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Communication is crucial to resolving conflicts such as social dilemmas. Previous literature concurs that communication among all group members increases cooperation. However, gathering all the members is often difficult. Hence, the effect of communication among some group members needs to be examined. The current study addressed this notion in a public goods experiment framework measuring the social value orientation of individuals. We conducted a six-person public goods game 20 times with members fixed. Between the 10th and 11th periods, we implemented different communication tactics: communication among all members, communication among three members selected randomly, or no communication (control). We observed that communication among some members increased the cooperation rate compared to no communication; however, the effect was weaker when compared with communication among all the members. Furthermore, partial communication increased the cooperation rate of prosocial individuals regardless of whether to join the communication process themselves. Proself individuals, on the contrary, cooperated as long as they communicated. Non-communicating members did not decrease their perception of goal-sharing and reciprocity compared to communicating members. These observations affirm that communication among some members is beneficial, even if assembling all the members is not always feasible.
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1 Introduction

Social conflicts have been commonly resolved by coordinating stakeholders' interests via communication. A social dilemma is one such conflict existing between the short-term personal benefits of non-cooperation and the long-term social benefits of cooperation (Dawes, 1980). Numerous laboratory experiments on social dilemmas revealed that communication facilitates cooperation (Ledyard, 1994; Ostrom, 1990).1 Meta-analyses also supported communication's effectiveness (Balliet, 2010; Sally, 1995; Zelmer, 2003).

In most of the previous literature, all group members simultaneously join the communication process. However, gathering all of them is often difficult; hence, only some members gather to discuss all the members' issues. Does partial communication still enhance cooperative behavior? Specifically, how does partial communication impact members who know that communication proceeds in their group but do not participate in it themselves? After communication, non-communicating members may cooperate more, expecting cooperation from the communicating members. Conversely, they may cooperate less, feeling that other members do not expect them to cooperate. We take voluntary contributions to public goods provision as a social dilemma and compare in the laboratory the degree of contribution according to the proportion of members included in the communication (zero, half, or all). Based on previous literature on the effectiveness of communication in promoting cooperation, we hypothesize that the contribution amount is proportional to the proportion of communicating members in a group.

When laboratory experiments focus on partial interactions in social dilemma games, participants are connected in two ways. First, the game structure connects each participant's payoffs with only her neighbors. Rezaei et al. (2024) estimated each participant's social preferences from their decision data to explain the group outcomes of the local public goods game (Bramoullé and Kranton, 2007). Polzer et al. (2001) used the nested social dilemma game (Wit and Kerr, 2002), in which participants choose how much to contribute to their personal, subgroup, and collective accounts. In the helping game (Erkut and Reuben, 2023), participants can choose which members they provide benefits to.

Second, a communication opportunity is provided before playing a game, but each member can communicate with only some other members. Our experiment belongs to this category. In the public goods experiments by Braver and Wilson (1986) and Kinukawa et al. (2000), every member can communicate with someone else, but not all the members get together. Erkut and Reuben (2023) also compare various communication networks. Pronin and Woon (2023) prepare a one-by-one private chat opportunity before all members communicate through a public chat and vote on the proposals for each member's contribution to a public good provision. In the studies by Schmitt et al. (2000: common-pool problem), Polzer et al. (2001), and Abbink et al. (2018: three-person dilemma), some group members are excluded from communication, and who are excluded is predetermined (i.e., outsiders, subgroups, partners and a lone person), whereas our experiment determines it by lot immediately before communication. The result of Polzer et al. (2001) is consistent with ours: the collective contributions with subgroup communication were more outstanding than those with no communication but smaller than those with full-group communication. However, our result from the public goods framework does not rely on subgroup accounts. Abbink et al. (2018) had a similar interest to us: to what extent excluded participants would contribute. In their game, any pair of members can exploit the third member. Hence, allowing two members to communicate privately induces the excluded member to anticipate exploitation and reduces her motivation to contribute. In our public goods experiment, participants cannot exploit any particular person; however, some excluded participants still reduced their contributions.2

Pruitt and Kimmel (1977) review previous experimental studies using repeated prisoners' dilemma games, advocating that sharing common goals and expecting mutual cooperation lead to actual cooperation. This is because players can behave reciprocally toward the other's past behavior in repeated games. Therefore, in our multi-period experiment, we also regard sharing common goals and perceiving reciprocity as the possible intermediaries between communication and cooperation and examine their significance. People refer to common goals through communication, and in turn, communication leads to forming shared goals with others (McClung et al., 2017; Kanngiesser et al., 2024; Wyman et al., 2013; Duguid et al., 2014). However, members who do not join communication have no direct means of sharing a common goal with other members. Hence, we hypothesize that non-communicating members share a common goal to a lower degree than communicating members, and their intention to act reciprocally would also be reduced.

