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Abstract 
 
Face evaluations are a crucial component of social behavior, influencing a 

large range of social decisions from mating to political vote. Face 

evaluations are also susceptible to great individual differences. In this thesis, 

I propose that individual differences in face evaluations constitute a 

promising tool to investigate social behavior through the analysis of 

variations in the weight granted to different social signals, and notably 

cooperation- and power-related cues. I apply this approach in two ways. 

First, I examine the hypothesis that social motivation can be construed an 

adaptation to highly cooperative environments. Across six studies, I confirm 

a central prediction of this theory, by revealing that highly socially 

motivated individuals grant a higher importance to cooperation-related 

signals. Second, I investigate the cognitive mechanisms underlying political 

choices by examining their responses to different environmental signals. In 

a study on leader preferences in children and in adults, I show that early 

exposure to environmental harshness is associated with a preference for 
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stronger leaders. Building on these results, I then develop an original theory 

on political choices stating that leader preferences are biased towards the 

candidates perceived as the most competent for succeeding in the current 

context, independently of their leadership abilities. To summarize, my thesis 

puts forward a new framework to investigate social decisions based on 

individual variations in face evaluations and sheds light on the cognitive 

processes underlying social behavior as well as their evolutionary bases. 

  



	

9 

 
 
Résumé 
 
 

 

Les évaluations faciales sont un élément central des comportements 

sociaux, influençant un large spectre de choix allant du choix du partenaire 

sexuel aux choix politiques, mais sont également le sujet de grandes 

variations individuelles. Dans cette thèse, je propose que l’analyse des 

différences individuelles dans le poids accordés à différents signaux 

sociaux, et notamment à ceux de coopération et de pouvoir, lors des 

évaluations faciales est un outil prometteur pour l’étude des 

comportements sociaux; j’applique cette approche de deux façons. Dans un 

premier temps, pour examiner l’hypothèse selon laquelle la motivation 

sociale correspond à une adaptation aux environnements coopératifs. À 

travers six études, je montre que la motivation est associée à une plus 

grande importance donnée aux signaux de coopération, confirmant ainsi 

une prédiction centrale de cette théorie. Dans un second temps, j’étudie les 

mécanismes cognitifs impliqués dans les choix politiques, en examinant 

leurs réponses à différents signaux de l’environnement. Dans une étude sur 

les préférences politiques des enfants et des adultes, je montre que 

l’expérience précoce d’un environnement difficile est associée à une 
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préférence pour les hommes forts. À partir de ces résultats, je développe 

une théorie originale sur les préférences politiques selon laquelle les choix 

politiques sont orientés vers les individus perçus comme les plus aptes à 

réussir dans le contexte présent, indépendamment de leurs qualités en tant 

que chef de groupe. En résumé, tout au long de cette thèse, je présente un 

nouveau cadre de travail pour étudier les décisions sociales, basé sur les 

variations individuelles dans les évaluations faciales, et je démontre 

comment ce cadre de travail peut éclairer les mécanismes cognitifs sous-

tendant les comportements sociaux ainsi que leurs bases évolutives.  
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Foreword 
 

 

 As soon as they detect their conspecifics, human beings automatically 

attribute them personality traits. The question of the accuracy of these first 

impressions is historically ancient, with the first evidence of physiognomy 

dating back from the antiquity. This approach peaked in popularity during 

the 19th century, notably with the work of Cesare Lombroso who tried to 

identify the facial features that characterize criminals. Although the work of 

Lombroso is now outdated and physiognomy considered a pseudo-science, 

the accuracy of face evaluations is still a hot question in psychology. In the 

past few years, multiple scientific studies, especially in evolutionary 

psychology, have tried to answer this question and to understand what face 

evaluations actually reveal about the target of the evaluations. This line of 

research has revealed that there may be at least a kernel of truth in face 



	

12 

evaluations, with perceived dominance, trustworthiness or extraversion 

correlating with the individuals’ actual behavior (Bonnefon, Hopfensitz, & 

De Neys, 2013, 2017a; Bonnefon, Hopfensitz, & Neys, 2015; Carré, 

McCormick, & Mondloch, 2009a; De Neys, Hopfensitz, & Bonnefon, 2013; 

Kramer, King, & Ward, 2011; Tognetti, Berticat, Raymond, & Faurie, 2013). 

 However, what face evaluations reveal about the observer is far less 

investigated. While the first impressions individuals form about others can 

vary greatly from one observer to the next (Hehman, M, Flake, & Slepian, 

2017), the mechanisms that are responsible for such variability are mostly 

underspecified. Yet, investigating inter-individual variability in face 

evaluations has the potential to provide unique insights into social 

decisions. On the one hand, studying the association between variations in 

individual characteristics (e.g., in personality traits) and in the reliance on 

specific facial features, i.e., on specific social signals, for social choices can 

shed a new light on the functional consequences of these differences and 

thus on their adaptive value in different environments. On the other hand, 

the analysis of these individual variations may also reveal important 

information on the way social decisions respond to external factors and 

thereby on the underlying cognitive processes and on their evolutionary 

roots. Based on these ideas, in the present thesis, we investigated 

individual differences in face evaluations as responses to internal and 

environmental variables to gain new insights on social behavior from an 

evolutionary perspective.  
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Chapter one. Face evaluations 
as an entry point into social 
cognition  
 

 

 

Importance of face evaluations 

 Faces are among the first signals individuals have access to during a 

new encounter and they carry important information about the future of the 

upcoming social interaction. They provide a vehicle for emotion expressions 

signaling others’ internal state and intentions as well as crucial features of 

the environment, such as the presence of an external threat (Dezecache, 

Mercier, & Scott-Phillips, 2013; Sander, Grandjean, Kaiser, Wehrle, & 

Scherer, 2007). In addition to conveying information, faces are also used as 

social signals per se. Indeed, faces are consistently used to infer personality 
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traits and to form expectations about others’ behavior (see Todorov, 

Olivola, Dotsch, & Mende-Siedlecki, 2015 for a review on this topic). 

These face evaluations are far from anecdotic: they heavily influence social 

interactions of high evolutionary relevance, such as cooperation and mating 

(e.g., Rezlescu, Duchaine, Olivola, & Chater, 2012; Valentine, Li, Penke, & 

Perrett, 2014). For instance, facial trustworthiness has been shown to 

strongly influence investments in economic games (Chang, Doll, van ’t 

Wout, Frank, & Sanfey, 2010; Rezlescu et al., 2012; Tingley, 2014; van ’t 

Wout & Sanfey, 2008). More precisely, van’t Wout & Sanfey (2008) have 

shown that the more trustworthy participants perceived their partner’s face 

the more they invested money in a trust game. Similarly, Tingley (2014) has 

found that partners represented by avatars with higher levels of 

trustworthiness received higher investments in a trust game.  

Importantly, face evaluations not only impact the very first interactions with 

completely unknown individuals but their influence persists even after 

people have received information about others’ actual behavior (Chang et 

al., 2010; Rezlescu et al., 2012). As an example, even when participants 

have access to their partners’ cooperative history, they still cooperate more 

with a trustworthy-looking partner than with an untrustworthy-looking one 

(Rezlescu et al., 2012). Going one step further, Chang et al (2010) have 

revealed that partner’s facial trustworthiness still impacts investment 

decisions in a trust game after 14 cooperative interactions. More strikingly, 

first impressions from faces also influence decisions for which multiple other 
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sources of information are accessible, such as judicial and political decisions 

(e.g., Porter, Brinke, & Gustaw, 2010; Todorov, Mandisodza, Goren, & Hall, 

2005a; J. P. Wilson & Rule, 2015a). For instance, individuals require less 

evidence to condemn more untrustworthy-looking individuals and are more 

likely to condemn them to a death-sentence (Porter et al., 2010; J. P. Wilson 

& Rule, 2015a). Similarly, elections outcomes can be predicted with a power 

as high as 70% based on the evaluations of the candidates’ faces (Antonakis 

& Dalgas, 2009; Ballew & Todorov, 2007; Chen, Jing, & Lee, 2014; 

Laustsen, 2013; Olivola & Todorov, 2010; Sussman, Petkova, & Todorov, 

2013; Todorov et al., 2005a).  

These high-impact evaluations are not the result of an effortful and 

conscious process but rather of an unreflective mechanism. Indeed, ratings 

of competence made after a 100-millisecond exposure already hold a 

predictive power 70% on election outcome (Ballew & Todorov, 2007; 

Olivola & Todorov, 2010). More precisely, 50 to 100 milliseconds are 

enough to form stable evaluations of unknown faces on various personality 

traits, ranging from attractiveness to competence (Ballew & Todorov, 2007; 

Bar, Neta, & Linz, 2006; Borkenau, Brecke, Möttig, & Paelecke, 2009; Olson 

& Marshuetz, 2005; Todorov, Pakrashi, & Oosterhof, 2009; Willis & Todorov, 

2006). Going one step further, the categorization of individuals based on 

their facial features seems to be automatic. Using fMRI, Engell et al. (2007) 

have shown that faces are automatically encoded as trustworthy or 

untrustworthy even when participants perform unrelated tasks. Similarly, 
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experiments on the preconscious processing of facial cues have shown that 

untrustworthy and dominant avatars are processed differently compared to 

trustworthy or submissive ones (Getov, Kanai, Bahrami, & Rees, 2015; 

Stewart et al., 2012).  

Automatic social evaluations of neutral faces are not only present in adults 

but have been evidenced throughout the lifespan. From 6 months, infants 

process fixed facial features of attractiveness, dominance and 

trustworthiness (Jessen & Grossmann, 2016; Ramsey, Langlois, Hoss, 

Rubenstein, & Griffin, 2004) and from 6 years old, children have first 

impressions of unknown faces similar to those of adults (Cogsdill, Todorov, 

Spelke, & Banaji, 2014). Going one step further, it has been shown that 

children are not only able to form adult-like impressions from others’ faces 

but that they also use these face evaluations to guide their social decisions. 

For instance, 10 year-old children use facial cues of trustworthiness to 

decide who to cooperate with in a trust game (Ewing, Caulfield, Read, & 

Rhodes, 2015). In summary, face evaluations are both automatically 

triggered by the detection of a new face and orient social decisions in many 

domains throughout the lifespan, placing them as a central component of 

human social behavior. 
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Functional bases of face evaluations 

 The importance of face evaluations for social interactions has made 

first impressions a major area of research in cognitive science. Functional 

models of first impressions have been put forward to characterize the 

cognitive and evolutionary bases of face evaluations. In particular, in 2008, 

Oosterhof & Todorov (2008) have proposed a functional model of face 

evaluations using a data-driven approach. More precisely, in order to 

identify the dimensions on which face evaluations are built, they applied a 

principal components analysis on 15 traits evaluated on 66 faces by 327 

participants. Thereby, they demonstrated the existence of two dimensions 

underlying face evaluations, respectively explaining 63% and 18% of the 

total variance. The first dimension correlated strongly with perceived caring 

and sociability. It was construed as representing the valence of the face and 

approximated as a ‘trustworthiness dimension’ due to its strong correlation 

with this trait (r = 0.94). The second one was construed as a ‘dominance 

dimension’ (correlation with dominance evaluations: r = 0.93). 

This functional model states that any face evaluation can be decomposed in 

the two-dimensional space of dominance and trustworthiness. In other 

words, it implies that any social judgment made from a face can be 

construed as a weighted combination of perceived trustworthiness and 

perceived dominance. For instance, in their seminal paper (Oosterhof & 

Todorov, 2008), the authors reconstructed a “threat” gradient 

corresponding to a 45° rotation of the trustworthiness and dominance axes 
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such that less trustworthy and more dominant faces are rated as most 

threatening while more trustworthy and less dominant faces are perceived 

as least threatening (Figure 1). 

 

Figure 1. The threat gradient (diagonal line) modeled by Oosterhof & Todorov (2008) 

based on the dominance and trustworthiness dimensions 

The model of face evaluations developed by Oosterhof & Todorov (2008) 

provides new conceptual tools for the understanding of social choices. 

Especially, it opens the path to more precise characterizations of the impact 

of multidimensional social traits, such as masculinity, on social decisions. 
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Masculinity is an important cue for social choice (Little, DeBruine, & Jones, 

2010; Spisak, Homan, Grabo, & Van Vugt, 2012) and appears to be 

associated with multiple – sometimes contradictory – traits, such as higher 

and lower levels of prosociality (Boksem et al., 2013; Bos, Terburg, & Honk, 

2010; Carré et al., 2009a; van Honk, Montoya, Bos, Vugt, & Terburg, 2012; 

Wibral, Dohmen, Klingmüller, Weber, & Falk, 2012). This 

multidimensionality makes difficult to clearly identify the behavior that is 

expected from masculine partners. On the contrary, in the model 

developed by Oosterhof and Todorov (2008), masculinity can be 

decomposed as a weighted combination of dominance and trustworthiness, 

two traits that are associated with clear behavior. 

Indeed, both trustworthiness and dominance are associated with precise 

behaviors that are closely associated with important dimensions of human 

social interaction. On the one hand, trustworthiness relates to the 

probability of cooperating (Chang et al., 2010), and cooperation is 

acknowledged to be a major feature of human ecological niche as well as to 

have acted as an important pressure in the evolutionary history of the 

human species (Kaplan, Hooper, & Gurven, 2009; Stevens & Hauser, 2004). 

On the other hand, dominance is associated with another fundamental 

aspect of human social organization: power (Kaplan et al., 2009; Todorov, 

Said, Engell, & Oosterhof, 2008). Indeed, across taxa, facial features of 

dominance, such as the width-to-height ratio, have been quite 

systematically associated with physical and social power, indicating an 
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evolutionary old relation between facial cues of dominance and power-

related behavior (Carmen Emilia Lefevre et al., 2014, 2014; G. J. Lewis, 

Lefevre, & Bates, 2012; V. Wilson et al., 2014). The framework developed by 

Oosterhof and Todorov (2008) thus offers the possibility to analyze face 

evaluations and social decisions from faces in terms of weighting of two 

highly relevant signals for human social organization: cooperation and 

power.  

Before exposing some of the lines of research opened by this framework, it 

is important to note that this model has been replicated for face evaluations 

using different samples of faces (Sutherland et al., 2013; Vernon, 

Sutherland, Young, & Hartley, 2014) as well as for first impressions from 

voices (McAleer, Todorov, & Belin, 2014). Going one step further, these two 

dimensions of trustworthiness-cooperation and dominance-power closely 

match more general models of social interactions, such as the warmth-

competence model developed by Fiske et al. (2007). Indeed, 

trustworthiness signals the cooperative intentions of the agent (her warmth) 

while dominance gives an indication of her ability to implement these 

intentions (her competence). In line with the high relevance of cooperation- 

and power-related signals for humans’ social life, the correspondence 

between these two frameworks suggests that the functional model 

developed by Oosterhof and Todorov (2008) can be extended to a more 

general cooperation-power framework for analyzing social information 

processing. As a consequence, the investigation of the weighting of 
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cooperation- and power-related signals in face evaluations can provide 

more general insights on their importance for social behavior. In particular, 

variations in social choices from faces can reveal more global variations in 

the importance granted to cooperation and power for social decisions. 

 

One face, multiple evaluations 

 The model of face evaluations developed by Oosterhof and Todorov 

(2008) provides a new conceptual framework to understand the diversity of 

social choices both in terms of contextual variations and individual 

differences. Indeed, face-based social choices are highly sensitive to 

external signals such as pathogens, resource scarcity or social threats 

(DeBruine, Jones, Crawford, Welling, & Little, 2010; Little, Roberts, Jones, & 

DeBruine, 2012; Watkins, DeBruine, Little, Feinberg, & Jones, 2012; 

Watkins & Jones, 2012). For instance, placing participants in a social threat 

context systematically increases their preference for masculine leaders 

(Laustsen & Petersen, 2015; Little, Burriss, Jones, & Roberts, 2007a; Little et 

al., 2012; Spisak, Dekker, Krüger, & Vugt, 2012). The Oosterhof & Todorov’s 

model (2008) offers the possibility to interpret these contextual variations as 

differences in the weight granted to cooperation- and power-related signals 

for leader choice in different contexts. In particular, as perceived masculinity 

is associated with both an increased perceived dominance and a decreased 

perceived trustworthiness (Oosterhof & Todorov, 2008), this model allows 
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to disentangle which of the dominance-power or trustworthiness-

cooperation dimension drives the preference for more masculine leaders in 

times of social threat. In other words, it can inform us about the relevance of 

cooperation- and power-related signals for leader choices in these contexts. 

Therefore, applying this cooperation-power framework can provide new 

insights on the functional consequences of the variability of social decisions 

across contexts, and thus can shed a new light on the underlying cognitive 

mechanisms.  

In addition to this individual flexibility, the cooperation-power framework 

can also be used to investigate a crucial aspect of social choices: inter-

individual variability. Indeed, social choices often vary from one individual 

to the next, as regularly revealed by political elections outcomes. Similarly, 

individuals often differ in their evaluation of others’ faces. As an example, 

while inter-rater reliability can be as high as 0.90 for trustworthiness and 

attractiveness evaluations, it can be as low as 0.60 for boringness 

evaluations and raters’ characteristics can explain up to 25% of the 

evaluations variance (Engell et al., 2007; Hehman et al., 2017; Oosterhof & 

Todorov, 2008; Rule, Krendl, Ivcevic, & Ambady, 2013). 

More than just the descriptive interest of inter-individual differences in face 

evaluations, the study of these differences can be especially fruitful when 

investigated in the Oosterhof & Todorov’s model (2008). Indeed, by 

applying the same reasoning on inter-individual variations as on inter-

context variations, one can hypothesize that individual differences in face 
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evaluations reveal individual differences in the relevance of cooperation- 

and power-related signals. This method can thus provide insights into the 

influence of specific individual variables, such as personality traits or culture, 

on the importance granted to these two dimensions of social interactions. 

For instance, Chen et al. (2016) have revealed that social competence was 

more correlated with trustworthiness in American participants than in 

Chinese participants, suggesting that American participants granted more 

weight to cooperation-related signals, and thus to cooperative motives, for 

evaluating social competence than Chinese participants. Going one step 

further, this analysis can reveal some the functional consequences of 

specific individual characteristics, and help to discuss their adaptive value in 

different environments. In summary, applying the cooperation-power 

framework to individual differences in face evaluation can help to gain a 

better understanding of human social behavior in an evolutionary 

perspective.  

In the present thesis, we precisely apply this approach by using individual 

differences in the weight granted to cooperation- and power-related cues 

for face evaluations to investigate both the internal variables that influence 

social decision-making and the cognitive processes underlying social 

choices. 

In the second chapter of this thesis, we investigate social motivation, an 

individual variable that is also a major drive of human behavior (Chevallier, 

Kohls, Troiani, Brodkin, & Schultz, 2012). More precisely, we use individual 
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variability in face evaluations to test a central prediction of a recent 

evolutionary hypothesis of social motivation stating that social motivation 

can be construed as an adaptation to highly cooperative environments 

(Chevallier, Kohls, et al., 2012). In a total sample of 410 participants and 

across 5 experiments, we show, in line with this hypothesis, that highly 

socially motivated individuals grant more relative weight to cooperation-

related cues, i.e., trustworthiness cues. This weighting difference results in 

the widening of the cooperation circle to more powerful partners in highly 

socially motivated individuals, which may be identified as a high-stake 

cooperative strategy. 

Building on these results, we then examine whether these differences would 

extend to younger individuals as well as to individuals with autism, a 

neuropsychological condition notably characterized by a decrease in social 

motivation. More precisely, we apply the dimensional approach to 

neuropsychological conditions that has received an increased interest in the 

past few years (Cuthbert, 2014; Insel et al., 2010; National Institute of 

Mental Health, 2015; Sanislow et al., 2010) to test whether social motivation 

has the same effects in adolescents with and without autism (each N = 20) 

as in adults. Confirming the evolutionary model of social motivation 

(Chevallier, Kohls, et al., 2012) and the results obtained in adults, we show 

that highly socially motivated adolescents without autism grant more weight 

to cooperation-related cues. However, our results reveal that social 

motivation has a different effect in individuals with autism, which questions 
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the insights that can be derived from the dimensional approach of 

neuropsychological conditions. As a conclusion, the investigation of the 

face evaluations differences associated with social motivation provides new 

insights into key aspects of this specific type of motivation from both an 

evolutionary and a clinical perspective.  

Internal variables, such as personality traits, are not the only factors 

influencing behavior and social cognition. In particular, an increasing 

number of findings have shown the impact of environmental factors, such as 

poverty or pathogens prevalence, on social behavior and on face 

evaluations (Little et al., 2010, 2012; Watkins et al., 2012; White, Kenrick, & 

Neuberg, 2013). For instance, Little et al. (2012) have found that women’s 

preference for more masculine men decreases as the general health status 

in their country increases. In addition, a large body of evidence in ecology 

suggests that the behavior is influenced not only by the current 

environment of the individuals but also by the environment experienced 

during development (Roff, 2002; Stearns, 2000). Indeed, it has been shown 

that differences in the environmental signals perceived during childhood 

account for important variations in behavior (Griskevicius et al., 2013; Mittal, 

Griskevicius, Simpson, Sung, & Young, 2015a; Nettle, Frankenhuis, & 

Rickard, 2013).  

By revealing how specific behaviors respond to external pressures, these 

individual differences provide unique insights on the underlying cognitive 

mechanisms and on their development. Building on this literature, in a third 
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chapter, we adopt an ecological approach, and investigate political 

behavior by analyzing its variations in different environments. More 

precisely, we further examine the way political preferences respond to 

environmental harshness by testing the effect of the early experience of 

poverty on the relative importance of cooperation- and power-related 

signals for leader choices (N = 40 children, N = 1000 adults). We show a 

both immediate and long-lasting effect of childhood poverty on the 

preference for strong leaders, i.e., more dominant and less trustworthy 

ones, providing new evidence of the deep roots of the political responses 

to external threats. We then discuss this experimental work in the context of 

an extensive review of the literature on variability of leader preferences in 

different contexts that is at the basis of a theoretical work on the cognitive 

mechanisms underlying leader choice.  

In summary, throughout this thesis, we demonstrate how the investigation 

of individual differences in the weighting of two highly ecological social 

signals (i.e., power-dominance and cooperation-trustworthiness signals) can 

provide new insights into the cognitive mechanisms underlying social 

behavior and on their evolutionary bases. 
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Chapter two. Investigation of 
an internal variable: study of 
social motivation 
 

 

 

Social motivation as cooperative strategy 

 Human beings’ social motivation is self-evident in cognitive science 

and countless papers state in their opening lines that ‘humans are a highly 

social species’. While many non-human animals live in groups and interact 

with conspecifics, Homo sapiens are indeed exceptional in the variety of 

social interactions they pursue (Kaplan et al., 2009). For humans, social 

interactions are indeed frequent, diverse and rewarding (Hayden, Parikh, 

Deaner, & Platt, 2007; Izuma, Saito, & Sadato, 2008; O’Doherty et al., 2003; 

Pfeiffer et al., 2014; Rademacher et al., 2010; Ruff & Fehr, 2014). Social 
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stimuli such as faces and speech are granted special attention from birth 

(Salva, Farroni, Regolin, Vallortigara, & Johnson, 2011; Vouloumanos, 

Hauser, Werker, & Martin, 2010) and interactive activities are consistently 

favored over solitary ones by children as young as three (Rekers, Haun, & 

Tomasello, 2011). In adults, social cues receive attentional priority (Langton, 

Law, Burton, & Schweinberger, 2008; Lavie, Ro, & Russell, 2003; Ro, Friggel, 

& Lavie, 2007) and positive social feedback reinforces learning (Chevallier et 

al., 2016; Jones et al., 2011; A. Lin, Adolphs, & Rangel, 2012- see 

Appendix). By contrast, ostracism and social rejection are experienced as 

painful (DeWall & Bushman, 2011; Eisenberger, Lieberman, & Williams, 

2003; Kross, Berman, Mischel, Smith, & Wager, 2011) and can trigger 

intense negative psychological states (Cacioppo & Hawkley, 2009). 

Strikingly, Epley and Schroeder (2014) demonstrated that even when 

participants predict that they would prefer social isolation over social 

interaction, the precise opposite happens. Even when forced then, social 

interactions are rewarding. 

Recently, it has been proposed that social motivation can be construed as 

an adaptation to collaborative environments, which are characterized by a 

strong reliance on cooperation to access resources (Chevallier, Kohls, et al., 

2012). In this perspective, social motivation would be a coordinated 

strategy to motivate individuals to take part in collaborative interactions and 

to allocate enough attention and resources to prevent the fitness costs 

associated with cooperation, such as being exploited or left alone. This 
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theory predicts that the more people are socially motivated, the more they 

should care about others’ reliability - to avoid being exploited - and the 

more they should care about their reputation - to avoid being shunned. In 

line with this idea, individuals who score high on a measure of social 

motivation (the social desirability scale) are also more concerned with their 

reputation and give more to charities as a result (Satow, 1975). On the 

opposite side of the spectrum, individuals who have diminished social 

motivation, such as people on the Autism Spectrum Disorder, are less 

concerned with their reputation (Begeer et al., 2008; Cage, Pellicano, Shah, 

& Bird, 2013; Chevallier et al., 2014; Chevallier, Grèzes, Molesworth, 

Berthoz, & Happé, 2012; Izuma, Matsumoto, Camerer, & Adolphs, 2011; 

Scheeren, Begeer, Banerjee, Terwogt, & Koot, 2010). In the same way, this 

theory predicts that social motivation should also be associated with 

differences in approach-avoidance behavior. More precisely, according to 

this theory, highly socially motivated individuals should grant more 

importance to cooperation-related than to power-related signals to decide 

who to approach and who to avoid. 

To test this hypothesis, we investigated individual differences in the weight 

granted to cooperation- and power-related signals in face evaluation in a 

total sample of 410 participants tested across three experiments with direct 

replications. We found that social motivation is robustly associated with 

specific differences in the way power- and cooperation-related signals are 

combined to produce approach-avoidance judgments. We then modeled 
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participants’ decisions in a trustworthiness-dominance two-dimensional 

space and found that highly socially motivated individuals are ready to 

approach a wider spectrum of trustworthy partners, which may be identified 

as a high-stake cooperative strategy relying on a widening of the 

cooperation circle to more powerful partners. Our results thus confirmed 

the link between higher social motivation and higher importance granted to 

cooperation-related cues predicted by the evolutionary model of social 

motivation and refined the hypothesis about the cooperative strategy 

associated with social motivation (Chevallier, Kohls, et al., 2012).  

My contribution to this work was as follows: design of the experiment, 

collection and analysis of the data, and writing of the paper. The manuscript 

in which the results are reported has been submitted to Nature Human 

Behavior. 
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Abstract 

That humans belong to a highly social species is hardly debated and it is 

now well-established that being motivated to form solid social bonds 

enhances fitness across multiple mammal species. Yet, the proximate 

mechanisms by which such social motivation promotes success in the 

human ecological niche are mostly underspecified. Here, we demonstrate 

across five experiments that social motivation is robustly associated with a 

targeted increase in the weight granted to cooperation-related cues to 

produce approach-avoidance decisions. Modeling participants’ decisions 

further revealed that motivation for social bonding results in a high-risk / 

high-reward cooperative strategy relying on a widening of the cooperation 

circle to include more powerful partners.  

 

Significance statement 

The motivation to form social bonds is widely regarded as a fitness 

enhancing feature in social species. Yet, initiating social interactions also 

brings about a range of risks. Here we test the hypothesis that increased 

motivation for social bonding comes with a targeted increased in people’s 

sensitivity to cooperation-related cues, which protects individuals from 

exploitation risks. High social motivation does not lead individuals to 

approach more partners indiscriminately; rather, motivation for social 

bonding is associated with a high-risk / high-reward cooperation strategy 

involving interactions with more powerful partners.     
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Main text 

While many non-human animals live in groups and interact with 

conspecifics, Homo sapiens are exceptional in the variety of social 

interactions they pursue1. For humans, social interactions are indeed 

frequent, diverse and rewarding2–8. Individuals are biased to seek positive 

social interactions and maintain social bonds9–13. There is now a consensus 

on the fact that the motivation to form social bonds plays a key role in 

human behaviour and enhances individual fitness8,14,15. However, beyond 

the fitness advantage conferred by successful and stable social bonds16, the 

mechanisms by which social motivation ultimately promote success in the 

human ecological niche are still underspecified. In particular, all social 

interactions are not beneficial and individuals constantly face a trade-off 

between maximizing the number of cooperative interactions and minimizing 

exploitation risk. Therefore, motivation for social bonding should not 

operate indiscriminately but rather shape approach-avoidance decisions to 

maximize the number of successful interactions. According to this 

hypothesis then, social motivation should enhance responsiveness to cues 

that are relevant to assess the success of cooperative interactions. Highly 

socially motivated individuals should thus grant more importance to 

cooperation-related signals - such as trustworthiness, than to power-related 

cues - such as dominance. 

 In the present paper, we tested this hypothesis by investigating the 

weight individuals grant to cooperation-related cues during social decision-

making. More precisely, based on previous work showing that approach-
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avoidance decisions can be decomposed into cooperation and power 

evaluations17–20, we compared the weight granted to cooperation-related 

cues to that granted to power-related cues. Our analysis relied on face 

evaluations, a major determinant of social interactions21. Face evaluations 

indeed predict who participants trust in economic games, who will be 

elected in political elections and who juries are most likely to condemn to 

death sentences22–24. Importantly, studies on face evaluations have shown 

that the weight granted to cooperation- and power-related cues, i.e. 

trustworthiness and dominance cues, varies across social contexts, which 

suggests that people adjust their social decisions flexibly according to the 

relevance of these cues. For instance, leader preferences are more driven 

by dominance in war-time, when physical strength is important, than in 

peace-time25,26. Going one step further, we hypothesized that this flexibility 

also operates across individuals and that motivation for social bonding is 

associated with an increase in the importance granted to trustworthiness to 

produce social decisions.  

To test the hypothesis that the motivation to form social bonds is associated 

with a higher weight granted to cooperation-related cues, we first examined 

participants’ reliance on cooperation- and power-related cues to produce 

judgments of threat, which are key to produce avoidance decisions. More 

precisely, we asked 60 participants to rate 40 faces on threat, 

trustworthiness and dominance (Figure 1A). We reconstructed their two-

dimensional threat space, by modelling threat evaluations as a function of 

perceived dominance and perceived trustworthiness. Following the analysis 
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plan used in Todorov et al.’s paper27, our model of threat evaluations 

included linear, quadratic and interaction effects of perceived 

trustworthiness and perceived dominance.  

 

Results 

As can be seen in Figure 1B, faces perceived as less trustworthy and more 

dominant were rated as more threatening (bT = -0.35 ± 0.05, t(2316) = -

15.25, p < .001; bD = 0.35 ± 0.04, t(2316) = 17.32, p < .001; Figure 1B). In 

addition, a quadratic effect of dominance indicated that threat evaluations 

were more sensitive to higher than to lower levels of dominance (bD^2 = 

0.21 ± 0.07, t(2316) = 6.18, p < .001 = .024).  

In line with our hypothesis, highly socially motivated participants granted 

more importance to perceived trustworthiness, but only to evaluate faces 

perceived as dominant (bT*D*SocMot = -0.17 ± 0.11, t(2316) = -2.97, p = .042; 

no other significant effect of social motivation was found: all ps > .119; 

Figure 1B). This result thus confirms and refines the hypothesized effect of 

the motivation for social bonding on approach-avoidance behaviour by 

revealing that the association between higher levels of social motivation 

and a higher weight granted to cooperation-related cues might be specific 

to the evaluation of powerful individuals.  

We tested the robustness of this finding in two ways28. Firstly, by replicating 

the same experiment on 30 participants tested in the lab using avatar faces 

varying in dominance and trustworthiness, and then by extending this result 

to the opposite end of the approach-avoidance continuum through the 
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investigation of likeability evaluations (60 participants).  

As expected, the association between the motivation to form social bonds 

and an increased weight granted to trustworthiness to evaluate dominant 

faces was confirmed in the experiment on threat evaluation conducted in 

lab (bT*D*SocMot = -0.31 ± 0.14, t(2359) = -4.26, p = .006). The reconstruction 

of the two-dimensional likeability space replicated the general approach-

avoidance pattern found in the threat evaluation studies, with more 

trustworthy and less dominant faces perceived as more likeable (bT = 0.38 ± 

0.03, t(2317) = 21.87, p < .001 ; bD = -0.34 ± 0.03, t(2317) = -22.22, p < 

.001) and likeability ratings being more sensitive to higher than to lower 

levels of dominance (bD^2 = -0.15 ± 0.08, t(2317) = -5.40, p < .001; Figure 

1C). Even more importantly, the effect of the motivation for social bonding 

on the combination of perceived trustworthiness and perceived dominance 

was also evidenced in likeability evaluations (bT*D*SocMot = 0.19 ± 0.09, t(2317) 

= 3.93, p < .001; Figure 1C).  Finally, a meta-analysis conducted on all three 

social evaluation experiments further confirmed the association between 

high levels of social motivation and a higher weight granted to 

trustworthiness for the evaluation of dominant faces (bT*D*SocMot = -0.21 ± 

0.07, z = 6.33, p < .001).  

In order to better understand the functional consequences of these 

weighting differences on approach-avoidance behaviour, we ran post-hoc 

analyses on the predictions of the meta-analytic model. We found that 

social motivation was associated with an increase in the range of trustworthy 

faces rated as approachable (bSocMot = 0.78 ± 0.15, z = 10.12, p < .001), 
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which was driven by a higher propensity to approach dominant and 

trustworthy individuals (bSocMot = 0.95 ± 0.17, z = 11.01, p < .001; all the 

predicted proportions of submissive and trustworthy faces rated as 

approachable were equal to one, model p-value: p > .250; Figure 1C).  

To further examine these functional consequences, we directly measured 

participants’ preference for dominant and trustworthy faces. To do so, we 

asked 60 participants to choose their preferred face in pairs of avatars 

parametrically varying in dominance and trustworthiness29 (Figure 1D). Using 

a logistic regression on participants’ responses, we modelled the probability 

of choosing a more trustworthy and more dominant face over a more 

untrustworthy and more submissive one30,31.  

This experiment confirmed that highly socially motivated participants had a 

higher probability of preferring a more dominant and more trustworthy face 

to a less dominant and less trustworthy face (bSocMot = 0.01 ± 0.01, z = 2.67, 

p = .001; Figure 1E). We assessed the robustness of this result by 

conducting a replication of this task in a larger sample of participants (N = 

200). As in the original study, motivation for social bonding was associated 

with a higher probability of preferring the more trustworthy and more 

dominant face in this replication study (bSocMot = 0.01 ± 0.01, z = 3.28, p < 

.001) as well as in the meta-analysis conducted on these two experiments 

(bSocMot = 0.01 ± 0.01, z = 4.11, p < .001; Figure 1E-F).  
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Discussion 

 Across five studies, we confirmed that motivation for social bonding 

is associated with a higher weight granted to cooperation-related cues, i.e., 

trustworthiness cues, during social-decision making. Our results thus 

provide support for the idea that social motivation is associated with 

specific behavioural differences that favour successful cooperative 

interactions8.  

Importantly, this weighting difference results in a specific distortion of 

subjects’ approach-avoidance two-dimensional space, such that highly 

socially motivated participants are more likely to approach partners that are 

perceived as both dominant and trustworthy. This implies that highly 

socially motivated individuals are more likely to approach a larger range of 

trustworthy partners (i.e. both submissive, lowly powerful, and dominant, 

highly powerful ones). One interpretation of this finding is that in doing so, 

highly socially motivated individuals maximize the number of successful 

cooperative activities they engage in and, thereby, their fitness in 

cooperative environments.  

However, this widening of the cooperative circle to individuals who are both 

dominant and trustworthy raises the question of the value of these 

individuals as cooperative partners. Indeed, interactions with dominant 

individuals, i.e., physically and socially powerful ones32–35, are not neutral 

compared to interactions with less dominant partners. More precisely, 

interacting with socially powerful individuals can provide immaterial 

benefits, such as social status36,37, and physical power sometimes constitutes 
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an important lever for resource acquisition38–40. Crucially however, 

cooperation with dominant individuals also brings about undeniable risks. 

For one thing, retaliation against a highly powerful partner is more costly 

than retaliation against someone who does not hold any power41,42. 

Importantly, unlike trustworthiness, dominance is not reliably associated 

with particular cooperative tendencies43–47. Therefore, interactions with 

dominant individuals bear higher stakes, but not lower probabilities of 

success, than interactions with submissive individuals.  

The approach behaviour of highly socially motivated individuals towards 

partners that are perceived as both cooperative and powerful may thus be 

construed as a high-stake cooperation strategy. Importantly, this strategy 

may be particularly successful to obtain larger amounts of resources 

through cooperation. Precise investigations of this hypothesis would help to 

further understand the adaptive value of the motivation to form social 

bonds in cooperative environments. In addition, and more generally, our 

results open the path to the analysis of the adaptive value of different social 

strategies, depending on the reliance on cooperation for resource 

acquisition in the environment as well as on the level of resources 

individuals can invest in cooperation. Indeed, while cooperation and 

cooperative tendencies have often been investigated as a trait (notably by 

self-reports of trust or economic games with unknown partners48–50), our 

results suggest that measuring cooperation strategies through partner 

choice as a combination of potential stakes, i.e., power-related cues, and 



	

40 

probability of success, i.e., cooperation-related cues, can provide new 

insights into individuals’ cooperative strategies. 

 

Material and methods 

All the presented studies received ethics approval from the local ethics 

committee and each participant received a description of the study and 

signed an informed consent before starting the experiment. 

