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Abstract

Cooperation among strangers is of great significance for addressing social pub-
lic issues and responding to unprecedented global changes. This study employs
a cross-temporal meta-analysis approach, based on data from 254 studies con-
ducted between 1999 and 2019 using the social dilemma paradigm to investigate
stranger cooperation in China (totaling 302 cooperation rates, 29,249 partici-
pants, mean age: 18-28 years), to explore the temporal changes in cooperation
behavior in Chinese society and the explanatory role of certain social develop-
ment indicators, and to compare the changing trends of cooperation behavior
between China and the United States. The results indicate that the level of coop-
eration behavior among Chinese people has increased over time, and that certain
social development indicators (per capita GDP, urbanization rate, higher edu-
cation level, internet penetration rate, etc.) may constitute the socioeconomic
underpinnings of this increase. Cooperation behavior in both China and the
US exhibits a similar upward trend, but China’s shows a greater magnitude of
increase within a shorter time frame. The findings are of great significance for
boosting public confidence.

Full Text

The Changing Nature of Cooperation Among Strangers in
Chinese Society: A Cross-Temporal Meta-Analysis of So-
cial Dilemmas (1999-2019)

YUAN Mingliang!, WU Junhui?,?, JIN Shuxian?, LIN Jing®, KOU
Yu®, Paul A. M. Van Lange®

!Department of Psychology, School of Humanities and Social Sciences, Anhui
Agricultural University, Hefei 230036, China

chinarxiv.org/items/chinaxiv-202312.00083 Machine Translation


https://chinarxiv.org/items/chinaxiv-202312.00083
https://chinarxiv.org/items/chinaxiv-202312.00083

ChinaRxiv [$X]

2CAS Key Laboratory of Behavioral Science, Institute of Psychology, Chinese
Academy of Sciences, Beijing 100101, China

3Department of Psychology, University of Chinese Academy of Sciences, Beijing
100049, China

4School of Psychology, University of Sussex, Brighton BN19RH, United
Kingdom

Beijing Key Laboratory of Applied Experimental Psychology, National
Demonstration Center for Experimental Psychology Education (Beijing
Normal University), Institute of Developmental Psychology, Beijing Normal
University, Beijing 100875, China

5Department of Experimental and Applied Psychology, Institute for Brain
and Behavior Amsterdam (IBBA), VU Amsterdam, Amsterdam 1081BT, The
Netherlands

Abstract

Cooperation among strangers is crucial for addressing public challenges and
navigating unprecedented global changes. This study employs cross-temporal
meta-analysis to examine changes in cooperation among strangers in Chinese
society from 1999 to 2019, based on data from 254 studies using social dilemma
paradigms (302 cooperation rates, 29,249 participants, mean age: 18-28 years).
We investigate the temporal trends in Chinese cooperation and the explanatory
role of several social development indicators, while comparing these trends with
those in the United States. Results indicate that cooperation levels among
Chinese individuals have increased over time, with social development indicators
such as per capita GDP, urbanization rate, higher education level, and internet
penetration rate serving as potential foundations for this rise. Both China and
the U.S. show similar upward trends in cooperative behavior, though China’s
increase is more pronounced within a shorter timeframe. These findings carry
significant implications for boosting public confidence.

Keywords: cooperation, social capital, social dilemmas, cross-temporal meta-
analysis, social change

1. Introduction

Cooperation is typically defined as behavior through which individuals incur
costs to benefit both themselves and their interaction partners (Van Lange &
Rand, 2022) and represents a vital form of social capital. Addressing global
climate change, pandemics, and building a global community of shared future
all depend on mutual cooperation. Compared to cooperation among acquain-
tances, cooperation among strangers—unconstrained by existing relationships
and more broadly generalizable—helps forge new social connections, expand so-
cial networks, promote generalized reciprocity, and achieve common social goals
(Henrich, 2004; Putnam, 2000). This ultimately enhances governance efficiency,
stimulates economic growth, improves public health and well-being (Putnam,
2000), and strengthens a society’s overall competitive advantage (Francois et
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al., 2018; Mesoudi, 2009).

Cooperative behavior and its social norms are not static but evolve alongside
ecological and cultural changes such as economic development, urbanization,
interpersonal trust, and individualism (Boyd & Richerson, 2009; Greenfield,
2016; Richerson et al., 2016; Yuan et al., 2022). Over the past several decades,
Chinese society has undergone tremendous transformation, characterized by
rapid economic growth, rising urbanization, expanded higher education, and
rapid internet development, accompanied by increased residential mobility and
broader social interaction networks. The acquaintance-based society has con-
tracted while the stranger-based society has expanded, making interactions
and cooperation among strangers more prominent and important than ever
before. Meanwhile, interpersonal trust has declined (Xin, 2019) and individ-
ualism has increased (Cai et al., 2020; Hamamura & Xu, 2015). How, then,
has cooperation—especially among strangers—changed in response to these so-
cietal shifts? Understanding the development and transformation of coopera-
tion has long been an important theoretical question (Pennisi, 2005; Huang
& Zhang, 2013). In contemporary Chinese society, comprehending changes in
stranger cooperation and their societal foundations is crucial for effective social
governance, enhancing social cohesion and competitiveness, and responding to
unprecedented global changes.