Furthermore, individual preferences may raise different expectations for other members' behaviors. Based on the previous literature's assumption that individuals systematically differ in their interpersonal preferences, we measure each individual's social value orientation (SVO: Messick and McClintock, 1968; Van Lange, 1999; Van Lange et al., 2007) as per the approach of Eek and Gärling (2006) and analyze the communication-cooperation relationship according to the type of SVO. Bogaert et al. (2008) built upon Pruitt and Kimmel (1977), claiming that different SVOs exert varying influences on cooperative goals and expectations of reciprocity. Aksoy and Weesie (2012) revealed that proselfs perceive others as self-interested, whereas prosocials predict others as both self-interested and altruistic. Prosocials are more reciprocal (Van Lange, 1999; Pletzer et al., 2018) and possess better theory of mind skills, as well as the ability to adopt another person's point of view (Declerck and Bogaert, 2008). Comprehending these findings, prosocials who do not communicate may anticipate the cooperative behavior of communicating members, potentially prompting them to reciprocate. We hypothesize that prosocials share a common goal, intend to act reciprocally, and contribute more than proselfs, both when they participate in communication and when they do not. If this is true, the decline in contributions would not be severe when non-communicating members are prosocials.



2 Method


2.1 Participants

A priori power analysis (G*Power; Faul et al., 2007, 2009) with an effect size of f = 0.3 from previous research determined a minimum sample size of 96 participants (significance level α = 0.05, power = 0.8). To account for the potential uneven SVO distribution across conditions, we recruited participants to ensure at least 12 per cell. Altogether, 186 students at Kochi University of Technology and Hokkaido University participated in our experiment in exchange for a monetary reward. We excluded 11 participants from the analyses (10 showed inconsistency in SVO responses and one failed to complete the post-questionnaire), leaving 175 participants (99 males, 75 females, one preferred not to answer; aged 18–26; Mage = 20.15, SDage = 1.41).3 Table 1 shows the participant distribution by SVO and condition. The SVO classification is described in Section 2.2. This research was approved by the research ethics committees of Kochi University of Technology (35-C1) and Hokkaido University (H28-7, R6-30).

TABLE 1 Number of participants by condition classified by SVO.




	Condition
	nproself
	nprosocial
	Total





	CN
	18
	20
	38



	SL
	45
	40
	85



	SL(NC)
	26
	16
	42



	SL(C)
	19
	24
	43



	ALL
	30
	22
	52



	Total
	93
	82
	175





CN, control condition; SL, selected-member condition; SL(NC), selected-member condition (non-communicating member); SL(C), selected-member condition (communicating member); ALL, all-member condition.






2.2 Procedure and design

In each session, participants were randomly and anonymously assigned to six-person groups to participate in a public goods game for 20 periods. They were informed that they belonged to a six-person group, but their group members were not initially disclosed. Group composition remained the same throughout the 20 periods.

Each session was randomly assigned to one of the three conditions of communication: all members, selected members, and no communication (control). In sessions with communication, a 5-min face-to-face communication opportunity was provided between the 10th and 11th periods. All group members could communicate under the all-member condition. Under the selected-member condition, an experimenter drew a lot publicly to determine three of the six members who joined the communication procedure immediately before the communication initiation. Participants who joined the communication moved to other rooms group by group, whereas the others stayed at their computer terminals. Members who joined the communication found that they belonged to the same group. After communication, they returned to their computer terminals to play the 11th period. The control condition provided no opportunity for communication but did include a 5-min break.

Note that in the communication conditions, participants entered a shared social environment where they met face-to-face, whereas this was not the case in the control condition. Therefore, comparisons between control and communication conditions reflect the combined effect of communication and being in a social environment.

Each session lasted approximately 60 to 90 min. Upon arrival at the laboratory, participants drew lots to determine their computer terminals, which were separated by partitions. They could not see the other participants' computer screens but could see their heads and were aware of their presence. During the experiment, the participants were not allowed to talk to each other without the experimenter's permission. All decisions were made via computer software z-Tree (Fischbacher, 2007). At the beginning of each session, written instructions were distributed and read aloud, explaining the experiment's procedure, the game's rules, and payoffs. After providing the instructions, the experimenter answered the questions from the participants individually. Then, the first of the 20 periods of the public goods game began.