 

Social evaluations studies 

Experimental Procedure   

Following Oosterhof and Todorov’s methodology, the questions bearing on 

the three traits of interest, i.e. trustworthiness, dominance or 

threat/likeability, were presented in different blocks simultaneously with the 

face17. Participants had to answer: “How [trait] is this person?” using a 

cursor on a 9-point scale ranging from 1 “not at all [trait]” to 9 “extremely 

[trait]” (recoded from -1 to +1 for the analyses). Depending on the block, 

[trait] was replaced with “trustworthy”, “dominant” or 

‘threatening’/‘likeable’. Participants were instructed to answer following 

their first impression and they were told that there was no right or wrong 

answer. The cursor was initially set to the middle in order to reinforce the 

salience of the positive and the negative sides of the scale. If the participant 

wanted to select the middle of the scale, she still had to click on the scale to 

generate a valid response. The name of the dimension was displayed in 

each trial. At the end of the experiment, participants completed the Social 



	

41 

Anhedonia Scale51,52, a 40-item self-report questionnaire measuring lack of 

pleasure during social interactions The Social Anhedonia Scale has been 

widely used and is considered an adequate tool to measure individual 

differences in the motivation to form social bonds in the general 

population8,53. The internal consistency of the Social Anhedonia 

Questionnaire was high for all the three studies (all αs > .8154). The entire 

procedure lasted approximately 20 minutes. 

The online experiments were programmed on Qualtrics 

(http://www.qualtrics.com) and the experiment ran in the lab was 

programmed on ePrime (Psychology Software Tools, 2002). In the first 

threat evaluation experiment, participants rated 40 faces (20 woman faces) 

from the Karolinska database55. 80 faces generated with FaceGen 3.1 

(http://www.facegen.com)17 replaced these photographs in the threat 

replication experiment. The number of faces was doubled in this 

experiment to obtain the same total number of trials as in the original threat 

evaluation experiment. 20 maximally distinct source identities were 

randomly selected from the face database available on Todorov’s website 

(http://tlab.princeton.edu). Four variations of each identity were used: 

extremely dominant, extremely submissive, extremely trustworthy and 

extremely untrustworthy17. Because we took advantage of an ongoing 

study, a memorization task using the same faces preceded this last 

evaluation experiment. Finally, 40 faces varying parametrically in dominance 

and trustworthiness generated using FaceGen 3.1 were used in the 

likeability evaluations experiment. Previous work has demonstrated that 
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these faces elicit dominance and trustworthiness judgments both at the 

explicit and the implicit level56,57.   

 

Analyses 

To investigate the impact of social motivation on the composition of threat/ 

likeability judgments, we ran a mixed linear regression on threat/likeability 

evaluations, taking social motivation, ratings of dominance and ratings of 

trustworthiness as predictors and participants’ ID as a random factor. 

Following Todorov et al.27, this model included linear and quadratic 

interaction effects of perceived trustworthiness and perceived dominance as 

well as interaction terms between these two factors. The p-values reported 

for the social motivation effects are exact p-values were obtained via a 

permutation test ran over 1000 random reassignments of the motivation for 

social bonding scores. The three-way interaction between social motivation, 

trustworthiness and dominance was meta-analysed using a fixed effect 

model58.  

Finally, as a post-hoc analysis, we estimated the influence of social 

motivation on the proportion of trustworthy faces rated as approachable 

(likeable or not threatening) using the parameter estimates of the meta-

analytic model (Table S1). To take into account the uncertainty of the 

coefficients estimates, for each participant, the proportion of trustworthy 

faces rated as approachable was computed using coefficients randomly 

drawn from normal distributions around the model’s coefficients estimates, 

with deviations equal to the coefficients estimates’ standard deviations. The 
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impact of social motivation on the proportion of trustworthy faces rated as 

approachable was then assessed using a beta regression. Because this 

simulation method may produce different results depending on the 

coefficients used for computing the probabilities, we repeated this 

procedure 100 times to ensure that our overall results would not be 

influenced by the characteristics of each simulation. We averaged the 

results of the beta regressions (the impact of social motivation on the 

proportion of faces rated as approachable and the associated z statistic) 

across the 100 simulations.  

 

Participants 

Threat Evaluation Original Study: 60 American participants (28 women), 

aged 23 to 65 years old (34.92± 2.57 years), were recruited via Amazon 

Mechanical Turk (MTurk, http://www.mturk.com), which offers a large 

diversity of participants59,60. The number of participants was fixed a priori 

based on our past experience with online and social cognition experiments. 

Each participant received 2$ for completing the 20-minute task  (which 

corresponds to the prorated average 6$/hour compensation commonly 

used on MTurk). Reaction times inferior to 200 ms were discarded for not 

reflecting a complete processing of the faces (percentage of excluded trials: 

0.58%; mean reaction time before data cleaning: 4.62 ± 0.46 s). Analyses 

were performed on at least 75% of the faces for all the participants. Finally, 

the motivation for social bonding scores were scaled between -1 and +1. 
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Threat Evaluation Replication Study: 30 French participants (18 women), 

aged 18 to 35 years old (25.43 ± 0.10 years) were recruited via an ad 

posted on a university mailing list. The number of participants was reduced 

for this study because of material constraints. Participants received 10€ for 

completing this study, which is the standard payment for studies conducted 

at the École Normale Supérieure. As in the original study, trials with a 

reaction time inferior to 200 ms were discarded (percentage of excluded 

trials: 0.01%; mean reaction time before data cleaning: 4.6 ± 0.59s). After 

data cleaning, all participants had analysable responses on at least 99% of 

the faces. Following the same procedure as for the original study, the 

motivation for social bonding scores were scaled between -1 and +1. 

 

Likeability Evaluation Study: The number of subjects for this experiment was 

fixed a priori to 60, based on the online threat evaluations experiment. 60 

American participants (25 women), aged 19 to 66 years old (34.52 ± 2.63 

years), participated in this online study via Amazon Mechanical Turk. Each 

participant received 2$ for completing the 20-minute task. As in the threat 

evaluation studies, reaction times below 200 ms were discarded 

(percentage of excluded trials: 0.54%; mean reaction time before data 

cleaning: 5.05 ± 0.71 s). After data cleaning, all participants had analysable 

responses on at least 92% of the faces. As in the previous studies, the 

motivation for social bonding scores were scaled between -1 and +1. 
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Social preferences studies 

Experimental Procedure 

The experiment was programmed on Qualtrics. 16 avatar faces varying 

parametrically in dominance and trustworthiness similar to those used in the 

likeability evaluations studies were used for this experiment. In the original 

experiment, the 16 faces corresponded to all the possible combinations of 

dominance and trustworthiness in a range of -3 to +3 points with an 

increment of 2 points (1 point corresponds to 1 standard deviation in 

Oosterhof and Todorov’s model17). The faces were regularly spaced on both 

the dominance and the trustworthiness dimensions. In each presented pair, 

the faces were 2 to 6 points different from each other on at least one 

dimension. This resulted in 120 pairs of faces. In the replication study, only 

8 avatar faces were used, corresponding to all the possible combinations of 

dominance and trustworthiness in a range of -2 to +2 points with an 

increment of 2 points, resulting in a total of 36 pairs of faces. 

Each trial began with a central fixation cross presented for 300 ms, then the 

two faces were presented simultaneously. Participants had to select their 

preferred face and had up to 2 seconds to answer by pressing “e” for the 

face on the right and “p” for the face on the left (Figure 1D). Each trial was 

followed by a blank page presented for about 500 ms. If they failed to 

answer within 2 seconds, the next trial was automatically presented. All the 

possible pairs of faces were presented in a random order. The presentation 

position (right or left) of the faces was randomized between participants. In 
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the original experiment, the trials were separated into three blocks of 40 

trials each. 

As in the social evaluation studies, participants completed the Social 

Anhedonia Scale51 at the end of the experiment (high internal consistency: 

original study: α = .94; replication study: α = .9454). 

 

Analyses 

As recommended by McFadden30, choices were analysed using a mixed 

logit logistic regression, taking subject ID, trial number and face position as 

random factors. As each combination of dominance and trustworthiness was 

presented only once, no quadratic effect of trustworthiness and dominance 

and no interaction between trustworthiness and dominance was added to 

this model, such that the probability of choosing one face in a pair was 

equal to 1 minus the probability to choose the other face of the pair. Levels 

of trustworthiness and dominance as well as participants’ social motivation 

were used as regressors in the logistic model (Table S2). Based on these 

coefficients, we estimated the probability of choosing a more trustworthy 

but more dominant face for each level of social motivation61. As for the 

estimation of the proportion of trustworthy faces rated as approachable, we 

ran 100 simulations using, for each participant, coefficients randomly drawn 

from normal distributions around the model’s coefficients estimates, with 

deviations equal to the coefficients estimates’ standard deviations. For each 

simulation, the effect of social motivation on choice probability was 

assessed using a beta-regression. The presented results correspond to the 
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coefficient estimate and the associated z-value averaged across the 100 

simulations. Finally, a meta-analysis on the association between the 

motivation to form social bonds and the probability of choosing the more 

dominant and more trustworthy face was conducted using a weighted z test 

using squared roots of sample sizes as weights62. 

 

Participants 

Original Study: 60 American participants (28 women) aged 19 to 67 years 

old (31.80 ± 2.49 years), were recruited via Amazon Mechanical Turk. Each 

participant received 2$ for completing the 20-minute task. 

Two participants were removed from the analyses for pressing the same key 

in more than 90% of the trials. As previously, reaction times below 200 ms 

were discarded (percentage of excluded trials: 18.18%; mean reaction time 

of the included participants before filtering: 1.07 ± 0.84 s; mean percentage 

of analysed trials for the analysed participants: 83%). The analyses were 

performed on 58 participants. Finally, the motivation for social bonding 

scores were scaled to range between -1 and +1.  

 

Replication Study: 200 American participants (95 women), aged 19 to 68 

years old (34.27± 1.51 years), were recruited using Amazon Mechanical 

Turk. This sample size was defined based on previous work on the stability 

of behavioural differences associated with personality traits63. Participants 

received 1.5$ for completing the 5-minute task. 
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Four participants were removed from the analyses for suspicion of having 

already completed the original preference study based on their IP address. 

Nine participants were removed from the analyses for pressing the same 

key more than 90% of the trials. As in the original study, reaction times were 

filtered to leave out reaction times shorter than 200 ms (percentage of 

excluded trials: 18.03%; mean RT before filtering: 1.05 ± 0.39s) and the 

motivation for social bonding scores were scaled to range between -1 and 

+1. The analyses were performed on 187 participants.  
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Figure 

 
Figure 1 – Motivation for social bonding is associated with an increase in the 

relative weight granted to trustworthiness during social decisions 

(A) Example of an evaluation trial. Participants had to rate each face by moving a 

cursor, initially positioned in the middle of the scale. (B) Threat (top) and 
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Likeability ratings (bottom) as a function of trustworthiness (x axis) and 

dominance ratings (y axis). Rating intensity is represented on a scale ranging from 

blue for lower ratings to red for higher ratings. Pixelized figures correspond to 

averaged data in the initial study for the most (upper row) and least (lower row) 

socially motivated participants (median split). Smoothed figures represent the 

predictions of the regression models obtained in the initial study (Model–Init study) 

and in the meta-analysis (Model–Meta.). Faces perceived as both dominant and 

trustworthy were rated as more approachable by highly socially motivated 

participants. (C) Effect of the motivation for social bonding on the evaluation of 

trustworthy faces. Social motivation was associated with an increase in the 

proportion of dominant and trustworthy (Trust+Dom*, in red) but not of submissive 

and trustworthy faces (Trust+Dom-, in blue) perceived as approachable. (D) 

Example of a preference trial. Both faces appeared simultaneously on the 

screen. Participants had up to 2 seconds to answer by pressing “e” to select the 

face on the left and “p” to select the face on the right. (E) Computed probability 

of choosing a 1-point more trustworthy and 1-point more dominant face as a 

function of the motivation for social bonding. 100 simulations (light lines) 

revealed that the probability of choosing a more trustworthy but more dominant 

face increased with social motivation in both the original study and its replication 

(the bold regression line corresponds to the meta-analysis). (F) Impact of the 

motivation for social bonding on choice probability for every combination of 

differences in trustworthiness (x axis) and dominance (y axis) in the meta-

analysis. Meta-analytic z values are represented on a scale ranging from blue for 

negative values to red for positive values. Shaded areas correspond to z-values 

below the 5% threshold of statistical significance after applying a Bonferroni 
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correction for 169 comparisons. Social motivation is associated with a higher 

probability of preferring the most dominant and trustworthy faces.  
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Supplementary analyses 

Cues decoding:  

In order to assess whether participants actually computed the presented 

stimuli, we checked whether their ratings were in accordance to the avatars’ 

levels of trustworthiness and dominance (replication study on threat 

evaluations and the study on likeability evaluations). To measure 

participants’ ability to decode trustworthiness and dominance cues, we ran 

mixed linear regressions on trustworthiness and dominance ratings, taking 

avatars’ levels of trustworthiness / dominance as regressors and 

participants’ ID as a random factor. As expected, intensity levels of both 

trustworthiness and dominance cues were successfully perceived in the two 

experiments (trustworthiness: all ps < .001; dominance: all ps < .001). In 

addition, highly socially motivated participants did not differ in their ability 

to detect these cues (meta-analytic effect across the two studies: both ps > 

.250; p-values obtained via a permutation test) and were not biased to rate 

faces as more trustworthy (meta-analytic effect across the two studies: both 

ps > .250). 

 

Reaction times:  

To check that differences in cue combination was not due to differences in 

cue processing, we measured the influence of social motivation on reaction 

times in the Preference studies. Reaction times were analysed to assess if 

social motivation affected the cognitive processes underlying the 

combination of social cues. This analysis was performed using a mixed 
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linear regressions on the population-level scaled reaction times, taking as 

regressors: social motivation, the absolute value of the difference in 

trustworthiness between the faces of each pair (|∆Trustworthiness| = | 

TrustworthinessLeft - TrustworthinessRight |) and the absolute value of the 

difference in dominance between the faces of each pair (|∆Dominance| = | 

DominanceLeft - DominanceRight |). This analysis revealed that social motivation 

was not associated with any difference in the speed at which social cues are 

processed (meta-analytic effect across the two studies: all ps > .192; p-

values obtained via a permutation test), which suggests that the effect of 

social motivation was circumscribed to the way social cues are used to 

produce social judgments. 
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Supplementary figures 

 
Figure S1 – Replication of the approachability evaluation models 

Parameters from the different evaluation studies significantly correlate with each 

others (threat original – threat replication: r = .90, N = 12, p < .001; threat original 

- likeability: r = .96, N = 12, p < .001; threat replication – likeability: r = .86, N = 

12, p < .001; the black line represents perfect equality between the two studies’ 

coefficients), revealing the robustness of the results.  
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Supplementary Tables 

Table S1 – Meta-analytic value of the coefficient parameters of the approachability 

evaluations models 

Model parameters Coefficients estimates 

Intercept  0.20 ± 0.10 

Trustworthiness  0.43 ± 0.12 

Dominance -0.35 ± 0.02 

Trustworthiness2 -0.05 ± 0.04 

Domininance2 -0.15 ± 0.08 

Social Motivation  0.03 ± 0.06 

Trustworthiness:Dominance -0.03 ± 0.04 

Trustworthiness:Social Motivation -0.01 ± 0.13 

Dominance:Social Motivation  0.01 ± 0.13 

Trustworthiness2:Social Motivation  0.02 ± 0.07 

Dominance2:Social Motivation  0.10 ± 0.06 

Trustworthiness:Dominance:Social Motivation  0.21 ± 0.07 

Meta-analytic value of the regression coefficients and their 95% confidence 

interval.  
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Table S2 – Logistic regression coefficients obtained in the preference studies 

Parameter Original study 

(N = 58) 

Replication study 

(N = 187) 

Trustworthiness 0.31 ± 0.02 0.38 ± 0.03 

Dominance -0.19 ± 0.02 -0.18 ± 0.03 

Trustworthiness:Social 

motivation 

-0.02 ± 0.04 0.05 ± 0.04 

Dominance:Social motivation 0.03 ± 0.04 -0.04 ± 0.04 

Coefficient estimates of the logistic regressions used to compute the probability of 

choosing a more dominant and more trustworthy face and their 95% confidence 

interval. 
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Effect of social motivation across populations 

These results provide the first evidence of the effect of social 

motivation on the importance of cooperation-related cues for social 

decisions. However, the evolutionary model of social motivation predicts 

that social motivation influences social behavior starting from the age at 

which resource acquisition starts to rely on cooperation with peers, i.e., 

from childhood (Sheskin, Chevallier, Lambert, & Baumard, 2014). The 

effects of social motivation found on adult participants should thus also be 

present in younger individuals.  

In addition, one can wonder whether the weighting differences of 

cooperation-related cues associated with social motivation can provide 

insights into the behavioral atypicalities of clinical populations characterized 

by diminished social motivation such as autism spectrum disorders 

(Chevallier, Kohls, et al., 2012; Klin, Jones, Schultz, & Volkmar, 2003; 

Mundy, 2003). Indeed, it has recently been argued that dimensional 

approaches, investigating relevant biological traits across clinical and non-

clinical populations, and notably social motivation (National Advisory 

Mental Health Council Workgroup on Tasks and Measures for Research 

Domain Criteria, 2016), could be particularly fruitful for understanding 

neuropsychological conditions (Cuthbert, 2014; Insel et al., 2010; National 

Institute of Mental Health, 2015; Sanislow et al., 2010).  
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Using the same protocol as in the previous studies, we investigated these 

two points by testing whether the effects of social motivation evidenced in 

adult participants could also be found in 20 typically developed adolescents 

and in 20 adolescents with autism spectrum disorders. Our results 

confirmed that social motivation is associated with an increased weight 

granted to trustworthiness in typically developing adolescents, providing 

evidence of the robustness of this effect across the lifespan. However, this 

association was not present in adolescents with autism spectrum disorders. 

These results question the possibility to directly map effects of 

psychological traits, such as social motivation, found in the general 

population to clinical ones (Harvey, Bodnar, Sergerie, Armony, & Lepage, 

2009; Olsen, Bjorkquist, Bodapati, Shankman, & Herbener, 2015). In 

particular, it invites to investigate the mechanisms that could account for 

the observed discrepancies, such as the interaction of decreased social 

motivation with comorbid traits (Matson & Nebel-Schwalm, 2007; Simonoff 

et al., 2008), retroactive loops on social behavior (Chamberlain, Kasari, & 

Rotheram-Fuller, 2006; Kasari, Locke, Gulsrud, & Rotheram-Fuller, 2010; 

Locke, Ishijima, Kasari, & London, 2010; Shattuck, Orsmond, Wagner, & 

Cooper, 2011) or the intrinsic value of clinical cut-offs, in order to better 

understand the functional bases of neuropsychological conditions.  

My contribution to this work was as follows: design of the experiment, 

analysis of the data and writing of the paper. The attached manuscript has 

been submitted to Scientific Reports. 
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Abstract 

Individual differences in social motivation have an influence on many 

behaviours in both clinical and non-clinical populations. As such, social 

motivation has been identified as a biological trait that is particularly well-

suited for dimensional approaches cutting across neuropsychological 

conditions. In the present paper, we tested whether social motivation had a 

similar impact in the general population and in a neuropsychological 

condition characterized by diminished social motivation: Autism Spectrum 

Disorders (ASD). More precisely, we evaluated the effect of social 

motivation on face evaluations in 20 adolescents with ASD and 20 matched 

controls using avatars parametrically varying in dominance and 

trustworthiness. In line with previous research, we found that social 

motivation is associated with a larger weight granted to perceived 

trustworthiness when producing likeability judgments in the control group. 

However, this pattern was not found in the ASD group. Social motivation 

thus appears to have a different effect in ASD and control populations, 

which raises questions about the relevance of subclinical or non-clinical 

populations to understand ASD.   
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Main text 

Compared to many other animals, humans stand out when it comes to the 

variety of social interactions they pursue and the importance of social 

activities in their ecological niche 1. The willingness to be included in social 

interactions and the propensity to preferentially attend to the social world is 

present early on in development and remains a driving force throughout the 

lifespan 2–4. Social stimuli such as faces and speech are granted special 

attention from birth 4,5 and interactive activities are consistently favored over 

solitary ones by children as young as three 6. In adults, social cues receive 

attentional priority 7–9 and positive social feedback reinforces learning 10–12. 

Yet, individuals vary in the degree to which they are socially motivated 13–18 

and atypicalities in social motivation are found in many clinical conditions 

17,18. Atypical social motivation is indeed an important characteristic of 

multiple psychiatric conditions, including Autism Spectrum Disorders 

(ASD)19–21, anorexia nervosa, schizophrenia and major depressive disorder 

22,23. Attention to social stimuli is also thought to provide a starting point for 

the development of social abilities, such as face processing 24,25, and lack of 

social motivation might thus have cascade effects on other areas of social 

cognition. In ASD in particular, it has been argued that early deficits in 

social motivation and social reward responsiveness might have a long 

lasting impact on social skills 17,26,27. 

  Recent developments in psychiatry (the Research Domain Criteria 

Framework) have emphasised the need to investigate variations in relevant 

biological traits across clinical and non-clinical populations 28–31. Given its 
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central role across conditions, social motivation has been identified as a 

relevant biological trait to investigate in a dimensional framework 32. For 

instance, Parish-Morris et al. 33 have shown using such a dimensional 

approach that individual differences in social attention is a better predictor 

of face processing skills than being diagnosed with ASD. Importantly 

however, the Research Domain Criteria Framework emphasizes that a given 

trait may have non-linear effects on behaviour, as is for example the case 

with the classic U-shaped curve relating stress and performance. In addition, 

variations in single traits do not necessarily have a uniform impact when 

they are taken in isolation and when they are combined in the context of 

psychiatric conditions 28–31. Social anhedonia for instance, has a different 

effect on social cognition in patients with schizophrenia, patients with major 

depressive disorder and healthy controls 18,34. In the case of ASD, 

stereotypical interests, anxiety, sensory peculiarities or number of co-

frequent morbidities, such as anxiety, might also influence the way 

diminished social motivation alters individual behaviour 35,36. It is therefore 

crucial to identify potential points of disjunction at which variations on a 

given traits affect cognitive functioning differently 

The aim of this paper is to apply the insights of dimensional approaches to 

the study of social motivation in ASD by testing whether social motivation 

has a uniform effect on individuals with and without ASD 30. To investigate 

this question, we focused on face evaluation, which is key for social decision 

making 37, and which is sensitive to variations in social motivation. 

Specifically, Safra et al. 38 have shown that highly socially motivated adults 
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place more weight on perceived trustworthiness when producing likeability 

evaluations. Here, we asked 40 adolescent participants (20 typically 

developing (TD) and 20 with ASD) to rate faces on likeability using well-

controlled stimuli varying parametrically in dominance and trustworthiness 

39,40 (Figure 1A). Our prediction was that higher levels of social motivation 

would increase the weight granted to trustworthiness during face 

evaluations in both TD and ASD populations. 

 

Results 

Cue processing in the TD and ASD groups 

As our measure relied on the processing of facial features, we first checked 

that both groups were able to accurately detect and combine facial cues. 

Replicating previous findings 41,42, TD adolescents successfully detected 

trustworthiness (b = 0.19 ± 0.03, t(579) = 13.947014, p < .001; results are 

given in the standard form: mean ± 95% confidence intervals) and 

dominance cues (b = 0.16 ± 0.03, t(579) = 10.93, p < .001), giving higher 

trustworthiness/dominance ratings to avatars presenting higher levels of 

trustworthiness/dominance. Similarly, in line with previous studies 42–44 

adolescents with ASD successfully gave ratings that varied with the avatar’s 

level of trustworthiness and dominance (b = 0.18 ± 0.03, t(579) = 10.14, p < 

.001; b = 0.07 ± 0.05, t(579) = 2.81, p = .005).  

 Based on Oosterhof and Todorov 45 and Safra et al. 38, we then 

reconstructed participants’ likeability two-dimensional space based on their 

ratings of dominance and trustworthiness. As can be seen in Figure 1B, 
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both adolescents with and without ASD combined perceived dominance 

and trustworthiness to form likeability judgments such that more trustworthy 

and less dominant faces were rated as more likeable in both groups (TD 

group: bTrustworthiness = 0.47 ± 0.07, t(575) = 13.27, p < .001; bDominance = -0.32 ± 

0.07, t(575) = -9.69, p < .001; ASD group:  bTrustworthiness =  0.52 ± 0.07, t(575) 

= 14.03, p < .001; bDominance = -0.07 ± 0.07, t(575) = -1.87, p =.062).  

 

Impact of social motivation in TD adolescents 

We then examine whether, as in adults, social motivation increased the 

weight granted to trustworthiness for likeability evaluations in TD 

adolescents. As expected, social motivation increased the relative weight 

granted to trustworthiness to evaluate faces’ likeability (bSocMot*Trust = 0.08 ± 

0.08, t(570) = 2.06, p = .039; Figure 1B). Importantly, this effect was still 

present after controlling for non-social motivations (bSocMot*Trust = 0.18 ± 0.11, 

t(560) = 3.24, p = .001). In addition, higher levels of social motivation were 

associated with lower sensitivity to high levels of dominance  (bSocMot*Dom^2 = 

0.14 ± 0.12, t(570) = 2.41, p = .016; after controlling for non-social 

motivations: bSocMot*Dom^2  = 0.11 ± 0.10, t(560) = 2.29, p = .023).  A lower 

sensitivity to dominance in highly socially motivated participants was also 

found as a trend (bSocMot*Dom = 0.06 ± 0.07, t(570) = 1.71, p = .088; after 

controlling for non-social motivations: bSocMot*Dom = 0.13 ± 0.15, t(560) = 

1.67, p =  .098; all other effects, p > .108). Given that social motivation was 

associated with an increase in the perceived intensity of trustworthiness (b = 

0.03 ± 0.03, t(578) = 2.01, p = .045; other effects on cue detection: all ps > 
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.104), we conducted a similar model using avatars’ objective dominance 

and trustworthiness as predictors. This analysis confirmed that social 

motivation was associated with a larger weight granted to trustworthiness 

for likeability evaluations (bSocMot*Trust = 0.03 ± 0.01, t(570) =   3.42, p < .001; 

after controlling for non-social motivations: bSocMot*Trust = 0.03 ± 0.02, t(560) = 

3.345240, p < .001; no other significant effect of social motivation: all ps > 

.124). As a conclusion, social motivation had a similar impact in adolescents 

as reported in adults 38. 

 

Effect of social motivation in ASD  

We then tested whether social motivation had a uniform impact across 

populations by analysing the ASD and TD groups together and including 

Group (ASD vs TD) as a regressor. The interaction between social 

motivation and the weight granted to trustworthiness was different in the 

two groups (bGroup*SocMot*Trust = -0.17 ± 0.15, t(1140) = -2.18, p = .029; no 

other difference in the effect of social motivation between the two groups 

was found: all ps > .127), such that social motivation was not associated 

with an increased weight granted to trustworthiness in the ASD group 

(bSocMot*Trust = 0.05 ± 0.11, t(1140) = 0.97, p > .250). Importantly, controlling 

for non-social motivations confirmed the difference between the groups 

(bGroup*SocMot*Trust = -0.38 ± 0.21, t(1120) = -3.47, p < .001; no other significant 

interaction between Group and social motivation: all ps > .250) and 

revealed that social motivation was associated with a decrease in the weight 

granted to trustworthiness for likeability evaluations in the ASD group 
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(bSocMot*Trust = -0.10 ± 0.09, t(1120) = -2.17, p =.031). Finally, these findings 

were replicated using avatars’ levels of dominance and trustworthiness 

instead of participants’ subjective evaluations to predict likeability 

evaluations, suggesting that this difference was not due to differences in 

the way adolescents evaluate dominance and trustworthiness cues   

(bGroup*SocMot*Trust = 0.13 ± 0.08, t(1140) = 2.94, p = .003; after controlling for 

non-social motivations: bGroup*SocMot*Trust = 0.19 ± 0.12, t(1120) = 3.05, p = 

.002; all other interactions between Group and social motivation: all ps > 

.130). To summarize, social motivation does not have a uniform effect 

across the TD and the ASD groups.  

 In line with this finding, while the ASD group was less socially 

motivated that the TD group (t(38) = -2.43, p = .019), the comparison of 

these two groups did not match the difference between lowly and highly 

socially motivated adolescents without ASD. More precisely, compared to 

TD adolescents, adolescents with ASD perceived dominance cues as less 

intense (b = -0.09 ± 0.06, t(1158) = -3.04, p = .002; no other significant 

difference in cue detection: all ps >.250), and granted less weight to 

dominance for evaluating likeability (bSocMot*Dom = 0.26 ± 0.10, t(1150) = 5.03, 

p < .001; no other significant effect of diagnosis: all ps > 0.113). 

Importantly, this effect was preserved when taking objective cues of 

dominance and trustworthiness as predictors (bSocMot*Dom = 0.05 ± 0.02, 

t(1150) = 4.62, p < .001), which indicates that the weighting difference 

between the ASD and TD groups could not be explained by differences in 

explicit cue evaluation.   
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Discussion 

The aim of this study was to assess whether social motivation had a similar 

impact in adolescents with and without ASD. Previous work demonstrated 

that higher levels of social motivation increase the weight granted to 

trustworthiness cues during likeability evaluations 38. We replicated this 

effect in TD adolescents. However, social motivation had the opposite 

effect in the ASD group and was associated with a decrease in the weight 

granted to trustworthiness. This shows that social motivation can have 

contradictory effects in clinical and non-clinical populations. Given that ASD 

participants are overall less socially motivated than typically developing 

participants 19, it would be tempting to construe autism as a simple case of 

extreme diminished social motivation and to use findings describing the 

effect of low social motivation in the general population as a guide to 

predict ASD cognition. Our results challenge this view, by revealing that 

atypicalities found in participants with ASD do not match the behavioural 

differences associated with diminished social motivation in a non-clinical 

sample: lowly socially motivated adolescents without ASD displayed a 

decreased sensitivity to trustworthiness, adolescents with ASD displayed a 

decreased sensitivity to dominance.  

These findings have important implications for the understanding and 

investigation of ASD. First, our results suggest that the effect of social 

motivation uncovered in non-clinical populations cannot always be applied 

to ASD. Social disinterest in ASD may indeed be associated with emergent 
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properties that cannot be derived by simply extrapolating the effects of 

mildly diminished social motivation. In addition, long-lasting difficulties in 

social interactions may have a retroactive action on social behaviour 46–49. 

Finally, ASD are well-known for being associated with other conditions such 

as social anxiety and hyperactivity disorders 35,36 that may interact with 

diminished social motivation. In this context, it is important to underline that 

findings obtained in subclinical or non-clinical populations should be 

applied to ASD with a great deal of caution.  

Regarding the present study, we wish to underline two potential sources of 

noise. First, self-reports of social motivation might be biased differently in 

the ASD and the TD group: individuals with ASD indeed have difficulties 

reporting their own feelings and may lack insight50–52; conversely TD 

participants are more likely to be susceptible to social desirability effects 53. 

Our results should thus be replicated using more objective measures of 

social motivation 10,54. Second, it is widely recognised that autism should not 

be construed as a unique neuropsychological condition and that a 

composite view is needed in order to take into account the existence of 

distinct partial phenotypes in ASD 55,56. It is thus possible that adolescents in 

our study belong to different subtypes of ASD that are characterized by 

different levels of social motivation deficits. Addressing these questions 

would require a much larger sample size than the one we had access to in 

the context of this study. Despite these caveats, we believe that our results 

are relevant for the understanding of social processing in ASD. In particular, 

we demonstrated that individuals with ASD are able to detect dominance 
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and trustworthiness cues and to combine these cues to produce likeability 

evaluation (albeit differently from TD participants). These results are in line 

with a growing body of evidence showing preserved abilities to detect and 

to combine social cues in individuals with ASD 43,44,57–59. In addition, our 

study also extends previous results on social cues combination by showing 

that individuals with ASD are not only able to modulate their perception of 

faces by integrating different social signals but also that they are able to 

create new social judgments by combining social cues. Indeed, the 

detection of dominance and trustworthiness cues and their combination are 

processed in distinct brain regions 60–62. 

Moreover, the impact of ASD on the way social cues are combined to 

produce likeability evaluations is particularly robust. Differences in likeability 

evaluations indeed remained while using both avatars’ objective and 

subjective levels of dominance and trustworthiness, which demonstrates an 

actual difference in dominance salience when producing likeability 

evaluations. Overall, our results thus suggest that individuals with ASD are 

able to detect and use dominance, but they place less weight on this trait 

compared to TD individuals. Why that might be the case is an empirical 

question in need of further investigation. Nevertheless, a number of 

experiments have revealed that more masculine individuals are less 

sensitive to dominance 63,64. Therefore, our results may be in line with 

previous research showing an exaggerated male pattern of neural activation 

in ASD during face evaluation 65. More widely, our results are relevant for 

dimensional approaches in psychiatry beyond the precise case of social 
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motivation 29–31. A growing body of research has indeed emphasized the 

importance of studying the impact of specific traits on behaviour by pooling 

clinical and non-clinical populations 28–31. This approach has notably been 

applied by investigating biologically-relevant traits, such as reward 

anticipation across populations 66; or  by applying multi-dimensional 

diagnostic measures, such as the Autism Quotient, to sub- and non-clinical 

population 67. However, our results suggest that findings obtained in non-

clinical samples cannot always be directly mapped onto clinical populations. 

As suggested for the case of social motivation, it is indeed possible that 

variations in specific traits affect behaviour non-linearly to produce 

emergent behavioural peculiarities. Therefore, our findings are in favour of a 

strict application of the original Research Domain Criteria Framework 

recommendations emphasizing the importance of investigating biologically 

relevant traits across conditions and of identifying points of disjunction that 

may potentially give rise to non-linear effects of a given trait on behaviour 

28–31.   

 To summarise, our study replicates previous findings obtained in 

healthy adults showing that social motivation increases the weight granted 

to trustworthiness to produce likeability judgments. In contrast with our 

prediction however, social motivation did not have the same impact in ASD 

and in TD. Despite an overall diminished social motivation in the ASD 

group, the impact of autism was quite different than the simple effect of 

social motivation in TD adolescents. This result suggests that it may be 

misleading to construe social motivation in isolation and that it is vital to 
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further understand how social motivation interacts with other dimensions of 

ASD.  

 

Material and Methods 

Participants 

A minimum target of 20 TD adolescents and 20 adolescents with ASD was 

fixed a priori. The exact number was determined by scheduling constraints. 

A final number 22 TD adolescents (6 females) and 22 adolescents with ASD 

(4 females), aged between 12 and 17 years old (TD: M = 13.70 ± 0.61; ASD: 

M = 14.45 ± 0.89; Table 1), participated in this study. The experiment was 

approved by the local research ethics committee (ClinicalTrials.gov 

Identifier: NCT02628808, Protocol Study ID: 2008-A00019-46). The TD 

adolescents were recruited from a mainstream school and the adolescents 

with ASD were recruited from the University Hospital Robert Debré (Paris, 

France). The adolescents with ASD had received an official diagnosis of 

autism by an independent clinician according to the criteria of the 

Diagnostic and Statistical Manual for mental disorders-IV TR (DSM IV TR 68). 

The Autism Diagnostic Interview Revised (ADI-R 69) and the Autism 

Diagnostic Observational Schedule (ADOS 70) were used to further assess 

the ASD group. The mean ADOS score for the ASD group was 13.59 ± 1.81 

(Table 1). All participants with ASD had normal vision (Freiburg Visual Acuity 

and Contrast Test version 3.8.2 71 adapted to the distance used in the 

experiment of 30 cm), no participant was on medication during the period 

of the study. Preliminary interviews confirmed that TD adolescent 
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participants did not have any special needs or history of psychiatric illness 

or developmental delay and all of them had normal or corrected to normal 

vision.  

Before testing, all parents and children provided their written informed 

consent to participate in the study. IQ was measured using the full Wechsler 

Intelligence Scale for Children version IV (WISC IV 72; Mean = 103.40 ± 

10.86; range: 70 – 148; Table 1) in adolescents with ASD and with the 

Wechsler Abbreviated Scale of Intelligence in TD adolescents due to time 

constraints (in the four subsets form as it has been shown to give the most 

representative score of the full IQ, 73; range: 87 – 138; Table 1). Finally, at 

the end of the experiment, participants completed the Kazdin’s Pleasure 

Scale 74, a self-rated questionnaire to assess their levels of anhedonia (see 

description below). In addition, trait anxiety was assessed using an 

abbreviated form of the State-Trait Anxiety Inventory (STAI 75,76; Table 1).  

 

Materials and design 

The pleasure scale 

The Kazdin Pleasure Scale for Children (three subforms: social, physical and 

other; 74; Table 1) was used to assess participants’ anhedonia levels. This 

scale is a validated self-rated instrument to measure anhedonia in both 

children with and without ASD 19. It consists of 39 items pertaining to social 

(e.g., “You accidentally overhear your teacher telling the principal what a 

terrific student you are”), physical (e.g., “You are cycling down the street 

very fast while still in good control of yourself”) or other sources of pleasure 
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(e.g., “On a Saturday night, you stay up watching television as long as you 

want”). Participants were asked to read each item out loud and to rate their 

feeling in the corresponding situation on a 3-point Likert scale (“Very 

happy”, “Happy” or “Neither happy nor unhappy”). The three scales were 

reverse-coded in order to reflect participants’ levels of motivation. 

 

The Face Evaluation Task 

The experiment was programmed on ePrime (Psychology Software Tools, 

2002) and lasted approximately 15 minutes. 30 faces varying parametrically 

on dominance and trustworthiness were generated using FaceGen 3.1 

(http://www.facegen.com). Previous research has shown that these faces 

elicit dominance and trustworthiness judgments both at the explicit and the 

implicit level 39,40. Following Oosterhof and Todorov’s methodology 45, the 

questions bearing on the three traits of interest, i.e. trustworthiness, 

dominance or likeability, were presented in separate blocks. The three-

block sequence and the sequence of trials within each block were 

randomized between blocks and between participants. Participants had to 

answer: ‘How [trait] is this person?’ using a cursor on a 9-point scale ranging 

from 1 ‘not at all [trait]’ to 9 ‘extremely [trait]’ (recoded from -1 to +1 for the 

analyses). Depending on the block, [trait] was replaced by ‘trustworthy’, 

‘dominant’ or ‘likeable’. The face, the question and the scale appeared 

simultaneously after a 400 ms blank screen. Participants were instructed to 

follow their first impression and they were told that there was no right or 

wrong answer. The mouse was initially set to the middle of the screen in 
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order to reinforce the salience of the positive and the negative sides of the 

scale. The name of the dimension was displayed in each trial (Figure 1A). 