To examine changes in stranger cooperation in Chinese society, this study
conducts a cross-temporal meta-analysis of 254 studies using social dilemma
paradigms with Chinese adult participants (mean age 18-28) collected between
1999 and 2019. Social dilemmas—situations where individual short-term inter-
ests conflict with collective long-term interests, such as prisoner’s dilemmas
and public goods dilemmas—have been widely used to study cooperation
(Dawes, 1980; Van Lange et al., 2013). Cross-temporal meta-analysis can
examine temporal trends in specific psychological or behavioral phenomena
by comparing data from different historical periods for the same age group
using identical measurement paradigms (Xin & Chi, 2008; Curran & Hill, 2019;
Twenge et al., 2004). By analyzing experimental behavioral data with high
internal validity from social dilemma paradigms, this study avoids self-report
biases present in surveys and obtains reliable, direct evidence regarding changes
in Chinese cooperation. Additionally, we examine how social indicators from 10
and 5 years prior predict cooperation, exploring potential societal foundations
for these changes. We also compare trends in stranger cooperation between
Chinese and American societies to better understand the characteristics of
social change in China and reveal broader patterns of human cooperation across
social development.

1.1 Cooperation and Its Measurement

Researchers most commonly use social dilemma paradigms to study cooperation
(Van Lange et al., 2013). In social dilemmas, where personal and collective in-
terests conflict, cooperation is defined as behavior that benefits the collective at
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some cost to the individual (Rand & Nowak, 2013; Van Lange & Rand, 2022).
Common paradigms include the prisoner’s dilemma, public goods dilemma, and
resource dilemma. The resource dilemma is a “take-some game” with distinct sit-
uations, payoff structures, and cooperation metrics compared to prisoner’s and
public goods dilemmas (Spadaro, Tiddi, et al., 2022). To maximize measure-
ment consistency and control for methodological variance in our cross-temporal
meta-analysis, this study focuses on prisoner’s dilemmas and public goods dilem-
mas, which share highly similar structures.

A typical prisoner’s dilemma (PD; Rand & Nowak, 2013; Van Lange & Rand,
2022) involves two decision-makers who simultaneously choose to cooperate or
defect. If both cooperate, they receive payoff R, which exceeds payoff P when
both defect. When one cooperates while the other defects, the defector receives
the highest payoff T while the cooperator receives the lowest payoff S. The
payoffs satisfy the relationship T > R > P > S.

In a public goods dilemma (PGD; Fehr & Fischbacher, 2004), N (N > 2) group
members simultaneously decide how much of their initial endowment E to con-
tribute (x, where 0 < x < E) to a collective account, keeping the remainder in
their personal account. The total contributed to the collective account is multi-
plied by a factor b (1 < b < N) and then divided equally among all members,
while funds in personal accounts retain their original value. Regardless of their
contribution, all members benefit from the collective account.

Due to their similar payoff structures, public goods dilemmas are sometimes
called N-person prisoner’s dilemmas (N > 2; Fehr & Fischbacher, 2004; Rand
& Nowak, 2013). In both dilemmas, individuals face a conflict between defect-
ing (or not contributing) to maximize personal gain versus cooperating (or con-
tributing more) to maximize collective benefit. If everyone defects or contributes
nothing, collective outcomes are poorest; if everyone cooperates or contributes
their entire endowment, collective outcomes are maximized and each individual
benefits more from the collective account.

Social dilemma paradigms thus reflect many real-world cooperation decisions,
such as government funding for climate change mitigation, voluntary isolation
during pandemics, or community donations. These paradigms measure actual
cooperative behavior rather than attitudes, offering low measurement bias and
high internal validity. They provide simplified models for studying complex
social cooperation (Balliet et al., 2011; Murnighan & Wang, 2016; Thielmann
et al., 2021) and demonstrate strong ecological validity (Galizzi & Navarro-
Martinez, 2019). Cooperation in social dilemmas positively correlates with
charitable donations (Benz & Meier, 2008), self-reported community cooper-
ation (Soler, 2012), and blood donation and volunteering (Haesevoets et al.,
2020).

Using historical data from social dilemma paradigms thus allows direct and ac-
curate examination of behavioral changes across social contexts. All studies in-
cluded in our meta-analysis involve interactions among strangers—participants
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with no interaction history and no reputation information about partners—
mirroring key features of many real-world cooperative situations involving un-
familiar individuals. Most historical social dilemma research also uses stranger
interactions, allowing us to avoid data biases from relationship types and en-
hance conclusion reliability.

1.2 Changes in Stranger Cooperation in Chinese Society

Cooperation can shift with ecological and cultural environments (Chudek &
Henrich, 2011; Richerson et al., 2016). Different socioeconomic and cultural
environments shape individual psychological development, and cohorts born in
different eras experience distinct socioeconomic conditions (e.g., wealth levels,
urbanization, internet development), leading to generational differences in psy-
chological characteristics, social attitudes, beliefs, and behaviors (Greenfield,
2016; Twenge & Campbell, 2001). China’s dramatic transformations over the
past four decades—especially the last twenty years—may have triggered changes
in stranger cooperation.

No prior research has examined temporal changes in stranger cooperation in
Chinese society, particularly using high-validity experimental behavioral data
from social dilemmas. A recent cross-temporal meta-analysis found that coop-
eration among American strangers increased over 61 years (1956-2017) (Yuan
et al., 2022). However, this conclusion applies only to American society. Given
political, economic, and cultural differences between China and the U.S., par-
ticularly China’s more rapid transformation in recent decades (Jing, 2015) and
its critical juncture in achieving second centenary goals, understanding trends
in cooperation and other social capital is essential. Comparing Chinese and
American trends thus holds important theoretical and practical significance for
understanding social change patterns in China and broader human cooperation
across social development.

We next elaborate on how specific ecological and cultural changes may influ-
ence stranger cooperation in China, presenting two competing hypotheses: (1)
stranger cooperation has decreased over time (Hypothesis 1), and (2) stranger
cooperation has increased over time (Hypothesis 2).