Periods were independent of each other. Although the outcomes of the current period were shown on each participant's computer screen, no results were carried over to the next period. At the beginning of each period, each group member received 10 coins. They decided simultaneously and independently how many coins to allocate to option A (i.e., private-good consumption) and option B (i.e., public-good provision) on their computer screens (i.e., from 0 to 10 coins for option A). Each member earned 10 points for each coin allocated to option A, while each member's points earned from option B were the sum of coins contributed by all members to option B, multiplied by four per coin. Participants knew that this payoff structure was common knowledge among all group members. Each participant's computer screen displayed his or her decision, the sum of coins allocated to option B by all group members, and his or her earnings.

Participants earned 0.5 yen (approximately $0.0035 if $1 = 140 yen) per point, and they received monetary rewards (mean = 1,895 yen [$13.54]; maximum = 3,177 yen [$22.69]; and minimum = 960 yen [$6.86]) at the end of the experiment. Additionally, due to a change in the legal minimum hourly wage, some experiments were conducted with an additional 700 yen show-up fee. Participants were informed of this fee after completing the experiment.

After the 20th period, all participants completed a questionnaire that included items classifying their SVO and measuring the degrees of goal sharing and reciprocity perceived in the public goods game. We utilized the SVO items as per the process defined by Eek and Gärling (2006). Each participant determined how to allocate hypothetical resources between himself or herself and another supposedly unknown person. Overall, 12 allocation tasks with four alternatives each were provided. Each alternative was characterized such that it (1) maximizes his or her outcome (individualist), (2) maximizes the difference in outcome between himself or herself and another person (competitor), (3) achieves equality between them (equalitarian), or (4) maximizes their joint outcome (utilitarian). A participant was classified into one of the four types if he or she chose one type of alternative at least eight times during the 12 tasks. Participants were classified as 90 individualists, 3 competitors, 52 equalitarians, and 30 utilitarians. Furthermore, 10 participants were not valid for either type of SVO. Individualists and competitors were aggregated as proselfs, while equalitarians and utilitarians were classified as prosocials (Van Kleef and Van Lange, 2008).

The degrees of sharing a common goal and perceiving reciprocity were gauged on a seven-point scale, from 1 (I do not agree at all) to 7 (I agree very strongly), with the following items.4 We calculated Cronbach's alpha coefficient between these items to confirm that there were no problems in treating them as a unified scale. For sharing a common goal, three items were prepared: “my goal is to increase the profits of the whole group,” “everyone in my group is trying to increase the profits of the whole group,” and “all my group members know that each member is targeting the profits of the whole group” (α = 0.70). For reciprocity, six items were prepared: “if I allocate coins to B, other members would (should) also allocate coins to B,” “if other members allocate coins to B, I would (should) also allocate coins to B,” “I felt like I had to allocate many coins to B,” and “I did not think about the other members” (reversed item) (α = 0.80).




3 Result

All statistical analyses were performed with SAS University Edition. A significance level of p < 0.05 was used for testing the hypotheses.


3.1 SVO classification of participants by condition

The SVO distribution did not differ significantly across conditions with and without dividing the selected-member condition participants into two groups, those who communicated and those who did not, χ2s > 0.94, ps > 0.31, Cramer's V = 0.07 and V = 0.14, respectively.



3.2 Cooperation rate

We employed a linear mixed model to compare the average contribution to the public good provision from the 11th to the 20th period across the conditions and SVOs (see Table 2A; Figure 1). The model integrated fixed effects for the condition, SVO, and period. The average contribution from the 1st to the 10th period served as a covariate. Besides, random effects for each session's participants and groups were incorporated. We obtained a significant main effect of the condition, F(2, 235.1) = 12.54, p < 0.01. According to the Tukey-Kramer post hoc test, the cooperation rate was highest in the all-member condition, followed by the selected-member condition and the control condition (|ts| > 3.76, ps < 0.01).

TABLE 2 Means and standard deviations of cooperation rates (%) (A) and sharing a common goal and reciprocity (B).




	(A) Cooperation rates (1st−10th and 11th−20th periods).



