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Abstract

Cooperation is a universal phenomenon, it is present in all human cultures from hunter-gatherers to
industrialised societies, and it constitutes a fundamental aspect of social relationships. There is, however,
variability in the amount of resources people invest in cooperative activities. Recent findings indicate that
this variability may be partly explained as a contextually appropriate response to environmental condi-
tions. Specifically, adverse environments seem to be associated with less cooperation and recent findings
suggest that this effect is partly mediated by differences in individuals’ life-history strategy. In this paper,
we set out to replicate and extend these findings by measuring actual cooperative behaviour in three eco-
nomic games — a Dictator game, a Trust game and a Public Goods game - on a nationally representative
sample of 612 people. Although we found that the cooperation and life-history strategy latent variables
were adequately captured by the models, the hypothesised relationship between childhood environmental
adversity and adult cooperation and the mediation effect by life-history strategy were not found.

Keywords: Cooperation; life-history strategy; childhood environmental adversity; economic games

Social media summary: No evidence that experiencing adverse life conditions during childhood
decreases cooperation later in life

1. Introduction

Cooperation is a universal phenomenon, it is present in all human cultures from hunter-gatherers to
industrialised societies, and it constitutes a fundamental aspect of social relationships (Nowak &
Highfield, 2011; Rand & Nowak, 2013). There is, however, variability in the amount of resources peo-
ple invest in cooperative activities (Alesina & La Ferrara, 2002). One possible explanation for such
variability is that environmental adversity has a negative impact on cooperation. People exposed to
adverse environments may indeed restrict their investments, including their social investments, in
what may be seen as a contextually appropriate response to adversity (Lettinga et al, 2020;
McCullough et al., 2013; Wu et al., 2020).

However, current evidence linking cooperation and environmental adversity is mixed. On the one
hand, when cooperation is measured via self-reported questionnaires or in field experiments, the pat-
tern of results is rather consistent and suggestive of an association between adverse environments and
decreased cooperation. In particular, a recent meta-analysis showed that early-life stress is associated
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with less prosocial behaviour in adulthood when it is measured via self-reports (Wu et al., 2020).
Furthermore, Korndorfer et al. (2015) and Schmukle et al. (2019) found a positive correlation between
social class and prosociality (e.g. more charitable, trusting and helpful) using questionnaire data from
large and representative international samples (average N over nine studies = 20.243). Finally, wealthier
households and people from wealthier neighbourhoods display more prosocial behaviours (i.e. donate
more, return more lost and misdirected letters) in field experiments (Andreoni et al., 2017; Holland
et al., 2012; Nettle et al., 2011; Silva & Mace, 2014, 2015).

On the other hand, when cooperation is measured using behavioural methods in the laboratory,
including economic games, the results are mixed: several studies find a link between adverse environ-
ments and decreased cooperation (Korndorfer et al., 2015; McCullough et al., 2013; Nettle et al., 2011;
Safra et al,, 2016; Schmukle et al., 2019), but other studies find a link in the opposite direction, i.e.
between adverse environments and increased cooperation (Amir et al., 2018), or no effect at all
(Stamos et al., 2020, who failed to replicate Piff et al.’s (2010) initial effect; Wu et al., 2017). In a recent
meta-analysis, no overall effect was found (Wu et al., 2020).

The reason why these behavioural studies produce mixed results is unclear but several explanations
can be put forward. First, some of these studies have smaller sample sizes which results in lower power.
In particular, this might explain why the study by Piff et al. (2010) failed to be replicated in subsequent
high-powered pre-registered studies (Stamos et al., 2020). Second, they usually use one economic game
per study, which may limit the generalisability of the findings (Camerer, 2011). In line with this idea,
McAuliffe et al. (2019) found that a general factor based on several economic games is associated with
non-game cooperation, but individual games are not. A third and more general point is that there is
mounting evidence that economic games lack ecological validity (Galizzi & Navarro-Martinez, 2019).
Possible explanations for this is that economic games decisions in the laboratory are performed in
context-free environments with artificial rewards, choice sets and time horizons that do not extrapolate
well to real-world situations (Levitt & List, 2007).

Another open question is the channel by which environmental adversity is associated with cooper-
ation. One possible explanation is that the relationship between environmental adversity and cooper-
ation is mediated by individuals’ life-history strategies. Life-history theory is the branch of
evolutionary theory that deals with the way in which organisms allocate energy to different functions
(e.g. reproduction, somatic maintenance) and with the impact of the local environment on the optimal
allocation balance (Stearns, 1992). In the past decades, a growing body of experimental work demon-
strated that organisms calibrate their behavioural strategies to the specific circumstances in which they
live. In humans, environmental adversity appears to affect the way in which individuals deal with the
reproduction-maintenance trade-off (Ellis et al., 2009; Jasienska et al., 2017; Nettle, 2010; Promislow
& Harvey, 1990).

However, the evidence for life-history strategy as a mediator between environmental adversity and
cooperation is also mixed. Wu et al. (2017) found that early life environment (i.e. childhood socio-
economic status and childhood unpredictability) correlated with life-history strategies (as assessed
with the Mini-K scale and High-K Strategy Scale), but not with cooperation measured via economic
games. In contrast, Lettinga et al. (2020) found that modulations in the reproduction-maintenance
trade-off partly mediated the relationship between adversity and collective action using questionnaire
data from the European Values Study and the World Values Survey. As mentioned above, an import-
ant difference between these two studies is the use of self-reports vs. economic games. These studies
also use different instruments to measure life-history strategies. Wu et al. (2017) use the Mini-K scale
and High-K Strategy Scale, which were recently criticised because they did not correlate with measures
of mating effort (which is an important life-history trait; Olderbak et al., 2014). Similarly, the High-K
Strategy Scale was recently criticised by Copping et al. (2014) for lack of construct validity. Incontrast,
Lettinga et al. (2020) and our study rely on indicators which come as close as possible to testing the
reproduction-maintenance trade-off (e.g. number of children, respondents’ age at their first child’s
birth, Ellis et al., 2009; Mell et al, 2018). One final methodological difference is that Wu et al.
(2017) rely on an MTurk sample while our data was collected in a representative sample of the
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population, which may be more diverse in terms of both cooperation and exposure to adversity. Using
these methodological improvements, together with better statistical tools, may therefore put us in a
better position to test the hypothesis that differences in life-history strategies mediate the relationship
between exposure to environmental adversity and cooperation.

The evolutionary rationale accounting for such mediation effects is still unclear: some authors have
argued that organisms adapt their reproductive and somatic strategy to variations in extrinsic mortal-
ity (Ellis et al., 2009; Jasienska et al., 2017; Nettle, 2010; Promislow & Harvey, 1990). Environments
with high mortality are indeed associated with earlier reproduction, increased number of offspring,
shorter growth and diminished investment in somatic maintenance, while more favourable environ-
ments are associated with delayed reproduction, fewer offspring, longer growth and increased invest-
ment in somatic maintenance (Akee et al., 2018; Brown & Sear, 2020; Brumbach et al., 2009; Del
Giudice et al,, 2015; Ellis et al., 2009; Jasienska et al., 2017; Mell et al, 2018; Nettle, 2011;
Promislow & Harvey, 1990; Reznick & Endler, 1982). This might occur because mortality has an effect
on density-dependent competition, as demonstrated by recent modelling work in evolutionary biology
(André & Rousset, 2019).

