Applied Psychology, 100(4), 1124-1142.

Wang, X., Krumhuber, E. G., & Gratch, J. (2018). The interpersonal effects
of emotions in money versus candy games. Journal of Experimental Social
Psychology, 79, 315-327.

The effect of opponent’ s emotional facial expres-
sions on individuals’ cooperation and underlying
mechanism in prisoner’ s dilemma game
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(1 Shanghai Key Laboratory of Mental Health and Psychological Crisis Interven-
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China)

Abstract

Previous research suggested that emotional facial expressions significantly influ-
ence perceivers’ behaviors in interactive decision-making. Although emotional
facial expressions of opponents could bias participants’ behaviors, little was
known about the reason for this effect. Based on the social functions of emo-
tions and dual-process theories of decision-making, the present study aimed to
explore the effect of three emotional facial expressions, i.e. happiness, neutral
and anger, on individuals’ cooperative behaviors in prisoner’ s dilemma game
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and the underlying mechanism, i.e. the mediating role of expectations of others’
cooperation and the moderating role of individuals’ decision modes.

Three experiments were designed to test the hypothesis. The emotional facial
expressions were manipulated by grey-scale images of emotionally expressive
faces (3 males and 3 females, 260 x 300 pixels) taken from a standard set of
Chinese Affective Picture System (CAPS; Bai, Ma, Huang & Luo, 2005) in
three experiments. Experiment 1 investigated the effects of emotional facial ex-
pressions (happiness/neutral/anger) on participants’ cooperation, as well as the
mediating role of expectations of partner’ cooperation with a one-factor between-
subjects design. A total of 180 adult participants were recruited for this experi-
ment (109 females; mean age 22.36 + 4.10 years) and were randomly assigned to
happy, neutral or angry conditions. Experiment 2 adopted a 3(facial expressions:
happiness/neutral/anger) x 2(decision modes: intuitive/deliberative) between-
subjects design to examine moderating role of decision modes, as well as the
mediating role of expectations of partner’ cooperation. A total of 185 adult
participants were recruited for this experiment (130 females; mean age 21.48 4+
2.71 years). And the decision modes were manipulated by instructions (Levine,
Barasch, Rand, Berman & Small, 2018). Experiment 3

adopted a (3) (facial expressions: happiness/neutral/anger) (x2) (time pressure:
time constraint/time delay) between-subjects design to examine the moderating
role of time pressure, as well as the mediating role of expectations of partners’
cooperation. A total of 218 adult participants were recruited for this experiment
(148 females; mean age (23.74 +3.11) years). Time pressure was manipulated
by imposing a time constraint (Rand, Greene & Nowak, 2012).

The results of the three experiments showed: (1) participants were more co-
operative toward happy partners than toward angry ones, and expectations
of partners’ cooperation mediated the relationship between emotional facial ex-
pressions and participants’ cooperative behaviors (Experiment 1); (2) only under
the condition of intuitive decision mode were participants more cooperative to-
ward happy and neutral partners than toward angry ones, and expectations of
partners’ cooperation mediated the relationship between emotional facial expres-
sions and participants’ cooperative behaviors (Experiment 2); (3) only under the
condition of time constraint were participants more cooperative toward happy
partners than toward angry and neutral ones, and expectations of partners’ co-
operation mediated the relationship between emotional facial expressions and
participants’ cooperative behaviors (Experiment 3).

Our findings contribute to the literature in two ways. First, the study extends
our understanding of the phenomenon that emotional facial expressions influ-
ence individuals’ cooperative behaviors. Second, our findings further enrich
and extend the evidence and field of the interpersonal effect of emotional fa-
cial expressions in interactive decision-making. These findings therefore have
important implications for understanding the mechanism underlying the effect
of different emotional facial expressions on individuals’ cooperative decision-
making.
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Appendix 1: Facial-Expression Images

[Six grayscale facial-expression images are shown in a 2 X 3 arrangement: the
top row shows a male face with happy, neutral, and angry expressions; the
bottom row shows a female face with happy, neutral, and angry expressions.|

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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