1.2.1 Why Stranger Cooperation Might Have Decreased Mainstream
perspectives suggest that modernization, intensified competition, and rising in-
dividualism weaken social connections and reduce trust and public engagement
(Greenfield, 2016; Hamamura, 2012). We outline three mechanisms supporting
this hypothesis: (1) increased urbanization, (2) rising individualism, and (3)
declining social trust.

China’s urbanization rate rose steadily from 34.78% in 1999 to 62.71% in 2019
(National Bureau of Statistics, 2021). Urbanization may reduce cooperation
by decreasing reputation concerns. Research shows that concern for one’s rep-
utation promotes cooperation (Ge et al., 2019; Wu et al., 2016). Compared
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to traditional rural life, urban residents inhabit stranger societies with unsta-
ble social connections and limited acquaintance interactions, making individual
behavior and reputation harder to transmit through social networks. This re-
duces interpersonal monitoring of non-cooperative behavior and indirect benefits
from cooperation. Rapid urban expansion also increases geographic segregation
across functional zones, weakening community cohesion (Putnam, 2001). Highly
commercialized urban life, fast work pace, intense competition, long commutes,
and economic pressures reduce social participation and connection, squeezing
time and energy for interactions with friends, neighbors, strangers, and public
welfare projects (Putnam, 2000), potentially decreasing stranger cooperation.

Modernization also “boosts” autonomous independence and individualistic cul-
ture (Greenfield, 2016; Inglehart & Baker, 2000; Santos et al., 2017), weakening
perceived interdependence—an important condition for cooperation (Columbus
et al., 2021). With technological progress, industrialization, urbanization, so-
cial security systems, and higher education, Chinese modernity has improved
dramatically, enabling more affluent and independent lives. Research shows
Chinese individualism has increased over recent decades (Cai et al., 2020; Hama-
mura & Xu, 2015). Higher individualism means greater detachment from tra-
ditional social relations and values, more independent decision-making, and
stronger emphasis on personal goals, reflected in rising divorce rates, more free-
lancers, and higher rates of living alone (National Bureau of Statistics, 2021).
These trends may weaken social connection and interdependence, reducing will-
ingness to cooperate with strangers.

Finally, rapid economic growth has intensified income inequality (Xie & Zhou,
2014), which may reduce trust in strangers (Lin et al., 2023). Indeed, studies find
that general interpersonal trust has declined in China (Li & Wang, 2018; Xin,
2019; Xin & Xin, 2017). Interpersonal trust—willingness to accept risk based
on positive expectations of others’ behavior—is fundamental to cooperation
(Balliet & Van Lange, 2013). Expectations of others’ cooperation reflect trust
levels and strongly predict cooperative behavior in social dilemmas (Pletzer et
al., 2018). Declining trust during social development may weaken expectations
of strangers’ cooperative intentions, reducing cooperation.

1.2.2 Why Stranger Cooperation Might Have Increased Despite main-
stream views and indirect evidence suggesting declining stranger cooperation,
alternative theoretical perspectives and empirical findings indicate that Chinese
cooperation may have increased.

First, modernization—especially after China’s WTO entry—has created a
highly industrialized society with increasingly complex division of labor, rising
service sector [lbE, rapid population migration, and expanded interaction scope.
People increasingly depend on strangers to achieve personal and collective
goals, which may enhance cooperation. Research suggests natural selection
favors social division of labor, which promotes interdependence and cooperation
among strangers (Cooper & West, 2018).
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Second, rising individualism may increase trust and cooperation with strangers
because individualists interact more with unfamiliar others (Oyserman et al.,
2002). Evidence from the U.S. shows that states with higher individualism
(e.g., higher rates of living alone, divorce-to-marriage ratios, freelancers) exhibit
greater general trust, charitable donations, and volunteer time (Allik & Realo,
2004; Kemmelmeier et al., 2006). Cross-national studies also find higher indi-
vidualism correlates with greater general trust (Beilmann et al., 2018; Jing et
al., 2021; Van de Vliert & Van Lange, 2019). Individual freedom, autonomy,
and loose social norms positively correlate with general trust (Gelfand et al.,
2006; Gunia et al., 2011), and individualists are more likely to cooperate with
strangers than collectivists (Berigan & Irwin, 2011; Chen & Li, 2005). Thus,
despite potential declines in general trust attitudes, rising individualism in mod-
ern societies with complex division of labor may promote trust and cooperation
in specific interdependent contexts.

Finally, higher education development and improved cognitive abilities may in-
crease stranger cooperation. Complex cognitive abilities (e.g., numerical calcula-
tion, learning, memory, deception detection) facilitate cooperation (Moreira et
al., 2013; Stevens & Hauser, 2004). Social dilemmas require understanding how
decisions affect self and others, remembering partners’ previous choices, antici-
pating future decisions, and making strategic choices that promote cooperation
and prevent exploitation (Brosnan et al., 2010; Nowak & Sigmund, 1998). Re-
search shows more intelligent individuals cooperate more in repeated prisoner’s
dilemmas (Jones, 2008; Proto et al., 2014). Average intelligence levels have risen
in China and many countries over recent decades (Liu & Lynn, 2013; Pietschnig
& Voracek, 2015), potentially enabling better understanding and resolution of
social dilemmas and promoting increased stranger cooperation.

1.3 Purpose of This Study

This study uses cross-temporal meta-analysis to test whether stranger coopera-
tion in Chinese society has decreased or increased over recent decades. Specif-
ically, we examine the relationship between mean cooperation rates and year
of data collection among young adult participants aged 18-28 (controlling for
age effects) in social dilemmas (prisoner’s dilemmas and public goods dilemmas).
We also analyze how social development indicators predict cooperation and com-
pare trends between Chinese and American societies to better understand the
characteristics of social change in China and broader patterns of human cooper-
ation across social development.