At the proximal level, researchers have also aimed to put forward psychological mechanisms
accounting for the constellation of behaviours that is associated with deprivation in humans
(Pepper & Nettle, 2017). One possible explanation is that adverse environments are associated with
mechanisms biasing individuals towards more immediate rewards and a shorter time horizon
(Bulley & Pepper, 2017; Griskevicius et al., 2011; Simpson et al., 2012; Wu et al., 2020). Such a psy-
chological switch would have a wide impact on a range of behaviours relying on delayed gratification,
including many social behaviours. Lettinga et al. (2020), for instance, have argued that cooperative
variability might be guided by this longer-term calibration to environmental adversity. The reason
is that cooperation is a future-oriented strategy: in the short term, it is more advantageous to reap
immediate, smaller, but more certain benefits by cooperating less, but in the long term, it is more
advantageous to invest in cooperation so as to reap longer-term benefits (such as increased social repu-
tation; Axelrod & Hamilton, 1981; Baumard et al.,, 2013; Sjastad, 2019; Trivers, 1971).

In the context of this ambiguous literature, the goal of this paper is twofold. The first is to address
the limitations of existing studies that use economic games. Specifically, measurement error was
reduced by relying on three economic games (i.e. Dictator game, Trust game, Public Goods game),
performed on a single, large and representative sample. The Dictator game, the Trust game and the
Public Goods game were chosen because they are among the most commonly used economic
games in the literature (Amir et al,, 2018; Korndorfer et al, 2015; Nettle et al., 2011; Piff et al,
2010; Safra et al., 2016; Stamos et al., 2020; Wu et al., 2017), which allowed us to compare our results
more easily with the existing literature. They also cover a wide range of social preferences: altruism for
the Dictator game, trust for the Trust game and cooperation for the Public Goods game (Algan et al.,
2013; Levitt & List, 2007).

The second goal of our study is to replicate the mediation effect of life-history strategy between
childhood environmental adversity and adults’ level of cooperation found by Lettinga et al’s study
(2020). We focus on adversity experienced early in life. The early years of life - from conception to
sexual maturity — represent a sensitive period characterised by rapid development, which makes
many biological systems vulnerable to environmental stressors. These stress factors, commonly referred
to as environmental adversity, interfere with organisms’ developmental trajectories and can have a lasting
impact on health, reproduction, cognition and behaviour (Ellis & Del Giudice, 2019). The multiple
effects of early adversity on physiological and cognitive development are likely to be sequential, distrib-
uted on a continuum and ultimately obey a logic of developmental organisation. By studying the specific
effect of childhood environmental adversity, we assume that adult cooperative behaviour is one of the
long-term outcomes of this developmental logic, together with reproductive efforts and somatic main-
tenance capacity. To test this model, we applied multivariate analytic techniques (i.e. structural equation
modelling) on data collected by us in collaboration with Ipsos, a French polling institute, consisting of a
large sample of respondents representative of the French adult population.
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Two lines of hypotheses were tested. The first line of hypotheses consists in testing (1) whether
the behavioural measures extracted from the three economic games relate to a single hypothesised
latent construct and (2) whether individuals’ life-history strategy — the reproduction-maintenance trade-
off - can be adequately modelled as a hypothetical latent construct capturing the covariation of several
indicators previously identified by Mell et al. (2018). The second line of hypotheses aims to test the asso-
ciation between a single composite variable thought to reflect the level of childhood adversity experienced
by the respondent and the two latent variables (i.e. the reproduction-maintenance trade-off and coopera-
tive tendencies). The two main predictions are: (3) individuals who experienced greater levels of adversity
during their childhood display weaker cooperative tendencies later in life and (4) this negative association
is mediated by individuals’ life-history strategy. In sum, an adverse childhood environment is associated
with increased investment in reproduction and decreased investment in somatic maintenance, which in
turn is associated with decreased adult cooperation.

2. Materials and methods

The raw data, study materials, analysis code, laboratory log and deviations from the registered report
can be found at osf.io/g4scw.

2.1. Respondents

Our sample consisted of 612 respondents (females, N = 325; aged 19-83 years old; mean age =53 + 14
SD) and was recruited online by Ipsos in France. This strategy is suited to our purposes because expos-
ure to adversity varies greatly between socioeconomic classes even in WEIRD (i.e., Western, Educated,
Industrialized, Rich and Democratic) countries such as France. For example, average life expectancy in
France for the most affluent men is 13 years higher than that of the poorest men (8 year difference for
women; INSEE, 2018). Furthermore, Nettle (2015) has shown that age at first birth for women, social
trust and even mean Dictator game transfer is as different between WEIRD and non-WEIRD coun-
tries as it is between a deprived and an affluent neighbourhood within a single UK city. Thus, even in a
WEIRD sample, life outcomes can be substantially different between participants placed differently
along the Educated and Rich gradients even within a single WEIRD country.

The respondents were collected via several steps. First, 1,691 respondents filled out a survey con-
sisting of questions about their childhood environment and life-history strategy items (see below for a
detailed description). The quota method was applied so that the end panel was representative on age,
gender, geographical region, urban vs. rural and occupation. Second, 1,006 of these respondents agreed
to participate in additional surveys, including the three economic games and a self-reported measure
of social trust included in the study. Before running the analyses, we conducted some basic quality
checks that led to the exclusion of a number of respondents: 92 respondents were removed because
they gave a different answer to the question regarding gender between the first and second
survey; 18 respondents were removed because they gave too many absurd answers (>3 SD from
the sample mean), e.g. number of years spent smoking greater than the respondents’ age (see
Table S1 of the Supplementary Materials for a full list of exclusion criteria); and 284 respondents
were excluded because they reported not having children (two of the indicators used to model
life-history strategy were only relevant for respondents with children). Our final sample included
612 respondents.

2.2. Determining sample size

Sample size requirements for structural equation models are based on many criteria (e.g. complexity of
the model, distribution of the indicators, levels of missing data; Kline, 2015). However, Jackson (2003)
proposed the N:q rule, which states that for every parameter one needs 20 respondents. Because our
model has 51 parameters, N should be 1020, which is higher than the 612 participants which we have.
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However, based on Preacher and Coffman (2006), we calculated that the power of the proposed ana-
lysis is 0.88 (based on N =612, d.f. =40, = 0.05, RMSEA.0 = 0.05, RMSEA.A = 0.07), which is higher
than the generally acceptable standard of 0.8 (Cohen, 1988). Based on a similar model (Lettinga et al.,
2020), we expect an effect size of 0.30 (medium effect) for the relationship between childhood envir-
onmental adversity and life-history strategy, an effect size of 0.70 (large effect) for the relationship
between life-history strategy and cooperation, and an effect size of 0.10 (small effect) for the relation-
ship between childhood environmental adversity and cooperation.