 

Procedure  

Participants were tested individually in a quiet room. Participants were 

seated at a 30 cm distance from the laptop. They completed three separate 

blocks of the face evaluation task, each block consisted of the same 30 

faces. Participants could rest between each block. Following completion of 

the 90-trial experiment, participants filled out the STAI and the Kazdin 

Pleasure scale with the experimenter.  

 

Data cleaning  

2 TD participants and 2 ASD participants were excluded from the analysis 

for using only one side of the scales.  

 

Group differences 

We first checked that the included participants of the ASD and TD groups 

were matched on age, gender, IQ and anxiety. The ASD and TD groups did 

not differ on any of these variables (Table 1). We then measured the 

difference between the ASD and TD groups in the different types of 

motivation. As in previous studies 19, the ASD group was significantly less 

socially motivated that the TD group (t(38) = -2.43, p = .019) but did not 

differ in the two other types of motivation (Table 1). However, it is worth 

noting that contrary to Chevallier et al. (2012) 19, social motivation did not 
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significantly correlate with ADOS severity scores (coded as indicated in 

Gotham et al., 77; r = -.02 ± 0.44, N = 20, t(16) = 0.09, p > .250) 

Finally, to test for possible differences between the ASD and the TD groups 

in the way participants performed the task, we ran several t-tests on scale 

use variables (i.e., ratings variance, number of different ratings, lower and 

higher ratings) for each scale. None of these values were significantly 

different between the two groups either for the dominance scale (all ps > 

.250), the trustworthiness scale (all ps > .250) or the likeability scale (all ps > 

.118). 

 

Data analysis 

Cues decoding: To measure the influence of social motivation on 

participants’ ability to decode trustworthiness and dominance cues, we ran 

mixed linear regressions on trustworthiness and dominance ratings, taking 

avatars’ levels of trustworthiness / dominance as well as participants’ level of 

social motivation as regressors and participants’ ID as a random factor.  

Likeability evaluations: To investigate the impact of social motivation on the 

composition of likeability judgments, we ran a mixed linear regression on 

likeability evaluations, taking social motivation, ratings of dominance and 

ratings of trustworthiness as predictors and participants’ ID as a random 

factor. Following Todorov et al. 61, this model included linear and quadratic 

interaction effects of perceived trustworthiness and perceived dominance as 

well as interaction terms between these two factors. In addition, we also ran 

a similar model taking avatars’ objective levels of trustworthiness and 
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dominance instead of participants’ ratings of trustworthiness and 

dominance. 
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Figure 1 – Social motivation has distinct effects on face evaluations in 
adolescents with and without ASD 

 
 
(A) Example of an evaluation trial. Participants had to rate each face by 

moving a cursor. (B) Likeability ratings as a function of trustworthiness (x 

axis) and dominance ratings (y axis) in typically developing adolescents 

(left) and adolescents with ASD (right). Rating intensity is represented on 

a scale ranging from blue for lower ratings to red for higher ratings. 

Pixelized figures correspond to averaged data in the initial study (data) for 

the most (upper row) and least (lower row) socially motivated participants 

(median split). Smoothed figures represent the predictions of the regression 

models ran separately on the two participant samples. While in typically 

developing adolescents, higher levels of social motivation are associated 

with an increase in the weight granted to trustworthiness, this is not the 

case in adolescents with ASD.  
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Table 1 - Descriptive statistics for age, gender and IQ and anxiety of the 
ASD and TD groups 
 
 TD (N = 20) ASD (N = 20) Statistics 

Age 13.70 ± 0.61 14.00 ± 0.88 t(38) = 0.58, p > .250 

Gender ratio 25 % female 15 % female �2(2, N = 42) = 0.01, p > 
.250 

IQ 106.60 ± 6.14 100.85 ± 
10.13 

t(38) = -1.02, p > .250 

STAI 13.80 ± 1.80 14.35 ± 1.96  t(38) = 0.43, p > .250 

Social Motivation 30.10 ± 1.74 34.10 ± 2.97 t(38) = -2.43, p = .019 

Physical 
Motivation 

12.80 ± 0.91 13.10 ± 1.23 t(38) = -0.41, p = .684 

Other Sources of 
Motivation 

18.65 ± 2.06 21.15 ± 1.73 t(38) = -1.94, p = .059 
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Social motivation as a high-stake cooperative strategy 

Across a total of six studies, we have shown that social motivation is, 

as soon as adolescence, associated with an increase in the weight granted 

to cooperation-related signals for social decisions. Our results thus confirm 

a central prediction of the evolutionary model of social motivation that 

proposes to construe social motivation as an adaption to highly cooperative 

environments (Chevallier, Kohls, et al., 2012).  

In addition to confirming this prediction, the cooperation-power framework 

(Oosterhof & Todorov, 2008) also allowed us to formulate a new hypothesis 

about the social strategy associated with social motivation, which would 

correspond to a high-stake cooperative strategy. Indeed, the increased 

importance of trustworthiness in highly socially motivated participants was 

associated with a higher probability to approach dominant and trustworthy 

partners. Importantly, while trustworthiness provides information about the 

probability of reciprocation (Chang et al., 2010), dominance-power also 

impacts cooperation outcomes by modifying the stakes of the cooperative 

activity. Indeed, cooperative interactions with powerful individuals can 

provide higher gains, in terms of social benefits or amount of resources 

(Kaufmann, 1983; N. Lin, 1999; Stockley & Bro-Jørgensen, 2011; von 

Rueden, 2014; von Rueden, Gurven, & Kaplan, 2010) but can also cause 

larger losses, with, for instance, lower possibilities of retaliation (Carré, 
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McCormick, & Mondloch, 2009b; Carmen E. Lefevre, Etchells, Howell, 

Clark, & Penton-Voak, 2014). In summary, cooperation with more powerful 

partners seems to bear higher stakes than cooperation with less powerful 

partners. Our results thus suggest that highly socially motivated participants 

are more likely to engage in cooperative activities that bear larger stakes. 

This cooperative behavior may maximize the number of cooperators while 

increasing the potential gains of cooperative activities, which may constitute 

an optimal strategy in highly cooperative environments. Our findings thus 

open the path to further investigations of the functional consequences of 

social motivation as well as to a new type of study on cooperation. Indeed, 

the suggested ability of the cooperation-power framework to identify 

variations in cooperative strategies invites to go one step further and to 

apply this framework to the study of individual differences in cooperation 

more generally. 

 

Towards new investigations of cooperative strategies 

By showing individual differences in the combination of 

trustworthiness and dominance signals for approach behavior, our results 

suggest that individuals vary in their willingness to cooperate with more or 

less trustworthy and more or less dominant partners. Our findings thus call 

for a new type of investigation of cooperation that goes beyond general 

cooperative tendencies. Indeed, classical investigations of individual 
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variability in cooperation mostly rely on self-reported questionnaires 

(Petersen & Aarøe, 2015), anonymous real-life situations (Holland, Silva, & 

Mace, 2012) or economic games played with unknown partners (Nettle, 

Colléony, & Cockerill, 2011), all taking cooperation as a trait. However, 

according to the investment definition of cooperation (Baumard, André, & 

Sperber, 2013), individuals’ cooperative behavior should vary depending on 

their partners. 

In particular, based on the economic literature on investment, individuals 

should be sensitive to the probability of success and to the size of the 

potential losses of cooperative activities, as they are for any investment 

(Ehrlich & Becker, 1972). For each individual a self-protection and a self-

insurance profile can thus be defined that refers to her attitudes towards 

these two risks respectively. Applying the same reasoning to cooperation, 

the systematic measure of cooperation self-protection and self-insurance 

can help to identify individuals’ risk attitudes in cooperative activities, and 

thus their cooperative strategy, as well as the mechanisms underlying 

variations in cooperation. 

This framework may notably provide new insights into the link between 

individuals’ current state and cooperative strategies. As is the case in this 

chapter, individuals’ state can be defined by internal variables such as 

personality traits, gender or age (Güroğlu, van den Bos, & Crone, 2014; 

Sheskin et al., 2014). In addition, external factors, such as individuals’ 

current or past level of resources or the environment mortality rate, may 
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also influence individuals’ cooperative behavior. Indeed, these external 

variables may change the cost and benefits associated with cooperation 

and thus shape the development of different cooperation strategies. In line 

with this idea, poverty has been shown to be associated with decreased 

cooperation (Holland et al., 2012; Nettle, Colléony, et al., 2011; Petersen & 

Aarøe, 2015). The application of the cooperation self-insurance and self-

protection framework could help to further characterize this association by 

revealing if this link is due to specific cooperation-related risk attitudes of 

individuals exposed to resource scarcity, and thereby could inform about 

the mechanisms by which economic poverty influences cooperation. 

More generally, as different environments may be associated with different 

success-maximizing strategies, such as more cooperative long-term 

strategies or more aggressive short-term ones, environmental factors may 

modulate the importance individuals grant to cooperation- and to power-

related cues not only for cooperative activities but also in many other social 

domains. The way different social choices respond to these environmental 

variations can provide new insights into the type of social cues that guide 

specific social decisions, and thereby into the underlying cognitive 

mechanisms. In a third chapter, we will explore variations in the importance 

of cooperation- and power-related signals for social decisions in response 

to environmental factors to better understand the cognitive processes 

involved in political choices.  
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Chapter three. Investigation of 
the cognitive processes 
underlying social choices: 
study of leader choices  
 

 

 

An ecological approach to human behavior 

 The idea that animals react differently in different situations is far 

from new; it is even deeply anchored in folk psychology and has been at the 

basis of countless studies. For instance, transient manipulations of the 

environment during psychology experiments produce changes in a large 

range of behavior, from economic decision-making to social behavior (e.g., 

Griskevicius, Goldstein, Mortensen, Cialdini, & Kenrick, 2006; Krosch & 

Amodio, 2014; Little et al., 2010; Liu, Feng, Suo, Lee, & Li, 2012; Miles, 
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Lumsden, Richardson, & Macrae, 2011). As an example amongst thousands 

of experiments, Little et al. (2010) have shown that exposure to pathogens 

cues increased the preference for symmetric and more gender-stereotypical 

faces.  

Humans’ behavioral flexibility does not only operate in the lab, real-life 

events also influence individuals’ behavior. For instance, interviews 

conducted after terrorist attacks revealed that these acute social threats are 

associated with increased conservatism and authoritarianism (Bonanno & 

Jost, 2006; Van de Vyver, Houston, Abrams, & Vasiljevic, 2016). Similarly, Li 

et al. (2012) have shown that inhabitants of an area that experienced 

important damages following the Wenchuan earthquake (China, 2008) 

displayed an increased preference for immediate rewards compared to 

inhabitants from a non-devastated area of the same region. Individuals do 

not only react to acute events, variations in behavior are also associated 

with the long-term experience of different environments (Holland et al., 

2012; Murray, Schaller, & Suedfeld, 2013; Nettle, Colléony, et al., 2011). 

Cooperation has notably been shown to vary in this way, with cooperative 

tendencies being dramatically reduced between wealthy and deprived 

neighborhoods (Holland et al., 2012; Nettle, Colléony, et al., 2011). This 

sensitivity to the environment appears as early as childhood. For instance, 

the association between economic deprivation and lower cooperative 

tendencies has been evidenced in children as young as 7-year old 

(Benenson, Pascoe, & Radmore, 2007; Safra et al., 2016- see Appendix).  



	

101 

Adopting an ecological perspective, these behavioral variations can be 

understood as cases of phenotypic plasticity. More precisely, they can be 

construed as the output of evolutionary selected responses to specific 

environmental signals. In other words, under this view, evolutionary 

pressures have acted on the way cognitive mechanisms respond to different 

environmental cues. In this perspective, the investigation of variations in 

behavior with environmental factors can inform us about the underlying 

cognitive mechanisms and shed light on their evolutionary roots.  

This ecological approach on human behavior provides a new framework to 

investigate the link between environment and behavior, and notably incites 

to study this link in an ontological perspective. Indeed, individuals’ early 

environment provides cues about the kind of environment they will likely 

face as adults and the kind of somatic resources they can rely on for their 

development. Thereby, they are crucial to calibrate current and future 

behavior (Nettle et al., 2013). Accordingly, studies on non-human animals 

have shown that signals perceived during the juvenile period influence 

behavior throughout the individual’s lifespan (Roff, 2002; Stearns, 2000). 

Even when they live in low-stress environments as adults, non-human 

animals, who have experienced high levels of stress during the juvenile 

period go on to be more present-orientated, prioritizing immediate survival 

and reproduction over long-term benefits, compared to individuals who 

experienced low-stress environments from their younger age (Bloxham, 

Bateson, Bedford, Brilot, & Nettle, 2014).  
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In the past twenty years, evolutionary psychologists have applied this 

framework to study the influence of early environmental signals on human 

behavior. In very much the same way as animal models, early adversity has 

been shown to be correlated with differences in time discounting, somatic 

investment and reproduction timing in humans. Even after controlling for 

current socio-economic status, people born with low birth-weight or who 

experienced poverty, psychosocial stress or family disruption during 

childhood mature earlier and have their first child sooner than control 

populations (Bateson et al., 2004; Ellis, McFadyen-Ketchum, Dodge, Pettit, 

& Bates, 1999; Mell, Safra, Algan, Baumard, & Chevallier, 2017; Nettle, 

Coall, & Dickins, 2011, 2010; Webster, Graber, Gesselman, Crosier, & 

Schember, 2014- see Appendix). Similarly, adults who suffered from harsh 

conditions during childhood go on to exhibit greater behavioral 

disinhibition and steeper rates of time discounting independently of their 

economic status later in life (Griskevicius et al., 2013; Mittal, Griskevicius, 

Simpson, Sung, & Young, 2015b).  

By revealing the influence of early environmental signals on human 

behavior, these studies shed light on the development of these behaviors. 

In addition, they provide evidence that individual differences in behavior 

can be construed as the outputs of biologically rooted responses to the 

environment. Studying the influence of early external signals on behavior 

can thus inform on the way cognitive mechanisms respond to environmental 

factors and, thereby on their functioning and evolutionary bases. 
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Importantly, this approach is not restricted to the behavioral domains that 

have been studied in animal models, but can be extended to any behavior 

for which early environmental signals provide relevant information about the 

individuals’ future (Nettle et al., 2013). 

 

Childhood environment and social preferences 

Harshness in early stages of development is notably likely to induce 

important changes in social preferences. Indeed, some social strategies may 

be better suited to highly cooperative environments while others may be 

more adapted to environments in which social competition is fiercer and 

social trust lower. In line with this idea, independently from their 

socioeconomic status later in life, adults who grew up in stressful 

environments are more sensitive to social threats and negative emotions 

than adults who grew up in less stressful environments, which may be 

favorable in environments presenting higher levels of violence (Javanbakht 

et al., 2015; Kim et al., 2013). Going one step further, the study of the 

influence of early environmental signals should not only provide insights 

into the precise cognitive mechanisms involved in social behavior, such as 

emotion processing, but also into more systemic social attitudes.  

This approach appears particularly promising for better understanding the 

social attitudes that have already been shown to be sensitive to individuals’ 

current environment. This is the case for political attitudes, which have been 
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theorized to be notably guided by an evolved leader selection mechanism 

that responds to environmental variations (King, Johnson, & Van Vugt, 

2009). In line with this idea, analysis of historical records and sociological 

data have revealed systematic variations in the preference for strong 

leaders with the exposure to environmental threats (i.e., economic and 

social threats; Doty, Peterson, & Winter, 1991; McCann & Stewin, 1990; 

Onraet, van Hiel, & Cornelis, 2013; Sales, 1973). For instance, Onraet et al. 

(2013) have shown that economic threats (e.g., inflation and unemployment) 

are strong predictors of between-countries variations in authoritarianism. At 

the individual level also, perceived threat to safety and dangerous 

worldviews correlate reliably with the preference for strong leaders 

(Mirisola, Roccato, Russo, Spagna, & Vieno, 2014; Onraet, Dhont, & Hiel, 

2014; Perry, Sibley, & Duckitt, 2013; Sibley, Wilson, & Duckitt, 2007). This 

link has also been confirmed experimentally: social threat scenarios 

systematically induce a preference for more masculine leaders (Little, 

Burriss, et al., 2007a; Re, DeBruine, Jones, & Perrett, 2013; Spisak, Dekker, 

et al., 2012).  

To further investigate the idea that the preference for strong leaders in 

times of threat corresponds to a deeply rooted response to external 

stressors, we designed a study in which we investigated the effect of 

childhood poverty on authoritarianism. As environmental threats are 

associated with an increased level of social competition and a decreased 

level of social trust (Ellis, Figueredo, Brumbach, & Schlomer, 2009; Kaplan & 
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Gangestad, 2005; Nettle, Colléony, et al., 2011), the influence of external 

threats on political attitudes may be reflected in the importance of 

cooperation- and power-related signals for leader choice. Accordingly, 

studies on face evaluations have consistently shown that more dominant 

and less trustworthy leaders are preferred in times of social threat (Laustsen 

& Petersen, 2015; Little, Burriss, et al., 2007a; Little et al., 2012). Based on 

these results, in our study, we used face evaluations of avatars varying in 

dominance and trustworthiness to investigate the influence of early 

environmental harshness on leader preferences  

We first assessed whether early signals of environmental harshness had an 

immediate impact on leader preferences. To do so, we asked 41 children 

coming from two contrasted neighborhoods in terms of socio-economic 

status to choose the individual they would prefer as their leader in a 

mountain trip. Replicating the effect of economic threats shown in adults 

(Little, Burriss, et al., 2007a; Spisak, Homan, et al., 2012), we found that 

children from lower socio-economic backgrounds prefer stronger leaders, 

i.e., more dominant and less trustworthy leaders, than their wealthier peers. 

In other words, this experiment revealed that environmental harshness is 

linked with a preference for stronger leaders as early as childhood, 

providing support to the hypothesis that this association reflects a deeply-

rooted response to the environment.  

We then extended these results by investigating whether the association 

between childhood poverty and the preference for strong leaders lasted in 
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adulthood (representative sample of the French population: N = 1000). In 

line with the hypothesis of a long-term impact of environmental signals on 

social attitudes, adults reporting having suffered from poverty during their 

childhood are more likely to select more dominant and less trustworthy 

avatars as leaders, independently from their socio-economic status late in 

life. Importantly, this long-term effect of childhood poverty was replicated 

using participants’ self-reports of authoritarianism. Indeed, participants who 

suffered from poverty during their childhood are also more likely to strongly 

agree with the idea that ‘having a strong leader who does not have to 

bother with the elections and the parliament is a good thing’, both in the 

representative sample of the French population and in an independent 

population constituted of representative samples of 46 European countries 

(European Values Study Longitudinal Data File 1981-2008 (EVS 1981-2008), 

2015). As a conclusion, our experiments reveal that the early experience of 

poverty is associated with a preference for stronger leaders in both children 

and adults, thereby providing new insights into the ontology of political 

attitudes. In particular, by showing a link between early environmental 

signals on political behavior, and although our experimental design did not 

allow us to establish a causal link between childhood poverty and 

authoritarianism or to exclude the existence of a mediating variable, our 

study suggests that the cognitive mechanisms involved in political behavior 

respond to environmental signals perceived during development. Together, 

our three studies provide new evidence in favor of the hypothesis that 
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differences in political behavior can, at least partially, be understood as the 

product of a deeply rooted response to environmental signals.  

The manuscript in which these results are reported has been published in 

Evolution and Human Behavior in May 2017. My contribution to this work 

was as follows: design of the experiment, analysis of the data and writing of 

the paper.  
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For decades, empirical works have demonstrated that political pref-
erences vary systematically with environmental harshness. Perceived
threat to safety and dangerous worldviews indeed correlates with
right-wing authoritarianism (Onraet, Dhont, & Hiel, 2014; Sibley,
Wilson, & Duckitt, 2007), and threatening or war scenarios are associat-
edwith a preference for taller, moremasculine,more dominant and less
trustworthy leaders (Laustsen & Petersen, 2015; Little, Roberts, Jones, &
DeBruine, 2012; Re, DeBruine, Jones, & Perrett, 2013). Importantly, this
authoritarianism shift also appears in response to non-political threats.
For instance, pathogen- and disease-avoidance, a major issue in human
evolution, correlate with the degree of authoritarianism at the country
level (Murray, Schaller, & Suedfeld, 2013; Thornhill, Fincher, & Aran,
2009) and at the individual level (see Terrizzi, Shook, & McDaniel,
2013 for a meta-analysis). Taken together, these studies suggest that
the preference for strong leaders is a deeply rooted evolutionary re-
sponse to external stressors.

However, cues from individuals' current environment are not the
only signals affecting behavior. Signals perceived during childhood are
indeed crucial to calibrate current and future behaviors (Bateson et al.,
2004; Del Giudice, Ellis, & Shirtcliff, 2011; Nettle, Frankenhuis, &
Rickard, 2013). Environmental childhood provides cues about the kind
of environment individuals will likely face as adults or the kind of so-
matic resources they can rely on for their development (Nettle et al.,

2013). In line with this idea, empirical research shows that phenotypes
are adjusted to early conditions throughmultiple developmentalmech-
anisms (Frankenhuis, Panchanathan, & Nettle, 2016). For instance, non-
human animals who experience a period of high stress in the juvenile
period go on to be more present-oriented, and to prioritize immediate
survival and reproduction over long-term benefits (Bateson et al.,
2004). Similarly, people born with low birth-weight or who experience
psychosocial stress and family disruption in childhood mature earlier
and have their first child sooner than control populations (Adair,
2001; Nettle, Coall, & Dickins, 2011; Sloboda, Hart, Doherty, Pennell, &
Hickey, 2007). Harshness in early stages of development also induces
important changes in social cognition. For example, independently of
their socioeconomic status later in life, adults who grew up in stressful
environments are more sensitive to social threats and negative emo-
tions, whichmay be adaptive in more competitive and violent environ-
ments (Javanbakht et al., 2015; Kim et al., 2013). The goal of the present
paper is to studywhether leader preferences are also influenced by cues
of childhood harshness, independently of individuals' current circum-
stances. To test this hypothesis, we relied on a robust measure of
harshness in childhood: resource deprivation. Childhood resource dep-
rivation indeed reflects both lower levels of resources and increased in-
stability and exposure to adverse events (Evans, 2004). In other words,
resource deprivation constitutes an interesting proxy for the level of ex-
ternal stress experienced during childhood. Therefore, we assess the as-
sociation between deprivation during childhood and children's leader
preferences (Study 1). We then evaluate the persistence of this effect
in adulthood (Studies 2 & 3).
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To measure leader preferences consistently in children and adults,
we relied on participants' perception of faces. Extensive research in psy-
chology has indeed shown that facial cues are used for leader choice
both in adults and children, and that their use reliably predicts election
outcomes (Antonakis &Dalgas, 2009; Olivola & Todorov, 2010; Todorov,
Mandisodza, Goren, & Hall, 2005). In addition, cross-national studies
and experimental manipulations have shown that the importance
granted to specific facial cues such as trustworthiness or dominance is
sensitive to environmental factors (Laustsen & Petersen, 2015; Little et
al., 2012). Similarly, real-life political differences between Democrats
and Republicans have been linked with stable differences in facial pref-
erences when choosing a leader (Laustsen & Petersen, 2015; Olivola,
Sussman, Tsetsos, Kang, & Todorov, 2012). These results suggest that
people's reliance on specific facial cues to choose a leader is a reliable
proxy for their actual political preferences.

In the present project, we exploited the differential impact of domi-
nance and trustworthiness in social judgments (Oosterhof & Todorov,
2008) to investigate the relationship between childhood deprivation
and the preference for authoritarian leaders. More precisely, we used
faces controlled for both dominance and trustworthiness to measure
how early adverse experience may shape the use of these two facial
cues for choosing a leader. Finally, we confirmed the association be-
tween leader preferences and childhood deprivation by analyzing the
effect of self-reported extreme authoritarianism in a nationally repre-
sentative sample of French adults (Study 2) and in a large-scale survey
on 46 European countries (Study 3, European Values Study
Longitudinal Data File 1981–2008 (EVS 1981–2008), 2015).

1. Study 1

The aim of this first study was to investigate the immediate effect of
childhood poverty on children's preference for strong leaders. To do so,
we adapted an existing experimental design that successfully elicits po-
litical preferences in children (Antonakis & Dalgas, 2009).

1.1. Materials and methods

1.1.1. Participants
41 children from the city of Slatina, Romania, aged 6 to 8 years (M=

6.85 ± 0.13 years; results are given in the standard form: mean ± 95%
confidence intervals) were recruited in two schools situated in a de-
prived neighborhood and in a working-class neighborhood, about
1 km away from the city center. A minimum target of 20 participants
per group was pre-planned based on the number of 6 to 8 year-olds in
the lower-SES school; the exact number was determined by scheduling
constraints and by the number of parental consent forms we received.
The study was approved by the schools' management team and by the
School Inspectorate. Parents signed a written informed consent form
and children provided verbal assent at the start of the procedure. All
study procedures complied with the Declaration of Helsinki. Children
received a small gift to thank them for their participation.

Two Childhood Deprivation Groups (Deprived and Not Deprived) were
formedbased on children's neighborhood. Because neighborhood status
may interact with children's status, we excluded childrenwhose paren-
tal income did not match their neighborhood's status. With this goal in
mind, we asked parents whether their income was above or below the
legal minimum wage in Romania (i.e. 850 lei per month, which corre-
sponds approximately to 216$). One participant was excluded in the
Deprived Group and one was excluded in the Not Deprived Group
resulting in 20 participants in the Deprived Group and 19 in the Not De-
prived Group. The two groups were further characterized by lack of ma-
terial possessions and lower access to cultural activities, they had
younger and less educated parents, more siblings and more crowded
houses and more unstable families (all ps b 0.035; Table S1). Children
in the Deprived and Not Deprived Childhood Groups were matched on

age (t(37) = 0.19, p N 0.250) and gender ratio (χ2(1, N = 39) = 0.62,
p N 0.250; Table S1).

1.1.2. Procedure and analysis
FollowingAntonakis andDalgas (2009),we asked children to choose

the individual they would prefer as the captain of their team to go on a
mountain trip. They had to repeat this choice five times, on five different
pairs of faces. Each pair included two versions of a single avatar identity:
a more dominant one and amore trustworthy one (Fig. 1A). The identi-
ties were selected by a native Romanian to match the most common
types of faces in Romania. Morphs were created with the XxMorphs
freeware and using the Facegen 3.1 open database (Oosterhof &
Todorov, 2008). The more dominant faces corresponded to a 50%
morph between a 3-point dominant and a 1-point trustworthy face.
Theoretically, the obtained average faces were 1.5-point dominant and
0.5-point Trustworthy. Symmetrically, the more trustworthy faces
corresponded to a morph between a 1-point dominant and a 3-point
trustworthy face, resulting in 0.5-point dominant and 1.5-point trust-
worthy faces.

Validation of the stimuli by 60 Amazon MTurkers (MTurk, http://
www.mturk.com) confirmed that the more dominant faces were
judged asmore dominant and less trustworthy than themore trustwor-
thy faces (mean of participants' correct identification rate: most domi-
nant face: 86% ± 6%; most trustworthy face: 79% ± 6%; mean
percentage of correct identification for each face: most dominant face:
86%± 4%; most trustworthy face: 79% ± 13%). The pairs were present-
ed in a random order and the position of the more dominant face (on
the right or on the left of the more trustworthy face) was
counterbalanced between pairs. The task lasted approximately 5 min.

The effect of ChildhoodDeprivation on the probability of choosing the
more dominant face was investigated using a logistic regression taking
Childhood Deprivation as a predictor. All the results obtained with this
model were confirmed using Parental income status instead of Childhood
Deprivation as the predictor (See Supplementary information).

1.2. Results

In line with our hypotheses, children experiencing deprivation were
more likely to choose the more dominant and less trustworthy face as
the captain for their team (logistic regression: b = 0.68 ± 0.57, z =
2.33, p = 0.020). This difference was explained by a preference for
strong leaders in the, most deprived group only (M = 0.62 ± 11,
t(19) = 2.30, p = 0.033; Least deprived group: M = 0.45 ± 10, t(18)
= −0.99, p = 0.337).

1.3. Conclusions

This first study demonstrates that children's leader preferences are
sensitive to their environment and that deprivation biases these prefer-
ences towards strong leaders. Thus, in a second study, we investigate
the long-lasting effect of early exposure to stressors on a nationally rep-
resentative sample of adults with diverse socio-economic backgrounds.

2. Study 2

Adult participants had to choose whom they would vote for in a na-
tional election between avatar faces parametrically varying on trust-
worthiness and dominance. Participants also reported their preference
for authoritarian leaders to investigate the relationship between child-
hood deprivation and explicit authoritarian attitudes.

2.1. Materials and methods

2.1.1. Participants
Thenumber of subjectswasfixed a prioriwith IPSOS polling institute

to constitute a sample that was representative of the French population
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for age, gender, geographical region, urban vs. rural and occupation
(quota method). 1006 French participants (544 women) aged 16 to
83 years old (47.42 ± 1.01 years) participated in this online study.
Each participant received a description of the study and provided their
informed consent before starting the experiment. Following IPSOS' pol-
icy, participants were not paid to take part in the study. The experiment
lasted around 15 min.

2.1.2. Procedure
The procedure for this experiment was a standard discrete choice

task (McFadden, 1980, see Fig. 1A). This methodology was validated in
two pre-test experiments, see Supplementary information Study S1 &
S2 for details.

The experiment was programmed in Javascript. Eight avatar faces,
generated via FaceGen 3.1 software and controlled for their level of
trustworthiness and dominance were used for this experiment. These
faces have already been successfully demonstrated to elicit dominance
and trustworthiness judgments both at the explicit and implicit level
(Stewart et al., 2012). These faces spanned every possible combination
of dominance and trustworthiness in a range of −2 to +2 points with
an increment of 2 points (Oosterhof & Todorov, 2008) andwere regular-
ly spaced on both dominance and trustworthiness. In each presented
pair, the faces were 2 to 4 points different from each other on at least
one dimension (dominance or trustworthiness). This resulted in 36
pairs of faces.

Each trial began with a central fixation cross presented for 300 ms.
The two faces were then presented simultaneously. Participants had
to select who they would vote for in a national election, and had up to
2 s to answer by pressing “e” for the face on the left and “p” for the
face on the right. If they failed to answer within 2 s, the next trial was
automatically presented. A blank page was presented for around

100 ms after each trial. The 36 possible pairs of faces were presented
in a random order. The presentation position of the faces (the more
trustworthy face on the left or on the right) of each pair was
randomized.

At the beginning of the experiment, participants filled a question-
naire designed to measure their subjective level of resources in child-
hood and adulthood on 100-point scales (Griskevicius, Tybur, Delton,
& Robertson, 2011). This questionnaire has been used in multiple stud-
ies demonstrating a link between childhood poverty and adult behav-
iors, independently of participants' current level of resources (e.g.,
Griskevicius et al., 2013). Following the literature, we used participants'
current level of resources as a control variable to investigate the inde-
pendent effect of childhood poverty. In addition, participants also com-
pleted two other validated questionnaires: one on negative household
affect (Bernstein et al., 1994) and one on parental care (Mikach &
Bailey, 1999). At the end of the experiment, participants had to indicate
their agreement with the sentence “I think having a strong leader who
does not have to bother with parliament and elections is a good thing”
on a 4-point scale. This self-reported measure of participants' prefer-
ence for a strong leader was used to assess the link between our
experimental measure and explicit political attitudes. Extreme authori-
tarianism was defined as strong agreement with this sentence.

Eighty-six participants were excluded for not meeting basic quality
checks such as indicating their gender consistently at two different
times of the procedure. Reaction times inferior to 200 ms were
discarded (mean reaction time of the included participants before filter-
ing: 1.16 ± 0.02 s). Thirty-six participants were excluded for pressing
the same key on N90% of the trials, thirty-five participants were exclud-
ed for having given responseswith a reaction time superior to 200ms in
less than half the trials and one participant was excluded for not having
given any response with a reaction time superior to 200 ms. Twenty-

Fig. 1. Influence of childhood deprivation on leader preferences. A. Facial preferences experiment design. Children had to choose, for 5 pairs of faces, the individual theywould prefer as the
captain of their team. The faces of each pair corresponded to the same identity varying in the level of dominance (1.5 or 2.5 points) and trustworthiness (2.5 or 1.5 points; left). Adults had
to choose the individual they would vote for in a national election for 36 pairs of faces varying parametrically on dominance and trustworthiness (right). B. Differences between choice
probabilities for the different face combinations in Deprived and Not Deprived Childhood participants in Study 2. Difference in choice probability is represented from red for a higher
probability for the Not Deprived (N = 649) than for the Deprived Childhood Group (N = 163) to blue for a lower probability of choice for the Deprived Childhood Group. The pixelized
figure corresponds to the averaged data for each combination of ∆Dominance and ∆Trustworthiness and the smoothed figure to the models' predictions. Participants who
experienced poverty during their childhood had a higher probability of choosing more dominant and less trustworthy leaders than those who did not experience poverty. C. Impact of
Childhood Deprivation on extreme authoritarianism for 46 European countries. Two-level analyses revealed that having experienced deprivation during childhood increased the
probability of reporting extreme authoritarianism. Importantly, this effect was also significant after controlling for parents' cultural capital as well as current status and confidence in
politics.
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four participants were excluded for not having given any response. The
analyses were performed on 818 participants.

2.1.3. Childhood deprivation measure
In economics, poverty is defined as an income below 50% of the me-

dian incomeof the population (e.g., Alesina, Glaeser, & Sacerdote, 2001).
We applied this definition to participants' subjective levels of resources.
The subjective poverty line was computed on a sample constituted of
the 1006 participants from Study 2 and 685 additional participants
drawn from the same population (N = 1691 in total). Poverty thresh-
olds were set at a score of 65.5 for Childhood Deprivation (Deprived or
Not Deprived Childhood Groups) and 76.5 for Current Resources (Low or
Middle Current Resources Groups). 163 participants were included in
the Deprived Childhood Group and 649 in the Not Deprived Childhood
Group. In the older subsample (662 participants), 138 participants
were included in the Deprived Childhood Group and 524 in the Not De-
prived Childhood Group.

2.1.4. Subjective Maltreatment and Parental Care
Two categories, similar to those for Childhood and Current Depriva-

tion were created for Subjective Maltreatment and Parental Care. The
Negative Household Affect threshold was set to a score of 115 resulting
in 95 participants included in the Negative Household Affect Group and
723 included in the Not Negative Household Affect Group. For Parental
Care, the threshold was set to a score of 125 and 81 participants were
included in the Low Parental Care Group and 737 in the Middle Parent
Care Group.

2.1.5. Pre-analyses
We first checked that participants from the two Childhood Depriva-

tion Groups did not differ on basic task performance measures. As no
objective measure of accuracy was available for this preference task,
we used mean reaction times and number of valid trials as measures
of task performance. We found that the two groups did not differ on
these basic performancemeasures (Reaction times -Not Deprived Child-
hood Group: M = 1164.65 ± 18.93; Deprived Childhood Group: M =
1159.69 ± 37.95; t(816) = 0.23, p N 0.250; number of valid trials -
Not Deprived Childhood Group: M = 33.25 ± 0.25; Deprived Childhood
Group:M=33.75± 0.47; t(816)=−0.12, p N 0.250). Therefore, it ap-
pears that the two groups differed neither on their attention to or in
their comprehension of the task.

2.1.6. Analyses
As recommended by McFadden in his seminal paper on choice ex-

periments (McFadden, 1980), choices were analysed using mixed logit
logistic regression for each subject, taking trial number and face position
as random factors and faces' levels of trustworthiness and dominance as
regressors. We measured the effect of Childhood Deprivation on the
probability of choosing a strong leader (amore dominant and less trust-
worthy leader) by computing this probability for each individual based
on her individual coefficients. Importantly, this computed probability
corresponds to the probability of choosing the strong leader in any
pair of faces, i.e., independently of the avatar's level of dominance and
trustworthiness. In other words, this measure reflects participants' gen-
eral preference for a strong leader. The effect of Childhood Deprivation
and the controlling factors was assessed using logistic regressions on
the probability of choosing a strong leader. Finally, we used similar lo-
gistic regressions on extreme authoritarianism to assess the effect of
Childhood Deprivation on self-reported authoritarianism.

2.2. Results

Strong leaders (defined, as in Study 1, as a more dominant and less
trustworthy leader) had a lower chance of being chosen than more
trustworthy and less dominant leaders in general (probability of choos-
ing a strong leader:M = 0.36 ± 0.01, t(817) = −35.39, p b 0.001). As

expected, participants who had experienced childhood poverty were
more likely to choose a strong leader (bChildDep = 0.10 ± 0.08, z =
2.49, p = 0.013; Fig. 1A-B).

Finally, genetic studies have shown that family environment has less
influence on political attitudes after the individual has left the family
house (seeHatemi&McDermott, 2012 for a reviewon this topic). To con-
firm the existence of a long-term effect of childhood poverty, we ran our
analyses after excluding participants who were younger than 30 years
old at the time of testing. The impact of childhood poverty on leader pref-
erences was also present in these older participants (bChildDep = 0.11 ±
0.09, z=2.52, p=0.012), which confirms the long-term impact of child-
hood adversity. Importantly, this effect was preserved after controlling
for participants' current level of resources both in the complete sample
(bChildDep=0.09±0.08, z=2.25, p=0.025) and in the older subsample
(bChildDep = 0.11 ± 0.09, z= 2.34, p= 0.019).

To assess the role of potential confounds, we tested the effect of
childhood deprivation after controlling for participants' current poverty
and level of education as well as variables assessing participants' child-
hood affective environment (parental care or negative household af-
fect). The effect of childhood deprivation was robust to the inclusion
of these variables, both in the complete sample (bChildDep = 0.09 ±
0.08, z = 2.17, p = 0.030) and in the older subsample (bChildDep =
0.09 ± 0.09, z = 2.08, p = 0.038).