2. Method

All raw data, analysis code, and supplementary materials (including literature
screening flowcharts, publication bias analysis, multicollinearity analysis, basic
information tables for included studies, and reference lists) are available on the
Open Science Framework (OSF) at https://ost.io/hxguw/.
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2.1 Literature Search

We searched Chinese and English databases for empirical studies on social
dilemmas. Data from 2017 and earlier came from the Cooperation Databank
(CoDa; Spadaro, Tiddi, et al., 2022; see https://cooperationdatabank.org),
which includes all social dilemma cooperation studies (English, Chinese, and
Japanese; our meta-analysis included only English and Chinese articles).
Systematic literature searches were completed in September-October 2015 and
January 2018 (supplementing 2016-2017 literature), with Chinese literature
searched in November-December 2017 (Spadaro, Tiddi, et al., 2022; see
https://cooperationdatabank.org for database history and search details).
English literature was drawn from PsycINFO, Web of Science, Google Scholar,
and databases of VU Amsterdam and Leiden University libraries, using key-
words: ‘Public goods dilemma’, "Public good’, ‘Public good* game’, 'Prisoner’s
dilemma’, ‘Voluntar* contribut* experiment’, "Voluntary contribution mecha-
nism’, ’Social dilemma’, 'Mized-motive game’, 'Resource dilemma™*‘, 'Matrix
games’, ‘Cooperation’ AND ‘Experiment’, ‘Common pool game’, ‘Give-some
dilemma’, ‘Take-some dilemma’; ‘Give-some game’, ‘Take-some game’. Chinese
literature came from CNKI, Wanfang, and VIP databases, using keywords: “[A
FERIEE” or “INFEFME” or “AHMREER" or “AHYREE” or “AHM” or “HREE” or
“HEMHE” or “ITHRE" or “BIERE” or “&FTHA” or “FEHK1TH7. Search results
included published papers, working papers, master’s/doctoral dissertations,
and conference papers. The database also incorporated references from books,
empirical studies, reviews, and meta-analyses related to social dilemmas, plus
data solicited from researchers via email. Chinese and English literature after
2017 was supplemented using the same search methods in July 2020.

2.2 Inclusion Criteria

Studies were included if they met the following criteria: (1) data collected in
mainland China; (2) Chinese adult participants with mean age 18-28, includ-
ing university students and general adults; (3) social dilemma paradigm was
prisoner’s dilemma or public goods dilemma; (4) interactions occurred among
strangers (excluding interactions with family, friends, or acquaintances; stud-
ies typically report relationship status in instructions or manipulate stranger
vs. acquaintance relationships); (5) overall mean cooperation rate was available;
(6) to increase homogeneity, studies using non-linear payoff structures (where
collective benefits decline after contributions exceed a threshold) were excluded.
Based on these criteria, we initially included 255 studies with 304 cooperation
rates (effect sizes) and 29,290 participants. After excluding 2 outliers (|Z| >
3.29; Tabachnick & Fidell, 2007), the final meta-analysis included 254 studies
with 302 cooperation rates from 29,249 participants, spanning 1999-2019.

2.3 Data Coding Procedure

Multiple researchers (mostly graduate students or faculty) completed coding us-
ing a unified codebook (detailed at https://cooperationdatabank.org/codebook-
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2/). Each variable in every study was independently coded by two coders.
Inter-coder reliability was high to adequate: Krippendorff’s a for continuous
variables ranged from 0.91 to 0.98, and agreement rates for categorical variables
ranged from 82.90% to 96.60%. Discrepancies were resolved through discussion
and consensus.

2.4 Coding of Data Collection Year

If a study reported the data collection year directly, we coded that year (k =
58). Otherwise, we estimated the year using these principles (Konrath et al.,
2011; Twenge et al., 2004): (1) for conference papers or working papers, use
the presentation or publication year (k = 9); (2) for articles with submission
year, use that year (k = 58); (3) for articles with acceptance year, use that year
minus 1 (k = 3); (4) for master’s/doctoral dissertations, use the defense year
minus 1 (k = 18); (5) for articles with online publication or print year, use that
year minus 2 (k = 156). Data collection years ranged from 1999 to 2019 (Mdn
= 2014).

2.5 Coding of Cooperation Rates (Effect Sizes)

We used the overall mean cooperation rate as our cooperation measure, with
higher rates indicating greater cooperation, ranging from 0 to 1.

In dichotomous-choice public goods and prisoner’s dilemmas, participants
choose between cooperation (contributing all initial endowment to the collec-
tive account or to their partner) or defection (contributing nothing) (Dawes,
1980; Shank et al., 2019). The mean cooperation level is the proportion of
cooperative choices: p = mean cooperation frequency / total decisions.

In continuous-choice dilemmas, participants decide how much of their initial
endowment to contribute (Fehr & Fischbacher, 2004). The mean cooperation
rate is calculated as pcont = (M - ELL) / (EUL - ELL), where M is mean
contribution, and ELL and EUL are lower and upper limits of the endowment.
For example, with an endowment of 10 and minimum contribution of 1, if mean
contribution is 4, then pcont = (4-1) / (10 - 1) = 0.33. In all included studies,
ELL = 0 (minimum contribution started at 0), so pcont = mean contribution
(M) / initial endowment (EUL).

2.6 Transformation of Cooperation Rates (Effect Sizes)

For proportion-based effect sizes, researchers should apply logit transformation
before analysis (Lipsey & Wilson, 2001). Following previous meta-analyses
(Yuan et al., 2022), we logit-transformed cooperation rates and analyzed the
transformed effect sizes yi, then converted back to proportions for description
and interpretation.