	Period
	1st−10th
	11th−20th

 
	Condition
	Proself
	Prosocial
	Total
	Proself
	Prosocial
	Total





	CN
	Mean (%)
	21.72
	43.55
	33.21
	a9.78x
	a27.45x
	a19.08x

 
	
	SD
	24.83
	32.81
	30.95
	13.34
	25.18
	b22.07



	SL
	Mean (%)
	21.6
	40.98
	30.72
	b39.36s
	b69.93t
	53.74

 
	
	SD
	22.1
	26.7
	26.1
	31.22
	26.23
	32.64



	SL(NC)
	Mean (%)
	28.96
	40.31
	33.29
	27.00xs
	58.13yt
	38.86y

 
	
	SD
	23.69
	24.31
	24.28
	26.25
	26.31
	30.13



	SL(C)
	Mean (%)
	11.53
	41.42
	28.21
	56.26y
	77.79z
	68.28z

 
	
	SD
	15.12
	28.69
	27.83
	30.05
	23.53
	28.41



	ALL
	Mean (%)
	19.07
	43.09
	29.23
	c78.63ys
	b85.36yzt
	c81.48z

 
	
	SD
	22.41
	33.31
	29.77
	31.33
	26.45
	29.28



	Total
	Mean (%)
	20.81
	42.17
	30.82
	46.3
	63.71
	54.46

 
	
	SD
	22.52
	29.75
	28.19
	37.87
	33.65
	36.89



	(B) Sharing a common goal and reciprocity.



	
	Sharing a common goal
	Reciprocity

 
	Condition
	Proself
	Prosocial
	Total
	Proself
	Prosocial
	Total



	CN
	Mean
	a2.39x
	a2.87x
	a2.64x
	a3.34xs
	4.58xyt
	a3.99x

 
	
	SD
	1.49
	1.01
	1.26
	1.56
	1.39
	1.58



	SL
	Mean
	a2.79s
	a3.54t
	a3.15
	ab3.97s
	5.08t
	b4.5

 
	
	SD
	1.35
	1.31
	1.38
	1.12
	1.03
	1.21



	SL(NC)
	Mean
	2.87x
	3.42xy
	3.08x
	3.86xys
	4.95xyt
	4.28xy

 
	
	SD
	1.41
	0.99
	1.28
	1.30
	0.74
	1.23



	SL(C)
	Mean
	2.68xs
	3.63xyt
	3.21x
	4.11xys
	5.17xt
	4.7y

 
	
	SD
	1.29
	1.50
	1.47
	0.85
	1.19
	1.17



	ALL
	Mean
	b4.42y
	b4.33y
	b4.38y
	b4.46y
	4.42y
	ab4.45xy

 
	
	SD
	1.78
	1.61
	1.70
	1.28
	1.49
	1.36



	Total
	Mean
	3.24
	3.59
	3.41
	4.01s
	4.78t
	4.37

 
	
	SD
	1.73
	1.42
	1.60
	1.32
	1.28
	1.35





In the comparison of mean values between the conditions, subscripts a, b, and c (x, y, and z, respectively) are used when SL is [SL(NC) and SL(C) are] targeted for the selected-member condition. Mean values with different (same) subscripts differ (do not differ) significantly at p < 0.05 according to the Tukey-Kramer test. Subscripts s and t are used in the comparison of mean values between SVO types.

CN, control condition; SL, selected-member condition; SL(NC), selected-member condition (non-communicating member); SL(C), selected-member condition (communicating member); ALL, all-member condition.





[image: Bar chart of cooperation rates for periods 11–20 across different conditions: CN (no communication); SL (selected-member communication, aggregated); SL(NC) non-communicating subgroup within SL; SL(C) communicating subgroup within SL; and ALL (all-member communication). Each condition shows three bars for Proself, Prosocial, and Total (Proself + Prosocial combined). Bars display mean percentages with standard-error whiskers. Cooperation increases from CN to ALL, with Prosocial generally higher than Proself. X-axis lists conditions; Y-axis shows cooperation rate (percent).]
FIGURE 1
 Bar chart of cooperation rates for periods 11-20 across different conditions: CN (no communication); SL (selected-member communication, aggregated); SL (NC) non-communicating subgroup within SL; SL (C) communicating subgroup within SL; and ALL (all-member communication). Each condition shows three bars for Proself, Prosocial, and Total (Proself + Prosocial combined). Bars display mean percentages with standard-error whiskers. Cooperation increases from CN to ALL, with Prosocial generally higher than Proself. X-axis lists conditions; Y-axis shows cooperation rate (percent).