We then further tested the link between childhood deprivation, our
experimental measure of preference for strong leaders, and partici-
pants' self-reported extreme authoritarianism. As expected, partici-
pants with a higher probability of choosing a strong leader during the
task were more likely to endorse extreme authoritarianism (bProb =
2.06 ± 1.59, z = 2.55, p = 0.011). As for facial preferences, childhood
poverty predicted extreme authoritarianism both before (complete
sample: bChildDep = 0.56 ± 0.42, z = 2.62, p = 0.009; older subsample:
bChildDep=0.50±0.46, z=2.14, p=0.033) and after including the con-
trol variables (complete sample: bChildDep = 0.59 ± 0.43, z = 2.65, p =
0.008; older subsample: bChildDep = 0.47 ± 0.46, z = 1.97, p = 0.048).

2.3. Conclusions

This study revealed a long-term impact of childhood deprivation on
adult leader preferences using both facial preferences and self-reported
extreme authoritarianism. Importantly, the effect of childhood depriva-
tion was still present after controlling for potential confounding factors
such as parental care and level of education. To assess the robustness of
the link between extreme authoritarianism and childhood deprivation,
we analysed responses from an independent large-scale sociological
survey.

3. Study 3

The impact of childhood deprivation on the preference for strong
leaders was analysed using a large scale sociological survey conducted
on 66,281 respondents living in 46 European countries (the European
value survey, Wave 4, European Values Study Longitudinal Data File
1981–2008 (EVS 1981–2008), 2015).

3.1. Material and methods

3.1.1. Dataset and measures
We analysedWave 4 (collected between 2008 and 2010) of the Eu-

ropean Value Survey (European Values Study Longitudinal Data File
1981–2008 (EVS 1981–2008), 2015). The analyses were performed on
66,281 respondents (mean number of respondents per country:
1440.89 ± 94.21) from 46 European countries. Extreme authoritarian-
ism was measured exactly as in Study 2. Childhood Deprivation was
measured using the question: “Parent(s) had problems to make ends
meet” in the European Value Survey. A childhood poverty threshold
was computed using the samemethod as in Study 2. Because responses
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to the childhood deprivation questionmay have different values for dif-
ferent countries, the poverty threshold was computed for each country
separately. Thismethodwas also applied to three other subjective child-
hoodmeasures (parental political involvement, parental interest for the
news and parental interest for books) and to three subjective adulthood
measures (current level of religiosity, life satisfaction and confidence in
political institutions).

3.1.2. Analyses
The effect of Childhood Deprivation on extreme authoritarianism

was computed using two-level analyses: logistic regressions were run
for each country separately and coefficient significance was assessed
using t-tests at the group level. Countries for which R identified fitting
errors were excluded (N=2 in the all sample analysis with the control
variables and N = 3 in the older sample analysis with the control
variable).

3.2. Results

Our analyses confirmed the effect of childhood deprivation on ex-
treme authoritarianism (all respondents: M = 0.21 ± 0.10, t(45) =
4.07, p b 0.001; Fig. 1C; respondents older than 30 years old: M =
0.18 ± 0.12, t(45) = 2.78, p = 0.008). As in Study 2, we further tested
the effect of childhood deprivation after controlling for participants'
level of education, income level aswell as childhoodmeasures assessing
parents' cultural capital (interest in books, news and politics as well as
their level of education). In addition, we also included additional vari-
ables measuring participants' current level of stress and resources (re-
cent episode of unemployment and subjective life satisfaction) as well
as variables measuring participants' attitudes that could potentially
mediate the link between childhood deprivation and extreme authori-
tarianism (religiosity, Altemeyer & Hunsberger, 1992, and confidence
in political institutions, Knigge, 1998). These analyses confirmed a spe-
cific effect of childhood deprivation on adults' political attitudes (all re-
spondents: M = 0.11 ± 0.10, t(43) = 2.11, p = 0.040; older
respondents: M = 0.13 ± 0.11, t(42) = 2.25, p = 0.029).

4. Discussion

With the present experiments, we aimed to understand the effect of
childhood environment on political preferences. In line with our hy-
pothesis, we found that experiencing poverty during childhood was as-
sociated with an increased preference for dominant leaders. These
results are consistentwith the literature on the effect of external threats
on political preferences (Laustsen & Petersen, 2015; Perrin, 2005; Sales,
1973; Van de Vyver, Houston, Abrams, & Vasiljevic, 2016). For example,
analyses of historical records have revealed increased authoritarianism
during periods of social and economic threat (such as the Great Depres-
sion, the late 1960s and the late 1970s in the US, Sales, 1973). Similarly,
the acute threats of 09/11/2001 in the US (Perrin, 2005) and of the 2005
London bombings (Van de Vyver et al., 2016) are associated with in-
creased conservatism and authoritarianism.

However, the present studies suggest that the effect of external
threats is muchmore pervasive than previously thought. Our results in-
deed reveal an immediate effect of early adverse experiences on
children's preferences (Study 1) as well as a postponed effect on adults'
political preferences (Studies 2–3). This postponed effectwas evidenced
both in the experimental task and in self-reports and suggests the exis-
tence of a direct relationship between childhood environmental harsh-
ness and political attitudes. However, it is important to note that no
causal link between childhood deprivation and political attitudes can
be drawn based on these correlational studies. Indeed, we cannot ex-
clude the existence of unobserved variables that might impact both
adult political attitudes and childhood environmental harshness inde-
pendently. In an effort to control for potential confounding factors, we
included various control variables in our models. These additional

analyses show that the effect of childhood environmental harshness
on political attitudes was independent of participants' current environ-
ment (current status and recent life events), cultural factors (education
level and parenting style), and confidence in political institutions. This
robustness check suggests a limited impact of omitted observable vari-
ables in our context.

In addition, it is worth noting that genetic factors may also be part-
ly responsible for our results. Indeed, authoritarianism, lower socio-
economic status, as well as educational attainment and cognitive skills
are all partly genetically determined (Hatemi & McDermott, 2012;
Marioni et al., 2014; Plomin & Deary, 2015; Rietveld et al., 2013). Ge-
netic factors also mediate the association between lower socio-eco-
nomic status and many social and cognitive traits (Hill et al., 2016;
Krapohl & Plomin, 2016; Trzaskowski et al., 2014). Therefore, it possi-
ble that the evidenced association between childhood deprivation and
authoritarianism is due to genetic mechanisms, such as the co-trans-
mission of genetic factors associated with a lower socio-economic
status and those linked with higher degrees of authoritarianism. The
present findings would thus be strengthened by future research
involving external shocks in experimental settings or natural
experiments.

In addition, we have to acknowledge the small sample size of the
study on children (Study 1, N = 39) and that further experiments are
needed to replicate the early sensitivity of leader preferences to envi-
ronmental factors. The present results should also be confirmed by
using different measures of childhood deprivation in adults. Indeed,
even if actual and retrospective socio-economic status appear to have
similar effects on adult outcomes (Cohen, Janicki-Deverts, Chen, &
Matthews, 2010; Mittal, Griskevicius, Simpson, Sung, & Young, 2015),
contrasting perceived and objective deprivation would allow us to test
whether individuals' subjective perception of environmental harshness
has a more potent effect on behavior than objective environmental
harshness.

Despite these caveats, the present findings are the first to point to
possiblemechanisms thatmay lead to an early emergence of authoritar-
ianism and orient individuals' behavior throughout their lifespan. This
idea is consistentwith longitudinal studies showing that right-wing au-
thoritarianism is stable over months (Onraet et al., 2014; Sibley et al.,
2007) and years (Mirisola et al., 2014) and with brain imaging research
showing substantial differences between adults who experienced
stressful environments as children in brain areas involved in face evalu-
ations (Javanbakht et al., 2015; Kim et al., 2013; Mende-Siedlecki, Said,
& Todorov, 2012). Therefore, the effect of childhood poverty evidenced
in our study may rely on deep changes in brain functioning. In the pres-
ent studies, however, the immediate and long-term effects of childhood
deprivation on political preferences were evidenced using a cross-sec-
tional design. Longitudinal studies are thus needed to confirm the asso-
ciation between childhood deprivation and leader preferences, and to
track its evolution across the lifespan.

In addition, our studiesmay also shed light on the ecological bases of
authoritarianism and on the possible adaptive value of such political at-
titudes. Indeed, we provide further evidence that leader choice is highly
responsive to environmental threats and that the plasticity of leader
preferences is also present in children. Our results thus extend existing
data showing that more masculine andmore dominant leaders are pre-
ferred in times of threat (Laustsen & Petersen, 2015; Little, Burriss,
Jones, & Roberts, 2007; Re et al., 2013) and that right-wing political at-
titudes increase with perceived threat (Onraet et al., 2014; Sibley et al.,
2007). Interestingly, Van Vugt, Hogan, and Kaiser (2008) have sug-
gested that these contextual effects could be construed as the adaptive
responses of an evolved leader choice mechanism. In this perspective,
choosing a strong leader would be an adaptive response to an increased
need for group coordination in harsh environments (Laustsen &
Petersen, 2015). Our results showing an early plasticity of leader prefer-
ences in response to external threats are compatible with this idea but
alternative explanations cannot be ruled out at this stage.
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Indeed, leader preferences could be just aswell guided by other cog-
nitive mechanisms. Specifically, it has been demonstrated that leader
choice is mainly determined by broad competence judgments that are
independent from the more specific assessment of leadership qualities
(see Olivola & Todorov, 2010 for a review). In our context, this might
suggest that dominant leaders are more appealing in harsh environ-
ments simply because they are perceived as more competent in these
specific environments. This indeed makes sense from an ecological
point of view: stressful environments aremore competitive and less co-
operative (Evans, 2004), which favors dominant individuals, who are
likely to outperform others and to acquire larger amounts of resources.
This alternative view would predict that leader preferences are guided
by competence evaluations that bear no relevance to people's need for
group coordination. Further research testing the optimality of leader
preferences under different environmental constraints is thus needed
to tease apart these two interpretations.

Finally, these studies may offer a new way of explaining long-term
changes in political attitudes. The early calibration of social preferences
indeed suggests that political life is not only influenced by current cir-
cumstances (recessions, wars, acts of terrorism, etc.) but also by early
life conditions. Thismay have a protective effect against aggravating cir-
cumstances when voters experienced favorable situations as children,
but it can also hinder the beneficial effects of current improvements in
people's environment. For instance, in the early 1970's, after 30 years
of rising prosperity, more and more people started to embrace ‘post-
materialist values’ such as emphasized autonomy and self-expression
(Inglehart, 2015). Yet, cohorts born and raised before World War II,
who had experienced the recession of the 30's andwartime restrictions,
continued to adhere to ‘materialist values’, emphasizing economic secu-
rity and authoritarianism (Inglehart, 2015). Conversely, since the
1970's, Western countries have experienced N30 years of economic
stagnation and rising inequalities (Twenge & Kasser, 2013). The effect
of stress on people's political attitudes may have been mitigated for a
while by the presence of large cohorts of individuals brought up during
times of rising prosperity (1945–1975) and whose political attitudes
were still influenced by a favorable childhood. But as the younger gen-
erations (generations X and Y) are coming of age, and starting to vote,
authoritarian candidates may become increasingly popular.

5. Future directions

The present studies are a first step towards establishing an associa-
tion between early exposure to adversity and authoritarianism. Two
lines of research should be developed to further investigate the ontolo-
gy and development of social attitudes from an ecological perspective.
On the one hand, the same evolutionary reasoning could be applied to
test whether other environmental factors known to affect adult political
preferences also influence leader preferences when they are experi-
enced during childhood. For instance, it would be particularly interest-
ing to test whether exposure to pathogens or diseases during
childhood also increase preference for autocracy, as it does in adults
(Thornhill, Fincher, Murray, & Schaller, 2010; Thornhill et al., 2009).
Based on this perspective, another open question is to understand
how people's current and childhood environment interact to produce
different political attitudes. Indeed, recent research in evolutionary psy-
chology has suggested that childhood experiences may activate differ-
ent behavioral responses to current environmental threats (Del
Giudice et al., 2011; Griskevicius et al., 2011; Griskevicius et al., 2013).
Based on these results, one could hypothesize that external threats
will shapes political attitudes differently depending on people's prior
childhood environment.

On the other hand, our study focused on the ontology of one partic-
ular political attitude but it is worth noting that different political and
social attitudes often covary. For instance, preference for authoritarian
leaders is associated with a preference for conformity and with higher
degrees of prejudice against minorities (Altemeyer, 1996; Cohrs,

Moschner, Maes, & Kielmann, 2005; Duckitt, 2006; Laythe, Finkel, &
Kirkpatrick, 2001). However, little is known about whether these traits
constitute a behavioral syndrome, i.e. the output of a coordinated strat-
egy (Baumard & Chevallier, 2015; Griskevicius et al., 2013; Pepper &
Nettle, 2017; Réale et al., 2010), or if it is rather an aggregation of inde-
pendent phenotypes that respond to similar environmental signals. This
behavioral syndrome approach has already been successfully applied to
describe the co-variation of somatic and reproductive behaviors and to
shed light on the pressures that may have shaped its evolution
(Brumbach, Figueredo, & Ellis, 2009; Ellis, Figueredo, Brumbach, &
Schlomer, 2009; Mell, Safra, Algan, Baumard, & Chevallier, 2017;
Simpson, Griskevicius, Kuo, Sung, & Andrew, 2012). Addressing the
question of the co-variation of this set of political attitudes in an ecolog-
ical perspective would thus provide insight on the evolutionary roots of
political behavior.
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Supplementary	Information	1 

Impact	of	gender	on	facial	features	preferences		2 

As	it	has	been	shown	that	individuals	are	more	likely	to	vote	for	candidates	that	look	similar	to	3 

them	 (Bailenson,	 Iyengar,	 Yee,	 &	 Collins,	 2009)	 and	 because	 dominant	 and	 less	 trustworthy	4 

faces	have	been	demonstrated	to	be	more	masculine	(Oosterhof	&	Todorov,	2008),	we	checked	5 

the	 robustness	 of	 our	 results	 by	 adding	 gender	 as	 a	 covariable.	 Confirming	 the	 impact	 of	6 

childhood	deprivation	on	leader	preferences,	adding	gender	as	a	regressor	did	not	significantly	7 

impact	the	effect	of	childhood	deprivation	on	leader	preferences	either	in	children	(z	=	-0.24,	p	8 

>	.250;	bChildDep		=	0.58	±	0.29,	z	=	1.95,	p	=	.052),	adults	(z	=	-0.10,	p	>	.250;	bChildDep		=	0.11	±	0.08,	9 

z	=	2.66,	p	=	.008)	or	older	adults	(z	=	-0.11,	p	>	.250;	bChildDep		=	0.16	±	0.09,	z	=	2.69,	p	=	.007).	10 

	11 

Study	1	–	Parental	income	analysis	12 

We	ran	a	 logistic	 regression	analysis	on	children’s	 leader	choices	 taking	parental	 income	as	a	13 

regressor.	 This	 analysis	 confirmed	 the	 impact	 of	 childhood	 deprivation	 on	 individuals’	14 

preference	 for	 strong	 leader:	 experiencing	 childhood	 deprivation	 increased	 by	 25.54%	 the	15 

probability	of	choosing	a	strong	leader	(b	=	0.69	±	0.56,	z	=	2.41,	p		=	.016).	16 

	17 

Study	S1	-	Experiment	design	validation	18 

In	order	to	assess	whether	a	discrete	choice	experiment	would	replicate	the	well-documented	19 

impact	of	exposure	to	external	threats	on	leader	preferences	(Laustsen	&	Petersen,	2015;	Little,	20 



Burriss,	Jones,	&	Roberts,	2007;	Little,	Roberts,	Jones,	&	DeBruine,	2012;	Re,	DeBruine,	Jones,	&	21 

Perrett,	 2013),	 we	 first	 ran	 a	 replication	 of	 Little	 et	 al.’s	 studies	 (Little	 et	 al.,	 2007,	 2012)	22 

showing	 that	 war	 scenarios	 induce	 a	 preference	 for	 more	 dominant	 and	 less	 trustworthy	23 

leaders.	24 

	25 

Participants	26 

60	 participants	 (25	 women),	 aged	 20	 to	 60	 years	 old	 (mean	 age:	 32.58	 ±	 2.57	 years)	 were	27 

recruited	via	MTurk	to	participate	in	this	online	study.	Each	participant	received	a	description	of	28 

the	study,	provided	their	informed	consent	before	starting	the	experiment,	and	received	$2	for	29 

this	30-minute	experiment	(which	corresponds	to	the	$6.00	hourly	wage	of	MTurk).	30 

	31 

Procedure	32 

The	experiment	was	programmed	on	Qualtrics	and	was	similar	to	Study	2	except	that	the	set	of	33 

pairs	was	 presented	 twice,	 in	 two	 separate	 blocks,	 one	 in	 a	war-time	 scenario	 and	 one	 in	 a	34 

peace-time	scenario	(“Who	would	you	vote	for	in	a	time	of	war/peace?”).	These	scenarios	were	35 

similar	 to	 those	 used	 in	 (Little	 et	 al.,	 2007,	 2012),	 and	 the	 order	 of	 the	 two	 blocks	 was	36 

randomized	between	participants.	37 

	38 

Reaction	 times	 inferior	 to	 200	 ms	 were	 discarded	 (mean	 reaction	 time	 of	 the	 included	39 

participants	before	filtering:	0.50	±	0.01s).	Four	participants	were	excluded	from	the	analysis	for	40 



pressing	the	same	key	in	more	than	90%	of	the	trials,	two	participants	were	excluded	for	having	41 

no	response	with	a	reaction	time	superior	to	200ms	and	one	participant	was	excluded	for	not	42 

having	given	any	response.	The	analyses	were	performed	on	53	participants.	43 

	44 

Analyses	&	Results	45 

As	 in	 Study	 2,	 choices	 were	 analysed	 using	 two-level	 analyses.	 First,	 mixed	 logit	 logistic	46 

regressions,	 taking	 trial	 number	 and	 face	 position	 as	 random	 factors,	 were	 ran	 for	 each	47 

participant.	Levels	of	trustworthiness	(Trustworthiness)	and	dominance	(Dominance)	as	well	as	48 

the	 Scenario	 (war-time	 or	 peace-time)	 were	 used	 as	 regressors.	 The	 coefficients	 from	 these	49 

regressions	were	 then	used	 to	compute	 the	probability	of	 choosing	a	 strong	 leader	 (i.e.,	 a	1-50 

point	more	dominant	and	1-point	less	trustworthy	leader).	A	beta	regression	was	then	run	on	51 

these	probabilities	to	assess	the	impact	of	the	experimental	manipulation.	52 

	53 

The	 analysis	 of	 the	 coefficients	 revealed	 that	 in	 times	 of	 peace,	 strong	 leaders	 had	 a	 lower	54 

probability	 of	 being	 chosen	 than	 more	 trustworthy	 and	 less	 dominant	 faces	 (Probability	 of	55 

choosing	a	strong	 leader:	M	=	0.34	±	0.04,	t(52)	=	-	8.79,	p	<	 .001).	As	expected,	the	scenario	56 

impacted	these	choices:	 in	times	of	war,	strong	leaders	were	more	likely	to	be	chosen	(bWar	=	57 

2.72	±	0.99,	z	=	5.39,	p	<	.001).	Indeed,	strong	leaders	were	chosen	significantly	above	chance	in	58 

the	 war	 scenario	 (M	 =	 0.59	 ±	 0.06,	 t(52)	 =	 3.62,	 p	 <	 .001).	 Interestingly,	 in	 wartime,	 both	59 

dominance	and	untrustworthiness	were	valued	in	 leaders	(bT	=	-0.30	±	0.18,	t(52)	=	-3.35,	p	=	60 

.002;	bD	=	0.15	±	0.11,	t(52)	=	2.76,	p	=	.008)	while	it	was	the	opposite	in	peace	time	(bT	=	0.57	±	61 



0.11,	 t(52)	 =	 10.12,	 p	 <	 .001;	 bD	 =	 -0.13	 ±	 0.09,	 t(52)	 =	 -2.81,	 p	 =	 .007).	 In	 other	 words,	 in	62 

wartime,	stronger	leaders	were	preferred,	which	replicates	Little	et	al.’s	2007	and	2012	findings	63 

(Little	et	al.,	2007,	2012).		64 

	65 

Conclusions	66 

	 Our	 new	 methodology	 replicates	 a	 robust	 result	 of	 the	 leader	 choice	 literature:	67 

participants	are	biased	towards	strong	 leaders	after	war	primes	(Little	et	al.,	2007,	2012).This	68 

finding	demonstrates	that	our	online	experiment	is	sensitive	to	changes	in	 leader	preferences	69 

after	exposure	to	an	external	threat.		70 

	71 

Study	S2	–	The	impact	of	childhood	environment:	pilot	study	72 

Participants	73 

The	number	of	subjects	was	fixed	a	priori	to	200	based	on	our	past	experience	with	between-74 

subjects	social	choice	experiments	on	MTurk.	200	American	participants	(66	women)	aged	19	to	75 

74	years	old	(33.31	±	1.63	years),	were	recruited	via	Amazon	Mechanical	Turk	to	participate	in	76 

this	online	study.	Each	participant	received	a	description	of	the	study,	provided	their	informed	77 

consent	before	starting	the	experiment,	and	received	$1.5	for	this	15-minute	experiment.	78 

	79 

Procedure	80 



The	same	experiment	as	in	Study	2	was	programmed	on	Qualtrics.	However,	in	this	experiment,	81 

participants	 filled	 the	 subjective	 level	 of	 resources	 questionnaires	 on	 9-point	 scales	82 

(Griskevicius,	Tybur,	Delton,	&	Robertson,	2011)	and	at	the	end	of	the	experiment.	As	in	Study	83 

2,	 reaction	 times	 inferior	 to	 200	 ms	 were	 discarded	 (mean	 reaction	 time	 of	 the	 included	84 

participants	 before	 filtering:	 0.49	 ±	 0.02	 s).	 Four	 participants	were	 excluded	 for	 pressing	 the	85 

same	key	in	more	than	90%	of	the	trials,	four	participants	were	excluded	for	having	responses	86 

with	 a	 reaction	 time	 superior	 to	 200	 ms	 on	 less	 than	 half	 the	 trials,	 six	 participants	 were	87 

excluded	for	not	having	given	any	responses	with	a	reaction	time	superior	to	200	ms	and	one	88 

participant	was	excluded	for	not	having	given	any	response.	The	analyses	were	performed	on	89 

183	participants.	90 

	91 

Childhood	Deprivation	Measure	92 

The	subjective	poverty	line	was	defined	as	in	Study	2.	We	used	previously	collected	responses	93 

on	522	MTurkers	 in	addition	 to	 the	200	participants	 to	 the	study	 to	determine	 the	 threshold	94 

value	for	the	MTurk	population.	Poverty	thresholds	were	set	at	a	score	of	7	for	both	Childhood	95 

(Deprived	 or	Not	 Deprived	 Childhood	Groups)	 and	Current	 Resources	 (Low	or	Middle	 Current	96 

Resources	Groups).	35	participants	were	included	in	the	Deprived	Childhood	Group	and	148	in	97 

the	Not	Deprived	Childhood	Group.	In	the	older	subsample	(99	participants),	24	were	included	98 

in	the	Deprived	Childhood	Group	and	75	in	the	Not	Deprived	Childhood	Group.	99 

	100 

Pre-analyses	and	Analyses	101 



As	 in	 Study	 2,	 the	 two	 Childhood	 Deprivation	 Groups	 did	 not	 differ	 on	 the	 number	 of	 the	102 

analysable	 trials	 (t(181)	=	0.35,	p	 >	 .250)	or	on	 their	mean	 reaction	 times	 (t(181)	=	1.34,	p	 =	103 

.183),	 indicating	 that	 the	 two	 groups	 performed	 the	 task	 similarly.	 The	 same	 models	 and	104 

analyses	as	in	Study	2	were	run	in	this	study.	As	in	Study	2,	the	probability	of	choosing	a	more	105 

dominant	 and	 less	 trustworthy	 leader	was	 computed	 using	 the	model’s	 logit	 coefficients	 for	106 

each	participant	and	beta	regressions	were	used	to	assess	the	impact	of	childhood	deprivation.	107 

	108 

Results	109 

As	 in	 Study	 2,	 strong	 leaders	 were	 generally	 less	 chosen	 than	 more	 trustworthy	 and	 less	110 

dominant	 leaders	 (M	 =	 0.42	 ±	 0.02,	 t(182)	 =	 -7.39,	 p	 <	 .001).	 After	 controlling	 for	 Current	111 

Resources,	 the	effect	of	Childhood	Deprivation	was	 found	as	a	 trend	 in	the	total	sample	 (N	=	112 

183;	bChildDep	=	0.19	±	0.23,	z	=	1.66,	p	=	.098)	and	as	a	significant	effect	in	the	older	subsample	113 

(N	 =	 94;	bChildDep	=	 0.38	 ±	 0.28,	 z	=	 2.66,	p	=	 .008)	 such	 that	 participants	who	 suffered	 from	114 

poverty	during	their	childhood	were	more	likely	to	choose	a	strong	leader.		115 

	116 

Conclusions	117 

This	pilot	study	revealed	that	experimentally	measured	leader	preferences	using	facial	features	118 

are	 not	 only	 sensitive	 to	 experimental	 manipulations	 (Study	 S1,	 Laustsen	 &	 Petersen,	 2015;	119 

Little	 et	 al.,	 2007,	 2012)	 and	 explicit	 political	 affiliations	 (Laustsen	&	Petersen,	 2015;	Olivola,	120 

Sussman,	 Tsetsos,	 Kang,	 &	 Todorov,	 2012)	 but	 also	 to	 the	 real	 environment	 experienced	 by	121 



participants.	Moreover,	in	line	with	our	hypotheses,	childhood	deprivation	induced	a	long-term	122 

preference	for	stronger	leaders.		123 

	 	124 



Table	S1	Demographic	characteristics	of	the	Deprived	and	Not	Deprived	Childhood	Groups	125 

	 Deprived							

Childhood	Group	

Not	Deprived							

Childhood	Group	

Difference	statistical	

significance	

Number	of	Children	 20	 19	 	

Age	 6.88	±	0.23	 6.85	±	0.18	 p	>	.250	

Gender	ratio	(%	of	Female)	 35	%	 53	%	 p	>	.250	

Access	to	running	water	 25	%	 100	%	 p	<	.001	

Possession	of	a	washing	

machine	
25	%	 100	%	 p	<	.001	

Possession	of	a	car	 0	%	 74	%	 p	<	.001	

Meat	consumption	 Monthly	 Daily	 p	<	.001	

Cinema	outings	 Never	 Monthly	 p	<	.001	

Museum	outings	 Never	 Weakly	 p	=	.009	

Mean	age	of	the	parents	 29.65	±	1.93	 34.74	±	2.17	 p	<	.001	

Maximum	education	level	of	the	

parents	
High	School	 Post	High	School	 p	=	.002	

Number	of	siblings	 1.80	±	0.47	 0.47	±	0.29	 p	<	.001	

Number	of	people/number	of	

rooms	ratio	
2.33	±	0.21	 1.84	±	0.32	 p	=	.010	

Separation	of	the	parents	 30	%	 0	%	 p	=	.031	

	 	126 
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An evolutionary perspective on leader preferences 

The preference for untrustworthy leaders in wartime conditions (Little 

et al., 2012; Safra et al., 2017) challenges the mainstream hypothesis that 

leader preferences are the output of an evolved mechanism dedicated to 

leader choice (King et al., 2009; Van Vugt, 2006). Indeed, theoretical and 

experimental work has shown that trustworthiness is a necessary feature in 

effective leaders, an idea that is also found in participants’ belief (Nichols & 

Cottrell, 2014; Van Vugt, 2006; von Rueden, Gurven, Kaplan, & Stieglitz, 

2014).  

Importantly, it is worth pointing out that the preference for untrustworthy 

leaders is not the only issue faced by this theory. More precisely, the idea 

that leader-follower dynamics have constituted a major element of social 

organization throughout the human species evolutionary history, which is at 

the very center of this theory (Van Vugt & Kurzban, 2007), is also challenged 

by theoretical, observational and experimental work. Indeed, it has been 

shown that efficient cooperation can be sustained, at least for small to 

medium groups and societies, without leaders (Boehm, 1993; Kaplan & 

Gangestad, 2005; Kaplan et al., 2009; Woodburn, 1982). In addition, the 

importance of leadership-irrelevant traits, such as attractiveness, for leader 

choice further questions the optimality of the leader selection heuristics 

(Little et al., 2012; White et al., 2013). These issues question the existence 

of a cognitive mechanism dedicated to leader choice (King et al., 2009; Van 
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Vugt, 2006) and suggest that individuals rather rely on another cognitive 

mechanism while choosing a leader.  

To examine this idea, we reviewed the literature on leader choice and 

notably cognitive science experiments investigating variation in leader 

choices using face evaluations. This review revealed that candidates’ 

competence is the most reliable predictor of leader preferences (Little, 

2014; Re et al., 2013; Todorov, Mandisodza, Goren, & Hall, 2005b; White et 

al., 2013). Based on this observation, we developed a theoretical model on 

leader choice stating that while choosing a leader, individuals actually select 

the individual they perceived as the most adapted to the current context, 

i.e., the task the group has to complete or, for the case of political leaders, 

the general environment of the voter. This theory hypothesizes that leader 

preferences are guided by candidates’ ability to face the challenges of the 

current context, but not by the needs of the group or by the individuals’ 

benefits of having a particular individual as a leader. This new theoretical 

framework makes clear predictions about the contexts in which leader 

preferences are incongruent with the individuals’ and the groups’ interest 

that accurately match both experimental and observational data (H. S. 

Lewis, 1974; Little et al., 2012; Nevicka, De Hoogh, van Vianen, & Ten 

Velden, 2013; Safra et al., 2017; White et al., 2013; Zebrowitz, Franklin, & 

Palumbo, 2015).  
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This theoretical work has been accepted for submission in Trends in 

Cognitive Sciences. I contributed to every stage of the development of this 

new theory. 
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Abstract 

Leader choice is a cornerstone of modern democracies and a central topic 

in cognitive sciences. The standard view posits that leader choice is guided 

by an adaptive mechanism that favours individuals who maximize group 

coordination. However, this theory faces important issues: 1) citizens often 

rely on traits, such as attractiveness, that are unrelated to coordination skills; 

2) untrustworthy leaders who can -and do- impair group functioning by 

placing their interests first are sometimes chosen; 3) many societies are 

leader-free and group coordination can be sustained without leaders. Based 

on this research, we argue that individuals do not choose leaders based on 

who is most likely to maximise group coordination but rather on who 

displays the best phenotype given the environment. 
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Main text 

 1. The standard account: leaders as group coordinators 

Among all the choices individuals have to make in modern democracies, 

electing political leaders has far reaching consequences. Investigating these 

choices is therefore of primary interest to understand and predict the 

evolution of democratic societies. In the past decades, studies in social 

sciences have highlighted the importance of cultural, familial and societal 

factors in electoral behaviours [1–5]. More recently, cognitive scientists 

replicated these findings in experiments investigating the influence of 

personality traits and worldviews, such as the sensitivity to diseases and 

perceived external threats, on voting behaviour [6–9]. In addition, basic 

social cues, such as the candidate’s voice or facial features have been 

identified as important predictors of voting behaviours [10–13].  

Based on this research, evolutionary social psychologists have put forward 

the idea that humans are equipped with an evolved cognitive mechanism 

dedicated to leader choice, the function of which would be to choose 

leaders who are good at coordinating the group [14,15]. Put simply, the 

evolutionary rationale is that having a good leader provides important 

survival benefits to the individual by increasing coordination efficiency. As a 

result, a leader choice mechanism is likely to have been selected as part of 

a set of psychological adaptations for leadership and followership. The idea 

of a specific adaptation for leader choice is compelling and fits well with 

experimental findings demonstrating that choosing a leader differs from 

choosing other social partners, both with respect to the qualities that are 
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valued and to the kind of environmental signals that modulate these 

preferences. For instance, in violent situations, dominant leaders, who can 

coerce others and thus ensure effective group coordination, are indeed 

preferred [16–18]. There is however, no such dominance premium for other 

social decisions, and dominance can even be avoided in cooperative 

contexts [16,19]. These results thus appear consistent with the idea that 

leader decisions are guided by a specific cognitive mechanism geared to 

select leaders with good coordination skills. However, this theory also faces 

a number of challenges. 

 

2. Challenges to the standard account 

The standard evolutionary theory of leader choice posits the existence of an 

adaptive leader selection mechanism geared to select the individual most 

likely to maximize group coordination [14,20]. As we have just seen, this 

prediction appears empirically grounded [16,21,22] but it also faces three 

important challenges: i) leader selection is influenced by traits that bear no 

relevance to leadership skills (e.g., perceived health and attractiveness) 

[23,24], ii) people sometimes prefer leaders who impede group success 

[18,25,26], and iii) successful group coordination can emerge in the absence 

of leaders [27,28]. 

With respect to the first point, cues of perceived health play a larger role in 

predicting people’s votes than perceived leadership abilities [29]. In line 

with this result, attractiveness, which is a reliable proxy of perceived health 

[30], is one of the important cues guiding leader selection [23,31,32,32]. 
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Praino et al. even demonstrated that candidates who are more attractive 

than their opponents can be advantaged by up to 10 points in the election 

outcome [31]. Yet, attractiveness is not associated with behaviours that are 

relevant to enhance group coordination. Specifically, attractiveness does 

not correlate with trustworthiness or reasoning skills [33–35]. If the true 

function of the leader choice mechanism really is to choose the best leader 

to coordinate the group, such decisions based on coordination-irrelevant 

traits are difficult to account for.  

Even more surprisingly, people sometimes choose leaders who clearly 

display traits, such as untrustworthiness, that are likely to impair group 

coordination [18,26]. Leaders are indeed in a position where they can exert 

considerable power to favour their own interests over those of the group 

[36] so one would expect trustworthiness to be universally valued among 

leaders [20,36,37]. Yet, both experimental and anthropological data report 

that untrustworthy leaders can be preferred in a range of contexts. For 

instance, less trustworthy and even untrustworthy leaders are preferred in 

times of war [18], even after controlling for other relevant traits like 

dominance [26]. Highlanders of New Guinea, a society characterized by a 

high degree of violence [38], also value aggressive, pushy and obviously 

selfish leaders [39]. Similarly, in situations of crisis and uncertainty, 

narcissistic leaders are sometimes chosen, although they hinder group 

effectiveness and group coordination [25,40].  

Based on these results, one can wonder why the output of an evolved 

mechanism adapted to choose the best coordinator would so strongly 
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deviate from its intended goal and lead individuals to elect leaders who 

impair group success. Importantly, these deviations do not happen at 

random; rather, they seem to constitute a systematic response to 

threatening environments (e.g., war scenarios, high levels of violence and 

times of crisis). In other words, it appears that the cognitive process that 

guides leader choice systematically responds to environmental threats by 

producing leader preferences that do not favour the interests of the group, 

i.e., a preference for untrustworthy leaders. This pattern of deviations raises 

further doubts about the existence of an evolved cognitive mechanism 

dedicated to leader choice.  

Finally, the standard theory predicts that having a leader is a universal and 

necessary feature of human social organization. However, leaders are totally 

absent in many hunter gatherer societies [28,41–43] (Figure 1). The !Kung 

Bushmen in Namibia or the Hadza in Tanzania, for instance, have no formal 

authority and decisions are generally taken by consensus or individual 

bargaining [28,43,44]. Anthropological research confirms that choosing a 

leader is a relatively recent phenomenon that appeared with post-Neolithic 

societies, when humans started to build large-scale institutions [28]. 

Computational models and experimental work also reveal that coordination 

of small to medium sized groups is resilient and just as effective without 

leaders [27,37]. For instance, a recent study conducted on the Tsimane in 

Bolivia reports that leaders do not necessarily increase overall group 

efficiency to complete a collective obstacle course [37]. More generally, the 

literature on non-human animals also provides ample evidence that group 
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coordination is possible without group leaders and can rely solely on self-

organization across taxa (see Box 1).  

Taken together, these observations challenge the existence of an evolved 

ability to select leaders based on their coordinating skills. This implies that 

people rely on other social cognitive abilities that were primarily selected to 

serve other functions. In the next sections, we provide evidence suggesting 

that individuals do not choose their leaders based on who they think is most 

likely to maximise the group’s interest (or indeed their own) but rather on 

who they identify as having the best phenotype given the environment. 

 

3. Leader choices based on assessment of individual competence 

Since humans do not have dedicated machinery for the recent task of 

choosing leaders, they co-opt other cognitive mechanisms. Our theory 

posits that leader choice actually relies on the evaluation of individuals’ 

ability to thrive in a given context, independently of their leadership or 

coordination skills. This process leads to choices that are based on an 

overall assessment of the candidate’s competence as an individual, rather 

than her competence as a group coordinator  (Figure 2, key figure). In other 

words, the candidate who appears as the most likely to succeed in the 

current context is preferred as a leader, whether or not she can successfully 

lead and coordinate the group. If this theory is correct, people’s leader 

preferences should incorporate each and every phenotypic feature that 

plays a role in increasing the candidate’s probability of success in a given 
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environment, including physiological or behavioural attitudes that bear no 

relevance to leadership (e.g., health, attractiveness, dominance, etc.).  

In this framework, choosing a leader does not rely on a dedicated 

mechanism but rather on the more general ability to evaluate the 

phenotype of potential social partners. Such evaluations are routinely 

produced in humans and social judgments about others are automatically 

formed even when scant information is available [see 45 for a review on this 

topic]. These evaluations guide a wide range of social choices, such as 

partner choice or mate choice [46–49]. Of course, evaluations are influenced 

by the kind of role these prospective partners will play: prosocial and 

cooperative qualities are prioritized for partner choice [46,50,51]; cues of 

fertility play a massive role in mate choice [30,52]. Here, we posit that 

leader choice relies heavily on cues of competence.  