For dichotomous dilemmas, cooperation rates were transformed using yi(coop)
= loge[p/(1-p)], with variance vi(coop) = 1/np + 1/(n-np), where p is the raw
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cooperation rate and n is sample size.

For continuous dilemmas, transformation used yi(cont) = loge[pcont/(1-pcont)],
with variance calculated using Formula 1, where pcont is raw cooperation rate,
n is sample size, M is mean contribution, and SD is standard deviation of mean
contributions.

1 )=2x@- )/ ( x8SD?

For continuous dilemmas without reported SD, we imputed using the median
coefficient of variation (CV = SD/M). Specifically, we calculated CV for each
study reporting SD, then used vi(cont) = CV? / [(1-pcont)?n] for studies without
SD. Among 160 studies (186 samples) reporting SD, the median CV was 0.42
(M = 0.45, SD = 0.24). We used this median CV for imputation.

2.7 Coding for Studies Manipulating Dilemma Features

We coded important dilemma characteristics (e.g., conflict of interest, commu-
nication mechanisms) as control variables. For studies manipulating dilemma
features, we coded cooperation rates and transformed effect sizes yi in two ways:
(1) For between-subjects designs reporting cooperation rates per condition, we
coded each condition separately and logit-transformed each. For example, a
study examining punishment effects with one group having punishment and
another without would be split into two samples, with punishment coded ac-
cordingly. This created a multilevel data structure with some effect sizes nested
within studies. (2) For studies reporting only overall cooperation rates or using
within-subjects designs, we used the overall rate as the effect size. This proce-
dure yielded 304 effect sizes (N = 29,290) from 255 studies. After excluding 2
outliers (|Z] > 3.29), the final meta-analysis included 254 studies with 302 effect
sizes (N = 29,249).

2.8 Coding of Study Characteristics

We coded important social dilemma characteristics as control variables in the
meta-analysis (Jin et al., 2021). Key coded characteristics and effect size counts
(k) include:

(1) Dilemma type: prisoner’s dilemma coded as 0 (k = 93), public goods
dilemma as 1 (k = 209).

(2) Proportion of male participants: continuous variable ranging 0-1.
After excluding samples not reporting gender (k = 63), mean proportion
was 0.43 (k = 239, SD = 0.16).

(3) Interaction repetitions: single-round interaction coded as 0 (k = 131),
multi-round interaction as 1 (k = 164). Studies manipulating repetitions
without reporting per-condition rates were coded as mixed (k = 7, coded
as 0.5). All mixed-level dilemma features (including communication and
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sanction mechanisms) were coded as 0.5 and dummy-coded in regression
models, comparing levels 0.5 and 1 against 0.

(4) Group size: number of interacting group members, coded as continuous
variable. For studies manipulating group size without per-condition rates,
we coded the median. Group size ranged from 2 to 9 (Mode = 2, Mdn =
4, M = 3.32). Due to skew toward dyads, we log-transformed group size
for analysis.

(5) Conflict of interest: measured by K-index in prisoner’s dilemmas
(Rapoport, 1967), where K = (R - P) / (T - S), with payoffs satisfying
T>R>P >S§, thus 0 < K < 1. Higher K-index (cooperation index)
indicates greater incentive to cooperate (Balliet & Van Lange, 2013).

In public goods dilemmas, conflict is typically measured by marginal per-capita
return (MPCR; Isaac et al., 1984), where MPCR = b/N (b is the multiplication
factor, 1 < b < N). Larger MPCR increases per-person benefits from contribu-
tions, typically increasing cooperation.

K-index can also be calculated for public goods dilemmas as N-person prisoner’s
dilemmas (Thielmann et al., 2020) using K’ = (CN - D0) / (DN-1 - C1) (Balliet
& Van Lange, 2013; Komorita, 1976), where CN is payoff when all cooperate,
DO when all defect, DN-1 when one defects while others cooperate, and C1 when
one cooperates while others defect. In continuous dilemmas, cooperation means
contributing the entire endowment and defection means contributing nothing.
MPCR and K-index were highly correlated in our public goods dilemma studies
(k =210, r = 0.50, p < 0.001), so we used K-index uniformly across all dilemmas
(Thielmann et al., 2020; Yuan et al., 2022). For studies manipulating K-index
without per-condition rates, we coded the median. For all studies with calculable
K-index (k = 297), values ranged from 0.03 to 0.85 (Mdn = 0.50, M = 0.44, SD
=0.13).

(6) Communication: studies without communication mechanisms coded as
0 (k = 294), those allowing any form of communication (face-to-face dis-
cussion, note-passing, online) as 1 (k = 5). Studies manipulating commu-
nication without per-condition rates were coded as mixed (k = 3, coded
as 0.5).

(7) Sanctions: studies without reward/punishment mechanisms coded as 0
(k = 242), those with sanctions as 1 (k = 39). Studies manipulating
sanctions without per-condition rates were coded as mixed (k = 21, coded
as 0.5).

(8) Period of cooperation: for single-round studies or multi-round studies
reporting overall cooperation, coded as 0 (k = 274); for multi-round studies
reporting cooperation for specific rounds, coded as 1 (k = 28, including 2
effect sizes for first-round only).
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Based on our hypotheses, we obtained relevant societal indicators from the
National Bureau of Statistics’ China Statistical Yearbook and National Data
(http://www.stats.gov.cn/tjsj/): (1) economic conditions (per capita GDP, so-
cial security rate), (2) urbanization rate, (3) social mobility /relational mobil-
ity (population with separated household registration, tertiary industry employ-
ment ratio, average travel frequency), (4) social connection (proportion living
alone, crude divorce rate), (5) higher education level, and (6) internet penetra-
tion rate. Table 1 reports descriptive information for each indicator.