The linear mixed model did not report any significant main effect of SVO or period, nor an interaction effect between the condition and SVO, Fs < 1.44, ps > 0.23. Still, the Tukey-Kramer multiple comparison post hoc test revealed significant differences between the conditions for each SVO type. As for the proselfs, the cooperation rate was highest in the all-member condition, followed by the selected-member condition and the control condition (|ts| > 3.10, ps < 0.01). With regards to the prosocials, the cooperation rate in the selected-member condition was significantly higher than in the control condition, t(56.72) = −5.22, p < 0.01, but did not differ from the all-member condition, t(61.88) = −1.73, p = 0.52. In addition, the cooperation rates in the control condition and the all-member condition did not differ significantly between SVOs. However, in the selected-member condition, the cooperation rate of prosocials exceeded that of proselfs.



3.3 The effect of joining communication

We divided the selected-member condition participants into two groups, those who communicated and those who did not, and conducted the same analysis described in Section 3.2. In principle, the findings remained the same. The main effect of the condition was significant, F(3, 361.9) = 17.22, p < 0.01. According to the Tukey-Kramer post hoc test, the cooperation rate in the control condition was significantly lower compared to the other conditions. Furthermore, the cooperation rate of non-communicating members in the selected-member condition was significantly lower than those of communicating members in the selected-member condition and the all-member condition (|ts| > 3.08, p < 0.01). No significant difference was found between communicating members in the selected-member condition and the all-member condition, t(48.66) = −1.66, p = 0.35. We found neither the main effect of SVO, nor the interaction effect between the condition and SVO, Fs < 2.36, ps > 0.12.

As for the proselfs, the cooperation rate of non-communicating members in the selected-member condition did not differ significantly from that in the control condition, t(53.88) = −1.72, p = 0.68. It was lower than those of communicating members in the selected-member condition and in the all-member condition |ts| > 4.25, p < 0.01. As for the prosocials, the cooperation rate in the control condition was the lowest, |ts| > 3.67, p < 0.05. Additionally, non-communicating members cooperated less than communicating members in the selected-member condition, t(160.9) = −3.27, p < 0.05. However, the cooperation rate in the all-member condition did not differ significantly from those of non-communicating or communicating members in the selected-member condition, |ts| < 3.11, p > 0.05. These findings confirm that even if some members are not permitted to join the communication, non-communicating proselfs do not become less cooperative, while non-communicating prosocials become more cooperative than in the no-communication scenario.



3.4 Psychological factors behind the cooperative behaviors

We performed a two-way analysis of variance (ANOVA) on the scores of items related to goal sharing, reciprocity, and the other psychological factors introduced in Footnote 4, with the condition and SVO as the independent variables, to examine participants' perceptions of the experimental situation and the difference in their cooperation rate between the conditions (see Table 2B).


3.4.1 Sharing a common goal

The condition's main effect was significant for sharing a common goal, with and without the division of the selected-member condition participants into two groups: those who communicated and those who did not (Fs > 12.14, ps < 0.01). Participants in the all-member condition shared a goal to a greater extent than in the other conditions (|ts| > 4.01, ps < 0.01). The SVO's main effect was significant only when the selected-member condition participants were divided into the two groups (F = 4.43, p < 0.05). Namely, the prosocials exhibited a stronger sense of shared goals than the proselfs.

The interaction effect of the condition and SVO was not significant (Fs < 1.36, ps > 0.26). However, multiple comparisons revealed that both the proselfs and the prosocials in the all-member condition recognized sharing a common goal more strongly than in the control and selected-member conditions. When prosocials communicated in the selected-member condition, their recognition of goal sharing was higher than that of proselfs and did not differ from their recognition in the all-member condition. These outcomes suggest that the higher degree of sharing a common goal resulted in the highest cooperation rate in the all-member condition.



3.4.2 Reciprocity

As for reciprocity, the condition's main effect was not significant (|Fs| < 2.72, ps > 0.07), whereas SVO's main effect was significant (|Fs| > 14.44, ps < 0.01), with and without dividing the selected-member condition participants into the two groups. Notably, the proselfs were less likely to perceive reciprocity than the prosocials. The interaction effect of the condition and SVO was significant, F(2, 168) = 4.00, p < 0.05: the proselfs were less likely to perceive reciprocity than the prosocials in the control and selected-member conditions (|ts| > 3.00, ps < 0.01). Moreover, multiple comparisons revealed that participants in the selected-member condition were more likely to perceive reciprocal relations among group members than in the control condition, particularly those who communicated (|ts| > 2.29, ps < 0.05). Although the interaction effect was not significant when we divided the selected-member condition participants into two groups, F(3, 166) = 2.53, p = 0.06, multiple comparisons revealed that the proselfs in the all-member condition perceived reciprocity more strongly than in the control condition (t = −2.97, p < 0.01) and that the communicating prosocials in the selected-member condition perceived reciprocity more strongly than in the all-member condition (t = 2.00, p < 0.05).