 When selecting leaders for a given task, individuals indeed place a 

high premium on leaders who appear competent to complete the task at 

hand. For example, during rabbit drives, the Washo of California follow hunt 

leaders that are known for their hunting skills rather than for their leadership 

skills. Similarly, in the Mae Enga horticulturalists of New Guinea, exceptional 

warriors are called during wartime to be war leaders [53,but see 27 for more 

examples]. In very much the same way, studies on football team managers 

reveal that former players are often chosen as coaches [54,55], despite the 

fact that former professional players do not necessarily increase the team’s 

success [55]. Empirical studies also demonstrate that people’s competence 

to complete a particular task increases their odds of being chosen to lead a 
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group on that same task [56,57]. In Little’s study [57], for instance, 

participants preferred cooperatively skilled individuals to lead a cooperative 

task and physically skilled individuals to lead a physical task. These findings 

indicate that participants’ assessment of who will best perform the task has 

a stronger influence on leader choice than leadership-relevant traits such as 

cooperativeness.  

Competence is also central for the selection of political leaders. Indeed, 

among all the traits that predict election outcomes, such as height and 

attractiveness [10,13,58–64], participants’ answer to the question ‘how 

competent is this person?’ is the most reliable predictor of voting decisions 

[13,61,63]. Answers to this question even predict election outcomes as 

accurately as voting intentions, forecasting up to 70% of election outcomes 

[13,65]. This effect is robust and persists after controlling for multiple 

possible confounds such as the candidate’s party’s name as well as other 

traits such as attractiveness and even hypothetical vote [13,61].  

While ‘competence’ has a clear definition in a task-specific context (e.g., 

competence for hunting rabbits), the definition of ‘competence’ that people 

rely on in the context of political elections is much more vague and it is 

produced in the absence of any context [see for instance 13 seminal paper]. 

To select leaders, people thus seem to rely on a more global evaluation of 

competence, one that is not circumscribed to a specific task. In line with this 

idea, asking participants who is the most competent in the absence of any 

political context predicts actual election outcomes to the same extent as 

asking participants who they would choose to vote for. This result suggests 



	

137 

that individuals do not use the information about the leadership role 

candidates will endorse and rather rely on general competence evaluations. 

Competence evaluations even mediate the link between mock and actual 

election outcomes, which confirms that individuals’ votes are guided by 

competence evaluations that are much more general than an assessment of 

leadership skills [13]. In the present framework, we propose that choosing 

political leaders is a specific case of leader choice. When selecting a leader 

for a circumscribed task, people choose the most competent individual to 

succeed in that task. When choosing political leaders, who are responsible 

for broad decisions pertaining to the group, individuals thus evaluate the 

candidate’s overall competence to succeed in every challenge they face 

themselves in their environment, including confronting aggressive strangers 

or fighting pathogens. 

To sum up, the hypothesis that people rely on competence to choose their 

leaders fits the general pattern reported in the literature. We now turn to 

the specific predictions of our theory. In particular, given that individuals 

produce a general assessment of the candidate adequacy with the 

environment, our theory predicts that leader preferences should shift in 

response to different environmental signals. In the following section, we 

confront the prediction to existing data, with special attention to cases in 

which leader preferences are misaligned with the group’s interests.  

 

4. The influence of context on leader choice 
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A crucial prediction of our theory is that a given phenotypic feature should 

have more or less influence on leader preferences depending on its 

relevance to produce an individual phenotype that is adapted to the 

environment. Trustworthiness is a case in point: this phenotypic trait is 

especially appropriate in highly cooperative environments where 

trustworthy individuals benefit from being chosen as cooperative partners 

and exploitation risk is low (ref). In line with this idea, more trustworthy and 

less masculine leaders are preferred in cooperative contexts such as 

peacetime experimental scenarios [17,18,22,66]. Incidentally, our account 

and the standard view predict the same leader preferences in cooperative 

environments, but for different reasons: the former predicts that people 

prefer trustworthy leaders because trustworthiness is an advantageous 

phenotypic trait in cooperative ecologies, the latter predicts that people 

prefer trustworthy leaders because trustworthiness is indispensible to group 

coordination [14,36,37]. Therefore, the best test-case for our theory is to 

turn to contexts, such as harsh environments, in which the qualities that 

boost individual success differ from the qualities that favour group 

coordination. 

Violent and non-cooperative environments are contexts in which the 

qualities required for individual success are at odds with those necessary to 

ensure group functioning. Indeed, dominant and untrustworthy individuals 

are more likely to exploit group members. However, they are also more 

likely to succeed in violent interactions and less likely to be exploited by 

others [67–69]. These individuals can thus be described as having the most 
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appropriate phenotype for harsh environments, and our framework predicts 

that should be preferentially chosen as leaders. In line with this prediction, 

both observational and experimental data indicate that individuals prefer 

more dominant and untrustworthy leaders in times of social threat. Analysis 

of historical records and sociological data have indeed revealed systematic 

variations in the preference for strong leaders with the exposure to 

environmental threats (i.e., economic and social threats) [70–73]. For 

instance, economic threats such as inflation and unemployment are 

important predictors of between-countries variations in the preference for 

strong leaders [72]. At the individual level, perceived threat to safety and 

dangerous worldviews is also associated with an increased preference for 

strong leaders [8,74,75]. Similarly, Safra et al. [26] have shown that 

childhood scarcity is systematically associated with a preference for more 

dominant and less trustworthy leaders. This link has also been confirmed 

experimentally: social threat scenarios systematically induce a preference 

for more dominant and untrustworthy leaders [16,17,26,57].  

Finally, according to the present theory, not only social pressures, such as 

violence and exploitation, but also physical and biological threats, should 

impact leader choice. For instance, in high morbildity environments, being 

healthy is all the more important. Our theory thus predicts that health cues 

will be favoured in environments of high disease prevalence. This idea fits 

with evidence showing that both subjective and experimentally induced 

higher perceived levels of disease prevalence are associated with a 

preference for more healthy-looking leaders [23,24,30].  
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 To summarise, the hypothesis that leader choice is driven by an 

assessment of competence provides a good account of actual leader 

choices and of the flexibility of political decisions across contexts. 

 

Conclusion 

In the present paper, we propose an alternative to the standard 

evolutionary theory on leader choice. Our survey of the literature indeed 

suggests that, when choosing a leader, people do not rely on an evolved 

mechanism dedicated to leader choice, but rather select the individual who 

is most likely to thrive and succeed in the particular ecology they live in. 

This implies that cognitive mechanisms that initially evolved to serve other 

functions are recruited to produce leader decisions (see Outstanding 

questions box). Importantly, this framework sheds new light on political 

behaviours, notably by making testable predictions regarding the kind of 

information people take into account to elect their political leaders. This 

theory grants particular importance to the way citizens perceive their 

environment, which may point towards new directions to improve the 

dynamics of political choices (see Box 2). One prediction of this theory, for 

instance, is that the perception of voters’ current environment is more 

important to predict the outcome of an election than their perception of the 

needs of their country. This theory is therefore especially informative to 

understand the link between worldviews and voting behaviour [9,75], and 

may constitute part of the explanation behind the rise of far right parties 

across the globe (see Outstanding questions box). Economic crises and 
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terrorism threats may have biased voters' to perceive their environment as 

increasingly dangerous and competitive, thereby conferring a political 

advantage to more dominant and less trustworthy leaders [76,77]. 
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Trends Box 

• Individuals sometimes choose leaders that can – and do – impair 

group functioning 

• People select leaders based on their ability to succeed in the present 

context and not on their ability to coordinate the group 

• Leader preferences do not rely on an evolved cognitive mechanism 

dedicated to leader choice but rather exploit other cognitive 

mechanisms 
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Outstanding Questions Box 

• What is the exact cognitive mechanism underlying leader choice? 

One possibility is that leader choice co-opts social information 

gathering mechanism that have nothing to do with collective action. 

For instance, ‘copy-successful-individuals’ has been put forward as an 

adapted strategy to maximize the accuracy of social information 

gathering [92–94]. Another possibility is that leader choice co-opts 

the cognitive mechanisms underlying the social influence dynamics 

of collective decision-making. Indeed, granting more weight to 

knowledgeable individuals increases the accuracy of group decision-

making [95,96]. Future research thus needs to clarify the interplay 

between social information gathering mechanisms and collective 

decision mechanisms in leader choice. 

• What is the link between leader evaluations and more systemic 

political attitudes? How do these respond to environmental 

variations? To what extent do some environments favour specific 

leaders as well as more systemic political attitudes such as 

authoritarianism or liberalism? Can the covariation of leader 

preferences and other social attitudes (e.g., conformity, xenophobia) 

be traced back to a unique mechanism that simultaneously shapes 

both phenomena? 

• Is the influence of biological (e.g., genetic) and ecological factors on 

the development of political attitudes mediated by differences in 

how people perceive their environment? In particular, can differences 
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in environment perception explain long-lasting effect of childhood 

environment on leader preferences? Can it also account of the link 

between negativity bias and conservatism? 
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Box 1. Who needs a leader anyway? Insights from primate behaviour 

The literature on non-human primate behaviour provides ample evidence 

that group coordination can be achieved without group leaders and can 

rely solely on self-organization [78]. For instance, in Tonkea macaques 

(Maccaca tonkeana) all individuals take part in the decision process to 

choose their foraging sites and their night camps [78,79]. When facing two 

options, the number of macaques preferring each option is used to decide 

on the direction of the collective movement: once a given number of 

notifying individuals have chosen one of the two directions, the whole troop 

moves towards the direction chosen by the majority (Figure I). These 

threshold-based dynamics ensure efficient collective decision-making and 

has been described in multiple taxa [80] from other non-human primate 

species, such as white-faced capuchins (Cebus capucinus) [81], to honey 

bees (Apis mellifera) [82] and sticklebacks (Gasterosteus aculeatus) [83]. 

Although it may be argued that human beings coordinate their decisions for 

far more complex activities, these data nonetheless highlight the fact that 

group leaders are not necessary to achieving coordination. 
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Box 2. Improving political dynamics  

Our theory posits that when asked to choose the best leader for their 

country, individuals select the candidate who displays the global phenotype 

that is most closely aligned with the constraints imposed by their local 

ecology. The way citizens perceive their environment is therefore of 

paramount importance and it is problematic for the functioning of 

democracies that citizens’ perception is so often at odds with reality [84–

87]. The annual Gallup survey, for example, shows that the American public 

greatly overestimates the level of crime: while the U.S. Department of 

Justice reports that violent crimes have fallen drastically since the 1990s, 

most American citizens report, year after year, that there is more crime in 

the US than a year ago [85,88,89]. Similarly, while the number of people 

living in extreme poverty has fallen from about 2 billion in 1990 to 0.7 

billion in 2015, in a survey conducted in South Africa, the Swedish 

foundation Gapminder has shown that the majority of people think that this 

number has actually increased [86]. Overall, despite the increase in life 

expectancy and the massive decrease in child mortality, violence or disease 

prevalence, people around the world disagree with the idea that the world 

is getting better and perceive their environment as more dangerous than it 

is actually is [90]. According to our theory, these misperceptions may induce 

a stronger preference for untrustworthy and dominant leaders than what an 

objective analysis of their country’s economic and sociological data would 

have predicted. Closing the gap between perception and reality by 
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informing citizens may thus have the potential prevent the rise of dangerous 

political attitudes.   

In addition, voting decisions might also be improved by tuning citizens’ 

competence evaluations to the specific roles political leaders play in 

society. Indeed, citizens are often poorly informed about the different tasks 

leaders accomplish, which explains why they may fail to evaluate candidates 

on the appropriate traits. Our theory predicts that if individuals were aware 

of the decisions political leaders have to make and of the qualities they 

have to possess to succeed as decision-makers, they would vote, as 

expected by the democratic ideal, for candidates they perceive as the most 

able to guide their country. In line with this idea, more politically 

knowledgeable voters are less influenced by competence evaluations [91]. 

Therefore, acting on the two major components involved in leader choices 

(the context and the competence evaluations) offers a promising way to 

improve political dynamics.  
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Figure captions 

 

Figure 1. Geographical localisation of 13 societies around the world with no 

centralized leadership (data from the Standard Cross-Cultural Sample [97]) 

  



	

160 

 

 

Figure 2 (Key figure). Leader choice mechanism based on individual 

competence evaluation.  

Competence evaluations guide leader preferences and take into account all 

phenotypic features, from context-specific skills to physiological traits. These 

evaluations are influenced by the specific context the individual is in (either the 

specific task her group has to complete or the general environment she 

experiences). On the contrary, leader preferences are not influenced by leadership 

evaluations or by the contextual features that impact these evaluations, such as the 

group’s coordination needs. As a result, individuals select the most individually 

competent candidates as leaders. 

 



	

161 

 

Figure I.  Illustration of the decision-making process in Tonkean macaques 

(Macaca tonkeana) between two directions.  

a) one sub-group of macaques proposes a direction (in red) while another 

individual proposes an alternative direction (direction 2; in blue); b) additional 

notifying individuals (in color) join the movement in each of the two directions, with 

a majority moving towards direction 1. c) once the threshold number of notifying 

individuals is reached, the movement starts in the direction chosen by the majority 

of notifying individuals (direction 1); the individuals previously notifying direction 2 

join the movement in direction 1 (in purple) and then maintain the cohesion of the 

group (adapted from Sueur, Deneubourg & Petit [79]). 
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Political attitudes as behavioral responses to the 
environment 

 In this chapter, we demonstrated that analyzing political behavior as 

responses to environmental signals, i.e., adopting an ecological perspective 

on political behavior, can provide new insights into the cognitive 

mechanisms underlying these social attitudes in three ways. First, by 

revealing that early environmental harshness is associated with authoritarian 

attitudes in adulthood, our experimental studies reveal that the underlying 

cognitive process integrates information about the environment throughout 

the individual’s lifespan and thus shed a new light on the ontology of 

political attitudes. In particular, this finding opens the path to the 

investigation of long-term effects of environmental variables on political 

attitudes at the individual level and at the country level. Indeed, it suggests 

the existence of delayed effects of environmental factors, such as economic 

crises and social threats and taking past events into account, in addition to 

the current situation, may help to better understand, and predict, the 

evolution of modern democracies. Second, by showing that environmental 

harshness is also associated with a preference for strong leaders in children, 

our study suggests that the cognitive mechanisms underlying political 

preferences respond to environmental harshness in the same way in 

politically knowledgeable and not-knowledgeable individuals. Thereby, we 

provide new evidence in favor of the idea that political preferences may, at 

least partially, be construed as deeply rooted responses to the 

environment.  
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Finally, the ecological perspective on human behavior led us to analyze 

variations in political choices as differences in the weight granted to various 

phenotypic features (e.g., strength, prosociality or health) for choosing a 

leader. Although this approach may appear as highly reductionist, it 

allowed investigating leader preferences in a uniform way across 

populations (e.g., in children and in adults) and provided new insights into 

the way in which leader preferences vary across contexts. In particular, by 

revealing that in specific cases individuals prefer more untrustworthy 

leaders, it strongly challenged the mainstream evolutionary theory on 

leader preferences (King et al., 2009; Van Vugt, 2006) and provided the 

ground for a new analysis of the mechanisms guiding leader choice and 

their evolutionary roots. In summary, in this chapter, we exemplified how 

the study of individual differences in social preferences as responses to 

environmental factors and as variations in the importance granted to 

cooperation- and power-related signals, can help to further understand the 

cognitive mechanisms involved in wide-ranging social attitudes such as 

political ones. 
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Chapter four. General 
discussion  
 

 

 

An original approach to study social behavior 

 Throughout this thesis, we used individual differences in social 

decisions made from faces to investigate the ecological value and 

evolutionary roots of two major elements of human beings’ social life: social 

motivation and leader choices. More specifically, our approach relied on 

two major elements.  

First, based on the functional model developed by Oosterhof and Todorov 

(2008), we conceptualized individual variations in face evaluations as 

differences in the weighting of cooperation-related and power-related 

signals. More precisely, we construed individual differences in specific social 
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decisions (i.e., approachability evaluations and leader choice) as differences 

in the importance of partner’s cooperative vs. power-related motives. In 

addition to providing a controlled measure of individual differences in social 

decisions, the developed methodology creates a functional framework to 

the understanding of these differences. For instance, applying this 

methodology showed that the preference for more masculine leaders in 

times of war (Little, Burriss, Jones, & Roberts, 2007b; Spisak, Homan, et al., 

2012) is not only driven by a preference for more dominant leaders but also 

for more untrustworthy ones (Safra et al., 2017). Therefore, it revealed a 

sub-optimal leader preference in wartime, which contrasts with the 

acknowledged existence of an evolved cognitive mechanism dedicated to 

leader choice (King et al., 2009). As demonstrated by this example, and 

throughout this thesis, the application of the power-cooperation approach 

to face evaluations can provide new insights into the evolutionary bases of 

social decisions. 

Second, adopting an ecological perspective on human behavior, we 

construed individual differences in social behavior as responses to 

environmental constraints. This second element of our approach was 

applied in two ways. First of all, our investigation of individual differences 

aimed at understanding individual characteristics, such as personality traits, 

that influence social behavior in an evolutionary perspective. By adopting 

an evolutionary perspective on human behavior, these internal factors can 

be construed as evolutionary selected responses to specific environmental 
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pressures (Nettle, 2005). Analysis of the variability in social decisions 

associated with specific individual characteristics, and in particular in the 

importance granted to different social signals, can thus help us to better 

understand their evolutionary roots by shedding light on the environmental 

pressures that may have shaped their development. In the second chapter 

of this thesis, we showed that social motivation is associated, throughout 

the lifespan, with an increased weight granted to cooperation-related 

signals for approach-avoidance decisions rather than with a general 

tendency to approach more partners indiscriminately. Thereby, using the 

cooperation-power framework, we confirmed one of the central predictions 

of the evolutionary model of social motivation stating that social motivation 

can be construed as a strategy suited to highly cooperative environments 

(Chevallier, Kohls, et al., 2012).  

The second way we analyzed individual differences was directly inspired by 

the ecological literature on animal behavior. In other words, we investigated 

behavioral response to signals coming from individuals’ environment. Based 

on a growing literature showing the importance of signals perceived during 

development on juveniles and adults’ behavior both in non-human animals 

and in humans (Adair, 2001; Bateson et al., 2004; Nettle, Coall, et al., 2011; 

Sloboda, Hart, Doherty, Pennell, & Hickey, 2007), we reveal an association 

between childhood deprivation and leader preferences. Our results shed 

light on the effect of this yet under-investigated factor on the well-studied 

political attitudes. Thereby, they provide new insights into the ontology of 
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these social preferences and new evidence in favor of the possibility to, at 

least partially, construe variations in political attitudes as biological 

responses to environmental signals.   

To summarize, this thesis provides further evidence of the effect of both 

individual characteristics and external variables on social decisions made 

from faces. In addition, and more interestingly, it demonstrates how 

investigating individual differences in the weight granted to cooperation- 

and power-related signals for making social decisions can provide new 

insights into the cognitive processes underlying social behavior and on their 

evolutionary roots. The work presented in this thesis can thus be seen as an 

example of the potential applications of this more general approach to 

study social behavior in an ecological and evolutionary perspective. 

 

Beyond faces and social interactions 

 The use of face evaluations in the present studies was a 

methodologically useful tool to investigate the importance of partners’ 

cooperation- and power-related features during social decisions. Indeed, 

face evaluations of neutral faces provided us a controlled setting to 

investigate individual differences in social decisions. However, the 

cooperation-power dichotomy has been theorized to be more widely 

applicable to social behavior (Fiske et al., 2007) and the present 

methodology should thus extend to other types of social signals.  
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A first direct candidate for such an extension is voice. Indeed, as they do for 

faces, individuals form first impressions from others’ voices to make social 

decisions, such as leader choice and trustworthiness evaluations (e.g., 

Klofstad, Anderson, & Peters, 2012; Montano, Tigue, Isenstein, Barclay, & 

Feinberg, 2017; Tigue, Borak, O’Connor, Schandl, & Feinberg, 2012).  

Importantly, it has been recently shown that the same dimensions of 

dominance and trustworthiness accounted for evaluations made from voices 

(McAleer et al., 2014). Individual differences in voice evaluations, and more 

generally in social decisions made from voices, could therefore be used to 

highlight differences in the weighting of cooperation- and power-related 

cues in social decisions and, thus, the cognitive processes that underlie 

social behavior. 

The cooperation-power framework is not restricted to social cues like voices 

or faces that are used for inferring others’ traits, but also extends to signals 

of others’ states. Indeed, cooperation- and power-related behavior can vary 

within an individual in different contexts. For instance, Güroğlu et al. (2014) 

have shown that from 9 years old, indiviudals’ cooperation tendencies are 

sensitive to their partner’s status: children, adolescents and young adults 

trust more a friend than an anonymous peer. Specific social cues have been 

shown to signal these different states. More precisely, emotions such as joy 

and fear have been tagged as affiliative signals, indicating a more 

cooperative state (Hammer & Marsh, 2015; Niedenthal, Mermillod, 

Maringer, & Hess, 2010). On the opposite dimension, other emotions like 
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anger have been linked with power and dominance. Indeed, facial displays 

of anger have been shown to mimic facial features of dominance (Sell, 

Cosmides, & Tooby, 2014). Similarly, Hareli et al. (2009) have revealed that 

faces expressing anger were perceived as more dominant than those 

showing displays of fear or of sadness. The links between joy and 

cooperation, as well as between anger and dominance have been further 

demonstrated using computerized faces. Indeed, neutral avatars 

representing high levels of trustworthiness are perceived as happier and 

neutral avatars representing high levels of dominance are perceived as 

angrier (Oosterhof & Todorov, 2008; Said, Haxby, & Todorov, 2011).   

These transient emotional displays affect cooperative interactions 

(Centorrino, Djemai, Hopfensitz, Milinski, & Seabright, 2015b; Hareli et al., 

2009; Johnston, Miles, & Macrae, 2010; Krumhuber et al., 2007; 

Campellone & Kring, 2013). For instance, Krumhumber et al. (2007) have 

shown that a partner’s dynamic smile expressions of genuine smiles 

significantly increased participants’ tendency to engage in a trust game 

compared to expressions of fake smiles. In summary, social decisions also 

rely on transient emotional displays carrying cooperation- and power-

related cues. The approach developed in this thesis could thus be applied 

to conceptualize individual differences in the sensitivity to different types of 

emotions as differences in the sensitivity to cooperation- and power-related 

social signals.  
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Similarly, the cooperation-power framework should also extend beyond 

perceived cues and apply to more objective cues of others’ cooperation- 

and power-related motives, such as partner’s behavior. Indeed, individuals 

take other’s behavior into account to update their beliefs about her 

personality traits (e.g., Chang et al., 2010; Rezlescu et al., 2012). For 

instance, it has been shown that participants use their partner’s history to 

adjust their cooperative strategy in a trust game, with cooperation 

decreasing with exposure to the partner’s exploitative behavior (Chang et 

al., 2010). Similarly, third-party provided information about others’ behavior 

also shapes social decisions. As an example, in an experiment on leader 

choice, Little (2014) has revealed that statements on others’ physical or 

cooperative behavior such as ‘helps children in training for various sports, 

including boxing’ or ‘volunteers his time at a care home for the eldery’ 

significantly impact social decisions. More generally, first- or second-hand 

information about others’ actions plays a major role in human social 

evolution (Mohtashemi & Mui, 2003; Sperber & Baumard, 2012). The 

present framework could thus be used to investigate individual and 

contextual differences in social decision by measuring variations in the 

weight granted to any type of cooperation- and power-related information 

for social decisions. 

Finally, the framework presented in this thesis could also be used to 

investigate the consequences of cooperation- and power-related 

information on social behavior more generally. Social behavior does not 
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only include behavior towards others (social interactions) but also behavior 

in the presence of others (individual behavior in a social context). Indeed, 

the presence of others significantly impacts the cognitive processing of non-

social information (e.g., Conty, Gimmig, Belletier, George, & Huguet, 2010; 

Safra, Chevallier, Blakemore, & Palminteri, in prep.; Wang & Apperly, 2017- 

see Appendix). While the studies presented in this thesis exclusively 

focused on the impact of cooperation- and power-related cues on minimal 

cases of social interactions, the developed approach could be extended to 

the study of the influence of the social context on individual behavior. For 

instance, it has been shown that social information gathering, an important 

cognitive process in the human species, is highly sensitive to the 

information source (Kendal, Coolen, van Bergen, & Laland, 2005; Laland, 

2004). Our approach could thus be applied to evaluate the influence of 

cooperation- and power-related information to orient the information 

source selection as well as the weighting of socially- and self-provided 

information. In summary, the approach developed in this thesis, based on 

the cooperation/power dichotomy and on the investigation of individual 

differences can provide new insights into central components of social 

behavior, such as cooperation partner choice and social learning.  

In addition, this approach may not only be applied to study how individuals 

use social information but also how individuals provide social information. 

Indeed, another fruitful way this framework could be used is to study the 

type of information individuals advertise to others. More precisely, as the 
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way individuals choose their social partners is guided by perceived social 

information, on the other hand, potential partners may choose to advertise 

specific features in order to meet other’s expectations and to be 

preferentially chosen. 

 

From the observer to the target 

 Across the animal kingdom, individuals tend to act in order to shape 

the way they are perceived by advertising specific traits. For instance, 

during reproduction periods, birds deploy sexual parades that advertise 

their mate quality (Smith & Harper, 2003). In a wide range of taxa, males 

engage in repetitive energetically expensive behaviors during mating 

season, such as leg-waving displays of jumping spiders or vocalization of 

red deers, that signal their physical vigor and thus genetic value to females 

(see Byers, Hebets, & Podos, 2010 for more examples). Similarly, human 

beings act more prosocially in presence of others, thereby advertising their 

quality as cooperation partners (Sperber & Baumard, 2012; Tennie, Frith, & 

Frith, 2010). In the same line of idea, Tingley (2014) has shown that 

participants preferentially select highly trustworthy avatars for representing 

themselves as potential partners in a trust game. As for the use of social 

cues by the observer for making decisions, the cooperation-power 

framework can provide insights into the importance of cooperation- and 

power-related features from the perspective of the target.  
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At this point, it is important to note that the efficiency of one’s signal is 

highly dependent on the receiver’s motives. For instance, signaling 

trustworthiness is efficient only to the extent that others grant importance to 

this feature. Therefore, by revealing the traits individuals want to advertise, 

the study of self-representation would also inform on the importance others 

grant to cooperation- and power-related cues to choose their social 

partners. This methodology can notably provide data on the societies for 

which no direct access to social values is possible, such as past societies. 

For instance, it has been theorized that from the late Middle Ages, 

European societies have known important cultural and societal changes, 

notably described as the civilizing process (Elias, 1978). However, no direct 

quantitative measure of such a change in mentalities is accessible, making 

the investigation of the factors that may have influenced this evolution 

difficult. The study of self-representation in the cooperation-power 

framework can fill this gap by providing quantitative, yet indirect, data of 

this historical change of mentalities. 

Such an investigation could notably rely on portraits. Indeed, among the 

different types of self-representation, portraits have been a major medium 

of representation from the Middle Ages to the rise of photography in the 

20th century. Portraits were notably used during marriage negotiation to 

present potential spouses as well as by kings to disseminate the image of 

their power to large audiences (West, 2004). In addition, portraits are 

particularly interesting as they aim to represent not only what the face really 
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looks like but also the internal characteristics, such as personality traits, of 

the sitters (Brilliant, 2013; Freeland, 2007; West, 2004).  Features of portraits 

may thus inform us about the types of traits people wanted to advertise. For 

instance, individuals who would like to be seen as more cooperative would 

have an interest in selecting a portrait of themselves emphasizing cues of 

trustworthiness, such as curved mouth corners (Dotsch & Todorov, 2012). 

On the contrary those who would like to represent themselves as powerful 

should emphasize features of dominance such as a large width-to-height 

facial ratio (Alrajih & Ward, 2014).  

The study of portraits may thus give new insights into the mentalities at 

different time periods and thus new data for the exploration of the variation 

of social values, notably of cooperative motives, through historical ages. 

Indeed, the factors driving the changes in the level of trust of a society 

remain today an open question. While some researchers have hypothesized 

that institutional changes drive variations in prosociality (Boyd & Richerson, 

2009; Henrich, 2004; Richerson & Henrich, 2012), others have put forward 

that environmental factors, such as resources scarcity, may account for 

differences in cooperation (Baumard & Chevallier, 2015; Baumard, Hyafil, 

Morris, & Boyer, 2015; Pepper & Nettle, 2017). By providing quantitative, 

although indirect, data on the importance of cooperative features at 

different time points, the study of the evolution of portraits could offer the 

opportunity to test these hypotheses by measuring the relative influence of 

economical, social and institutional factors on the development of 
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cooperation, and thus on the evolution of human societies.  However, it is 

worth noting that as any model for understanding human behavior, the 

developed framework based on the cooperation-power dichotomy is 

limited to certain types of social behavior, i.e., those for which these 

features are relevant, such as cooperation partner choice. On the contrary, 

it may not account for other types of social choices, such as sexual partner 

choice, for which other indices may also be crucial. 

 

Limitations of the cooperation-power model 

 Although the developed approach based on the dichotomy between 

cooperation and power aims to offer a unified framework to study social 

decisions, it is worth noting that it may not apply to every type of social 

decisions. For instance, when the present approach offers new insights on 

leader and cooperation partner choice, one can wonder to what extent it 

would apply to another crucial type of social decisions: mate choice. 

Indeed, mate choice has been shown to be sensitive to social cues, such as 

signals of warmth and aggression (Fletcher, Tither, O’Loughlin, Friesen, & 

Overall, 2004; Snyder et al., 2011; Valentine et al., 2014) that can easily be 

decomposed in terms of cooperation- and power-related traits. However, 

other types of facial features, such as fluctuating asymmetry (Thornhill et al., 

1999; Thornhill & Gangestad, 1994; Waynforth, 1998), influence mate 

choice and can hardly be placed on the cooperation-power two 
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dimensional space.  

In line with this idea, Sutherland et al. (2013) and more recently Vernon et 

al. (2014) have shown that a three-dimensional space better accounted for 

face evaluations. More precisely, in addition to the trustworthiness and 

dominance dimensions evidenced by Oosterhof and Todorov (2008), a third 

dimension that corresponds to ratings of youth and attractiveness has also 

been evidenced by these authors (Sutherland et al., 2013; Vernon et al., 

2014). As attractiveness has been shown to be a reliable signal of health 

(Thornhill et al., 1999), this third dimension may be construed as a health 

dimension. Adding health as a new dimension for understanding face 

evaluations may better account for mate choice by allowing to code for 

mate genetic value, an important determinant of mate across the animal 

kingdom (Andersson & Simmons, 2006; Holveck & Riebel, 2010; Neff & 

Pitcher, 2005). This third dimension may also be relevant for analyzing 

behavior from the perspective of the target in self-representation. Potential 

mates indeed advertise signals of their genetic value in order to increase 

their chances of mating (Byers et al., 2010; Smith & Harper, 2003).  

In addition, including genetic value, or health, may also help disentangle 

different effects of multidimensional facial features such as masculinity. 

Indeed, it has been shown that more masculine individuals are preferred as 

leaders in times of war but also as mates in times of parasite threat 

(DeBruine et al., 2010; Little, Burriss, et al., 2007a; Spisak, Dekker, et al., 

2012). However, masculinity may not hold the same value for these two 
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types of choices. Experimental data suggest that the preference for more 

masculine leaders corresponds to a preference for both more dominant and 

more untrustworthy leaders (Safra et al., 2017). However, in the case of 

mate choice, it has been theorized that the preference for masculine 

individuals is driven by the correlation between the male’s fitness value and 

the presentation of masculine facial features (Folstad & Karter, 1992; 

Rhodes, Chan, Zebrowitz, & Simmons, 2003; Thornhill & Gangestad, 2006). 

The central importance of fitness value for mate choice makes this 

hypothesis more parsimonious for explaining the choice of masculine mates 

than a preference for less power-oriented or more cooperation-oriented 

individuals (e.g., Andersson & Simmons, 2006; Holveck & Riebel, 2010; Neff 

& Pitcher, 2005).  

In addition, it is worth noting that social decisions are far more complex and 

that different factors interact to shape social choices and social perception. 

For instance, perceived ethnicity modulates the evaluation of faces (e.g., 

Birkás, Dzhelyova, Lábadi, Bereczkei, & Perrett, 2014; Hareli et al., 2009). In 

an experiment on 266 participants from four different ethnicities (USA 

Caucasian, Hungarian Caucasian, East Asian and South Asian), Birkás et al. 

(2014) have shown that faces’ ethnicity biased perception of trustworthiness 

such that the two Caucasian samples rated Caucasian faces as more 

trustworthy than the two Asian samples did. Projecting these face 

evaluations, or the subsequent social decisions, on a two- or three-

dimensional space may fail to reveal the underlying cognitive processes. As 
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a consequence, in order to preserve its explanatory power on the 

computational processes underlying social behavior, the approach 

developed in this thesis should only be applied to the study of the social 

choices for which dominance and trustworthiness hold an important value 

and in contexts that are not disrupted by other social factors like ethnicity.  

In summary, in the present thesis, we developed an original approach 

based on the cooperation-power dichotomy that we applied to two types of 

social behavior presenting a high individual variability: approach-avoidance 

behavior and political attitudes. Going one step further, our investigation of 

individual weighting differences of cooperation- and power-related cues 

enlightened the functional consequences of internal and external factors on 

social decisions and thereby provided new insights into the evolutionary 

roots of human social behavior by both confirming evolutionary hypotheses 

on social motivation and improving the understanding of the mechanisms 

driving leader preferences. Importantly, as we only focused on a few 

specific social decisions as well as on a few specific individual 

characteristics, the presented studies should be seen as a demonstration of 

the explanatory power of the developed approach. The approach 

developed in the present thesis can indeed be extended to other types of 

social information signaling cooperation- and power-related tendencies, 

both from the point of view of the receiver and the emitter, as well as to any 

type of behavior in social contexts that can be influenced by such signals.   
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Epilogue. Face evaluations, an 
evolutionary puzzle  
 

 

 

An evolutionary perspective on face evaluations 

 In this thesis, we adopted an ecological and evolutionary perspective 

on social decisions from faces, evaluating how individuals perceive others as 

a response to environmental constraints. However, adopting such an 

evolutionary view on these social choices naturally leads to the question of 

the evolutionary roots of the use of face evaluations. From an evolutionary 

perspective, reliance on a specific signal is adaptive only if the provided 

information is reliable. Indeed, individuals will incur a fitness cost if they rely 

on misleading signals (Dawkins, 1984; Smith & Harper, 2003). Applying this 

reasoning to face evaluations, the reliance of human beings on face 

evaluations for social decisions and the persistent impact of these 
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evaluations on social interactions (Chang et al., 2010; Rezlescu et al., 2012; 

J. P. Wilson & Rule, 2015b) should be linked with a high accuracy of these 

evaluations. Indeed, as face evaluations strongly influence social behavior, 

and notably cooperation, which is of major importance for the human 

species (Kaplan et al., 2009), inaccurate evaluations of others from their 

faces should be associated with important fitness costs. 

In line with this idea, it has been shown that perceived dominance and facial 

features used to assess dominance correlates with actual physical and social 

power (Carmen E. Lefevre et al., 2014; G. J. Lewis et al., 2012; Mileva, 

Cowan, Cobey, Knowles, & Little, 2014). Similarly, some experiments have 

shown that participants can distinguish cooperators from defectors from 

their faces (Bonnefon et al., 2013; De Neys et al., 2013; Tognetti et al., 

2013). However, it is worth noting that the accuracy of these trustworthiness 

judgments is limited. Indeed, some experiments have also failed to find 

such an association between perceived and actual trustworthiness (Efferson 

& Vogt, 2013; Rule et al., 2013). In addition, as often pointed out in the 

literature, when found above chance, the accuracy of perceived 

trustworthiness is still relatively low (Bonnefon et al., 2017a; Bonnefon, 

Hopfensitz, & De Neys, 2017b; Little, 2017). This limited accuracy of 

trustworthiness evaluations raises a first evolutionary puzzle. Indeed, while 

partner choice is construed as a major evolutionary drive in shaping human 

cooperation (McNamara, Barta, Fromhage, & Houston, 2008; Sperber & 
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Baumard, 2012; Tennie et al., 2010), one could wonder why these 

evaluations are so loosely accurate. 

 

Puzzle 1. Face evaluations accuracy 

First of all to examine this evolutionary puzzle, it is worth noting that 

reliance on fixed facial features for making social decisions may not be a 

selected cognitive process but only the reuse of an adapted mechanism 

dedicated to another cognitive process. Thereby, evaluations made from 

fixed facial cues would not have been evolutionary selected and no 

selection pressure would have acted on their accuracy. For instance, one 

can hypothesize that the use of fixed facial cues to assess cooperative 

tendencies is only an extension of the use of emotional displays to evaluate 

others’ cooperative states. Indeed, it has been shown that emotional 

displays, such as genuine smiles, are used to assess prosocial tendencies 

throughout the lifespan (Krumhuber et al., 2007; Reed, Zeglen, & Schmidt, 

2012; Song, Over, & Carpenter, 2016).  

In addition, based on the fact that Duchenne smiles are difficult to fake and 

actually predict higher rates of cooperation, it has been argued that 

genuine smiles could be construed as a reliable signal of cooperative 

intentions (Brown, Palameta, & Moore, 2003; Centorrino, Djemai, 

Hopfensitz, Milinski, & Seabright, 2015a; Centorrino et al., 2015b). In 

particular, Centorrino et al. (2015b), found that individuals who were rated 

as presenting a genuine smile were perceived as more trustworthy but are 
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also more likey to reciprocate in a trust game. This bulk of evidence 

suggests that Duchenne smiles may be used as a reliable signal of 

cooperation. Therefore, one can speculate that perceived trustworthiness 

from fixed facial features is an extension of the cooperativeness detection 

mechanism based on emotions, and that faces presenting characteristics 

similar to Duchenne smiles exploit this cooperativeness detection 

mechanism and are thus perceived as trustworthy (Oosterhof & Todorov, 

2009; Said, Sebe, & Todorov, 2009).  