2.3. General procedure

The respondents first completed the survey including all childhood environmental adversity and life-
history strategy items (the full questionnaire is available in Section 2 of the Supplementary Material).
Respondents were contacted one week later to participate in the economic games and respond to add-
itional surveys including a self-reported measure of social trust. The procedure for the economic
games is as follows. All participants signed an informed consent form before starting the experiment
on their personal computer. The experiment took place on the Lime Survey platform. The players
could not communicate with each other or with the experimenter. The participants were told that
they would be playing with different partners in each game. Each participant took part in three eco-
nomic games: a Dictator game, a Trust game and a Public Goods game, in that order. This order was
chosen to start with the easiest game, then the intermediate game and finally the hardest game in order
to help participants get accustomed to the games. Each game was played once. Participants did not
receive feedback about the behaviour of the ‘trustee’ in the Trust game and about the behaviour of
the other players in the Public Goods game until the very end of the experiment. We did not include
specific questions about whether participants understood the rules and payoffs of the games. However,
at the start of each game, the instructions were presented in writing and followed by animations to
clarify the game. After that, a screen was provided with examples of decisions and detailed calculations
of the resulting payofts for each player. Finally, a screen was provided where participants could practice
the Trust game and the Public Goods game using an earnings calculator, to make hypothetical deci-
sions and see the resulting outcome. Participants had the option of going back to the instruction
screens during the entire duration of the experiment. Participants were told at the start of the experi-
ment that they would be paid 14 euros for participating in the experiment plus their earnings based on
the outcome of one of the economic games that was chosen randomly. Their earnings were shown at
the end of the experiment. Participants received their earnings via Amazon vouchers.

2.4. Variables of interest

2.4.1. Childhood environmental adversity

Environmental adversity consists of two different dimensions: harshness (i.e. externally caused levels
of morbidity-mortality that an individual cannot control) and unpredictability (i.e. spatial-temporal
variation in harshness) (Ellis et al., 2009). In a recent paper, Mell et al. (2018) put forward a question-
naire consisting of 15 items assessing both these dimensions. These indicators encompass various fea-
tures of childhood environmental adversity (i.e. resource scarcity, parental investment and care,
respondents’ exposure to extrinsic mortality, violence and unpredictability during childhood) and
were chosen because they reflect various aspects of childhood environment that previous studies
have found to be associated with one or several life-history traits in adulthood (Griskevicius et al.,
2011; McCullough et al., 2013; Nettle & Cockerill, 2010; Simpson et al., 2012). Examples of questions
are as follows: ‘Did your parents get divorced or separated before the age of 187", ‘Some of the punish-
ments I received when I was a child now seem too harsh to me’ or ‘Did you live with one or several
people who had spent time in prison?’ (see Table S2 of the Supplementary Material for the full list of
items and scales).
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2.4.2. Life-history strategy

Life-history strategy consists of eight indicators (Mell et al., 2018) approximating the reproduction-
maintenance trade-off (Ellis et al., 2009). These items have been used in the literature before; see
Nettle et al. (2010) and Simpson et al. (2012) for the reproduction life-history strategy indicators
and Pepper and Nettle (2014) for the somatic maintenance life-history strategy indicators. An example
of a question regarding respondents’ investment in reproduction is ‘age at first child’s birth’, and an
example of a question regarding respondents’ investment in somatic maintenance is ‘general health
status’ (see Table S3 of the Supplementary Material for the full list of items and scales).

2.4.3. Cooperation
Cooperation was based on three indicators: the initial contribution in the Dictator game, the Trust
game and the Public Goods game (scale 1-10).

In the Dictator game, two players were involved. Participants were always assigned to the role of the
dictator. The dictator was given 10 euros and the second player was given nothing. The dictator was
told that he or she could offer some amount of that money (between 0 and 10 euros) to the second
player and that whatever amount the dictator offered the second player must be accepted.

In the Trust game, two players were involved. Participants were always assigned to the role of the
trustor. They were matched with the response of a second player, the trustee, drawn randomly from a
database of participants involved in a previous run of the same Trust game. The trustor and the trustee
were each given 10 euros. The trustor was told that he or she could offer some amount of that money
(between 0 and 10 euros) to the trustee. That amount was then multiplied by 3. The trustee offered
some amount back (between 0 and 30 euros) to the trustor based on the previous data.

In the Public Goods game, four players were involved. The participant was matched with the
responses of three players, drawn randomly from a database of participants involved in a previous
run of the same Public Goods game. Each player received 10 euros and could offer some amount
of that money (between 0 and 10 euros) to a common pot. The other players offered some amount
to the common pot based on the previous data. The content of the common pot was then multiplied
by 1.6, and redistributed equally between the players.

3. Analytic strategy
All analyses were carried out in R 4.0.0 (https:/www.r-project.org/) with R Studio 1.2.5042.

3.1. Preliminary analyses

Several preliminary analyses were conducted on the Ipsos dataset immediately after data collection, in
2015 (see Section 5 of the Supplementary Material). Since then, our team has developed more sophis-
ticated analyses to test similar questions and has fully embraced open science practices. The analyses
that follow were pre-registered as part of a registered report (osf.io/r5agd).

3.2. Multivariate analyses

The dataset was subjected to multivariate analyses through structural equation modelling. The struc-
tural equation models were fitted using the R package lavaan (Rosseel, 2012). A weighted least-square
estimator (WLSMV) was used because it is robust to departures from normality (Rosseel, 2012).
Structural equation models involve two major parts: a ‘measurement’ model and a ‘structural’ model.

3.2.1. Specification of the measurement model

Childhood environmental adversity was assessed as a single emergent variable reflecting the sum of
z-scores obtained from a comprehensive battery of 15 indicators (Mell et al., 2018). Given that we
had no particular hypothesis concerning the separate effects of harshness and unpredictability on
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life-history strategies, we chose to operationalise environmental adversity holistically and aggregate
items pertaining to both dimensions into one composite standardised variable. Furthermore, the
items were aggregated because adverse childhood events can be seen as risk factors that are not neces-
sarily correlated with one another (Brumbach et al., 2009), but that all contribute to the cumulative
probability of developing a particular outcome (in our case an increased investment in reproduction
or somatic maintenance). Finally, it is a widespread practice to examine the additive effects of multiple
stressors, assuming that the more stressors a child is exposed to, the more their developmental
capabilities are negated (Belsky & Fearon, 2002; Sameroff et al., 1987).

Although we combined harsh and unpredictable indicators in the main analysis, we performed an
additional analysis where the 15 environmental adversity indicators were divided into two dimensions
(i.e. harshness and unpredictability). Items relating to extrinsic mortality, morbidity and socio-
economic status were z-scored and summed into a single ‘Childhood harshness” score. Items relating
to parental involvement, parental investment, parental predictability and safety and security were
z-scored and summed into a single ‘Childhood unpredictability’ score (Glynn et al, 2019;
Griskevicius et al., 2011; Pepper & Nettle 2017; Simpson et al, 2012; see Table S4 of the
Supplementary Material for the division of items).