A crucial finding was that non-communicating members did not decrease the perception of goal sharing and reciprocity compared with communicating members, which affirms the effectiveness of having communication among only some members. Considering only the effects of the conditions, goal-sharing perception was high in the all-member condition, whereas reciprocity perception was high in the selected-member condition. Therefore, the psychological effects that increased the cooperation rate may differ between these conditions.



3.4.3 Mediation analysis and moderated mediation analysis

We conducted the mediation analysis using PROCESS model 4 (Hayes, 2013; Hayes and Preacher, 2014) with condition as the independent variable, average cooperation rate (periods 11–20) as the dependent variable, and goal sharing or reciprocity as the potential mediators. Indirect effects were estimated via bootstrapping (10,000 samples, 95% CI) following Preacher and Hayes (2004) (see Table 3).

TABLE 3 The mediation and moderated mediation effects of sharing a common goal and reciprocity on cooperation.




	Explanatory variables
	Sharing a common goal
	Reciprocity



	
	Bootstrapped CI 95%
	Bootstrapped CI 95%

 
	
	Estimates
	SE
	t
	p
	LL
	UL
	Estimates
	SE
	t
	p
	LL
	UL



	Mediator variable model
	Outcome: sharing a common goal
	Outcome: reciprocity





	Conditionselected
	0.51
	0.28
	1.78
	0.08
	−0.06
	1.07
	0.51
	0.26
	1.93
	0.06
	−0.01
	1.03



	Conditionall
	1.74
	0.31
	5.61
	< 0.01
	1.13
	2.36
	0.45
	0.29
	1.58
	0.12
	−0.11
	1.02



	R2
	0.18
	
	
	
	
	
	0.02
	
	
	
	
	



	Moderated mediator variable model
	Outcome: sharing a common goal
	Outcome: reciprocity



	Conditionselected
	0.40
	0.40
	0.99
	0.32
	−0.40
	1.19
	0.62
	0.35
	1.76
	0.08
	−0.07
	1.32



	Conditionall
	2.03
	0.43
	4.74
	< 0.01
	1.19
	2.88
	1.12
	0.38
	2.97
	< 0.01
	0.37
	1.86



	SVOprosocial
	0.48
	0.47
	1.02
	0.31
	−0.45
	1.40
	1.23
	0.41
	3.00
	< 0.01
	0.42
	2.04



	Conditionselected * SVOprosocial
	0.28
	0.56
	0.49
	0.63
	−0.84
	1.39
	−0.12
	0.49
	−0.23
	0.82
	−1.09
	0.86



	Conditionall * SVOprosocial
	−0.57
	0.62
	−0.92
	0.36
	−1.79
	0.65
	−1.27
	0.54
	−2.34
	0.02
	−2.34
	−0.20



	R2
	0.21
	
	
	
	
	
	0.15
	
	
	
	
	



	Total effect model: outcome variable model
	Outcome: cooperation
	Outcome: cooperation



	Conditionselected
	35.30
	5.76
	6.13
	< 0.01
	23.94
	46.67
	35.30
	5.76
	6.13
	< 0.01
	23.94
	46.67



	Conditionall
	62.40
	6.29
	9.93
	< 0.01
	49.99
	74.81
	62.40
	6.29
	9.93
	< 0.01
	49.99
	74.81



	R2
	0.37
	
	
	
	
	
	0.37
	
	
	
	
	



	Direct effect model: outcome variable model
	Outcome: cooperation
	Outcome: cooperation



	Conditionselected
	31.01
	5.29
	5.86
	< 0.01
	20.56
	41.45
	29.69
	5.04
	5.89
	< 0.01
	19.74
	39.63



	Conditionall
	47.60
	6.23
	7.64
	< 0.01
	35.31
	59.90
	57.37
	5.48
	10.47
	< 0.01
	46.55
	68.18



	Mediator
	8.48
	1.41
	6.03
	< 0.01
	5.70
	11.26
	11.08
	1.45
	7.64
	< 0.01
	8.22
	13.95



	Bootstrapping results for the indirect effect



	
	Effect
	SE
	LL
	UL
	Effect
	SE
	LL
	UL



	Index of indirect effect in Conditionselected
	4.30
	2.46
	0.00
	9.56
	5.62
	3.32
	−0.61
	12.44



	Index of indirect effect in Conditionall
	14.80
	3.77
	7.91
	22.55
	5.04
	3.60
	−1.99
	12.16