On the other hand, it is also possible that evaluations based on fixed facial 

features correspond to an evolutionary selected mechanism. In this 

perspective, Little (2017) has proposed that the limited accuracy of 

trustworthiness evaluations is linked with the fact that untrustworthiness is a 

cue emitters have an interest in concealing. Indeed, exploitation is an 

efficient strategy only if the partner decides to cooperate, i.e., only when it 

is hidden to the others. Under this view, the evolution of cheater detection 

mechanism from faces would thus have been constrained by the opposite 

pressure for cheaters to hide their intentions.  

A third way of solving this puzzle is to adopt an error-management 

perspective (Haselton & Buss, 2000). More precisely, it is possible that the 

limited accuracy to detect cheaters from their faces is not due to random 

errors. Individuals may not misclassify potential cooperative partners 

randomly but they may rather over-classify unknown individuals as potential 

cheaters thereby minimizing the risk of exploitation. However, to our 
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knowledge, the existing literature on face evaluations does not allow to 

disentangle between these different possibilities, leaving this question to 

future research. Nevertheless, all of these hypotheses raise a second 

evolutionary puzzle: the existence of untrustworthy faces. 

 

Puzzle 2. Signaling untrustworthiness 

Given the fact that being chosen as a cooperative partner has acted 

as a major evolutionary pressure on human cognition (Sperber & Baumard, 

2012; Tennie et al., 2010), being perceived as untrustworthy carries 

important evolutionary costs. Strikingly, the proportion of faces rated as 

untrustworthy is not marginal. For instance, in our study on threats 

evaluations, about half of the presented faces were rated as untrustworthy 

by most of the participants (Safra, Wyart, Baumard, & Chevallier, 

submitted). The robustness of trustworthiness ratings across people 

indicates that specific facial cues are universally used to assess 

untrustworthiness (Dotsch & Todorov, 2012; Engell et al., 2007; Rule et al., 

2013), which implies that some faces are universally perceived as 

untrustworthy, thus raising an evolutionary puzzle. Indeed, having a face 

perceived as untrustworthy strongly undermines individuals’ success in 

environments were cooperation is important for resource acquisition, i.e., in 

the humans’ ecological niche (Kaplan et al., 2009). Importantly, faces 

perceived as untrustworthy are not only perceived as less trustworthy than 

others, untrustworthy-looking individuals also receive less investment in 
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cooperative games and are less likely to be chosen as cooperative partners 

(Bonnefon et al., 2013; Chang et al., 2010; Rezlescu et al., 2012; van ’t Wout 

& Sanfey, 2008). One can thus wonder how facial features universally 

perceived as signaling untrustworthiness could have persisted throughout 

human evolutionary history. 

A first possibility to explain the existence of untrustworthy faces is 

congruent with the hypothesis of an evolved cheater detection mechanism 

from faces and relies on the idea that untrustworthiness actually signals 

lower cooperative tendencies. Under this view, honestly signaling ones’ 

untrustworthiness would have some fitness advantage over being perceived 

as more trustworthy than one really is. In line with this idea, it has been 

shown that individuals that are perceived as trustworthy are more severely 

sentenced after a crime than those perceived as untrustworthy (Korva, 

Porter, O’Connor, Shaw, & Brinke, 2013). A similar result was found by 

Vullioud et al. (2017) on the impact of commitment on trust. Indeed, these 

authors have shown that while confident advisors are more likely to be 

initially trusted, if their advice turns out to be unreliable, they are then less 

trusted than less confident advisors. Going one step further, advisors 

initially trusted due to their objective competence and not to their 

advertised confidence experienced lower reputation drops. In other words, 

deceiving others entailed higher costs for individuals who initially advertised 

their advices’ trustworthiness. Signaling, at least partially, ones’ own 
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untrustworthiness may thus limit the social cost associated with having 

exploitative tendencies.  

An alternative explanation of the existence of faces rated as universally 

untrustworthy is that facial features used to assess are biologically 

constrained. More precisely, these facial cues would be an emergent 

feature of individuals’ developmental trajectory. As an analogy, under this 

view, facial features used to assess untrustworthiness would develop in a 

similar way as fluctuating asymmetry, a cue testifying developmental issues 

due to either genetic or environmental factors, that reduces the chances of 

being selected as a mate across species (Beasley, Bonisoli-Alquati, & 

Mousseau, 2013; Little, Apicella, & Marlowe, 2007; Livshits & Kobyliansky, 

1991; Møller & Thornhill, 1998; Perrett et al., 1999; Thornhill & Gangestad, 

2006). In other words, as fluctuating asymmetry may not be explained in 

terms of fitness benefits, features of untrustworthiness may not be 

associated with any fitness benefit. According to this view, facial features 

used to assess untrustworthiness would only correspond to developmentally 

constrained facial elements that are used by others as an indicator of lower 

cooperative tendencies, with no direct biological link between these facial 

features and this behavioral trait.  

Importantly, because individuals actually integrate multiple signals for 

making social decisions such as emotional displays or reputation, it is 

possible that the disadvantage associated with these facial features may 

only be marginal. Indeed, although face evaluation still influence 
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cooperative behavior after exposure to one’s behavioral history and after 

multiple interactions, this effect is relatively small compared to more 

objective sources of information (Chang et al., 2010; Rezlescu et al., 2012). 

For instance, Rezlescu et al. (2012) found that, when informed of their 

partners’ cooperation history, participants invested on average 50 more 

virtual pounds in partners with a reciprocation history than in those with an 

exploitation history, while they invested 3 additional virtual pounds in 

partners represented by a trustworthy avatar compared to those 

represented by an untrustworthy avatar. These results question the actual 

fitness cost of presenting untrustworthy facial features in ecological settings, 

and in particular in small-scales societies that are thought to constitute the 

environment of evolutionary adaption of human beings (Foley, 1995). In 

addition, Gill et al. (2014) have shown that facial dynamics can modulate 

perceived trustworthiness from faces. In particular, these authors revealed 

that a highly untrustworthy face can be perceived as trustworthy when 

associated with good facial dynamics. In summary, presenting facial features 

of untrustworthiness may not significantly impair individuals’ success in the 

cooperative environments that constitute human ecological niche, and one 

can thus hypothesize that no strong evolutionary pressure may have acted 

on these facial cues. However, at this point, one could thus wonder why 

would trustworthiness ratings be accurate if they only rely on a 

disconnected emergent feature.  
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Two main answers can be given to this question. The first answer is based 

on social dynamics. Indeed, it has been suggested that individuals 

complete a self-fulfilling prophecy, being perceived as untrustworthy 

inducing untrustworthy behavior. A recent experimental study by Slepian & 

Ames (2016) have provided support to this view, showing that individuals 

perceived as untrustworthy believe others to expect them to act 

untrustworthily. Furthermore, in this experiment, the link between perceived 

and actual trustworthiness was mediated by these beliefs and the target’s 

intentions to meet these expectations. 

The second answer is ecological. Indeed, it is possible that the same factors 

influence both the development of facial features of perceived 

untrustworthiness and those lowering cooperation. For instance, it has been 

shown that environmental variables, such as resource scarcity, significantly 

reduce cooperative tendencies (Grueter et al., 2016; Holland et al., 2012; 

Nettle, Colléony, et al., 2011). Importantly, not only current but also 

childhood environmental insecurity influences individuals’ cooperation 

behavior (Hörl, Kesternich, Smith, & Winter, 2016; McCullough, Pedersen, 

Schroder, Tabak, & Carver, 2013; Viitanen, 2014). Applying the analogy of 

fluctuating asymmetry, it is possible that developmental insecurity would 

both influence the emergence of facial features used to assess 

untrustworthiness and lower cooperation tendencies. Under this hypothesis, 

accuracy of trustworthiness ratings would thus be explained by common 

factors inducing both lower cooperation tendencies and the emergence of 
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facial features of untrustworthiness. However, the current state of the 

literature does not allow to choose between these different hypotheses and 

further work, involving biological investigation of the emergence of facial 

features interpreted as signaling untrustworthiness, is needed in order to 

better understand the evolutionary dynamics that have led to the existence 

of untrustworthy faces.  

As a conclusion, if, as demonstrated in this thesis, the use of face 

evaluations can help to enlighten the evolutionary roots of some elements 

of human social behavior, it is important to note that human’s reliance on 

facial cues also raises several evolutionary puzzles that call for further 

investigation. In particular, the important reliance of human beings on fixed 

facial features to make social decisions naturally raises the questions of the 

accuracy of these evaluations and of the development of facial features of 

untrustworthiness. 
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Children show stronger cooperative behavior in experimental settings as they get older,
but little is known about how the environment of a child shapes this development.
In adults, prosocial behavior toward strangers is markedly decreased in low socio-
economic status (SES) neighborhoods, suggesting that environmental harshness has
a negative impact on some prosocial behaviors. Similar results have been obtained
with 9-year-olds recruited from low vs. high SES schools. In the current study, we
investigate whether these findings generalize to a younger age group and a developing
country. Specifically, we worked with a sample of thirty-nine 6- to 7-year-olds in two
neighborhoods in a single city in Romania. Using a “Quality Dictator Game” that offers
greater resolution than previous measures, we find that children living in the harsher
neighborhood behave less prosocially toward a stranger than children living in the less
harsh neighborhood.

Keywords: prosociality, poverty, deprivation, behavioral ecology, SES, dictator game

INTRODUCTION

Prosocial behaviors and motivations emerge early in development, with children in their second
year already motivated to provide information to others, to spontaneously pick up objects to
help others, and to comfort others in distress (e.g., Eisenberg and Miller, 1987; Warneken and
Tomasello, 2006, 2009; Dunfield et al., 2011). Although more costly forms of prosociality, like
spontaneous sharing, typically emerge later (Smith et al., 2013; Sheskin et al., 2014), costly
prosociality can be seen during the preschool years in cooperative contexts (Hamann et al., 2011).

Less is known about how this development is shaped by a child’s environment. In adults,
several studies have demonstrated that a behavioral ecology approach can predict part of the
variability observed in the prosocial behavior of di�erent individuals. In a study comparing
prosocial behaviors in a very deprived and a more a�uent neighborhood of Newcastle-upon-
Tyne (UK), Nettle et al. (2011) found that participants from the very deprived neighborhood
gave substantially less in a dictator game than participants from the more a�uent neighborhood.
Strikingly, the di�erence in prosocial behavior in the dictator game in di�erent neighborhoods of
this single city was an order of magnitude larger than the largest di�erences found in previous
research on di�erences across cultures (Henrich et al., 2010). This suggests that environmental
harshness within a single culture—and not only di�erences across cultures—calibrates prosocial
motivations; indeed, environmental harshness within a culture may be far more important than
any cross-cultural di�erences (see Figure 1).
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FIGURE 1 | Mean dictator game offer in the deprived (B) and less
deprived (A) neighborhoods in Nettle et al. (2011) compared to mean
population offers from cross-cultural data in Henrich et al. (2010).

Consistent with these results, in another study of 20
neighborhoods in London (UK), a strong negative e�ect of
neighborhood income deprivation on altruistic behavior was
found, with letters dropped in the poorest neighborhoods having
91% lower odds of being returned than letters dropped in the
wealthiest neighborhoods (Holland et al., 2012; see also Silva and
Mace, 2014, 2015).

Importantly, research with adults does not show decreased
prosocial behavior in all situations. In the studies reported
by Nettle et al. (2011) for instance, there was no di�erence
across neighborhoods in the likelihood to help in face-to-
face interactions (when the experimenter dropped an object,
asked for directions, or needed to make change). A potential
explanation for this phenomenon is that people in harsher
environments are less likely to incur a cost to assist unseen
individuals (especially when those individuals are anonymous),
but are just as likely as people in more secure environments
to assist individuals who are nearby. This pattern of results
may be explained by an analysis of the costs and benefits
of acting prosocially toward others: many accounts of moral
behavior indeed emphasize that prosocial behaviors that improve
one’s moral reputation can give access to the long-term benefits
associated with future cooperation (Barclay, 2011; Baumard
et al., 2013). In harsher environments with fewer resources
and less resource security, it can be dangerous to invest large
amounts in one’s cooperative reputation with strangers with
whom one might never interact again (Baumard and Chevallier,
2015).

In the developmental literature, several studies have found
that the trajectory of prosocial behavior shows both consistency
and variation across diverse cultural contexts. In a study of
3- to 14-year-olds across six diverse societies, House et al.
(2013) found that costless prosocial behavior increased with age
in each society, whereas the development of costly prosocial
behavior showed di�erences starting around middle childhood
(when children’s behavior started to tend toward the adult
behavior prevalent in their culture). In a study of 4- to 15-
year-olds across seven diverse societies, Blake et al. (2015)
found that an aversion to receiving less than another child

unfairly emerged by middle childhood in each culture, but
that aversion to receiving more than another child unfairly
emerged in a minority of the cultures, and only later in
development. Such results emphasize that the emergence of
certain features of prosocial behavior is influenced by the
environment.

The most directly relevant developmental study is one in
which (similar to the study of adults within one city by Nettle
et al. (2011), children within a single culture showed di�erences
depending on local environmental harshness. Benenson et al.
(2007) had 4-, 6-, and 9-year-old English children from low and
high socio-economic status (SES) schools play a dictator game
(with 10 stickers and an unknown recipient). They found that
9-year-olds (but not 4- and 6-year-olds) from high SES schools
behaved more prosocially than their lower SES counterparts.

In the current study, we set out to replicate and extend the
results by Benenson et al. (2007) and Nettle et al. (2011). As
in previous research, we compared prosocial behavior from two
samples within a single city, and the samples were recruited from
neighborhoods that contrasted in deprivation level. Importantly,
the participating schools were matched in terms of facilities,
distance to the city center, and number of teachers. In contrast
with both previous studies in which participants lived in a
developed country (England), our research investigated whether
similar results would be obtained in a developing country
(Romania). A second extension of our study is that we gathered
socio-demographic data on each child and their family to ensure
that we would have a fine-grained measure of children’s social
environment. Finally, we used a di�erent method, the “Quality
Dictator Game” (adapted from Sheskin et al., 2016), that might be
more adapted to young children, potentially allowing us to detect
di�erences at younger ages than previous research.

The Quality Dictator Game investigates how children
allocate windfall resources that vary in quality. The Quality
Dictator Game allows for an additional analysis that is not
possible in studies using a pool of identical resources (e.g.,
10 stickers in Benenson et al., 2007). Whereas studies that
use identical resources can only measure variation in the
number of resources allocated by di�erent participants, the
Quality Dictator Game can measure variations in the value
of allocated resources. Specifically, children first allocate four
toys of varying quality between oneself and another child,
then complete a distractor task, then rank 12 toys (including
four toys identical to the ones used in the allocation task).
This design produces a “transfer score” for each child based
on the value of the toys she kept (subtracted from score)
compared to the value of the toys she transferred to the
other child (added to score). Taking children’s individual
preferences into account to calculate this transfer score
thus provides a fine-grained measure of children’s prosocial
behavior.

Previous research on the impact of SES and neighborhood
deprivation on prosocial behavior has generally used income as
a criterion to define both low/high SES and deprived/a�uent
neighborhood. In our study, we made sure that both SES and
neighborhood status were consistent: we thus included children
in the deprived group only if their parents reported earning
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less than the Romanian minimum monthly wage and if they
lived in a deprived neighborhood. The reverse criteria were used
in the non-deprived group. We predicted that children from
deprived environments would have lower transfer scores than
children from non-deprived environments. We had no specific
predictions regarding gender, IQ, or ethnicity, and included them
to control for potential e�ects of these variables on transfer
scores.

MATERIALS AND METHODS

Participants
Children were recruited from two schools, both situated within
the same city of Slatina (Romania). The schools are located 2.2 km
away from one-another and are both about 1 km away from the
city center. They are comparable in terms of number of students,
qualified teachers, and facilities. They di�er in SES: one school
(School A) is located in a mostly middle-SES neighborhood and
the other (School B) is situated in a very deprived neighborhood
(Table 1). We excluded from the analysis children from School
A whose parents’ monthly income was lower than 850 lei and
children from School B whose parents’ combined income was
higher than 850 lei. The threshold was fixed a priori to 850
lei as it was the minimum monthly wage for an employee in
Romania at the time we conducted the study, See Monitorul
Oficial, Partea I nr. 776 din 12.12.2013. Parents were asked what
their combined income including social aids was, with only two
response options: “less than 850 lei,” “more than 850 lei.” This
value is approximately $200.

All the results found by contrasting the two schools were
confirmed using parental income (above or below the minimum
wage) as the grouping variable (see Appendix 1 in Supplementary
Material).

We tested 41 children aged 6–7 years (M = 6.9 years,
SD = 0.43 years, range = 6.1–7.9): 18 children were girls (44%),
and 20 identified with the Roma minority (49%). A minimum

TABLE 1 | Differences between School A and School B.

School A School B

School values •Integrative education •Competence

•Peace •Initiative

•Team work •Competition

•Cooperation •Innovative spirit

•Self-development and
affirmation

•Sincerity
•Tolerance

Number of classrooms
and teachers

•18 class-rooms
•22 teachers

•22 class-rooms
•25 teachers

Material resources •TVs, copy machines,
printers, video,
projector, scanners,
digital cameras

•TVs, copy machines,
printers, video,
projector, scanners,
digital cameras

•Library (11,500
volumes)

•Library (7,804
volumes)

The data was collected from each school’s Secretary Department and it is valid for
the 2013–2014 school year.

target of 20 participants per group was pre-planned based on
the number of 6- to 8-year-olds in the low-SES school; the exact
number was determined by scheduling constraints and by the
number of parental consent forms we received. One child from
School A and one from School B were excluded, as they did
not meet our pre-determined parental income criterion. Our
remaining sample thus contained 19 children from School A
(M = 6.9 years, SD = 0.40, range = 6.1–7.4), with seven girls
(37%) and 16 children declaring being Roma (84%), and 19
children from School B (M = 6.9 years, SD = 0.40, range = 6.1–
7.9) with 10 girls (53%) and four children declaring being Roma
(21%). There was no significant di�erence between schools in
term of gender (Fisher’s t-test: p= 0.32), but children from School
B were significantly more likely to declare belonging to the Roma
minority (Fisher’s t-test: p < 0.001).

Ethics
The study was approved by the schools’ management team and
by the School Inspectorate. Parents signed a written informed
consent form for them and their children to participate in
the study and for their anonymized data to be included in
the analysis. Children provided verbal assent at the start of
the procedure. This research is the result of a collaboration
between a French and a Romanian university, both of which
require no formal approval from an ethics committee for non-
invasive research. All study procedures were consistent with the
Declaration of Helsinki.

Procedure
Each child was tested individually in a quiet room, close to their
own classroom. The child and the experimenter sat across from
each other at an empty table. The experimenter introduced the
activity by saying: “Today we will play a few games and I will
ask you to help me do some tasks.” The experiment consisted
of three parts: a toy distribution task, the administration of the
Raven’s Color Progressive Matrices test, and the toy ranking task.
Additionally, parents completed a questionnaire regarding the
participating child’s family and life conditions.

Toy Distribution Task

The toy distribution phase began by showing the four toys to be
distributed: a yellow whistle, a white ping-pong ball, a pencil, and
an arrow sticker. A pretest with a di�erent group of children and
a larger set of toys (see Appendix 2 in Supplementary Material)
showed that the whistle and ping-pong ball were generally ranked
among the highest value toys and that the pencil and arrow
card were generally ranked among the lowest value toys. The
experimenter explained that any toys put on a blue mat in front
of the child would go to the child herself, whereas any toys put on
a yellow mat opposite the child would go to another child “who
I will see next week, who you don’t know, and who you are not
going to meet.” We then asked the child: “So, where do you want
to put the toys?” After the child allocated the four toys, they were
put in two envelopes, one for the child and one for the “other
child,” and the envelopes and the placemats were put to the side
for the remainder of the study.
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Raven’s Color Progressive Matrices Test

The Color Progressive Matrices test (Raven et al., 2003) is
a non-verbal test assessing reasoning skills and providing an
accurate estimate of IQ (Mackintosh, 1998). It comprises 36
items presented in increasing order of di�culty within each
of three 12-item sets. The Raven’s Color Progressive Matrices
test provides a single raw score that is then converted to a
percentile based on normative data. This test was included in
our procedure so that we could control for individual di�erences
in reasoning skills, and to provide a distractor task in between
allocating toys in the toy distribution task, and judging the
value of those toys in the toy ranking task. This long and
challenging distractor task was chosen to limit the possibility that
children would recognize that 4 out of 12 toys in the ranking
task that were identical to the one they distributed in the toy
distribution task, and have their ratings modified by endowment
e�ects (Kahneman et al., 1991). The test took 15–30 min to
administer.

Toy Ranking Task

The toy ranking task began by asking for the child’s assistance
in sorting 12 toys between “cool” and “not so cool” piles, on
a green and an orange rectangle placing mats that were placed
side-by-side. The set included four toys that were identical copies
of the ones that the child had previously allocated in the toy
distribution part of the study, as well as eight other toys (a
balloon, a wooden building brick, a green plastic frog, a white
rubber, a red paper flower, a green rubber band, a yellow car
card, and a colorful spring). After sorting the toys into the
two groups, the child was asked to rank-order them in each
group. This was accomplished first for the “cool” pile, and
then for the “not so cool” pile, by choosing first the “best” toy
in the group, then the “next best” toy, then the “next best”
toy, and so on. At the end of the toy ranking task, children
were thanked for their participation and given the toys they
had chosen to keep for themselves in the toy distribution
task.

Questionnaire for Parents

One of the child’s parents completed a questionnaire (see
Appendix 3 in Supplementary Material) consisting of 19 items
distributed between two dimensions: general information about
the family structure, age, ethnicity, and educational level of
the parents, and general information regarding the child’s life
conditions (i.e., nutrition, number of rooms of the house,
home utilities, means of transport to reach school, family
monthly household income). The estimated time to complete the
questionnaire was 5–7 min. Questionnaires were completed with
the help of the experimenter when the parent was illiterate.

Calculating the Transfer Score
The data about each child’s preferences collected in the toy
ranking task allowed us to calculate a “transfer score” that
measures the relative value of the toys allocated to each person
for each child. The transfer score for each child was calculated
in two steps. First, we assigned each of the 12 toys a value based
on the child’s rank-ordering of the toys. The best toy got 12, the

second 11, etc. Thus, the value is 13 minus the rank. We then
calculated the child’s transfer score by adding the values of any
toys transferred to the other child and subtracting the values of
any toys kept for self. For example, here is the calculation for a
child who had ranked the ping-pong ball third and allocated it
to self, ranked the whistle fourth and allocated it to self, ranked
the pencil seventh and allocated it to other, and ranked the
sticker tenth and allocated it to other (see Figure 2): score = �
(13� 3)� (13� 4)+ (13� 7)+ (13� 10)= �10� 9+ 6+ 3=
�10. A negative transfer score indicates taking an advantage
for oneself, a positive score indicates giving an advantage to
the other child, and a score of 0 means a perfectly equal
distribution.

RESULTS

Comparisons between Schools
We first compared the environments experienced by children
from School A and School B based on the data provided by the
children’s parents in the Parental Questionnaire (Supplementary
Material).

Distance from School

Children from School A and School B lived at a similar small
distance (in minutes) from their school [School A: M = 11.47,
SD = 6.41; School B: M = 10.95, SD = 5.98, independent t-test:
t(36) = 0.26, p = 0.80].

Family Structure

Children from School B had younger parents [School A:
M = 34.8, SD = 4.5; School B: M = 30, SD = 4.12, independent
t-test: t(36) = 3.38, p < 0.002] and more siblings [School A:
M = 0.47, SD = 0.61; School B: M = 1.8, SD = 1, independent
t-test: t(36) = 4.95, p < 0.001]. No parents in School A were
divorced or separated while 32% of the parents in School B were.
Parents in School A were significantly less likely to be separated
or divorced than parents in School B (Fisher’s t-test: p = 0.020,
odds ratio, OR = 4.95).

Nutrition and Material Living Conditions

Children in School B lived in more crowded houses, with more
people per room [School A: M = 1.84, SD = 0.66; School
B: M = 2.27, SD = 0.46, independent t-test: t(36) = 2.33,
p < 0.026]. All children in School A ate meat at least once a
week, while all children from School B ate meat at most once a
month. All parents in School A declared having both electricity
and a washing machine at home, while 79% of the parents in
School B declared having no electricity and no washing machine
at home (Fisher’s t-test: p < 0.001, OR = 21.59). All parents
in School A owned a refrigerator, while 32% of children in
School B had no refrigerator at home (Fisher’s t-test: p = 0.020,
OR = 4.95).

Employment

Mothers in School A were significantly more likely to have a job
at the time of the experiment (89%) than mothers in School B,
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FIGURE 2 | Sample of toy ranking. The star (right) is ranked highest and the wooden block (left) is ranked lowest.

who all declared being a stay-at-home mother (Fisher’s t-test:
p < 0.001, OR = 27.25). All fathers in School A were employed,
ran a business or worked as a free-lancer, while 84% of the fathers
in School B declared being unemployed. Fathers in School A were
significantly more likely to work than fathers in School B (Fisher’s
t-test: p < 0.001, OR = 24.29).

Parental Education Level

Mothers in School A were significantly more likely to have at least
a high-school level of education (100%) than mothers in School B
(37%) (Fisher’s t-test: p < 0.001, OR = 14.74). Fathers in School
A were also more likely to have at least a high-school level of
education (100%) than fathers in School B (32%) (Fisher’s t-test:
p < 0.001, OR = 27.25).

Overall, this descriptive analysis confirms that children from
School A and School B live in drastically di�erent environments
in terms of deprivation: children in School B have younger
parents, with a lower education level, a lower combined income,
and a higher chance of being unemployed. Children in School
B also have more siblings, they live in more crowded houses,
and they experience important material poverty and poorer
access to food items like meat. Note that all the families in our
sample ate meat at least occasionally, so that rare frequency
of access to meat was not due to some families choosing to
be vegetarian but rather due to meat being an expensive food
item.

This descriptive analysis thus confirms that School A is
situated in a middle SES neighborhood and School B is situated
in a low SES neighborhood.

Toy Distribution Task
Transfer Score

We followed the same analysis plan as Sheskin et al. (2016),
on which our experiment is based, and compared the transfer
scores of the children from two schools. Because two outliers
were identified in our dataset, we used robust linear regression
to analyze the transfer scores (outliers: N = 1 in School A
with transfer score of +20; N = 1 in School B with a transfer
score of +23). The mean transfer score was �9.53 in children
from School A (N = 19, SD = 11.95, range = �29 to +20)
and �15.75 in children from School B (N = 20, SD = 12.95,
range = �30 to +23). This analysis revealed that children from

the school situated in the very deprived neighborhood transferred
significantly less to a stranger than children from the school
situated in the less deprived neighborhood [t(37) = �2.72,
p = 0.010; Figure 3].

We then ran a robust linear regression on children’s transfer
score, taking school, IQ, ethnicity, and gender as factors. In
this analysis, the e�ect of school was still present as a trend
[t(34)= �1.84, p= 0.075], while gender [t(34)= 1.27, p= 0.210],
IQ [t(34) = �0.99, p > 0.250], and self-declared ethnicity
[t(34) = 1.06, p > 0.250] were not significant predictors of
children’s transfer scores in this regression. Importantly, even if
the two schools significantly di�ered in their ethnic compositions
[$2 (1, N = 39) = 11.29, p < 0.001] and in their mean
IQ [t(37) = 2.16, p = 0.038], no multicollinearity problem
was evidenced in the regression taking school, gender, self-
declared ethnicity, and IQ as factors (maximal variance inflation
factor = 1.77, see Hair et al., 2006). In summary, even after
controlling for IQ, gender and self-declared ethnicity, the most
deprived neighborhood was associated with lower transfer score
than the less deprived neighborhood.

FIGURE 3 | Mean transfer score in children from School A and School
B. Error bars represent standard errors to the mean.
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Average Transfer Score

The two schools di�ered in their ranking of one of the four toys
used in the task (the whistle). Average ranking of the whistle was
lower in School A than in School B [t(37) = �2.24, p = 0.031;
no significant di�erence for the other three toys: all t(37) < 0.72,
all p > 0.250]. It is possible that this di�erence a�ects the
comparison of the transfer score between the two schools. To
rule out this possibility, we used the average value of each toy
to compute an average transfer score for each child. This analysis
is less reflective of individual di�erences in toy valuation, but
ensures that significant di�erences between School A and School
B are due to di�erences in toy distribution rather than toy ranking
(since the same average ranking is used across all children in the
study).

The conclusions from this additional analysis are identical
to the conclusions from our pre-planned analysis. Using the
average values of the toys (arrow card: M = 1.97, SD = 1.40;
ping-pong ball: M = 7.26, SD = 2.27; pencil: M = 5.21,
SD = 2.18; whistle: M = 7.67, SD = 2.35), we found that
the mean average transfer score was �10.12 in children from
School A (N = 19, SD = 11.84, range = �22.10 to +22.10)
and �15.84 in children from School B (N = 20, SD = 12.23,
range = �22.10 to +22.10). A robust linear regression revealed
that the Average transfer scores of children from School B were
significantly lower than those from School A [t(37) = �5.33,
p < 0.001]. Importantly, as for the individual transfer score,
this e�ect was still present as a trend after controlling for
children’s IQ, self-reported ethnicity and gender [t(34) = �1.71,
p= 0.096]. Children from the school situated in the very deprived
neighborhood thus transferred less to a stranger than children
from the school situated in the less deprived neighborhood,
whether or not we used individual value scores or the same value
for each child.

Number of Toys Given

It is also possible to supplement our pre-planned analysis of
transfer scores (the defining feature of the Quality Dictator
Game), with a more standard analysis of how many toys were
kept and how many were transferred. Thus, we compared the
average number of toys given away by children from School
A (M = 1.37, SD = 1.16, range = 0–4) and from School B
(M = 0.65, SD = 1.09, range = 0–4). A robust linear regression
on the number of toys given revealed that children from School
A gave more toys on average than children from School B
[t(37) = �2.12, p = 0.041]. Therefore, this more standard
analysis confirmed the results obtained in the previous analyses.

DISCUSSION

Consistent with what Nettle et al. (2011) found with English
adults and what Benenson et al. (2007) foundwith English 9-year-
olds, we showed that variation in deprivation within a single city
in a developing country influences the prosocial behavior of 6-
to 7-year-olds toward an anonymous stranger. The relationship
between neighborhood deprivation and children’s prosociality

toward a stranger held when controlling for children’s IQ, self-
declared ethnicity, and gender.

Furthermore, two post hoc analyses converge with the pre-
planned analyses. First, calculating children’s transfer scores
based on the average ranking of the toys did not change the
results, suggesting our results were not driven by children valuing
the toys they distributed in the toy distribution task di�erently
when ranking them later among others (e.g., because of an
endowment e�ect). Second, a comparison of the number of toys
given showed a trend toward children from School A giving more
toys than children from School B, showing that children from
the middle SES neighborhood gave away more toys than children
from the more deprived neighborhood.

Our study contributes to a better understanding of the impact
of a harsh social environment on the development of prosocial
behaviors toward strangers. However, it is important to note that
the e�ects of environmental harshness on prosociality may not
be linear. Both our results and the results of Benenson et al.
(2007) are based on children living in low- and middle-SES
environments; di�erent results might be found when comparing
middle- and high-SES environments. In fact, recent results by
Miller et al. (2015) suggest that upper-SES children may behave
less prosocially than middle-SES children. In their study, 4-
year-old children from middle-SES backgrounds shared more
of 10 tokens with a sick child than did high-SES children. One
candidate underlying mechanism could be that competitiveness
is higher in upper- vs. middle-SES children (e.g., Knight and
Kagan, 1977; for a similar argument in teenagers, Buunk et al.,
2013). Another possibility is that the impact of the child’s social
environment on prosocial motivation depends on the context.
Children living in a harsh social environment might thus behave
less prosocially in some contexts and more prosocially in others.
In line with this idea, the impact of social status on prosocial
behavior varies in adults. For instance, noblesse oblige can lead
higher status people to behave more prosocially to defend their
status, and higher resources associated with higher status can
make prosocial behaviors less costly for the individual. Yet, being
high status also gives leverage over others and decreases the costs
of behaving less prosocially so that depending on the context,
high status will lead to lower or higher prosociality (for a review,
see Kafashan et al., 2014).

Another possible explanation of Miller et al.’s (2015) results
is that the recipient of their dictator game was described as “a
sick child” rather than an unknown child (as in our experiment
and Benenson et al.’s 2007 study). It could be the case that SES
correlates positively with prosociality toward a stranger, but that
the correlation goes in the opposite direction when the recipient
is not anonymous, or when empathy is involved as in Miller
et al. (2015). We know of no other study where the recipient
elicits empathy, but in a study by Chen et al. (2013), 4-year-
old children from rural China played a dictator game with four
stickers with the recipient being a friend or an unknown child.
Similar to Miller et al. (2015), lower SES children gave more
stickers than higher SES children in the friend condition but not
in the unknown condition. In both Benenson et al.’s (2007) and
Chen et al.’s (2013) studies, SES did not impact prosocial behavior
by the age of 4 when the recipient was unknown, but the results of
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Chen et al. (2013) in the friend condition and of Miller et al.
(2015) in the “sick child” condition suggest that lower SESmay be
associated with higher prosocial behavior in some cases. Future
research could further study the development of the correlation
between SES and prosocial behavior by systematically varying the
identity of the recipient and by testing low, middle, and high SES
children.

A number of limitations of our study should also be
acknowledged: in particular, we only focused on very low and
middle SES children; we had—as in previous studies—only
one measure of prosocial motivation; and our sample size was
too small to disentangle the e�ects of the di�erent factors
that together constitute a harsh social environment such as
material factors (e.g., material poverty or parental income) vs.
social factors (e.g., parenting style or aggressive interactions)
or biological factors (e.g., toxins; see Duncan et al., 1994;
Bradley and Corwyn, 2002; Evans and English, 2002; for a
review: Brooks-Gunn and Duncan, 1997; Evans, 2004). It will
therefore be important for future research to assess whether
the e�ect of social background on prosociality toward strangers
is robust and to test the impact of di�erent social factors
associated with harsh social environments. Further investigations
would be particularly interesting to identify the pathways
by which environmental harshness impacts prosociality. For
instance, prosocial behavior may be directly influenced by
children’s level of resources but also by the type of social
interactions they are usually exposed to (e.g., competitive vs.
cooperative ones) as well as by the development of their cognitive
abilities.

Finally, the impact of childhood environmental harshness
has been shown to extend into adulthood in other domains
such as health and non-social cognition (see e.g., Case et al.,
2005; Luo and Waite, 2005; Cohen et al., 2010). Future
research may thus investigate whether childhood environmental
harshness has a similarly long-lasting impact on prosociality,
and if so, how childhood deprivation interacts with current
levels of resources. This next step would be all the more
informative that studies on the e�ect of current socio-economic
status on prosociality in adults have yielded mixed results.
Specifically, two articles by Pi� and his colleagues have reported
a positive association between low SES and prosociality (Pi�
et al., 2010, 2012). In these two sets of studies, American
college students reporting a lower subjective SES behaved more
prosocially in a dictator game (Pi� et al., 2010), drivers of more
expensive cars behaved less ethically than drivers of cheaper
cars (Pi� et al., 2012; replicated by Morling et al., 2014), and

male students of higher SES reported a higher likelihood of
behaving unethically in hypothetical scenarios (Pi� et al., 2012;
replicated by Lyons et al., 2012 and by Konigsberg et al.,
2013).

In sharp contrast, a growing number of studies, including
large-scale cross cultural experiments, have found that
deprivation has a negative impact on prosociality (see e.g.,
Wilson et al., 2009; Nettle et al., 2011; Holland et al., 2012;
Silva and Mace, 2014, 2015; Gomes and McCullough, 2015).
In a recently published set of eight studies analyzing large
and representative international samples including several
thousands of participants, Korndörfer et al. (2015) found
positive e�ects of higher SES on prosociality: based on self-
reports, higher SES individuals were more likely to make
charitable donations and contribute a higher percentage
of their family income to charity, to volunteer, and to be
helpful. Higher SES individuals were also more trusting
and trustworthy in an economic game when interacting
with a stranger than lower SES individuals. Getting a better
understanding of how di�erent factors associated with childhood
social environment impact children and adult prosociality
will advance our understanding of the causes of the great
variations we observe in prosocial behaviors and motivations,
and possibly help us find ways to use this knowledge to promote
them.
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related outcomes like substance use, accidental injury, and unin-
tentional drowning (Steinberg 2013). All of these phenomena are
particularly pronounced in adolescent males (Scheidt et al. 1995),
in whom patterns of brain development are somewhat delayed rel-
ative to those of females (Lenroot & Giedd 2006), and who are also
much more likely to engage in violent aggression (Snyder 2012).

The authors have made a strong case that rates of violent
aggression rise with geographic proximity to the equator, which
is used as a proxy for climate. But the model may require amend-
ing to incorporate the mediating or moderating role that the pro-
portion of adolescents across regions may play in geographic
variation in violent aggression.

As it happens, more equatorial countries also contain large –
sometimes much larger – proportions of adolescents. Almost
without exception, those nations with median ages less than the
global median age of 29 are equatorial nations of Africa, Asia,
and Central and South America. The youngest countries in the
world include equatorially proximate African nations like
Uganda, Niger, and Mali. By contrast, the oldest countries
include Japan, Germany, Monaco, and other European and
Asian countries closer to the poles (Central Intelligence Agency
2016b).

So-called “youth bulges” in countries proximal to the equator
could explain increased violence in these countries without refer-
ence to life history theories or climate. It has been observed that
the proportion of individuals within a society who are between the
ages of 15 and 24 is predictive of the prevalence of various forms
of violence in that society, including homicide, domestic armed
conflict, terrorism, and rioting (Bricker & Foley 2013; Mesquida
& Wiener 1999; Urdal 2006). In the United States, a significant
proportion of changes in violent crime over time can be explained
by fluctuations in the proportion of adolescents (Phillips 2006).
Globally, the relationship between violence and the proportion
of a country’s population composed of adolescents has also been
found across several investigations (Cincotta & Leahy 2011;
Pampel & Gartner 1995; Urdal 2006).