Life-history strategy was modelled as a latent variable aiming to capture the covariations of eight
indicators (Mell et al., 2018). There is evidence that indicators relating to somatic maintenance are
not straightforwardly related to life-history phenotypes. Brown and Sear (2020) found that health
behaviours (e.g. general health, smoking, alcohol consumption) do not cluster well with other life-
history clusters (i.e. reproduction and parenting). Therefore, we performed an additional analysis
without the life-history strategy indicators relating to somatic maintenance (i.e. body mass index
(BMI), smoking and health). This new model is represented in Figure S1 of the Supplementary
Material.

Cooperation was modelled as a latent variable aiming to capture the covariations of the three eco-
nomic games. Peysakhovich et al. (2014), indeed found evidence for a so-called ‘cooperative pheno-
type’ with highly correlated behaviour across various economic games,

3.2.2. Specification of the structural model

The structural part of the model allowed us to test the following direct and indirect associations: (a)
childhood adversity and cooperation; (b) childhood adversity and life-history strategy; (c) life-history
strategy and cooperation; and (d) childhood adversity and cooperation via life-history strategy. The
latent variables life-history strategy and cooperation were scaled by fixing their variance to
1. Finally, the correlations between the residual errors of the reproduction life-history strategy indica-
tors and the residual errors of the somatic maintenance life-history strategy indicators were included
separately in the model, which is also suggested by Mell et al. (2018). This was done because we
expected that they showed some additional degree of correlation that was not captured by a single gen-
eral factor. For example, participants suffering from hereditary diseases probably tend to declare a
poorer health status and higher efforts in looking after their health, even though this might not be
linked to investments in reproduction. The model’s implied covariance matrix therefore captures cor-
relations between items that are not explained by the life-history strategy latent variable, but that can
still theoretically be expected to correlate owing to various unmeasured causes. The full model is repre-
sented in the results section (Figure 2).

3.2.3. Covariates

Given that cooperation is affected by age, we included age as an auxiliary variable to control for its
effect on the cooperation variables. Freund and Blanchard-Fields (2014), for example, found that
older adults report valuing contributions to the public good more positively and are more likely to
behave altruistically than younger adults. Furthermore, age is also used as an auxiliary variable to con-
trol for its effect on the life-history strategy indicators, because Mell et al. (2018) indeed found that age
correlates with all of them.

https://doi.org/10.1017/ehs.2021.21 Published online by Cambridge University Press


https://doi.org/10.1017/ehs.2021.21

8 N. Lettinga et al.

In an additional analysis, we controlled for the effect of current environmental harshness on the
life-history strategy and cooperation indicators. Griskevicius et al. (2011) found that childhood envir-
onmental harshness and current environmental harshness are moderately correlated (r=0.41).
Lettinga et al. (2020) found that childhood adversity and current adversity are both uniquely related
to cooperation. The relationship between childhood adversity and cooperation even remained signifi-
cant when the effect of current adversity was controlled for. Following Griskevicius et al. (2011), cur-
rent environmental harshness was measured using the following three indicators: T have enough
money to buy things I want’, T don’t need to worry too much about paying my bills’ and ‘T don’t
think I'll have to worry about money too much in the future’ (scale 0-100), which was averaged
into a single index.

3.2.4. Assessing the model’s fit

In order to test the model’s fit we used the scaled version of the Comparative Fit Index (CFLscaled),
the scaled version of the Root Mean Square Error of Approximation (RMSEA.scaled) and the
Standardised Root Mean Square Residual (SRMR), which is recommended by Hooper et al. (2008).
A good fit is commonly assumed if the indices are close to the following values: CFI > 0.95,
RMSEA < 0.07 and SRMR < 0.08.

3.3. Missing data

Although our indicators of interest showed overall low percentages of missing responses (ranging from
0 to 6%), multiple imputation techniques were used to preserve sample size and avoid biased estima-
tions of model parameters. For the imputed data, 20 complete datasets were generated by fully con-
ditional specifications for categorical and continuous data using the R package mice (Buuren &
Groothuis-Oudshoorn, 2010). Different imputation methods were used depending on the type of
missing data. Predictive mean matching was used for numeric indicators, logistic regression imput-
ation for binary data and proportional odds model for ordered categorical indicators with more
than two levels. The function runMI of the R package semTools (SemTools, 2016) was used to combine
the results obtained for the 20 imputed datasets.

3.4. Testing the capacity of the model to predict unknown data using stratified k-fold
cross-validation

One of the main advantages of structural equation modelling is that it is specifically designed to
account for complex, multivariate data but these models are also at risk of overfitting. Overcoming
this risk is necessary to ensure the validity of a model, although this is too rarely done in the existing
structural equation modelling literature (MacCallum et al,, 1992). In the present study, we used a
k-fold cross-validation approach to rule out overfitting and assessed the capacity of our model to pre-
dict unknown data. Without cross-validation one can only have information on how the model per-
forms to the in-sample data (i.e. data where the model is based on). Cross-validation allowed us to
assess the predictive performance of the model and to see how the model performed in terms of accur-
acy of its predictions on a new dataset. Beyond measuring a model’s predictive accuracy, the other
advantage of cross-validation is that it subjects the model to sampling variability and therefore allows
estimating its stability across multiple reshuffling and re-stratification of the data. Cross-validation
analyses were performed following six steps, each detailed in Section 8 of the Supplementary Material.

3.5. Mediation analyses

A recent paper (MacKinnon et al., 2004) recommends the use of the non-parametric bootstrapping
method by Preacher and Hayes (2008) to estimate mediation effects. The main feature of this test
is that it does not rely on the assumption of normality. However, this method is computationally costly
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and cannot be easily integrated with the cross-validation approach. Therefore, two methods for medi-
ation analyses were applied. First, the indirect effect was estimated for each cross-validation iteration
using a computationally cheaper method (i.e. Delta method). Second, to confirm its reliability, we also
applied the recommended procedure by Preacher and Hayes (2008) mentioned above. We computed
bootstrapped 95% confidence intervals (1,000 bootstrap samples) for each of the 20 imputed datasets
and then took the average of these datasets.

4, Positive control checks

To determine if our sample is representative in terms of the distribution of the initial contribution in
economic games, our data was compared with what is considered standard in the behavioural econom-
ics literature. For the Dictator game, participants give a mean amount between 20 and 30%, and the
modal offer is typically 0% (Engel, 2011). For the Trust game, trustors give a mean amount of about
50% (Johnson & Mislin, 2011). For the Public Goods game, participants contribute a mean amount
between 40 and 60%, although there is a wide variance, with most contributing either everything or
nothing (Zelmer, 2003).