Table 1. Descriptive Information for Societal Indicators

Indicator Description M (SD) Year Range
Per capita GDP  Log-transformed per 9.46 (1.17) 1989-2019
capita GDP
Social security Urban pension 0.15 (0.08) 1989-2019
rate insurance
participants / total
population
Urbanization Urban population /  42.34 1989-2019
rate total population (%) (11.93)
Population with ~ Separated 0.14 (0.06) 1998; 2000;
separated household 2002-2019
household population / total
registration population
Tertiary industry Tertiary sector 0.31 (0.08) 1989-2019
employment employees / total
ratio employees
Average travel Domestic tourist 1.58 (1.18) 1994-2019
frequency trips / population
Proportion living  One-person 0.12 (0.04) 1998-1999;
alone households / total 2002-2009;
households 2011-2019
Crude divorce Annual divorces / 1.60 (0.88) 1989-2019
rate (%o) average annual
population x
1000%0
Higher education — University students  6.98 (0.85) 1989-2019
level per 100,000
population
Internet Internet users / 0.26 (0.22) 1997-2019

penetration rate

total population
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2.10 Meta-Analytic Procedure

We conducted analyses using the metafor package in R (R Core Team, 2019;
Viechtbauer, 2010). Because splitting studies with manipulated features cre-
ated non-independent effect sizes nested within studies, we used a three-level
mixed-effects meta-regression model (Assink & Wibbelink, 2016), accounting
for sampling variance (Level 1), within-study variance (Level 2), and between-
study variance (Level 3). We used the mice package for multiple imputation of
missing values (Van Buuren & Groothuis-Oudshoorn, 2011), which integrates
with metafor to handle different variable types.

In all meta-regression models, year of data collection was the predictor and logit-
transformed cooperation rate the outcome. We controlled for all coded study
characteristics. Following previous research (Curran & Hill, 2019; Twenge et al.,
2004), we estimated cooperation rates for 1999 and 2019 using the regression
equation y = bx + ¢ (b = unstandardized coefficient, x = year, ¢ = intercept,
y = cooperation rate) and calculated the magnitude of change. Finally, we
examined correlations between societal indicators and cooperation by matching
indicators from 10 years prior, 5 years prior, and the same year as the cooper-
ation data (Twenge, 2000), predicting cooperation in separate meta-regressions
while controlling for study characteristics. This lagged matching helps explore
potential societal foundations of temporal change.

3. Results
3.1 Preliminary Analyses

We standardized logit-transformed cooperation rates (yi) and excluded 2 outliers
(1Z| > 3.29). The final meta-analysis included 254 studies with 302 cooperation
rates (N = 29,249). Table 2 shows the overall mean cooperation rate was 0.51.

Table 2. Overall Mean Effect Size for Cooperation Rate

Statistic Value
Mean cooperation rate 0.51

95% CI [0.49, 0.52]
72 (Level 2) 0.44

72 (Level 3) 0.55

I? (Level 2) 91.73%

I? (Level 3) 5.84%

Note: k = 302. 7% = estimated total heterogeneity; I = proportion of het-
erogeneity; Level 2 = within-study variance; Level 3 = between-study variance.
Heterogeneity test significant, Qresidual(301) = 19369.66, p < 0.001.
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3.2 Main Analyses

We used three-level mixed-effects meta-regression to estimate temporal effects
on cooperation, magnitude of change, and relationships with societal indicators,
and compared Chinese and American trends.

3.2.1 Temporal Trend in Cooperation Model 1, with only year as predic-
tor, showed stranger cooperation in Chinese society increased over time, b =
0.018, SE = 0.008, p = 0.029, 8 = 0.12 (see Table 3 and Figure 1 [Figure 1: see
original paper]), supporting Hypothesis 2 and contradicting Hypothesis 1. To
test for curvilinear trends, we added year and year-squared as predictors. Year
remained a significant positive predictor, b = 0.022, SE = 0.009, p = 0.016, 5 =
0.15, while year-squared was non-significant, b = 0.002, SE = 0.002, p = 0.323,
B = 0.06, indicating a linear increase.

Model 2 added all coded study characteristics as controls (dilemma type, male
proportion, repetitions, group size, K-index, communication, sanctions, cooper-
ation period). After controlling for these, cooperation still increased over time,
b = 0.024, SE = 0.009, p = 0.006, 8 = 0.16 (see Table 3). Communication,
sanctions, and higher K-index positively predicted cooperation. Even including
the 2 outliers, time remained a significant positive predictor, b = 0.022, SE =
0.009, p = 0.013, 5 = 0.13.

Table 3. Meta-Regression Results for Time Predicting Cooperation

Predictor Model 1 (b) 95% CI Model 2 (b)  95% CI
Year 0.018* [0.002, 0.035]  0.024** [0.007, 0.041]
Dilemma type — — 0.16 [-0.04, 0.36]
Male proportion — — 0.31 [-0.22, 0.84]
Repetitions — — 0.73%* [0.25, 1.21]
Group size — — -0.06 [-0.12, 0.16]
K-index — — 1.19%5 0.33, 1.34]
Communication — — 0.83** [0.24, 0.64]
Sanctions — — 0,447 [0.24, 0.64]
Cooperation period — — — 0.00 [-0.22, 0.22]

Note: k = 302. 0 = prisoner’s dilemma, 1 = public goods dilemma. Reference
= single-round. Reference = no communication. Reference = no sanctions.
0 = all rounds, 1 = partial rounds. p < 0.05, p < 0.01, p < 0.001.