Van Lange and colleagues might argue that countries like Gua-
temala, Belize, and Honduras are among the most violent coun-
tries in the world because of their equatorial climates, which
result in the population of these regions adopting relatively fast
life history strategies, characterized by “short-term planning,
greater risk taking, a focus on immediate gratification for short-
term benefits, and more aggression” (sect. 3.1, para 3). But one
could just as easily argue that the reason these quintessentially
adolescent traits are pervasive in these countries is that their pop-
ulations are disproportionately composed of adolescents. These
are among the world’s youngest countries, and are the three youn-
gest nations in the Americas. Nearly a quarter of the population of
Guatemala, for example, is between the ages of 15 and 24 (Central
Intelligence Agency 2016b).

It is possible, then, that the patterns the authors have observed
do not reflect climate-induced variation in life history strategies,
but are instead an artifact of geographic fluctuations in the propor-
tion of youths, owing to reasons that are unrelated to climate.
Alternately, it is possible that fluctuations in the proportion of
youths could be incorporated into the CLASH model. Youth
bulges are thought to emerge during the stage of a nation’s devel-
opment when infant mortality has been successfully reduced, yet
fertility rates remain relatively high (Bricker & Foley 2013), but
no generally accepted explanation exists for why youth bulges cur-
rently cluster around the equator.

Any attempt to incorporate the relationship between youth and
violence into the CLASH model should reflect the fact that the
relationship between youth bulges and violent aggression may
not be a simple one. Variables like access to education and jobs
are critical influences on the behavior of youths within a society
(Bricker & Foley 2013). Likewise, the effect of youth bulges on
violent aggression may be mitigated by protective cultural
factors like collectivism, which can transform large youth popula-
tions into civic opportunities (Pampel & Gartner 1995).

Understanding the role of adolescence in societal variation in
aggression therefore requires considering not only how many ado-
lescents a society contains, but also how those adolescents are
faring: Are they civically engaged? Educated? Impoverished?
Optimistic about their future prospects (Bricker & Foley 2013;
Hart et al. 2004; Pampel & Gartner 1995)?
The essential fact remains that a model of cultural variation in

violent aggression that does not consider the role of adolescence
remains an incomplete model.

Climate is not a good candidate to account for
variations in aggression and violence across
space and time
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Abstract: We agree with Van Lange et al. that climate is likely to affect
individuals’ social behavior in many ways. However, we suspect that its
impact on physiology and psychology is so remote that its predictive
power disintegrates almost completely through the causal chain
underlying aggression and violence.

Using data about current and past patterns of aggression and
human sociality, we show that the causal role of climate vanishes
once one switches from a worldwide perspective to a more local
one, and that it becomes quasi-irrelevant once a historical dimen-
sion is considered. Evolutionary models in biology provide expla-
nations of variations in traits that are generalizable across both
space and time. We believe that this criterion of relevance is,
however, not met by CLASH.
We start our demonstration by testing whether climate predicts

interpersonal violence during a restricted period within geo-
graphic Europe (Fig. 1A,B), an area that is similar in size and
culture to the United States. Except for Russia, all major Euro-
pean countries with available climatic and homicide data for the
2008–2012 period were included (35 countries, sources: World
Bank (The World Bank Group 2016a; United Nations Office on
Drugs and Crimes [UNODC] 2016). Following methodological
recommendations from studies that inspired the target article
(Burke et al. 2015; Hsiang et al. 2013), we ran a series of correla-
tions between interpersonal violence (measured by the homicide
rate [Burke et al. 2015]) and either yearly average temperature or
seasonal variations in temperature (i.e., the difference between
the average temperature for the three summer months and the
three winter months). We included only countries where
CLASH was applicable (average year temperature under 24°C).
Contrary to CLASH’s predictions, both year-by-year and period-
wise analyses revealed that interpersonal violence did not vary
with temperature (all r values < .12, all t(34) values < 0.67, all p
values > .25) (Fig. 1A) and, more surprisingly, increased with sea-
sonality (all r values > .39, all t(34) values > 2.49, all p values
< .018) (Fig. 1B).
We then tested whether climatic variables predicted homicide

rates in elapsed time periods (Fig. 1C,D) using historical
records from two geographically distant countries of the temper-
ate zone: Japan (1924–2004 [Statistics Bureau, Ministry of
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Internal Affairs and Communications 2016a; 2016b; The World
Bank Group 2016a]) and Great Britain (1951–1999 [Richards
1999; The World Bank Group 2016a]). For representational pur-
poses, all three variables were expressed in units of standard devi-
ations of their respective means over the whole period (z-score
transformed). Figure 1C and D represent the trend for each var-
iable across the time record, with ranges and standard deviations
differing between Great Britain (homicide rate per 100,000: 0.58–
2.06, SD = 0.42; temperature: 7.55°C–9.52°C, SD = 0.47; season-
ality: 7.54°C–14.01°C, SD = 1.28) and Japan (homicide rate per
100,000: 0.97–4.14, SD = 0.98; temperature: 10.11°C–12.71°C,
SD = 0.56; seasonality: 17.5°C–22.95°C, SD = 1.09). The impact
of temperature and seasonal variations on homicide rates was the
strict opposite of CLASH’s predictions for Japan (average temper-
ature: r = –.52, t(79) = –5.43, p < .001; seasonality: r = .22, t(79) =
1.99, p = .049) (Fig. 1C), whereas no effect was observed for
Great Britain (both r values < .18, both t(45) values < 1.26, both p
values > .215) (Fig. 1D). Figure 1D illustrates the importance of
considering historical data to avoid spurious correlations when
trying to find determinants of trait variations: during the 1990s,
homicide rate and temperature positively covaried in Great
Britain, but it is seen by going back further in time that the rise
in homicides preceded the temperature increase and that the rela-
tionship was actually reversed in the 1950s.

One could argue that testing countries with relatively homoge-
neous temperate climates is inappropriate because small climatic
variance might not include the critical threshold at which more
dramatic levels of violence occur. If true, then deviations from

the mean could be pure noise. However, we believe that this is
not the case. Figure 2 indeed illustrates the difference in
murder rates measured for the year 2013 (Federal Bureau of
Investigation [FBI] 2013) in all 50 states of the United States
and in the five boroughs of New York City (Pediacities NYC)
and shows that variations observed at a very local scale (city) can
be of similar magnitude as variations observed at a very global
scale (continent). We doubt that it is reasonable to posit that
climate differences act as a major predictor, at the expense of
other explanatory variables such as, for example, differences in
income.

In addition to these empirical arguments, we raise a more fun-
damental concern: CLASH cannot satisfyingly account for major
transitions in the evolution of human sociality such as, for
instance, the replacement of asocial religions by prosocial ones.
Recent work indeed demonstrates that the best explanatory
factor of this phenomenon is an increase in affluence (energy
capture per capita, urbanization rate, population growth), a vari-
able highly predictive of individuals’ level of resources
(Baumard et al. 2015). This is in line with the life history frame-
work, which predicts that individuals enjoying higher levels of
resources engage in slower life strategies that are characterized
by high investments in long-term goals, including cooperative
goals. The early emergence of belief systems promoting prosocial-
ity can thus be better understood as the consequence of historical
changes in the distribution of resources (Baumard & Chevallier
2015), rather than climate. It becomes especially striking when
one considers that prosocial religions appeared in different

A B

C D

Figure 1 (Mell et al.). (A,B) Homicide rates averaged for the 2008–2012 period for countries (N=35) constituting geographic Europe, as
a function of (A) temperature and (B) seasonality. (C,D) Year-by-year evolution of homicide rate, temperature, and seasonal variation for
(C) Japan and (D) Great Britain.
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civilizations located in arid, semi-arid, and tropical zones of the
world (Eastern Mediterranean, Mesopotamia, Northern India)
long before they emerged in more temperate areas.

In sum, between-individual differences in life strategies –
whose acceleration eventually leads to greater violence – are
more likely to depend on ecological dimensions whose fluctua-
tions matter more than climate for survival and reproduction in
complex social worlds. All things being equal, climate differences
ought to be part of the general explanation, but we doubt that they
should constitute the core feature of evolutionary models of
aggressive and violent behaviors.

The paradoxical effect of climate on time
perspective considering resource
accumulation
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Abstract: Considering purely climate, southern countries are less harsh
and more predictable than northern countries. From a historical
perspective, freezing winters resulting in fewer available resources
contribute to the development of strong future orientation. The paradox
is that future orientation contributes to accumulation of resources in the
long run, making individuals’ immediate living conditions less harsh,
leading to slower life strategies.

Predictability and climate can be seen from different points of
view. On the basis of Life History Theory (e.g., Hill 1993;
Kaplan & Gangestad 2005), it is claimed that fast life strategies
(related to reproducing earlier, having higher mortality and mor-
bidity rates, having higher levels of violence) are adopted when
life events are unpredictable and harsh (Ellis et al. 2009; Griske-
vicius et al. 2011), and slow life strategies (the opposite) are
adopted when life is more predictable and less harsh. Van
Lange et al. connect this to climate and claim that in warmer
areas close to the equator, life is more unpredictable and
harsher (from the perspective of climate as a result of viruses
and natural disasters). Contrary to this argument, if one focuses
on climate and its seasonal variation close to the equator, the
climate is less extreme and there is less seasonal variation. From
the perspective of climate arises the question: What can be
more predictable and less harsh than constant warmth with little
variation? Contrary to the authors’ claim, it is plausible that
areas close to the equator are more predictable, and considering
purely climate, seasonal changes in areas farther from the
equator can result in harsh life conditions such as freezing
winters, unexpected summer droughts, and floods.
From a historical perspective, in those regions where the

weather was comfortably warm all year, crops could be harvested
twice a year and food and shelter were available all year.
However, in the past, a second harvest in the winter was not possi-
ble in northern regions and it was more difficult to find shelter,
which made living conditions harsher and less predictable. In
short, they had fewer exposed resources during a certain part of
the year. These conditions could have motivated northerners to
become more future oriented, that is, to think about the forthcom-
ing winter and its possible negative consequences and, thus, to
accumulate and save resources (Ashkanasy et al. 2004). These
northerners were forced to accumulate resources to cover the
periods when resources were scarce. For them, future orientation
was the key to survival (Zimbardo & Boyd 2008). Throughout
history, this accumulating behavior driven by future orientation
allowed northern societies to reach a higher level of economic
development, whereas in southern regions, where resources were
available all year long, societies were less focused on the future.
As accumulation of resources reached a point when there were

more than enough resources for one harsh winter, the perceived
availability of resources changed. If the pantry is full all year, the

Figure 2 (Mell et al.). Murder rates measured for the year 2013 in all 50 states of the United States and in the five boroughs of New York
City.
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Abstract

Background

Recent trends in psychiatry have emphasized the need for a shift from categorical to dimen-

sional approaches. Of critical importance to this transformation is the availability of tools to

objectively quantify behaviors dimensionally. The present study focuses on social motiva-

tion, a dimension of behavior that is central to a range of psychiatric conditions but for which

a particularly small number of assays currently exist.

Methods

In Study 1 (N = 48), healthy adults completed a monetary reward task and a social reward

task, followed by completion of the Chapman Physical and Social Anhedonia Scales. In

Study 2 (N = 26), an independent sample was recruited to assess the robustness of Study

1’s findings.

Results

The reward tasks were analyzed using signal detection theory to quantify how much reward

cues bias participants’ responses. In both Study 1 and Study 2, social anhedonia scores

were negatively correlated with change in response bias in the social reward task but not in

the monetary reward task. A median split on social anhedonia scores confirmed that partici-

pants with high social anhedonia showed less change in response bias in the social reward

task compared to participants with low social anhedonia.

Conclusions

This study confirms that social anhedonia selectively affects how much an individual

changes their behavior based on the presence of socially rewarding cues and establishes a

tool to quantify social reward responsiveness dimensionally.
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Background

One of the great challenges in understanding the biological cause of psychiatric disorders has
been that diagnostic categories based on clinical consensus do not align with findings from
neuroscience and genetics [1]. In response to this challenge, it has become clear that it is neces-
sary to go beyond traditional diagnostic boundaries by characterizing individual phenotypes
dimensionally [2]. One dimension of behavior that is particularly well-suited to dimensional
approaches is social motivation. Social motivation can be described as a set of biological mech-
anisms biasing the individual to preferentially orient to the social world and to treat social
interactions as rewarding. Social motivation has been identified as a relevant behavioral
dimension for a number of disorders including schizophrenia-spectrum disorders (e.g., [3]),
anorexia nervosa (e.g., [4]), depression (e.g., [5]), psychopathy (e.g., [6]), and, perhaps most
notably, autism spectrum disorders (ASDs) (e.g., [7]). However, the presence or absence of
social motivation deficits does not directly align with any of these diagnostic categories, which
suggests that social motivation is best construed in a dimensional framework cutting across
multiple conditions.

Research investigating social motivation has been hindered by the paucity of tools to reli-
ably quantify this construct. Most researchers aiming to quantify social motivation as a
dimension indeed rely on a handful of self-reports instruments, such as the Chapman Social
Anhedonia Scale [8] or the Affiliative Tendency Scale [9], which provide a useful first-pass
evaluation of social motivation in typical adults but might be biased in both psychiatric and
control populations. Individuals with a psychiatric condition may indeed lack self-reflection
skills and struggle to accurately report on their own feelings [10] and control participants
may be susceptible to social desirability effects leading them to overestimate their social
motivation [11]. Another concern associated with existing self-report instruments is that
they do not specifically target social reward responsiveness and instead combine various
aspects of social motivation that might be best construed as distinct traits (e.g., social seek-
ing, social attention, reputation management, gregarious instincts, social reward respon-
siveness, etc.).

In this paper, our goal is to use signal detection theory to create an objective tool tapping
social reward responsiveness specifically. With this goal in mind, we adapt a task developed by
Pizzagalli et al. to assess non-social reward responsiveness and its relationship to depression
[12]. Specifically, previous work on non-social reward responsiveness has demonstrated that
unequal frequency of reward is associated with a preference for the response that is associated
with the more frequent reward [13,14] and that this response bias constitutes a reliable proxy
of reward responsiveness [12]. Pizzagalli et al. (2005) then demonstrated that participants with
elevated levels of depression symptoms showed a blunted response bias towards frequently
rewarded stimuli, thereby demonstrating that their behavior was less modulated by reinforce-
ment than individuals with low levels of depression symptoms. Here, we present two studies
that extend this work to social reward responsiveness: Study 1 includes a monetary rewards
task, which essentially replicates Pizzagalli’s task, and our social rewards task. We predicted
that both a high frequency of social and monetary rewards would bias participants to answer
faster and more accurately to the rich stimulus. More importantly, we predicted that individual
differences in this response bias would correlate with self-reported social anhedonia but not
with self-reported physical anhedonia, which refers to pleasures associated to non-social sen-
sory experiences (e.g., eating, touching pleasant material, moving, experiencing smells and
sounds, etc.). In Study 2, we ran a direct replication of the social task with an unrelated sample
of healthy participants.

Measuring Social Motivation
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Study 1: Designing a dimensional tool to assess social motivation

Methods

Ethics Statement. This study was reviewed and approved by the Children’s Hospital of
Philadelphia’s Institutional Review Board (IRB 11–008173). After complete description of the
study to the subjects, written informed consent was obtained.

Materials. The monetary and social reward tasks were presented on a 22-inch widescreen
monitor using E-prime. In the Money experiment, monetary rewards were presented as the
plain text “+ 5 cents”, which represented a real 5-cent reward that participants were told would
be added to their total reimbursement. In the social experiment, social rewards were in the
form of a silent, full-color video clip of an actor providing approval by simultaneously smiling,
nodding, and showing a thumbs-up gesture [15]. The rewards were provided in response to
correct identification of a line appearing in the center of a circle as being short (11.5mm) or
long (13mm).

Following the computer tasks, participants were left alone to complete the Beck Depression
Inventory-II [16] and the Chapman Social and Physical Anhedonia Scales [8]. The BDI-II was
used to screen out clinically depressed participants who might not have been identified during
our phone screening. The Chapman scales were included in order to measure self-reported
anhedonia in response to social and physical situations. The Social Anhedonia Scale measures
how much participants find social interactions to be rewarding (e.g., the interpersonal pleasure
of being with people, talking, exchanging expressions of feelings, doing things with others,
competing, loving, and interacting in multiple other ways). Note that due to a computer error,
only the first 32 items were administered in Study 1. 12 participants were re-invited to take the
full version of the questionnaire within 4 months of their initial visit. Scores on the 32-item
version and on the full 40-item version were highly correlated, r = .86, p = .0002. The Physical
Anhedonia Scale measures how much participants find physical situations to be rewarding
(e.g., physical pleasures linked to eating, touching, feeling, temperature, movement, smell and
sound). All experimental scripts, analysis scripts, test materials and raw data are available for
academic purposes on the Open Science Framework.

Participants. Forty-eight participants (27 female, 21 male, mean age: 24.16 +/- 3.28 years)
were recruited from the Philadelphia area using Craigslist and paper flyers. Interested volun-
teers were screened over the phone to determine eligibility. Individuals who reported an active
Axis I disorder or current psychotropic medication use were not invited to participate in the
study. All participants received compensation for their time ($10 per hour) and travel costs, as
well as a variable monetary reward depending on task performance ($5–6). Three participants
with a task accuracy of 2 SD below the mean and an additional two participants above the clin-
ical cutoff on the BDI-II were excluded from final analysis, leaving a final sample of 44 partici-
pants (19 males, 25 females).

Design and Procedure. Each participant completed both the Social experiment and the
Money experiment, order counterbalanced across participants. Each experiment lasted
approximately 25 minutes separated by a 10-minute categorization task that was unrelated to
the current study. Participants were tested individually and stayed alone in the testing room
during the entire duration of the experiment. The experimenter was only present to introduce
each experiment and provide feedback during the training phase. The instructions were read
aloud to the participants as they were viewing them simultaneously on the screen. Participants
were told that their task would be to classify a line as either short or long by pressing the corre-
sponding key and that feedback for correct responses would only occur some of the time.
Depending on the experiment, participants were told that feedback for correct responses
would be a “thumbs up” video clip (social reward task) or the text “+ 5 cents” (monetary
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reward task). The training phase consisted of five practice trials during which no reward and
no feedback were provided.

Each experiment consisted of 300 trials separated into 100-trial blocks. Each trial began
with the presentation of a fixation cross (500ms), followed by an empty circle (500ms). The
short or the long line was then flashed within the circle (100ms) then disappeared to show a
plain black screen during which participants could submit their response (see Fig 1). An equal
number of short and long lines were presented within each block. Short and long lines were
presented in a random order. Participants were given an infinite amount of time to indicate
their response using ‘e’ or ‘p’ on the keyboard. Responses were followed by 1750ms of either a
blank screen, or the social or monetary reward described above.

An asymmetrical reinforcement ratio was introduced such that one type of line (i.e. short
or long) was rewarded more often. The line type that was rewarded more frequently is referred
to as the “rich stimulus” and the line type that was rewarded least is referred to as the “lean
stimulus”. Within each 100-trial block, participants received positive feedback on 30 trials for
accurately identifying the rich line, and on 10 trials for accurately identifying the lean line. An
algorithm was programmed so that reward feedback followed a pseudorandom schedule speci-
fying which specific trials were to be rewarded for correct identifications [12,17]. If a partici-
pant failed to correctly identify the line on a trial programmed to get a reward, the reward was
delayed until a line of the same type appeared and was correctly identified. The long line was
randomly assigned to being the rich or the lean stimulus for each task and participant. Partici-
pants earned approximately $6 for the entire study.

Data Analyses. Our analysis plan was based on Pizzagalli et al. (2005) who relies on signal
detection theory [18] to quantify reward responsiveness. In signal detection tasks, participants’
responses are classified into one of four categories: hits, false alarms, misses and correct

Fig 1. Schematic representation of the tasks. A fixation cross appears for 500ms, followed by an empty circle. A short or a long line is then flashed inside
the circle for 100ms. Participants have an infinite amount of time to respond before they receive a reward for some of their correct responses.

doi:10.1371/journal.pone.0167024.g001
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rejections. In the experimental condition where the long line is the rich stimulus, hits refer to
correct identifications of the long line as long, false alarms refer to identifications of the short
line as long, misses refer to identification of the long line as short and correct rejections refer
to identification of the short line as short.

Two conceptually distinct metrics can then be computed: 1) ‘discriminability’, which refers
to participants’ ability to differentiate the two stimuli, and will be high if there are more hits
and correct rejections than misses and false alarms; 2) ‘response bias’, which refers to the likeli-
hood of giving one response more frequently than another and will be positive if there are
more hits and false alarms than misses and correct rejections. High discriminability scores
indicate increased ease of telling the two target stimuli apart and thus works as an index of task
difficulty. Larger positive response bias scores indicate an increased tendency to identify the
stimulus line as the more rewarded line and, simultaneously, a decreased tendency to identify
the stimulus as the less rewarded line. Put another way, a large response bias indicates that an
individual is more responsive to rewards.

Discriminability and response bias were calculated based on previous behavioral models of
signal detection [12,19].

Discriminability was computed as:

LogÖdÜ à 1=2 ⇤ logâÖRichcorrect
⇤ LeancorrectÜ= ÖRichincorrect

⇤ LeanincorrectÜä

Response bias was computed as:

LogÖbÜ à 1=2 ⇤ logâÖRichcorrect
⇤ LeanincorrectÜ= ÖRichincorrect

⇤ LeancorrectÜä

Rich correct and Leancorrect correspond to the proportion of correct identifications (hits and
correct rejections) to the total number of rich and lean trials respectively, and Richincorrect and
Lean incorrect correspond to the proportion of false identifications (misses and incorrect rejec-
tions) to the total number of rich and lean trials respectively. When accuracy was equal to 1 or
0, we followed the log linear correction procedure described by Hautus et al. [20].

Accuracy, RT and discriminability were analyzed in order to assess overall performance for
each experiment separately (Money and Social) using two-way ANOVAs on accuracy, RT and
discriminability scores with Condition (Rich, Lean), and Block (1, 2, 3) as within-subjects fac-
tors. No main effect or interaction involving gender was found; we therefore present results
for both genders combined in all our analyses. As in Pizzagalli et al. (2005), trials with a reac-
tion time shorter than 150 ms, longer than 2500 ms, or ± 3 SDs from the mean (after natural
logarithm transformation) were excluded from all analyses (3.6% of the trials overall).

Our main variable of interest was response bias because it reflects participants’ responsive-
ness to monetary rewards or social rewards. Following Pizzagalli et al. (2005), overall change
in response bias (or ΔResponse Bias) was conceptualized as the difference between the first
block and the last block. We first ran a repeated-measures ANOVA with Block as a within-sub-
ject factor to test whether Response Bias changed over time. We then examined the relation-
ship between anhedonia and ΔResponse Bias to either social or monetary rewards using
correlations, a median-split based on participants’ social anhedonia scores.

Results

Task 1: Social rewards task. Overall task performance (Fig 2). A two-way ANOVA on
accuracy scores with Condition (Rich, Lean), and Block (1, 2, 3) as within-subjects factors
revealed a main effect of Condition, F(1,43) = 5.55, p< .023, ηp

2 = .114, a main effect of Block,
F(2,42) = 30.01, p< .001, ηp

2 = .588, and a Condition x Block interaction, F(2,42) = 9.616, p<
.001, ηp

2 = .314. As predicted, accuracy for the rich condition (M = .777, SD = .090) was higher
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than for the lean condition (M = .750, SD = .082), t(43) = 2.355, p = .023, d = .32, and increased
over time (Block 1 vs. 2, t(43) = 0.002, p = .998; Block 2 vs. 3, t(43) = -7.83, p< .001; Block 1 vs.
3, t(43) = -4.91, p< .001). The ANOVA on reaction times revealed a main effect of Condition,

Fig 2. Performance in the social reward task. Accuracy rates (A) and reaction times (B) during the social reward task. Results are split by block (1, 2, 3) and
stimulus type (lean in blue, rich in red).

doi:10.1371/journal.pone.0167024.g002
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F(1,43) = 23.45, p< .001, ηp
2 = .353, no main effect of Block, F(2,42) = 0.244, p = .785, ηp

2 =
.011, and a Condition x Block interaction, F(2,42) = 5.417, p = .008, ηp

2 = .205. Reaction times
for the rich condition (M = 431.7ms, SD = 103.2ms) were faster than in the lean condition
(M = 455.8ms, SD = 116.0ms), t(43) = -4.84, p< .001. Planned comparisons revealed that the
Condition x Block interaction was due to participants being faster in Block 3 for the rich con-
dition, t(43) = 5.78, p< .001, but not in the other two blocks, Block 1: t(43) = 1.84, p = .073,
Block 2: t(43) = 1.67, p = .103. Finally, the ANOVA on discriminability with Block as a within-
subject factor revealed no main effect, F(2,42) = 1.203, p = .305, ηp

2 = .027.
Response bias (Fig 3). In line with our hypothesis that response bias would increase over

time, a repeated-measures ANOVA on response bias with Block as a within-subject factor
revealed a main effect of Block, F(2,42) = 7.77, p = .001, ηp

2 = .270, due to an increase in
response bias from Block 1 to Block 2, t(43) = -3.081, p = .004, and from Block 1 to Block 3, t
(43) = -3.902, p< .001. Pearson correlations revealed that ΔResponse Bias did not correlate
with physical anhedonia scores, r = -.044, p = .774, n = 44 but correlated with social anhedonia
scores, r = -.340, p = .024, n = 44, indicating that participants with stronger self-reported social
anhedonia were also the least biased by social rewards. By contrast, social anhedonia scores
and physical anhedonia scores strongly correlated, r = .442, p = .003, n = 44, suggesting that
the specificity of each instrument should be questioned and that ΔResponse Bias might be a
more accurate measure of social anhedonia than a commonly used self-report measure.

Using a standard categorical approach, we then compared change in response bias in higher
and lower social anhedonia participants. Specifically, we looked at the difference in response
bias between Block 1 and 2 as well as between Block 1 and 3. Change in response bias was
greater for lower social anhedonia participants than for higher social anhedonia participants
for the Block 1 vs. Block 2 comparison, t(42) = 2.409, p = .020, and for the Block 1 vs. Block 3
comparison, t(42) = 2.627, p = .012. Importantly, Participants in the lower social anhedonia
group (score range: 0–6, M = 3.24, SD = 1.92, N = 25) and a higher (score range: 7–19,
M = 10.47, SD = 3.98, N = 19) and in the higher social anhedonia group did not differ with
respect to age, t(42) = 0.426, p = .672, Gender ratio, χ2(1) = 0.548, p = .547, percentage of outli-
ers, Z = -0.996, p = .319, Mann-Whitney U, or number of feedbacks received during the

Fig 3. Response bias in the social reward task. Evolution of the response bias across blocks in the social reward task (A) and correlation between change
in response bias (i.e. Logb Block 3 –Logb Block 1) and social anhedonia score, R2 = .116.

doi:10.1371/journal.pone.0167024.g003
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experiment, Money: t(42) = 0.206, p = .838; Social: z = -.326, p = .744, Mann-Whitney U.
Finally, the two groups did not differ in the rich-to-lean reward ratio, which is the most impor-
tant variable that drives response bias (Money task: t(42) = 0.709, p = .483; Social Task: t(42) =
1.239, p = .222).

Task 2: Monetary rewards responsiveness. Overall task performance (Fig 4). A two-way
ANOVA on accuracy scores with Condition (Rich, Lean) and Block (1, 2, 3) as within-subjects
factors revealed a main effect of Condition, F(1,43) = 16.15, p< .001, ηp

2 = .27, a main effect of
Block, F(2,42) = 39.17, p< .001, ηp

2 = .65, and a Condition x Block interaction, F(2,42) = 9.37,
p< .001, ηp

2 = .308. As predicted, accuracy for the rich condition (M = .798, SD = .067) was
higher than for the lean condition (M = .751, SD = .095), t(43) = 4.019, p< .001, and increased
over time (Block 1 vs. 2, t(43) = -2.277, p = .028; Block 2 vs. 3, t(43) = -6.72, p< .001; Block 1 vs.
3, t(43) = -7.97, p< .001). The ANOVA on reaction times revealed a main effect of Condition, F
(1,43) = 25.95, p< .001, ηp

2 = .376, no main effect of Block, F(2,42) = 0.405, p = .670, ηp
2 = .019,

and no Condition x Block interaction, F(2,42) = .842, p = .438, ηp
2 = 0.039. Reaction times for the

rich condition (M = 417.9ms, SD = 105.9ms) were faster than for the lean condition
(M = 444.9ms, SD = 118.1ms), t(43) = -5.09, p< .001. Finally, the ANOVA on discriminability
with Block as a within-subject factor revealed no main effect, F(2,42) = 0.606, p = .548, ηp

2 = .014.
Response bias (Fig 5). In line with our hypothesis that response bias would increase over

time, a repeated-measures ANOVA on response bias with Block (1, 2, 3) as a within-subject
factor revealed a trend for a main effect of Block, F(2,42) = 2.955, p = .057, ηp

2 = .064, due to
an increase in response bias from Block 1 to Block 3, t(43) = -2.105, p = .041 and from Block 1
to Block 2, t(43) = -7.594, p< .001. Unlike what we found in Task 1, ΔResponse Bias correlated
neither with social anhedonia scores, r = .024, p = .875, n = 44, nor with physical anhedonia
scores r = .030, p = .849, n = 44. Similarly, we found no difference between higher and lower
social anhedonia participants on ΔResponse Bias for Block 1 vs. Block 2, t(42) = -0.148, p =
.883, or for Block 1 vs. Block 3, t(42) = -0.432, p = .668. We had no hypothesis regarding the
correlation of ΔResponse Bias between the Money and Social task but our exploratory analysis
revealed a weak correlation, r = .28, p = .066.

Study 2: Direct Replication Study

In order to ensure the robustness of the relationship between social anhedonia and ΔResponse
Bias we ran the same study in an independent sample of participants.

Methods

Ethics Statement. This study was reviewed and approved by the local ethics committee
(Comité de protection des personnes Ile de France III). After complete description of the
study to the subjects, written informed consent was obtained.

Participants. 26 French participants (14 females and 12 males) completed the Social
experiment described in Study 1. As in Study 1, participants were left alone after the computer
task to complete the French version of the Beck Depression Inventory [21] and the Chapman
Anhedonia Scales [22] Participants earned approximately 10€ for the entire task.

Analyses. No difference between males and females was found in any of the variables of
interest, we therefore present results for both genders combined in all our analyses. As in
Study 1, trials with a reaction time shorter than 150 msec, longer than 2500 msec or ± 3 SDs
from the mean (after natural logarithm transformation) were excluded from all analyses (2.1%
of the trials overall). Discriminability and response bias were calculated using the same formu-
lae as in Study 1.
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Results

Overall task performance. A two-way ANOVA on accuracy scores with Condition (Rich,
Lean), and Block (1, 2, 3), as within-subjects factors revealed a main effect of Condition, F
(1,25) = 11.29, p< .01, ηp

2 = .31, a main effect of Block, F(2,24) = 8.11, p< .01, ηp
2 = .40, but

no Condition x Block interaction, F(2,24) = 1.41, p = .26, ηp
2 = .10. As predicted, accuracy for

Fig 4. Performance in the monetary reward task. Accuracy rates (A) and reaction times (B) during the monetary reward task. Results are split by block (1,
2, 3) and stimulus type (lean in blue, rich in red).

doi:10.1371/journal.pone.0167024.g004
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the rich condition (M = .853, SD = .101) was higher than for the lean condition (M = .760,
SD = .153), t(25) = 3.36, p< .01. The ANOVA on reaction times revealed a main effect of
Condition, F(1,25) = 13.20, p< .01, ηp

2 = .346, no main effect of Block, F(2,24) = 0.42, p =
.661, ηp

2 = .034, and no Condition x Block interaction, F(2,24) = 1.47, p = .249, ηp
2 = 0.109.

Reaction times for the rich condition (M = 466.9ms, SD = 124.5ms) were faster than for the
lean condition (M = 491.1ms, SD = 134.6ms), t(25) = -3.63, p< .01. Finally, the ANOVA on
discriminability with Block as a within-subject factor revealed a main effect of Block, F(2,24) =
11.024, p< .001, ηp

2 =. 408.
Response bias. A repeated-measures ANOVA on response bias with Block (1, 2, 3) as a

within-subject factor revealed no main effect of Block, F(2,24) = 0.808, p = .452, ηp
2 = .119.

Even though response bias is computed to be independent from discriminability, we checked
for the presence of any significant correlation between these two variables. These analyses
revealed no significant correlation between discriminability and response bias: r = -.194, p =
.343, n = 26, as well as no significant correlation between discriminability and ΔResponse Bias:
r = .092, p = .653, n = 26. As found in Experiment 1 of Study 1, ΔResponse Bias did not corre-
late with physical anhedonia scores r = -.105, p = .609, n = 26 but correlated with social anhe-
donia scores, r = -.462, p = .017, n = 26.

We then compared change in response bias in higher and lower social anhedonia partici-
pants by creating a median-split based on participants’ scores in the Chapman social anhedo-
nia scale. We separated our sample into a lower (range: 2–7, n = 13) and a higher (range: 8–27,
n = 13) social anhedonia Group. Lower social anhedonia (M = 5.46, SD = 1.85) and Higher
social anhedonia (M = 14.15, SD = 5.67) subjects did not differ with respect to Gender ratio,
χ2(1) = 0.002, p = .962, percentage of outliers, Z = -.515, p = .621, Mann-Whitney U, number
of feedbacks received during the experiment: Z =. 506, p = .673, Mann-Whitney U, or rich-to-
lean reward ratio, t(24) = 1.239, p = .222. The two groups differed on age, with the Higher
social anhedonia group being older than Lower social anhedonia, t(24) = 2.24, p = .034. How-
ever, age did not correlate with ΔResponse Bias, r = -.303, p = .132, n = 26, and ΔResponse Bias
still correlated with Social Anhedonia Scores when controlling for Age, r = -.395, p = .039,
n = 26.

Fig 5. Response bias in the monetary reward task. Evolution of the response bias across blocks in the monetary reward task (A) and correlation between
change in response bias (i.e., Logb Block 3 –Logb Block 1) and social anhedonia score, R2 = .058.

doi:10.1371/journal.pone.0167024.g005
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We then looked at the difference in response bias between Block 1 and 2 as well as between
Block 1 and 3. Change in response bias was not significantly greater for lower social anhedonia
participants than for higher social anhedonia participants for the Block 1 vs. Block 2 compari-
son, t(24) = 0.505, p = .618, but was significantly greater for lower social anhedonia partici-
pants than for higher social anhedonia participants for the Block 1 vs. Block 3 comparison, t
(24) = 2.180, p = .039.

Discussion

Lack of reliable and objective measures available to assess social motivation is likely to be an
important barrier in understanding the biological and genetic roots of a number of psychiatric
disorders in which disrupted social motivation is commonly reported [7]. In this study, social
rewards presented in the context of a signal detection task were found to positively bias perfor-
mance in two independent healthy adult samples, which replicates and extends prior findings
using monetary rewards [12]. Most importantly, individual differences in the strength of this
social bias correlated with self-reported social motivation as measured with the social anhedo-
nia scale. In other words, the behavior of participants who reported taking less pleasure in
social interactions was less affected by social rewards.

Dimensional approaches to psychiatry have recently been encouraged as a necessary para-
digm shift in order to further our understanding of the biological bases of a range of disorders.
Indeed, genetic approaches rely on careful characterization of aberrant phenotypes to infer the
consequence of genetic mutations; and in a similar way, neuroscientists infer the function of
specific brain areas by relating brain activity to the subject’s behavior. The idea of breaking
down clinical symptomatology into biologically relevant units of quantifiable behaviors also
aligns with NIMH’s recent Research Domain Criteria (RDoC) initiative encouraging research
on constructs that cut across diagnostic boundaries. As part of this initiative, working groups
have been identifying promising and reliable research paradigms to study three key constructs
in the social domain: i) affiliation and attachment (which encompasses social motivation), ii)
social communication, iii) perception and understanding of self and others [23]. Interestingly,
only three experimental paradigms are listed in the summary of the working groups as poten-
tial assays for affiliation and attachment, in comparison to more than 30 tools listed for each of
the other two constructs. This highlights the great need to create finely graded dimensional
tools for making predictions about genetic, neurobiological and other behavioral dimensions.
It is clear that more measures are needed to fully develop a nomological network [24] of social
reward and to validate concepts such as social motivation, affiliation and attachment.

One might however question the potential benefit of using behavioral measures rather than
psychometric scales. In the context of our task, we found that the Social Anhedonia Scale is
correlated with the Physical Anhedonia Scale whereas social reward responsiveness correlates
specifically with social anhedonia (but not with physical anhedonia). This suggests that our
task taps into a narrower—and hopefully better defined—construct than the one assessed by
the Social Anhedonia Scale. Second, as we explained in the introduction, psychometric mea-
sures are limited in a number of ways: some people may lack insight and fail to accurately
report their own social preferences and social skills, other individuals may be well-aware of
their social limitations but may choose to under-report their issues to provide more socially
desirable responses [11]. This concern applies to many items in the Chapman scale where
there is an answer that is viewed more favorably by society (e.g., answering ‘No’ to: “I attach
very little importance to having close friends”, “Playing with kids is a real chore”, “I don’t really
feel very close to my friends”). Given that the social desirability bias is not equally strong in all
populations, this feature of psychometric scales assessing social motivation may amplify or
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distort group differences when studying participants who are less concerned with their reputa-
tion (e.g., [7]). or with societal norms (e.g., [6]).

Our behavioral task also differs from a number of existing paradigms, notably eye-tracking
experiments in which it is difficult to tease apart the influence of participants’ preference for
social stimuli from lower-level factors such as stimulus features [25] or individual differences
in the visual system [26]. In designing our study, our goal was to make sure that participants’
behavior was truly guided by internal value signals rather than by low level features of the task.
Similarly, a recent study by Dubey et al. on social seeking demonstrated that typical adults put
in more conscious effort to view social vs. non social stimuli, which can be used as a proxy to
measure social motivation [27]. We believe that our protocol, which focuses more specifically
on social reward responsiveness rather than on social seeking, nicely complements this instru-
ment, with the added value that participants have to make no conscious decision to react to
the social signal. The implicit nature of the task indeed prevents social desirability biases from
confounding the results.