Furthermore, we included additional analyses on a self-reported measure of social trust. We used
three questions from the European Values Study and the European Social Survey, which are among the
most commonly used questions to measure social trust in the literature (Glaeser et al., 2000; ‘Generally
speaking, would you say that most people can be trusted or that you can’t be too careful in dealing
with people?’, “‘Would you say that people usually only take care of themselves or that they try to
be helpful most of the time?” and ‘Do you think that most people would try to take advantage of
you if they had the opportunity or that they would try to be fair?’). Individual scores on the self-
reported trust items were z-scored and summed into a single ‘Social trust’ score. Our first analysis
tested whether there was a correlation between self-reported social trust scores and the mean transfer
in the Trust game. In a second analysis, we ran the structural equation model but replaced the eco-
nomic games with this measure of social trust. The estimated parameters, fit indices and cross-
validation indices were used to check whether the model including self-reported social trust differed
from the model including the economic games. If we find a null result with the main analysis using
economic games but not with self-reported trust, this will work as suggestive evidence that the mixed
results in the literature can be partly traced back to differences in instruments.

5. Descriptive statistics
5.1. Distributions economic games contributions

The distribution of the economic games contributions can be found in Figure 1. In our sample, the
mean initial contribution for the Dictator game is 5 euros out of 10, with a high peak at 5 and a dis-
tribution that is slightly left-skewed. In experiments, which usually involve students, the average offer
usually falls in the 20-30% range (Engel, 2011). However, in non-student populations like the one
tested in our study, the average offer is closer to 50% (Engel, 2011). Thus, our distribution is repre-
sentative of a non-student population.

The mean initial contribution in our Trust game is 5.2 euros out of 10, with a high peak at 5 and a
distribution that is slightly left-skewed. In line with this distribution, prior work has shown that trus-
tors typically send about 50% of what they have (Johnson & Mislin, 2011).

The mean initial contribution in our Public Goods game is 5.7 euros out of 10, with high peaks at
10 and 5 and a distribution that is right-skewed. Prior work has shown that students in one-shot
Public Goods games contribute on average a mean amount between 40% and 60%, although there
is a wide variance, with most contributing either everything or nothing (Zelmer, 2003). In this
particular game, our population is on the generous side of the spectrum.
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Contributions in the three economic games
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Figure 1. Distribution of contributions (in percentages) per economic game. The initial contributions for the Dictator game are in
green, those for the Trust game in blue and those for the Public Goods game in purple.

5.2. Correlation matrix and descriptive statistics

The correlation matrix and descriptive statistics (i.e. mean, median, standard deviation, range) for the
variables included in the main structural equation model and self-reported social trust (based on the
whole sample) can be found in Table 1.

The raw correlation matrix shows that the childhood environmental adversity score is correlated
with two out of the eight life-history strategy indicators and none of the cooperation indicators.
Furthermore, it shows low but significant correlations among half of the life-history strategy indica-
tors, the direction of the effects is in most cases consistent with our predictions. Finally, it shows
that all three economic games are correlated.

6. Multivariate analyses

Parameters (i.e. regression weights, factor loadings), statistics (i.e. z statistics, p-values) and fit indices
(i.e. CFLscaled, RMSEA.scaled, SRMR) of a given structural equation model are expressed in terms of
the median. The reason is that medians are more accurate than means in accounting for the model’s
precision in the present context; the distributions of values are often skewed because of the sampling
variability resulting from the multiple re-shuffling and re-stratification of data during the cross-
validation procedure. Cross-validation results are available in Sections 9-13 of the Supplementary
Material.
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Table 1. Correlation matrix and descriptive statistics

(1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14)

(1) Childhood adversity —

(2) BMI 0.01 =

(3) Smoking 0.07 0.06 —

(4) Health effort —0.08 —0.06 —0.14* —

(5) Health status —0.14* -0.17* —0.06 0.16* —

(6) Number of children 0.07 0.12* —0.08 0.06 —0.02 —

(7) Age at first birth —0.15* —0.05 —0.04 —0.09* 0.14* —0.38* —

(8) Sexual debut —0.08 —0.01 —0.28* 0.07 —0.01 0.03 0.20* —

(9) Short-term partners 0.03 0.11* 0.23* —0.02 —0.02 —0.09* 0.13* -0.32* —

(10) Dictator game 0.02 —0.05 0.07 0.04 —0.06 0.04 —0.01 0.00 0.03 —

(11) Trust game —0.02 0.07 0.01 —0.01 —0.06 —0.02 0.06 0.02 0.04 0.30* —

(12) Public Goods game —0.03 0.03 0.02 —0.02 —0.04 —0.02 0.04 —0.02 0.07 0.21* 0.35* —

(13) Age —0.04 0.15* 0.04 0.27* —0.18* 0.24* —-0.20* 0.27* 0.00 0.05 —0.01 —0.03 —

(14) Social trust —0.05 0.03 —0.08 0.15* 0.02 0.07 —-0.09* 0.03 —0.03 0.05 0.00 0.05 0.20* —

Median 0.17 25.46 0.13 71.00 3.00 2.00 25.00 18.00 3.00 5.00 5.00 5.00 56.00 —0.01

Mean 0.21 26.06 0.23 68.95 2.75 2.18 25.45 18.68 6.56 4.99 5.21 5.67 52.75 0.00

SD 0.14 5.13 0.25 18.90 0.69 0.94 477 3.44 12.69 1.86 2.66 2.90 14.49 0.99

Range 0-1 12-48 0-1 0-100 1-4 1-6 14-46 13-61 0-160 0-10 0-10 0-10 19-83 —2.59-2.83
* p<0.05.
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6.1. Main model

6.1.1. Model convergence and fit

For the results described next, cross-validation is used (see Section 8 of the Supplementary Material for
a detailed description of the methodology). In 8.3% of the 1,000 cross-validation iterations at least one
Heywood case was detected - an indication that the fitting algorithm failed to find a valid statistical
solution in at least one imputed dataset. The results that we report below are extracted from the 91.7%
of iterations that led to a valid solution among each of the 20 imputed datasets. The scaled CFI value
(0.970), the scaled RMSEA value (0.021) and the SRMR value (0.032) are consistent with a close-fitting
model and reveal no strong misspecification for this model.

6.1.2. Measurement model
The standardised regression weights can be found in Figure 2 (see full results in Section 9 of the
Supplementary Material).

‘Dictator game’ (UnStd.c = 0.82, z=5.33, p=9.76 x 107°, Std.c = 0.45), “Trust game’ (UnStd.c = 1.88,
z=7.78, p=7.26x10"", Std.c=0.71) and ‘Public Goods game’ (UnStd.c=1.39, z=6.85, p=7.37 x
107"2, Std.c = 0.48) loaded significantly on the cooperation latent variable, whose greater values indi-
cate higher initial contributions in the economic games. This confirms hypothesis 1 (i.e. the behav-
ioural measures extracted from the three economic games relate to a single hypothesised latent
construct). The average explained variance (R?) of the individual indicators by the cooperation latent
variable is 0.32, which is considered substantial (Cohen, 1988).