Figure 1 [Figure 1: see original paper| shows the historical trend of
mean cooperation rates among Chinese strangers in social dilemmas. The non-
standardized coefficient b and p-value come from Model 1 without controls. The
blue line shows model predictions back-transformed to raw cooperation rates.
Each data point represents a sample’s mean cooperation rate, with point size
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indicating weight in the regression (larger points = smaller variance = greater
weight). The gray area shows the 90% confidence interval for model predictions.

3.2.2 Magnitude of Change Using meta-regression equations, we estimated
cooperation rates for 1999 and 2019. Based on Model 2 (with controls), coop-
eration increased from 0.33 in 1999 to 0.45 in 2019, a 34.21% increase over 20
years. Based on Model 1 (without controls), predicted cooperation rose from
0.44 in 1999 to 0.53 in 2019, a 20.48% increase.

3.2.3 Relationships Between Societal Indicators and Cooperation To
examine societal foundations, we matched cooperation data with indicators from
10 years prior, 5 years prior, and the same year, predicting cooperation in sepa-
rate meta-regressions while controlling for study characteristics. Results showed
per capita GDP, social security rate, urbanization rate, and other indicators
were significantly positively correlated with cooperation (see Table 4 ), particu-
larly indicators from 10 and 5 years prior, suggesting they may underlie rising
cooperation.

Table 4. Relationships Between Societal Indicators and Cooperation

Indicator 10 Years Prior (b) 5 Years Prior (b) Same Year (b)
Per capita GDP 0.20%* 0.17%* 0.16%*
Social security rate 4.12%* 2.35%* 1.24*
Social mobility /Relational mobility

Population with separated household registration — 0.02** 0.02%* 0.02%*
Tertiary industry employment ratio 7.06%** 7.53%* 2.97*
Average travel frequency 3.99%* 2.89%* 1.82%*
Social connection

Proportion living alone 0.35%* 0.16** 0.10**
Crude divorce rate 2.33%K* 2.32%%* 2.12%*
Higher education level 0.19** 0.21* 0.16**
Internet penetration rate 4.47** 0.69** 0.48%*

Note: k = 302. Each model controls for study characteristics. p < 0.05, p <
0.01, p < 0.001.

3.2.4 Comparison of Chinese and American Cooperation Trends We
compared Chinese trends with American data to better understand China’s
unique patterns and broader human cooperation dynamics. A recent cross-
temporal meta-analysis examined American cooperation (k = 660, N = 63,342,
mean age: 18-28, years: 1956-2017) in prisoner’s and public goods dilemmas
(Yuan et al., 2022), controlling for study characteristics. American stranger
cooperation increased over 61 years, b = 0.005, SE = 0.002, p = 0.012, rising
19.67%. In contrast, Chinese stranger cooperation increased 34.21% in just 20
years, showing a larger increase in a shorter period.
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4. Discussion

Has cooperation in Chinese society changed during two decades of dramatic so-
cial transformation? Using cross-temporal meta-analysis of high-validity social
dilemma experimental data, this study directly addresses this question. Re-
sults show that stranger cooperation in Chinese society increased linearly from
1999-2019, rising 34.21% (302 effect sizes, N = 29,249, mean age: 18-28). Soci-
etal indicators from 10 and 5 years prior—per capita GDP, social security rate,
urbanization, social mobility (separated household population, tertiary employ-
ment, travel frequency), proportion living alone, divorce rate, higher education,
and internet penetration—were all positively correlated with cooperation, sug-
gesting they may underlie this increase. Chinese and American societies show
similar upward cooperation trends, but China’s increase is more pronounced
within a shorter timeframe.

4.1 Rising Stranger Cooperation in Chinese Society

As discussed, China’s modernization and increasingly complex division of la-
bor enhance perceived interdependence and shared interests among strangers,
promoting cooperation. Higher education and cognitive development enable bet-
ter understanding and resolution of social dilemmas, partially explaining why
economic development, tertiary employment, and higher education correlate
positively with stranger cooperation.

Individualism also facilitates trust and cooperation with strangers (Berigan &
Trwin, 2011; Chen & Li, 2005; Jing et al., 2021). Autonomy and independence
mean greater reliance on strangers in daily life (Allik & Realo, 2004; Durkheim,
2019), especially in modern societies with complex division of labor. Higher
individualism may promote trust and cooperation in interdependent contexts.
Individualistic societies also exhibit higher relational mobility—more opportuni-
ties to interact with and form relationships with new strangers (Yuki & Schug,
2020). Urbanization and internet technology have greatly expanded interac-
tion scope and residential mobility. Research shows relational mobility posi-
tively correlates with trust and cooperation among strangers (Romano et al.,
2021; Thomson et al., 2018), as people need trust, friendliness, and cooperation
to build and maintain relationships in high-mobility societies (Yuki & Schug,
2020). This explains why social security, urbanization, separated household
population, travel frequency, living alone, divorce rates, and internet penetra-
tion correlate positively with stranger cooperation. Thus, even if general trust
attitudes decline, state-based trust in interdependent contexts may be more
predictive of cooperation than general trust (Acedo-Carmona & Gomila, 2014;
Balliet & Van Lange, 2013; Pletzer et al., 2018). Rising individualism may
therefore promote rather than inhibit trust and cooperation with strangers in
specific interdependent situations.

Our sample primarily comprised young adults, mostly university students. Pre-
vious research shows social dilemma studies often use social and behavioral sci-
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ence majors (Balliet et al., 2021), whose textbooks discuss benefits of prosocial
behavior, potentially increasing cooperation. Chinese university students also
receive more education about national policies, social cooperation norms, and
cooperative consciousness. As more young Chinese receive higher education
and are exposed to national development concepts like “openness, inclusive-
ness, cooperation, and win-win,” the Belt and Road Initiative, and “building a
global community of shared future,” they may increasingly internalize coopera-
tive norms and exhibit more cooperative behavior.