	Index of moderated mediation in Conditionselected
	2.34
	4.25
	−6.12
	10.79
	−1.27
	5.97
	−13.23
	10.47



	Index of moderated mediation in Conditionall
	−4.81
	5.68
	−17.05
	5.57
	−14.07
	7.25
	−29.03
	−0.34



	The conditional indirect effect of Conditionselected on cooperation (via mediator)



	Proself
	3.39
	3.61
	−3.49
	10.83
	6.91
	4.71
	−2.27
	16.36



	Prosocial
	5.73
	2.93
	0.53
	12.17
	5.63
	3.94
	−1.79
	13.67



	The conditional indirect effect of Conditionall on cooperation (via mediator)



	Proself
	17.25
	5.45
	7.39
	28.64
	12.40
	5.16
	2.67
	22.97



	Prosocial
	12.44
	4.06
	5.06
	21.13
	−1.67
	5.00
	−11.68
	7.89



	R2
	0.48
	
	
	
	0.53
	
	
	






LL, Lower Limit, UL, Upper Limit. Conditionselected: the control condition = 0, the selected-member condition = 1. Conditionall: the control condition = 0, the all-member condition = 1. Both variables represent the change from the control condition to either the selected-member condition or the all-member condition. SVOprosocial: proself = 0, prosocial = 1.





3.4.3.1 Sharing a common goal as a mediator

Regarding sharing a common goal, the direct effect of the condition on the cooperation rate was significant [the selected member condition B = 31.01, SE = 5.29, t = 5.86, p < 0.01, 95% CI (20.56, 41.45); the all-member condition B = 47.60, SE = 6.23, t = 7.64, p < 0.01, 95% CI (35.31, 59.90)], based on linear regression t-tests, and this relationship was significantly mediated by sharing a common goal in both the selected-member condition [indirect effect B = 4.30, SE = 2.46, 95% CI (0.00, 9.56)] and the all-member condition [indirect effect B = 14.80, SE = 3.77, 95% CI (7.91, 22.55)], indicating that the confidence interval did not include zero. In both conditions, it was demonstrated that communication enabled group members to share common goals and promoted cooperative behavior.



3.4.3.2 Reciprocity as a mediator

Regarding reciprocity, the direct effect of the condition on the cooperation rate was significant in both the selected-member condition [direct effect B = 29.69, SE = 5.04, t = 5.89, p < 0.01, 95% CI (19.74, 39.63)] and the all-member condition [direct effect B = 57.37, SE = 5.48, t = 10.47, p < 0.01, 95% CI (46.55, 68.18)]. Yet, the indirect effect via reciprocity was not significant in either condition [the selected-member condition B = 5.62, SE = 3.32, 95% CI (−0.61, 12.44); the all-member condition B = 5.04, SE = 3.60, 95% CI (−1.99, 12.16)].

Although reciprocity did not mediate the relationship between the condition and cooperation by itself, its mediation might be moderated by SVO, as the degree of reciprocity differed significantly between the SVO types. Thus, we conducted a linear moderated mediation analysis (Hayes, 2015). Regarding the all-member condition, we obtained a statistically significant interaction effect with SVO on reciprocity [B = −1.27, SE = 0.54, t = −2.34, p < 0.05, 95% CI (−2.34, −0.20)] and for the index of moderated mediation [index = −14.07, SE = 7.25, CI (−29.03, −0.34)]. Specifically, for proselfs, communicating with all group members increased cooperation rates through prompted perceptions of reciprocity [B = 12.40, SE = 5.16, CI (2.67, 22.97)], whereas this indirect effect was not significant for prosocials [B = −1.67, SE = 5.00, CI (−11.68, 7.89)]. In the selected-member condition, the interaction effect with SVO on reciprocity was not statistically significant [B = −0.12, SE = 0.49, t = −0.23, p = 0.82, 95% CI (−1.09, 0.86)].




3.4.4 Other psychological factors

We analyzed the other psychological factors introduced in Footnote 4. Whether or not to communicate, participants perceived to a large degree that talking with each other would enable mutual understanding (average of 4.91 on a 7-point scale). Nonetheless, they expected only to some degree that other group members would contribute to providing public goods (3.49 on average). They also expected, to a small degree, that the contribution would be equal among group members (2.57 on average). Participants did not fear a bad reputation for not contributing (2.77 on average).