Five out of the eight indicators loaded significantly on the life-history strategy latent variable: ‘BMI’
(UnStd.c = 0.11, z=2.00, p <0.05, Std.c=0.22), ‘Smoking’ (UnStd.c=0.14, z=3.53, p=4.18 x 107%,
Std.c=0.56), ‘Health status’ (UnStd.c = —0.22, z=-2.56, p=0.01, Std.c = —0.33), ‘Age at first child’s
birth® (UnStd.c=-0.08, z=-2.01, p=0.04, Std.c=—-0.16) and ‘Sexual debut’ (UnStd.c=-0.10,
z=-3.76, p=1.69 x 10%, Std.c = —0.28). ‘Short-term partners’ marginally correlated with scores on
the life-history strategy latent variable (UnStd.c =0.31, z=1.80, p = 0.07, Std.c =0.22). ‘Health effort’
(p=0.49) and ‘Number of children’ (p=0.36) were not captured by the life-history strategy latent
variable. The average R> of the significant indicators by the life-history strategy latent variable was
0.14, which is considered moderate (Cohen, 1988).

Estimated covariances revealed correlations between some somatic maintenance indicators.
Specifically, ‘BMI’ and ‘Health effort’ (UnStd.c=-0.12, z=-1.98, p<0.05, Std.c=-—0.13) were
negatively associated. ‘Health status’ and ‘Health effort’ (UnStd.c=0.27, z=3.45, p=570x10""
Std.c = 0.23) were positively associated.

Estimated covariances revealed correlations between most of the reproduction indicators.
Specifically, ‘Number of children’ and ‘Age at first child’s birth’ (UnStd.c=—0.14, z=-6.36,
p=2.08x107"% Std.c=—0.33) were negatively associated. ‘Age at first child’s birth’ and ‘Sexual
debut’ (UnStd.c=0.03, z=2.77, p<0.01, Std.c =0.18) were positively associated. ‘Age at first child’s
birth” and ‘Short-term partners’ (UnStd.c =0.10, z=2.42, p = 0.02, Std.c = 0.14) were positively asso-
ciated. ‘Sexual debut’ and ‘Short-term partners’ (UnStd.c = —0.05, z=—1.82, p=0.07, Std.c = —0.10)
were negatively and marginally correlated.

Overall, results of the life-history strategy latent variable are fairly consistent with prior studies
(Mell et al., 2018) and partially confirm hypothesis 2 (i.e. individuals’ life-history strategy — the repro-
duction-maintenance trade-off — can be adequately modelled as a hypothetical latent construct).

6.1.3. Structural model

Figure 2 shows that childhood environmental adversity is not associated (UnStd.c = —0.29, z=—0.51,
p =0.61, Std.c = —0.04) with cooperation. Thus, hypothesis 3 (i.e. individuals who experienced greater
levels of adversity during their childhood display weaker cooperative tendencies later in life) is not
confirmed. Childhood environmental adversity is significantly, albeit moderately, associated with life-
history strategy (UnStd.c=1.92, z=3.14, p<0.01, Std.c=0.26). The R> of the life-history strategy
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Figure 2. Standardised parameter values estimated by the structural equation model. Significant paths at the 5% level are repre-
sented with a continuous arrow, marginally significant paths at the 10% level are represented with a dashed arrow and non-
significant paths are represented with a dotted arrow.

latent variable by childhood adversity is 0.07, which is considered weak to moderate (Cohen, 1988).
Opverall, an adverse childhood environment is associated with an increased investment in reproduction
and a decreased investment in somatic maintenance. Finally, the association between life-history strat-
egy and cooperation is not significant (UnStd.c =0.12, z=1.30, p = 0.19, Std.c = 0.12). The R* of the
cooperation latent variable by childhood adversity and life-history strategy is 0.02, which is considered
weak (Cohen, 1988).

The mediation analysis via the Delta method is not significant (indirect effect: UnStd.c=0.23, z=
1.05, p=0.29, Std.c=0.03). The mediation analysis via bootstrapping is also not significant (indirect
effect: UnStd.c =0.002, BCLIower = —0.000, BCLupper = 0.014, z=0.41, p =0.68). Thus, hypothesis 4
(i.e. the negative association between childhood environmental adversity and cooperation is mediated
by individuals’ life-history strategy) is not confirmed.

The pattern remains mostly the same after the inclusion of current environmental harshness as an
additional covariate (Heywood cases =26.1%, scaled CFI=0.974, scaled RMSEA =0.020, SRMR =
0.031). The only difference is that ‘BMI’, ‘Health status’ and ‘Age at first child’s birth” do not signifi-
cantly load on the life-history strategy latent variable anymore and the covariance between ‘BMI” and
‘Health effort’ turned non-significant (see full results in Section 10 of the Supplementary Material).

6.2. Without somatic maintenance

We performed an additional analysis, where we removed the life-history strategy indicators related to
somatic maintenance (i.e. BMI, smoking and health). Again, the above-mentioned effects remained
largely intact (Heywood cases=5.1%, scaled CFI=1.000, scaled RMSEA =0.000, SRMR = 0.022).
The only difference was that all covariance turned non-significant (see full results in Section 11 of
the Supplementary Material).
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6.3. Harshness and unpredictability

We divided childhood environmental adversity into two single composite scores — childhood harsh-
ness and childhood unpredictability — in order to test their relative contribution to life-history strategy
and cooperation (see Section 3.2.1 of the main text and Table S4 of the Supplementary Material).

6.3.1. Model convergence and fit

As previously described, the results we report are extracted from the 98% of cross-validation iterations
that led to a valid solution among each of the 20 imputed datasets. The scaled CFI value (0.964), the
scaled RMSEA value (0.021) and the SRMR value (0.033) are consistent with a close-fitting model and
reveal no strong misspecification for this model.

6.3.2. Results
When childhood harshness and childhood unpredictability are separated, the overall results are similar
to those obtained with the main model (see Section 6.1 of the main text). The single noteworthy
difference is that only childhood unpredictability is significantly associated with life-history
strategy (UnStd.c =0.21, z=3.26, p <0.01, Std.c = 0.26). Overall, greater unpredictability experienced
during childhood is linked to greater investments in reproduction and lower investments in somatic
maintenance, which is in line with a previous study (Simpson et al., 2012). Childhood harshness,
on the other hand, is not significantly associated with life-history strategy (UnStd.c =0.05, z=1.07,
p=0.29, Std.c=0.08). This indicates that the significant effect between childhood environmental
adversity and life-history strategy found in the main model is mainly driven by the unpredictability
indicators (see full results in Section 12 of the Supplementary Material).

Figure 3 displays the distribution and medians of the direct and indirect effects. The only effect that
is significant is the relationship between childhood unpredictability and life-history strategy (p < 0.01,
Std.c=0.26).