In summary, views predicting declining stranger cooperation based on urbaniza-
tion, rising individualism, and declining trust may reflect an “illusion.” While
these changes may reduce reputation concerns, increase self-focus, and decrease
trust at the cognitive level, they do not necessarily reduce actual cooperative be-
havior. Urbanization, refined division of labor, and population mobility increase
opportunities to interact with strangers. Reduced dependence on acquaintances
may increase dependence on strangers. People may distrust others generally yet
must cooperate in interdependent situations for social adaptation, promoting
increased cooperation. The discrepancy between Hypothesis 1 and our results
reflects a divergence between social cognition and actual behavior. This suggests
researchers should focus more on behavioral changes, which have been neglected
or difficult to examine, to clarify potential “illusions” about behavior based on
cognitive changes and achieve more comprehensive understanding of Chinese
social change and its psychological and behavioral impacts.

4.2 Comparing Chinese and American Stranger Cooperation

Despite institutional and cultural differences, both societies show upward coop-
eration trends, suggesting convergence. Research shows limited cross-national
variation in cooperation levels (Spadaro, Graf, et al., 2022), and sociocultural
changes may follow similar directions with comparable modernization processes
(Greenfield, 2013; Inglehart & Baker, 2000). Similar modernization processes
in China and the U.S. (e.g., rising individualism, declining trust) may produce
convergent cooperation trends, as technological development (internet, social
media) and complex division of labor increase dependence on and interaction
with strangers, promoting cooperation within and across societies. From evolu-
tionary and social change perspectives, cooperation remains a key strategy for
solving adaptive problems (Boyd & Richerson, 2009). Future research should
test whether rising cooperation is globally universal.

China’s larger increase in a shorter period reflects unique aspects of its
modernization. China experienced more rapid industrialization, urbaniza-
tion, and globalization in a compressed timeframe (Jing, 2015). Over the
past 20 years, China’s economic growth, urbanization, and higher educa-
tion enrollment rates have significantly exceeded America’s (World Bank:
https://data.worldbank.org/), as have internet user growth and industry
development (Fang & Chen, 2019). Additionally, Chinese individualization is
state-managed—individuals develop autonomy within boundaries set by the
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state for collective benefit, internalizing socialist frameworks for individual
development (Gao et al., 2022; Yan, 2012). State-promoted core socialist values
and win-win cooperation concepts may amplify individualism’s positive effects
on cooperation. These factors may produce more pronounced cooperation
increases in China. In cultural group selection, more cohesive and cooperative
groups outperform less cooperative ones (Mesoudi, 2009). China’s rapid
cooperation increase reflects enhanced internal cohesion and social capital,
demonstrating positive impacts of systemic reforms. This has important
implications for China’s future development, competitiveness, navigating global
changes, and achieving national rejuvenation.

4.3 Limitations and Future Directions

This study has several limitations. First, the effect size for time is modest.
Although cooperation increased significantly over 20 years, time explains only
1% of variance, or 3% after controlling for study characteristics. However, sim-
ilar small-to-medium effect sizes appear in other cross-temporal meta-analyses
on perfectionism (Curran & Hill, 2019), empathy (Konrath et al., 2011), and
American cooperation (Yuan et al., 2022), especially for behavioral outcomes.
Time is a distal predictor, and other manipulated variables (e.g., emotions)
may attenuate its effects. Nevertheless, small increases can accumulate and
self-reinforce over time, producing significant societal impacts, especially when
sustained. Sustained increases may gradually strengthen cooperative norms and
values, creating positive feedback loops.

Second, like previous research (Yuan et al., 2022), our data structure and meth-
ods cannot rule out confounding variables or establish causality. Positive corre-
lations between societal indicators and cooperation may reflect spurious associ-
ations from linear growth over time. Future research should use longitudinal or
time-series designs for cross-validation. Additionally, while all indicators posi-
tively predict cooperation, we cannot determine which has the strongest unique
effect because economic, urbanization, mobility, and education indicators are
interwoven and may operate through different mechanisms. Future research
should clarify unique relationships and compare relative impacts.

Third, we cannot identify specific psychological processes (e.g., cooperative val-
ues) underlying temporal changes or distinguish whether rising cooperation re-
flects instrumental (strategic) versus prosocially-motivated cooperation (Som-
met et al., 2023). Both forms enhance social cohesion, and sustained increases
may gradually strengthen cooperative norms and intrinsic motivations. Future
research should examine specific psychological pathways linking social change
to cooperation.

Fourth, our sample primarily comprised young adults, mostly university stu-
dents. While social dilemma research commonly uses this population, and
young people are more susceptible to social norms and trends (Sears, 1986),
results may not generalize to all age groups. However, research shows no sig-
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nificant cooperation differences between university students and non-students
that would affect trends (Yuan et al., 2022). Young adults are mainstream,
“connecting” generations who must constantly interact with strangers in mod-
ern high-mobility societies, making their cooperation trends representative of
broader societal changes.

5. Conclusion

This study reveals that despite expanding stranger societies, rising individu-
alism, and declining trust in China, stranger cooperation—a key indicator of
social capital—has increased during modernization. This provides new behav-
ioral evidence for understanding social capital changes in China and signals
enhanced internal cohesion for navigating global challenges. Modernization and
technological innovation do not necessarily weaken connections; they can pro-
mote stranger interactions and cooperation within and across societies. As ur-
banization, living alone, and relational mobility increase, future populations will
interact more with strangers and depend on them to achieve goals. Cooperation
may thus continue rising across societies, helping us optimistically address pub-
lic challenges and build a global community of shared future through win-win
cooperation.
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