Two-way ANOVA revealed significant differences in the fairness of group members' allocation according to the SVO types (F = 3.94, p < 0.05) and the fear of a bad reputation between conditions (Fs > 5.61, ps < 0.01). Complete results are provided in the Supplementary materials; the following is the key findings. First, proselfs were less likely to perceive group members as equally cooperative than prosocials (t = −1.98, p < 0.05). Second, communication may cause participants to be concerned about their own reputation (|ts| > 2.37, ps < 0.05), especially for proselfs (|ts| > 2.05, ps < 0.05).





4 Discussion

This study examined the effect of communication among some group members on cooperation in a laboratory experiment concerning the provision of public goods. We showed that partial communication still enhances cooperation compared to no communication, although not as much as when all group members communicate. Moreover, even when some participants could not join the communication, they became more cooperative than when there was no communication. This tendency was clear for the prosocials. The proselfs were more sensitive about their participation in the communication process. When not participating in communication, the proselfs were less cooperative than when they joined. Nonetheless, their perception of goal sharing and reciprocity did not decrease compared to when communicated. These observations affirm that communication among some members is beneficial, even if assembling all the members is not always feasible.

Although we have revealed the positive effect of partial communication on cooperation, our experiment did not include any treatment that identified the conditions under which those who do not participate in communication would cooperate. Further analyses are required to identify the psychological processes by which partial communication elicits cooperation, involving social-environmental cues. Cues to likely future interaction embedded in shared social environments can foster cooperation (Gervais et al., 2013). Thus, prosocial participants might have become more cooperative when others communicated, even without joining the discussion themselves, as knowing others communicated could be a social-environmental cue. However, this possibility was not directly examined in this study. Another explanation for why communication increases cooperation is the norm generation (Kerr et al., 1997), especially social norms of promise-keeping (Bicchieri, 2002). Understanding interdependent relationships and sharing a common goal between agents generate social norms that allow achievements through collaborations (Tomasello, 2009). Future research should investigate further how communication generates social norms, its impact on psychological factors, and which aspects of communication are essential for cooperation.

Social scientists have sought viable solutions to social dilemmas, supporting that communication is one way to ensure cooperation. Generally, previous literature regarding communication, as well as our experiment, presumed a small-scale group. However, the scale of issues we are currently facing, such as climate change, has expanded to such an extent that it transcends group boundaries. Future research should investigate the impact of increasing the number of group members on cooperation when communication is limited.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Research Ethics Committees of Kochi University of Technology and Hokkaido University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YK: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. YH: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. SO: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by the Topic-Setting Program to Advance Cutting-Edge Humanities and Social Sciences Research (Responding to Real Society), Japanese Society for the Promotion of Science (Grant Number 15654768), JSPS KAKEN (Grant Number 3K2234303).



Acknowledgments

We would like to thank the Research Institute for Future Design, Kochi University of Technology, and the Center for Experimental Research in Social Sciences, Hokkaido University for providing experiment facilities.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/frbhe.2025.1495995/full#supplementary-material



Footnotes

1Such laboratory studies of relatively early ages include Deutsch (1958), Bixenstine et al. (1966), Caldwell (1976), Brechner (1977), Dawes et al. (1977), Edney and Harper (1978), Isaac and Walker (1988), Orbell et al. (1988), Ostrom and Walker (1991), and Kerr et al. (1997).

2The effect of pre-play communication has also been studied in three-player coalition formation or bargaining games (e.g., Baron et al., 2017; Bolton et al., 2003). However, since there is no stage for contributing to the whole group's benefits, dividing resources among group members is the focus.

3Based on Banerjee (2020), we have above 80% power to detect experimental effects, except for two specific comparisons regarding sharing a common goal: (1) between prosocials in the selected-member and the all-member conditions, and (2) between communicating proselfs and prosocials in the selected-member condition.

4In the main text, we focus on sharing a common goal and perceiving reciprocity. The other items include the following: for the expectation of cooperation (two items), “other members will allocate coins to B” and “only some of group members will allocate coins to B” (reversed item) (α = 0.39); for fairness of group members' allocation (two items), “everyone in my group will allocate coins to B to the same extent” and “some members in my group will not allocate many coins to B” (reversed item) (α = 0.52); for fear of bad reputation (six items), “if I do not allocate coins to B, other members would think of me as a bad member (would resent me),” “I felt like allocating coins to A was a bad thing,” “I do not want the other members to think badly of me,” “I am worried about what the other members will think of me,” and “someone will know that I have made this choice” (α = 0.84); for effectiveness of discussion (two items), “if I talk with other members, we will be able to understand each other” and “nothing will change even if I talk with other members” (reversed item) (α = 0.76). We summarize the results regarding these items in Section 3.4.4.
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