6.4. Exploratory analyses

In the previous sections we did not find the expected relationship between childhood environmental
adversity and cooperation. A possible explanation for this null result is that economic games are a poor
predictor of cooperative behaviour (Galizzi & Navarro-Martinez, 2019). In order to test if we can find
support for this explanation, we performed several exploratory analyses. The additional analyses are
based on the well-known relationship between current environmental adversity and social trust,
where more current adversity is associated with decreased levels of social trust (Alesina & La
Ferrara, 2002; Brandt et al., 2015; Guillou et al., 2020; Korndorfer et al., 2015; Mell et al., 2020).

6.4.1. Current adversity and self-reported social trust

We first tried to replicate the finding that more current adversity (measured as described in Section
3.2.3) is associated with decreased levels of self-reported social trust (measured as described in
Section 4 of the main text). We indeed found that more current adversity is associated with decreased
levels of social trust (UnStd.c = —0.64, z = —3.25, p < 0.01, Std.c = —0.16), which is consistent with pre-
vious findings (Alesina & La Ferrara, 2002; Brandt et al., 2015; Guillou et al., 2020; Korndoérfer et al.,
2015; Mell et al., 2020). The R* of self-reported social trust is 0.06, which is considered weak to mod-
erate (Cohen, 1988).

6.4.2. Current adversity and economic games

Then we tried to replicate the above finding by replacing self-reported social trust with (1) a latent
variable based on the three economic games and (2) the Trust game specifically. We found no
association between current adversity and cooperation measured using all three economic games
(UnStd.c=—-0.07, z=-028, p=0.72, Std.c=-0.02) or the Trust game considered separately
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Figure 3. Distribution and medians of the direct and indirect effects for the harshness and unpredictability model. (a) p-values. The
grey line is the standard alpha level of 0.05. Both axes are squared. (b) Standardised coefficients. The y-axis is squared.

(UnStd.c=0.22, z=0.41, p=0.65, Std.c=0.02). The R?, of the latent variable based on the three
economic games and the Trust game specifically, by current adversity is both null.

These results show that the well-known relationship between current adversity and social trust is
present in our sample, but only when social trust is measured via a questionnaire and not when it
is measured using economic games. Therefore, the reason for the null result, where childhood envir-
onmental adversity is not associated with cooperation, might be due to the use of economic games.

6.5. Self-reported social trust

In the registered analyses, we found no direct effect between childhood adversity and cooperation and
no indirect effect through life-history strategy. However, since we found a relationship between current
environmental adversity and self-reported social trust in the exploratory analyses, we aimed to repli-
cate our main model (see Section 6.1) after having replaced the cooperation latent variable (based on
economic games) with self-reported social trust. Therefore, this analysis tested whether childhood
environmental adversity negatively correlated with social trust, and whether life-history strategy
could mediate such correlation.

6.5.1. Correlation between social trust and the Trust game

Self-reported social trust scores and the initial contributions in the Trust game are not normally dis-
tributed (Shapiro-Wilk test: W=10.99, p <0.001 for self-reported social trust; W =0.93, p <0.001 for
the Trust game). Therefore, the Spearman rank correlation coefficient is used. The correlation between
self-reported social trust scores and Trust game scores is almost null (p =0.00, p =0.92).

6.5.2. Model convergence and fit

As previously, the results we report are extracted from the 57% of cross-validation iterations that led to
a valid solution among each of the 20 imputed datasets. Compared with the main model and the
model where harshness and unpredictability are separated, this model has a lot of problematic itera-
tions even though its number of parameters is equal to the former and inferior to the latter, which is
an indication of a low robustness to sampling variability. For the remaining 57% of the valid iterations
of the model, the scaled CFI value (0.928), the scaled RMSEA value (0.040) and the SRMR value
(0.034) are fairly consistent with a close fit.
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Figure 4. Standardised parameter values estimated by the structural equation model. Significant paths at the 5% level are repre-
sented with a continuous arrow, marginally significant paths at the 10% level are represented with a dashed arrow and non-
significant paths are represented with a dotted arrow.

6.5.3. Measurement model
The standardised regression weights can be found in Figure 4 (see full results in Section 13 of the
Supplementary Material).

Four out of the eight indicators loaded significantly on the life-history strategy latent variable:
‘Smoking’ (UnStd.c=0.13, z=3.58, p=3.42x 107, Std.c=0.54), ‘Health status’ (UnStd.c = —0.19,
z=-2.37, p=0.02, Std.c=—-0.29), ‘Age at first child’s birth’ (UnStd.c=—-0.09, z=-2.23, p=0.03,
Std.c=—-0.19) and ‘Sexual debut’ (UnStd.c=-0.10, z=—-3.82, p=1.33 x 1074 Std.c=—0.29). ‘BMI’
(UnStd.c=0.11, z=1.92, p=0.06, Std.c=0.22) and ‘Short-term partners’ (UnStd.c =0.30, z=1.72,
p=0.09, Std.c=0.21) marginally correlated with scores on the life-history strategy latent variable.
‘Health effort’ (p =0.42) and ‘Number of children’ (p =0.50) were not captured by the life-history
strategy latent variable. The average R* of the significant indicators by the life-history strategy latent
variable is 0.15, which is considered moderate (Cohen, 1988).

Estimated covariances revealed correlations between several somatic maintenance indicators.
Specifically, ‘BMI’ and ‘Health effort’ (UnStd.c=-0.12, z=-1.99, p<0.05, Std.c=-—0.13) were
negatively associated. ‘Health status’ and ‘Health effort’ (UnStd.c=0.27, z=3.39, p=7.07 x 107%,
Std.c = 0.22) were positively associated. ‘BMI” and ‘Health status’ (UnStd.c = —0.05, z = —1.85, p = 0.06,
Std.c = —0.14) were negatively and marginally correlated.

Estimated covariances revealed correlations between most of the reproduction indicators.
Specifically, ‘Number of children’ and ‘Age at first child’s birth’ (UnStd.c=-0.14, z=-6.10,
p=1.07x 10", Std.c=—0.33) were negatively associated. ‘Age at first child’s birth’ and ‘Sexual
debut’ (UnStd.c=0.03, z=2.54, p=0.01, Std.c=0.17) were positively associated. ‘Age at first child’s
birth’ and ‘Short-term partners’ (UnStd.c =0.10, z=2.37, p =0.02, Std.c =0.15) were positively asso-
ciated. ‘Sexual debut’ and ‘Short-term partners’ (UnStd.c = —0.05, z=—1.71, p=0.09, Std.c =—0.10)
were negatively and marginally correlated.
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6.5.4. Structural model
Figure 4 shows that childhood environmental adversity is not associated with self-reported social
trust (UnStd.c=-0.11, z=—-0.24, p=0.75, Std.c=—-0.02). Childhood environmental adversity is
once again significantly associated with life-history strategy (UnStd.c=2.08, z=3.25, p<0.01,
Std.c = 0.28). The R* of the life-history strategy latent variable by childhood adversity is 0.08, which
is considered weak to moderate (Cohen, 1988). Overall, an adverse childhood environment is asso-
ciated with an increased investment in reproduction and a decreased investment in somatic mainten-
ance. The association between life-history strategy and self-reported social trust is not significant
(UnStd.c = —0.05, z=—0.72, p = 0.47, Std.c = —0.06). The R* of self-reported social trust by childhood
adversity and life-history strategy is 0.05, which is considered weak (Cohen, 1988). Finally, the medi-
ation analysis via the Delta method is not significant either (indirect effect: UnStd.c = —0.11, z= —0.59,
p=0.55, Std.c = —0.02).

Thus, even with self-reported social trust (which was the only measure affected by current
environmental adversity), the proposed main effect and mediation effect were not found.

7. Discussion

The goal of the present study was to test the association between childhood environmental adversity
and adult cooperation using economic games in a representative sample of the French population and
to test whether the putative effect of adverse childhood environments on cooperation is mediated by
differences in individuals’ life-history strategy. Our structural equation models do not verify our main
hypotheses: childhood environmental adversity has no direct effect on adult cooperation, or indirect
effect through life-history strategy. These results are all the more remarkable because our data are char-
acterised by: (a) a robust pattern of associations between the three economic games and the cooper-
ation latent variable; (b) a robust pattern of associations between the reproduction and somatic
maintenance indicators and the life-history strategy latent variable (robust here is used in the sense
that the reported parameters are the medians of their distributions obtained under high sampling vari-
ability); (c) an association between adverse childhood environments and more short-term reproduct-
ive goals as well as fewer long-term health goals; and (d) unpredictability during childhood, rather
than harshness, as the driving factor behind the relationship between childhood environmental adver-
sity and life-history-strategy. These associations suggest that the data we collected behaves according to
a pattern that corresponds to prior work.

Childhood environmental adversity was not associated with adult cooperation in our models,
which is at odds with part of the experimental literature (Lettinga et al., 2020; McCullough et al.,
2013; Wu et al., 2020). Two possible, albeit not mutually exclusive, explanations can be put forward:
(a) there is no effect between childhood environmental adversity and cooperation; or (b) economic
games are a poor predictor of cooperative behaviour. Further analyses showed no association between
self-reported social trust and childhood adversity, while a consistent association was found with cur-
rent environmental adversity, a result which replicates prior findings (Alesina & La Ferrara, 2002;
Brandt et al., 2015; Guillou et al., 2020; Korndorfer et al., 2015; Mell et al., 2020). Interestingly, this
latter association was not found when social trust was measured using the Trust game or the three
economic games combined into a latent variable. To sum up, these results fit both explanations: (a)
a true null effect of childhood environmental adversity on cooperation is highly likely in our sample;
and (b) economic games are likely to be poor predictors of cooperative behaviours. Although, it is
worth noting that the well-known correlation between current environmental adversity and social
trust only emerged using the questionnaire data, not using economic games.

Such a discrepancy between economic games and questionnaires is not an isolated finding and
raises interesting questions about the validity of economic games to study real-world cooperation
(Becker et al., 2012; Boon-Falleur et al., 2020; Chuang & Schechter, 2015; Dang et al., 2020;
Lonngvist et al, 2015). For instance, a recent systematic review and meta-analysis (Galizzi &
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Navarro-Martinez, 2019) found only weak evidence of a correlation (r=0.14) between economic
games and social behaviour in the field. Furthermore, Galizzi and Navarro-Martinez (2019) also per-
formed a large and comprehensive laboratory-field experiment, where the same sample of participants
played economic games in the laboratory and were confronted with naturalistic situations related to
social preferences in the field, which showed that economic games do a poor job at explaining social
behaviours in the field and therefore lack external validity.

A fruitful avenue for future research would be to adjust economic games in order to make them
more predictive of real-life cooperation. There are several ways to achieve this goal. First, more con-
textual features should be added to economic games so that they are more aligned with cooperative
behaviour in the field. Much research in psychology and experimental economics has shown that pre-
ferences are significantly shaped by the context in which they are elicited (Ariely et al., 2006; Baumard
et al,, 2013; Gurven & Winking, 2008). For example, Goeschl et al. (2015) found that a Public Goods
game with standard parameters was not associated with a specific social behaviour (i.e. voluntary cli-
mate change mitigation) measured in another task. However, when the game parameters were more
aligned with the social behaviour being studied, they were associated. Also, Lagarde and Blaauw (2014)
found that when recipients in a Dictator game were framed in a similar manner (compared with a
standard way) to the social behaviour being studied (i.e. taking jobs in rural areas), economic
games decisions are linked to real-life behaviour. Thus, by including contextual features in economic
games so that they more resemble the social behaviour being studied, generalisability is possible
(Camerer, 2011).

Second, there is increasing evidence that economic games decisions are less stable and less predict-
ive of real-life behaviour than responses to questionnaires (Chuang & Schechter, 2015; Frey et al.,
2017; Lonngyvist et al., 2015). A possible explanation proposed by Palminteri and Chevallier (2018)
is that economic games decisions in the laboratory are probably influenced by the current situation
(i.e. state) that the participant is in, while questionnaires are specifically designed to measure people’s
average behaviour across a long period of time (i.e. state). Therefore, it would be interesting to inves-
tigate what happens when people are asked to play several economic games over an extended period of
time, so that their average response more closely resembles their true propensity for cooperative
behaviour.

Going back to our main results, a number of limitations should be acknowledged and may partially
explain why the predicted association was not found. First, the childhood environmental adversity
construct is based on retrospective self-reporting by participants in order to synthesise a picture of
childhood environmental adversity. Therefore, it is possible that these reports are sensitive to cognitive
biases in general and memory biases specifically. There is indeed controversy around the validity of
information about childhood experiences gathered from retrospective reports (Widom & Morris,
1997). However, in a similar study, Brown and Sear (2020) suggest that objective measures of envir-
onmental adversity are a more robust predictor of life-history strategy than subjective measures.
Importantly for our study, most of the indicators (12 out of 15) included in the environmental adver-
sity construct are objective measures about participants’ childhood (e.g. ‘Did your parents get divorced
or separated before the age of 18?), thereby reducing the reliance on subjective measures. Second,
there might be other mechanisms, besides the one put forward in our paper, that can explain the rela-
tionship between childhood environmental adversity and adult cooperation. For example, the relation-
ship might be mediated by capital restrictions (Nettle, 2015), waiting costs (Mell et al., 2019) or risk
management (Amir et al., 2018). Third, the correlational nature of our data must be acknowledged.

To conclude, recent findings indicate that adverse environments are associated with decreased
cooperation and that this effect is partly mediated by differences in individuals’ life-history strategy.
In this paper, we set out to replicate and extend these findings by measuring actual cooperative behav-
iour in three economic games — a Dictator game, a Trust game and a Public Goods game - on a diverse
sample of 612 people. Although we found that the cooperation and life-history strategy latent variables
were adequately captured by the models, the proposed relationship between childhood environmental
adversity and adult cooperation and the mediation effect by life-history strategy were not found.
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