There are, however, a number of limitations to the present study. First, it will be important
to use this tool in clinical populations to assess its sensitivity to variations in social motivation
in various psychopathologies; e.g. Is social reward responsiveness lower in Autism Spectrum
Disorders, higher in Williams Syndrome, lower in depression, etc.? Another interesting empir-
ical question will be to determine whether social reward responsiveness varies with partici-
pants’ social cognition abilities. It is indeed possible that individuals who are confused by
social interactions do not respond to social rewards in the same way as individuals who are
more socially gifted.

Ultimately, advancing the validation of adequate psychological tools that can reliably quan-
tify subtle individual differences in social functioning is an important challenge to advance our
knowledge of the genetics and neurobiology of psychiatric conditions. Behavioral tools mea-
suring social motivation might also prove necessary for identifying subtypes for various disor-
ders affected by social motivation impairments, including schizophrenia, ASDs, anorexia
nervosa and depression and in gaining a better understanding of other clinically complex con-
ditions. Reliable and finely graded dimensional measures will also make more sensitive predic-
tions about clinically relevant outcomes, such as predicting risk and disorder onset, natural
history, and differential response to various treatments. Combining diagnostic categories with
dimensional description is therefore likely to be a fruitful paradigm, as it has been in most
areas of medicine for many years [28]. As Rutter recently pointed out, the use of dimensional
approaches will indeed allow us “to portray the true picture of a clinical presentation that
involves multiple facets or straddles the boundary between two adjacent categories, without
ending up with spurious comorbidity and without the necessity of forcing symptom patterns
into a predetermined stereotype.” ([28], p. 655).
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Abstract 

 

There is considerable variation in health and reproductive behaviours within and across 

human populations. Drawing on principles from Life History Theory, psychosocial 

acceleration theory predicts that individuals developing in harsh environments decrease their 

level of somatic investment and accelerate their reproductive schedule. Although there is 

consistent empirical support for this general prediction, most studies have focused on a few 

isolated life history traits and few have investigated the way in which individuals apply life 

strategies across reproductive and somatic domains to produce coordinated behavioural 

responses to their environment. In our study, we thus investigate the impact of childhood 

environmental harshness on both reproductive strategies and somatic investment by applying 

structural equation modelling (SEM) to cross-sectional survey data obtained in a 

representative sample of the French population (n=1015, age: 19-87 years old, both genders). 

This data allowed us to demonstrate that (i) inter-individual variation in somatic investment 

(e.g. effort in looking after health) and reproductive timing (e.g. age at first birth) can be 

captured by a latent fast-slow continuum, and (ii) faster strategies along this continuum are 

predicted by higher childhood harshness. Overall, our results support the existence of a fast-

slow continuum and highlight the relevance of the life history approach to understand 

variations in reproductive and health related behaviors.   

 

Keywords: Psychosocial acceleration theory; Childhood adversity; Life History Theory; 

Reproductive strategies; Health strategies; Structural Equation Modelling. 

 

 

 

  



 

Introduction 

People engage in numerous behaviours that bear a high cost to the individual and to 

society: smoking, poor engagement in health-promoting behaviours, overconsumption of high 

calory foods, teen-pregnancy, etc. In OECD countries, for instance, “lifestyle” conditions 

linked to tobacco use, excessive diets and physical inactivity are now responsible for most 

years of lost life (Hurst and Sassi, 2008). Therefore, identifying the determinants of health and 

reproductive decisions is of vital importance. Here, we argue that behavioural diversity for 

health and reproductive decisions should not come as a surprise and should be construed as 

the predictable outcome of humans’ evolutionary make-up. Specifically, we investigate the 

idea that health and reproductive decisions are adjusted during development to the way 

individuals perceive their environment. Put simply, the hypothesis is that focusing on one’s 

health or delaying reproduction to invest in other areas of life might be less beneficial in 

environments where mortality is high than in environments where mortality is low. Childhood 

environmental harshness may therefore place individuals on a reproductive and health path 

that is calibrated to their ecology. While previous studies have already highlighted such 

effects of harshness on reproduction and health behaviours independently, we go further by 

integrating variation in both domains to take into account the coordinated nature of people’s 

allocation strategies.   

Life History Theory (Roff, 2002; Stearns, 1992) provides a general framework to 

investigate variation in allocation decisions. It states that the life history strategy of any 

organism is the product of the interaction between tradeoffs among traits and environmental 

factors that affect mortality and fertility rates (Stearns, 2000).  Drawing on these fundamental 

insights, evolutionary psychologists started to investigate how adversity events occurring 

during ontogeny, could be used by individuals as cues to adjust their strategies (Belsky et al., 

1991; Chisholm et al., 1993). This led to a fruitful body of research often designated by the 

name “psychosocial acceleration theory” (Nettle et al., 2012). Specifically, it predicts that 

individuals living in harsh environment, i.e. exposed to high mortality regimes, should exhibit 

overall “fast” strategies, whereas individuals living in favorable environments, i.e. exposed to 

low mortality regimes, are expected to show overall “slow” strategies (Ellis et al., 2009). The 

“fast” end of this fast-slow continuum is generally characterized by a shortened period of 

growth associated with an early onset of reproduction (early sexual maturation and first 

reproductive event), a higher number of offspring with a lower investment per offspring, 

lower body maintenance and a reduced lifespan; whereas the slow end of the continuum has 

the opposite characteristics (Ellis et al., 2009). According to this theory, having a faster 



 

strategy in harsh environments increases an individual’s chances to reproduce before dying, 

whereas a slow strategy in favorable environments would allow for a longer growth period, 

which in turn, would lead to larger future reproductive benefits.  

Although the theoretical link between harshness and fast strategies is not 

straightforward (Baldini, 2015), empirical studies have repeatedly found that exposure to 

harsh events during childhood is indeed associated with a fast reproductive strategy later in 

life. In particular, shorter life expectancy predicts younger ages at first birth both within and 

across populations (Geronimus et al., 1999; Low et al., 2008; Quinlan, 2010; Walker et al., 

2006) as well as earlier sexual debuts and more sexual partners (Simpson et al., 2012). High 

socioeconomic deprivation and low parental care are also associated with earlier reproduction 

(Nettle, 2011) and with an earlier onset of puberty (Ellis, 2004; Ellis and Essex, 2007; Tither 

and Ellis, 2008). Internal features that might serve as cues of harshness, such as lower 

birthweights, also predict early reproduction in a longitudinal study of the British population, 

even after controlling for other socioecological variables (Nettle et al., 2009). Hence, people 

coming from harsher backgrounds develop overall faster reproductive strategies that manifest 

in a coherent manner for various sexual traits.  

In parallel to these effects on reproduction, exposure to harsh environments also 

influences resource allocation to body maintenance (Del Giudice, 2014a). There is indeed a 

well-documented social gradient in preventive health behaviours (Stringhini, 2010) and part 

of the disinvestment in health observed in people with lower SES could be due to initial 

disparities in life expectancies (Nettle, 2010). Indeed, subjective socioeconomic standing is 

associated with reported effort in looking after one’s health in a cross-sectional sample of the 

American population, and the effect of subjective socioeconomic position is fully mediated by 

perceived extrinsic mortality risks (Pepper and Nettle, 2014). Inter-individual differences in 

risky behaviors such as risky sexual behaviors, alcohol or drug use, which are in part 

predicted by early exposure to harsh environments in longitudinal studies of adolescent 

behaviors (Brumbach et al., 2009; Simpson et al., 2012), could also be interpreted as a 

disinvestment in body maintenance in response to higher extrinsic mortality risks.  

Overall, there is therefore consistent empirical support for the application of life 

history theory principles to the study of allocation strategies in human populations. 

Nevertheless, most studies have focused on the impact of environmental harshness on a few 

life history traits restricted to one of the two allocation domains previously highlighted, i.e. 

reproductive or somatic efforts. Yet, based on psychosocial acceleration theory, we actually 

expect clusters of correlated traits across these domains, reflecting functional suites of 



 

multiple traits that aim towards short-term returns in harsh conditions and long-term returns in 

favorable environments (Griskevicius et al., 2011; Reale et al., 2010). Indeed, if the fast-slow 

continuum is a broad axis of variation relevant to human life history strategies, all else being 

equal, individuals who adopt fast reproductive strategies should also exhibit lesser 

investments in their embodied capital (Kaplan et al., 2003). To our knowledge, only one study 

(Brumbach et al., 2009) explicitly assessed life history strategies with traits related to both 

reproductive and somatic investments in a single sample and showed that exposure to harsh 

events during adolescence predicted faster strategies across domains in young adulthood. In 

the current paper, we further test the existence of coordinated fast-slow strategies by 

analyzing data from a cross-sectional survey of a nationally representative sample of the 

French population specifically designed to test the existence of such a fast-slow continuum. 

We used structural equation modelling to test the prediction that part of the variation in 

reproductive and somatic effort is predicted by individual differences in exposure to harsh 

events during childhood. Specifically, we predicted that: 1) It is possible to identify a latent 

construct reflecting individuals’ Life History Strategy which influences decisions pertaining 

to both reproductive and health choices; 2) Individuals’ Life History Strategy fall along a fast-

slow continuum. 3) Childhood environmental harshness has an influence on Life History 

Strategy, such that increased harshness leads to faster behaviours on the fast-slow continuum. 

Finally, we also tested whether specific harsh events were better predictors of individuals’ 

future Life History Strategy. 

            

 

Methods 

 

Sample and procedure 

Our sample consisted of 1015 French males (N=447) and females (N=568), aged 19 to 87 

years old (mean: 52.5 ± 14.3 sd) and recruited online by the French polling institute Ipsos. 

Initially, 11,000 people received an electronic invitation from the institute to take part in our 

online study. Subjects willing to participate first had to answer a demographic survey which 

collected information about their gender, age, location, household composition, marital status, 

socio-professional category, occupational status, annual income and educational status. The 

quota sampling method was applied to select a fraction of the individuals based on these 

demographic variables, in order to obtain a representative sample of the French population. 

The retained subjects were then asked to answer a second survey grouping all the items 



 

pertaining to life history traits and environmental harshness during childhood. Two of our key 

reproductive variables, namely age at first birth and number of children, were relevant only 

for people who had already reproduced. Therefore, among the 1691 participants who 

completed the questionnaire, we restricted our final study sample to individuals who already 

had children at the time of the study (N=1063). We also excluded participants who exhibited a 

number of non-response or absurd answers (e.g. number of years spent smoking greater than 

the participant’s age) above three standard deviations (N=48). Our final sample size was 1015 

participants.  

 

Variables of interest 

Participants were asked to answer questions pertaining to their childhood environment and 

their adult reproductive and health strategy. We now present a summary of the various areas 

covered by our questionnaire (full questionnaire available in the Supplementary Information).  

 

Environmental Harshness: The level of environmental harshness experienced during 

childhood was assessed with a survey consisting of 24 items, reflecting various aspects of 

childhood environment that previous studies had found to be associated with one or several 

life history traits in adulthood (Griskevicius et al., 2011; McCullough et al., 2012; Nettle and 

Cockerill, 2010; Simpson et al., 2012).  The first seven items captured general features of the 

family unit during participants’ childhood. Sample items include “Have you ever lived with a 

stepfather?” and “Were you ever placed in an institution or in a foster family?”. A three-item 

“parental investment” scale was used to assess participants’ perception of the parental care 

they received during childhood, with items such as “My parents always seemed to care about 

what I was doing.”. A “parenting style” scale of three items captured the harshness of parental 

education, with items such as “Some of the punishments I received when I was a child now 

seem too harsh to me.”. Participants were also asked if they had been the victim of 

psychological, sexual or physical abuse during childhood and whether these episodes were 

caused by people in or outside their families. A subsequent index concerned the exposure to 

other particular familial difficulties. Example item included “Did you live with one or several 

people who had spent time in prison?”. Participants were also asked whether they had 

suffered a long illness requiring a hospitalization before the age of seven and a “neighborhood 

stability” scale collected information about the stability of their growing-up environment with 

two items (“How many times did you move?” and “How many times did you change 

school?”). Lastly, participants’ childhood socioeconomic status (SES) was measured by a 



 

scale developed by Griskevicius and colleagues (Griskevicius et al., 2013) from the following 

three items: “My family usually had enough money for things when I was growing up.”, “I 

grew up in a relatively wealthy neighborhood.” and “I felt relatively wealthy compared to the 

other kids in my school.”. Cronbach’s alphas were superior to 0.8 for all the scales used in the 

analysis, suggesting good internal consistencies. 

 

Reproductive strategy: Participants’ reproductive strategy was assessed using four items from 

the literature (Nettle et al., 2009; Simpson et al., 2012): number of children (“How many 

children have you had?”); age at first birth (calculated from the age of the participant and the 

reported birth date of their first child); age at first (consented) sexual intercourse; and number 

of short-term sexual partners. For the last two items, participants could choose not to answer 

the question by selecting an “I don’t want to answer” response.   

 

Somatic strategy: Participants’ somatic strategy was also assessed using four items previously 

used in the literature (Pepper and Nettle, 2014): body mass index (BMI), calculated based on 

reported height and weight following the standard formula used in the biomedical field; 

general health status (“How is your health in general?”); health effort (“How much effort do 

you make to look after your health and ensure your safety these days?”); and level of 

cigarette’s consumption (“In total, during how many years did you smoke daily or almost 

daily?”). The responses for this last item were divided by the participant’s age to allow for 

more a meaningful comparison between young adults and older participants. 

 

Analysis  

All statistical analyses were carried out in R 3.0.3 (https://www.r-project.org/). Since this 

study aimed to investigate a specific theoretical model that involved a latent construct, namely 

“life history strategies”, structural equation modeling (SEM) was used as our main 

multivariate analysis method. Although our variables of interest showed overall low 

percentages of missing responses (ranging from 0 to 6.5%), multiple imputation techniques 

were used to preserve sample size and avoid biased estimations of model parameters. Twenty 

complete datasets were generated by fully conditional specifications for categorical and 

continuous data using the r package mice (Buuren and Groothuis-Oudshoorn, 2011). This 

package allows the use of different imputation methods depending on the type of variable 

with missing entries. Predictive mean matching was used for numeric variables, logistic 



 

regression imputation for binary data and proportional odds model for ordered categorical 

variables with more than two levels.  

In order to assess the effect of harshness during childhood on life history strategies 

later in life, a synthetic harshness measure had to be constructed based on the associated 

survey items. Drawing on the methodology used by Brumbach and colleagues (2009), 

environmental harshness was modeled as an emergent variable rather than a reflective latent 

variable. Indeed, environmental harshness is arguably better conceived as an emergent 

variable since harsh events during childhood can be thought of as risk factors (like particular 

genetic variants, smoking and poor diet for cardiovascular diseases) that are not necessarily 

correlated with one another, but that all contribute to the cumulative probability of developing 

a particular outcome; in our case a faster or slower strategy. For example, having been 

exposed to the death of a sibling, hospitalized for a long illness or lived with a stepfather are 

three events that we can theoretically expect to increase the probability of developing a faster 

strategy, but that might often occur independently.       

 Furthermore, we do not expect that all harsh events will have effects of the same 

magnitude on the cumulative risk of developing a particular life history strategy. Instead, 

some events might be better accounted for in a general harshness score when they are 

attributed heavier weights. One simple method to model this type of emergent variables used 

by Brumbach and colleagues (2009) is to sum individual z-scores for each harshness item. 

The use of z-transformed scores confers more weight to the most highly dispersed items and 

therefore reflect the implicit assumption that rare harsh events should be better predictors of 

fast strategies. Thus, the experience of rare events like losing one’s mother or having been the 

victim of physical abuse will contribute more to an individual’s harshness score than more 

frequent events, such as having changed school a couple of times.  

Nonetheless, such an assumption might not hold in all cases and it would be valuable 

to compute weights of the harshness items based on their predictive power rather than 

implicitly through the degree of dispersion of their distributions. Such an approach can be 

implemented in SEMs using unknown weight composites, which capture the collective effects 

of a set of causes on a response variable (Grace and Bollen, 2008). In this case, the composite 

score is computed via a set of weights that maximize variance explanation in the dependent 

variable and hence allows to compare the relative contribution of the hypothesized causes to 

the overall predictive power of the composite. Thus, after fitting a SEM following the 

methodology previously used by Brumbach and colleagues (2009; Figure 1A), harshness was 



 

also modelled as an unknown weights composite in a subsequent SEM to gain these 

inferential benefits (Figure 1B).   

Whether harshness was computed as a sum of z-scores or as a composite, it was used 

as a predictor of the latent variable capturing individuals’ general life history strategies. This 

latent construct was modelled as a unique factor capturing the covariation between all life 

history indicators (i.e. reproductive and somatic items). Yet, one might expect that items 

within each strategy will show some additional degree of correlation that will not be captured 

by the single general factor. For example, subjects suffering from hereditary diseases would 

probably tend to declare a poor health state and higher efforts in looking after their health 

even though it might not be linked to a faster or slower reproductive strategy. To deal with 

this issue we elaborated on the single factor model by allowing for correlations between 

residual errors of items within the same domain (i.e. only between somatic and reproductive 

items respectively). This way the model’s implied covariance matrix captures the correlations 

between items that are not explained by the latent life history factor but that can still be 

theoretically expected due to various unmeasured causes.      

 The latent variable reflecting individuals’ Life History Strategy was scaled by fixing 

its variance to 1 in both SEMs. Composite variables also need to be scaled for identification 

purposes by fixing the coefficient of one of the causal indicator. Therefore, in the second 

SEM, harshness was scaled by setting the path from violence in the family to 1. The latter item 

measured whether participants had been victim as a child of physical, sexual or psychological 

abuse caused by people in their family. Its significance was assessed through the partially 

reduced form of the model, which directly estimates the pathways from the harshness items to 

the latent variable without the use of a composite (Grace et al., 2010). Finally, since our study 

sample covers a wide age range (19-87 years old), age was used as an auxiliary variable to 

control for its effects on life history indicators. SEM models were fitted using the R packages 

lavaan (Rosseel, 2012) and the function runMI of the R package semTools (semTools 

Contributors, 2016) was used to combine the results obtained for the 20 imputed datasets. 

Parameter estimates and standard errors were pooled using Rubin’s rules (Rubin, 2004). The 

MLMV estimator was used for its robustness to departures from normality since this 

assumption did not hold for all reflective indicators. Hence the dependent variable health 

status with four ordered levels had to be treated as continuous to allow the use of this robust 

maximum likelihood estimator. The large size of our sample and the absence of floor or 

ceiling effects in this variable justified such a treatment (see Supplementary Information, S1). 



 

Finally, the chi-square statistics and the related fit indices were pooled using the method 

described in Li, Meng, Raghunathan, & Rubin (1991).  

 

Results 

 

Correlation matrix and descriptive statistics 

Based on psychosocial acceleration theory, we expected correlations between all life 

history measures and with childhood environmental harshness in a pattern consistent with the 

relationships implied by the fast-slow continuum. Table 1 reports descriptive statistics and the 

correlation matrix for the variables included in the first SEM (Figure 1A). An extended table 

including the individual harshness indicators used in the second SEM (Figure 1B) is available 

in the Supplementary Information (S2).        

 The raw correlation matrix shows low but significant correlations among some of the 

life history indicators and with the global harshness score. Furthermore, the direction of the 

effect is consistent with the theory for every significant correlation. Hence, to further explore 

this pattern and to assess the theoretical model presented in the introduction, we fitted the two 

structural equation models represented in Figure 1 on the data. Fit indices and parameters 

estimates are reported separately for each model in the following sections.  

 

SEM with harshness as a sum of z-scores 

- Model fit 

Table 2 reports fit indices for the SEMs. The chi-square test yielded significant p-

values for the first SEM. However, the large sample size of our study (N=1015) prevents us 

from interpreting this statistic as evidence for a discrepancy between the sample and the 

model-implied covariance matrix. The chi-square statistics is indeed known to be particularly 

sensitive to sample size, which can lead models fitted on large samples to be systematically 

rejected (Schermelleh-Engel et al., 2003). We therefore focus on several approximate fit 

indices, the Comparative Fit Index (CFI), Standardised Root Mean Square Residual (SRMR) 

and Root Mean Square Error of Approximation (RMSEA), which eliminate the issue of 

sample size dependency (Kline et al., 2015). The RMSEA value of 0.046, associated with a 

close-fit test giving a p-value of 0.63, suggests an approximately good fit of the model. CFI 

and SRMR values of respectively 0.93 and 0.030 are also consistent with a close fitting 

model. Therefore, the approximate fit indices reveal no strong misspecification for this model. 

 



 

- Measurement model: the Life History Strategy latent factor  

Parameter estimates, standard errors and associated p-values of the relationships of 

primary focus are reported in Table 3 (see Supplementary Information S3 for an extensive list 

of model coefficients). All life history variables included in the model loaded significantly on 

the general life history latent factor except “number of children”. Inspection of the estimated 

covariance  however, shows that “number of children” is not independent of the other 

reproductive items but correlates with “age at first birth” (r= -0.36, p<0.001). Yet, even 

though the moderate correlation between “number of children” and “age at first birth” is 

consistent with the theory, it is not part of the general pattern captured by the life history 

factor. For all other life history items, the pattern of covariation follows our predictions (Table 

3): higher scores on the life history factor are associated with lower BMI (standardized c = -

0.18, p=.01), higher self-reported efforts in looking after one’s health (standardized c= 0.21, 

p=.005), higher self-reported general health status (standardized c= 0.15, p<.001), a lesser 

proportion of life spent smoking daily (standardized c= -0.15, p<.001), later age at first birth 

(standardized c= 0.16, p<.001), later sexual debut (standardized c= 0.27, p<.001) and fewer 

short-term sexual partners (standardized c= -0.25, p<.001); and therefore correspond to the 

theoretical description of a slow strategy. Hence, the latent life history construct in the first 

SEM is consistent with the proposed fast-slow continuum. 

 

- Structural model: effect of harshness on the life history strategy factor 

Concerning the structural part of the first SEM, the global score of harshness during 

childhood is negatively associated with the latent variable (standardized c= -0.34, p<0.001; 

Table 3). This relationship confirms the predictions of the theory since higher scores on the 

harshness index are associated with lower scores on the life history factor, which reflect a 

faster strategy.  

 

SEM with harshness as a latent composite 

- Model fit 

For the second model, as expected, the chi-square test yields a significant p-value. 

SRMR and RMSEA values were closer to zero (respectively 0.028 and 0.026) compared to 

the first SEM, which indicates a closer fit. On the other hand, the CFI index with a value of 

0.83, which is inferior to the soft criterion of 0.90 (Bentler & Bonett 1980), no longer 

indicates a close fit. The latter discrepancy might be due to the numerous degrees of freedom 



 

introduced by including the various harshness items/scales. Overall, the approximate fit 

indices still reveal no strong misspecification for this model. 

 

- Measurement model: the Life History Strategy latent factor  

Coefficients related to the latent life history factor are very similar to those obtained 

for the first SEM.  Although the particular values of the coefficients slightly vary, the overall 

pattern of covariation is identical: the variable “number of children” does not significantly 

correlate with the general factor but the remaining life history indicators covary as predicted 

by the fast-slow continuum (Figure 1B). Indeed, higher scores on the life history strategy 

factor still reflect slower strategies characterized by lower BMI (standardized c = -0.15, 

p=.03), higher health efforts (standardized c = 0.24., p<.001), better health status 

(standardized c = 0.19, p<.001), a lesser proportion of life spent smoking daily (standardized c 

= -0.14, p<.001), later age at first birth (standardized c = 0.15, p<.001), later sexual debut 

(standardized c = 0.24, p<.001) and fewer short-term sexual partners (standardized c = -0.21, 

p=.003).  

 

- Structural model: effect of harshness on the life history strategy factor 

Childhood harshness measured as a latent composite in the second SEM also predicted 

faster life history strategies. The use of a composite led to slightly stronger association 

between these variables (standardized c= -0.37, p<.001; Figure 1B). However, the 

examination of the composite weights also reveals that this effect of childhood harshness is 

mostly driven by the item violence in the family. Indeed, only this item, which measured 

whether participants suffered from physical, sexual or psychological abuse caused by 

members of their family, contributed significantly to the effect of the composite (partially 

reduced model: standardized c=-0.24, p<.001). Marginal contributions to the composite’s 

effects on the latent life history factor of death of the mother (standardized c= 0.41, p=.055) 

and having lived with a stepfather (standardized c= 0.54, p=.061) also emerged from this 

model.   

 

Discussion 

Research in human behavioural ecology suggests that exposure to high levels of 

environmental harshness during ontogeny increases the probability of individuals adopting 

fast strategies. Previous studies have provided empirical support for this proposal by 

examining patterns of inter-individual differences often for various measures of either somatic 



 

or reproductive investments (Belsky, 2012; Pepper and Nettle, 2014). The present research 

further supports these findings by showing that, in a representative sample of the French 

population, distinct life history variables covary across both allocation domains in a 

theoretically coherent manner. The latent variable indeed contrasts individuals exhibiting i) 

traits suggestive of a lesser investment in their soma (smoking, lower self-reported health 

status, efforts in looking after one’s health and higher BMI) and ii) a faster reproductive 

strategy (earlier sexual debut, age at first birth and higher number of sexual partners), with 

individuals showing the opposite characteristics. Furthermore, childhood harshness predicted 

scores reflecting faster strategies, which is consistent with our interpretation of this latent 

variable as the fast-slow continuum.  

Thus, the emerging covariation pattern fits well with the idea of a broad fast-slow axis 

of life history variation. Nonetheless, it should be noted that the fast-slow continuum captures 

only a fraction of the variance in individual life history traits and that it will not necessarily be 

relevant for all of them. Such a result is not unexpected since life history traits are 

undoubtedly under the influence of multiple unmeasured causes, which can lead individuals’ 

allocation strategies to depart from typical fast or slow combinations of traits. For example, 

BMI is sensitive to genetic factors (Locke et al., 2015) and its relationship with the intensity 

of physical activity is not completely linear, e.g., athletes tend to have high BMI but low 

percentage of body fat (Etchison et al., 2011). In such cases, the associated variance in BMI 

will not be captured by the fast-slow continuum and might even correlate in opposite 

directions with other life history indicators.  

Similarly, many determinants of fertility might isolate it from the fast-slow continuum 

in developed countries and explain why number of children did not correlate with the latent 

variable. In our representative sample of a country where the demographic transition has long 

been completed, mean fertility is indeed close to two children per parent with little variation 

around this value. Cultural factors such as easy access to contraceptives, universal health care 

for both the child and the parents, widespread access to wage labor via economic markets for 

women and highly shared norms about family size might for example explain why fertility is 

disconnected from the fast-slow continuum (Colleran, 2016; Lawson and Borgerhoff Mulder, 

2016). Eventually, several meaningful axes of variation are likely to emerge once one tries to 

capture finer inter-individual differences in life strategies across human populations and to 

identify particular socioecological factors that call for more diverse clusters of allocation 

strategies (Del Giudice, 2014b). 



 

In addition, our analysis also suggests that the calibration of life history strategies 

might be particularly sensitive to specific events. Indeed, the composite model revealed that 

when all harshness predictors were considered independently, only violence in the family 

contributed significantly to its effect on the latent variable, with marginal effects of having 

lived with a stepfather and death of the mother. These differential effects of harshness items 

could be interpreted in the light of theoretical models of adaptive developmental plasticity 

(Frankenhuis and Panchanathan, 2011a, 2011b). These models predict that the reliability (i.e. 

the strength of the association between a cue and a particular state of the environment) of the 

cues used by an organism to adjust its developmental trajectory should influence the timing 

and the rigidity of the organism’s commitment to a particular life strategy. Therefore, a higher 

cue reliability compared to other harsh events could be one property of the item violence in 

the family, beyond the fact that it is a particularly strong measure of low parental care. This 

would be the case if such violent behaviours from the caregivers have been more reliably 

associated with future harsh conditions over human evolutionary history compared to other 

types of harsh events. Alternatively, the absence of significant coefficients for rare events 

such as death of mother, death of father or long illness could be due to the small number of 

positive realizations in our sample, which might prevent the detection of meaningful effects.  

Regarding the influence of childhood harshness on life history strategies, it should also 

be stated that the correlational nature and the cross-sectional design of the current study do 

not allow strong inferences on the causal role of early adversity on future life history 

strategies. Indeed, the influence of the environment experienced later in development on life 

strategies could not be controlled for. However, several longitudinal studies in adolescents 

have already found that both early and later environments predict individuals’ life strategies 

(Brumbach et al., 2009; Simpson et al., 2012). Moreover, recent works, studying the effect of 

external shocks (famine, epidemics, war, etc.) during fetal life and early childhood, have 

demonstrated that lack of resources has detrimental and durable effects on a range of 

outcomes later in life: health problems (Lin and Liu, 2014), attention deficits (de Rooij et al., 

2010), anti-social behaviours (Neugebauer, 1999), lower educational level (Lavy et al., 2016), 

or lower probability of being married and getting a job (Almond et al., 2007). Hence, while 

life-history strategies remain flexible in the face of new information, at least part of the effect 

of childhood harshness measured here might reflect conditional adaptations to early life 

conditions.  

Thus, despite the caveats mentioned above, the overall pattern measured in this study 

is consistent with the idea that people form coherent life history strategies that can be partly 



 

captured by a fast-slow continuum and shaped by early experience of harsh events. Such a 

general pattern in a developed country is not easily explained without adopting an 

evolutionary developmental perspective (Frankenhuis et al., 2016) and it will therefore be 

interesting to extend this work. For instance, future research should identify which fast and 

slow strategies hold or vary across the broader range of situations encountered by humans. 

One promising direction could be to implement statistical techniques such as SEMs with 

composite variables in longitudinal designs or capitalizing on relevant natural experiments. 

This way one could assess the respective contributions to the development of fast strategies of 

different harsh events measured at various time points during ontogeny. 

To conclude, our results support the relevance of adopting an evolutionary framework 

to explore patterns of individual differences within and across human populations. Our study 

also highlights the relevance of approaches that consider whole suites of behaviors rather than 

single outcomes in order to test functional hypotheses related to Life History Theory. More 

importantly perhaps, this framework puts forward a different way of construing important 

behavioural obstacles to health improvement in developed countries. Indeed, while 

vaccination, antibiotics and improved sanitation have greatly increased life expectancy, this 

process based on technological advances may have reached its limits. Recent works indeed 

suggests that the maximum lifespan of humans is subject to natural constraints (Dong et al., 

2016). By contrast, many years of life are still lost due to lifestyle factors, in particular in 

middle and lower social classes. Moreover, while the most important health issues in the 20th 

were due to infectious pathogens, the most important health issues of the 21st century are 

primarily due to “lifestyle” decisions (dietary risks, high body-mass index, and tobacco 

smoking). Despite these evidence, behaviour-related causes of health are still ill-understood. 

For most people, dietary risks, high body-mass index, and tobacco smoking are seen as the 

result of lifestyle choices over which individuals have control (Hallsworth et al., 2016). 

Instead, the framework we put forward in this paper suggests that part of the variance 

observed in these at-risk behaviours can be traced back to evolved mechanisms geared to 

maximize short-term rewards over long-term investments in an environment that is perceived 

as dangerous.  
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Table 2 Statistical and practical fit indices for the structural equation models.  

Model 𝝌² df p RMSEA SRMR CFI 

Model 1 58.6 15 <0.001 0.046 0.030 0.93 

Model 2 191 113 <0.001 0.026 0.028 0.83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3 Parameter estimates, standard errors and their significance for measurement and 

structural coefficients of model 1 and composite weights of model 2.   

parameter  value se Z p standardized 

LHS Æ BMI  -0.85 0.34 -2.48 0.01 -0.18 

LHS Æ Health effort  3.76 1.33 2.83 0.005 0.21 

LHS Æ Health status  0.21 0.05 4.16 <0.001 0.15 

LHS Æ Smoking  -0.14 0.02 -6.54 <0.001 -0.15 

LHS Æ Number of children  0.03 0.04 0.62 0.54 0.02 

LHS Æ Age at first birth  0.79 0.23 3.50 <0.001 0.16 

LHS Æ Sexual debut  0.92 0.14 6.48 <0.001 0.27 

LHS Æ Short-term partners  -2.92 0.83 -3.52 <0.001 -0.25 

Harshness Æ LHS   -0.06 0.01 -5.94 <0.001 -0.34 

Harshnessa Æ LHS  -0.25 0.07 -3.88 <0.001 -0.37 

Violence family Æ LHSb  -0.73 0.19 -3.88 <0.001 -0.24 

SES Æ Harshnessa  0.23 0.22 -1.07 0.29 0.23 

Parental investment Æ  Harshnessa  0.18 0.25 -0.72 0.48 0.18 

Stability neighborhood Æ  Harshnessa  0.12 0.21 0.57 0.57 0.12 

Parental education Æ  Harshnessa  0.07 0.26 0.28 0.78 0.07 

Number of siblings Æ  Harshnessa  -0.24 0.20 -1.19 0.24 -0.24 

Death of father Æ  Harshnessa  0.25 0.20 1.24 0.21 0.25 

Death of mother Æ  Harshnessa  0.41 0.21 1.92 0.06 0.41 

Death of siblings Æ  Harshnessa  0.08 0.21 0.36 0.72 0.08 

Living with a stepfather Æ  

Harshnessa 
 0.54 0.29 1.88 0.06 0.29 

Parental divorce Æ  Harshnessa  -0.12 0.28 -0.41 0.69 -0.12 

Mental instability in relatives Æ  

Harshnessa 
 -0.17 0.19 -0.92 0.35 -0.17 

Violence outside the family Æ  

Harshnessa 
 0.29 0.23 1.27 0.20 0.29 

Long illness Æ  Harshnessa  0.35 0.23 1.53 0.13 0.35 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Foster family Æ  Harshnessa  -0.016 0.17 -0.09 0.93 -0.02 

a Harshness in this case refers to the composite variable in model 2 
b All values for this effect are computed from the partially reduced form of model 2 



 

Fig. 1. Path diagrams of the structural models fitted showing for clarity only the structure of 

the residual covariances in the measurement model and standardized regression weights for 

harshness and reflective indicators. Significant paths at the 5% level are represented with a 

plain arrow a. Model 1, harshness is modelled as a weighted sum b. Model 2, harshness is 

modelled as a latent composite.   
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Abstract 

Depression has been associated with abnormal reward learning and 

decision-making. Besides general reward processing deficits, depression is 

also associated with atypical social cognition. Although explaining these 

differences is critical to improve the understanding of depression and its 

treatment, the cognitive mechanisms underlying atypical decision-making in 

social contexts in depression are still underspecified. In the present paper, 

we specifically investigate these cognitive processes. To do so, we 

presented two cohorts of subjects drawn from a general population (N = 50 

each) with a task involving reward learning in a social context with different 

levels of social information (absent, partial and complete), while 

concomitantly assessing depression, anxiety and schizotypy.  A general 

linear model revealed a specific detrimental effect of depression on 

behavioral performance in the presence of social information, specifically 

when the subjects where informed about the choices of another player. 

Importantly, the effect of depression was robust after controlling for 

participants’ anxiety and schizotypy levels. Computational model-based 

analyses allowed us to further characterize this deficit as a reduction of the 

integration of self-generated information in social contexts, rather than a 

social learning deficit per se. To conclude, our results shed light on the 

computational mechanisms underlying the interaction between socio-

cognitive and reward learning and decision-making in depressive patients.  
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Main text 

In addition to general mood disorders, depression is associated with 

atypical decision-making (1). For instance, depressive patients reports 

higher levels of anhedonia and decisional conflict as well as lower levels of 

self-efficacy (1). Experimental data have confirmed these decision-making 

atypicalities and have shown that depression is notably associated with 

decreased responsiveness to rewards and decreased processing of 

counterfactual information (2, 3). These studies provide precious insights 

into cognitive functioning in depression, but atypical decision-making in this 

condition may not be fully explained by differences in private decision-

making processes. Indeed, depression occurs in interpersonal contexts (4) 

and depressive symptoms have a pervasive effect on decision-making in 

social contexts. For instance, depressive patients are more ready to 

modulate their behavior after receiving an advice but not necessarily to 

match the advised behavior (5).  In the clinical domain, depressive patients 

are known to be less compliant to physicians’ recommendations such as 

medical treatments, which may play a role in the association between 

depression and worse long-term prognosis of health diseases (6, 7). 

Understanding the effect of the social context on decision-making in 

depression can thus provide important insights on how to increase the 

efficiency of depressive patients care (8). Despite this clinical relevance, the 

cognitive mechanisms underlying differences in decision-making in a social 

context are still underspecified.  
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Three main cognitive processes may explain the difference in social context 

decision-making associated with depressive symptoms. First, depression 

may be linked with differences in the way social information is processed (9). 

In line with this idea, a recent paper by Hofheinz et al. (2017) has shown that 

depression is associated with differences in advice-taking (5). However, 

access to others’ actions does not only increase the amount of information 

an individual has access to but also modifies the weight she grants to one’s 

own action. Indeed, weighting of information sources depending on their 

reliability has been theorized as a necessary feature of efficient decision-

making using socially provided information (10, 11). Accordingly, explicit 

instructions about actions’ value has been shown to significantly decreases 

the reliance on self-experienced outcomes (12, 13).  

Differences in the valuation of their own compared to others’ action may 

thus explain atypical social influence in depression. Indeed, depressed 

participants report lower levels of confidence (14, 15) as well as a higher 

perceived sense of control for others than for themselves (16). Finally, the 

presence of others by itself also disrupts cognitive functioning and may 

explain differences in decision-making in a social context (17–19). For 

instance, Conty et al. (2010) have shown that performances in a stroop task 

are significantly decreased when participants are exposed to open eyes, 

signaling the observation of another individual, compared to a condition in 

which they see closed eyes (19). It has been proposed that these effects 

reflect the allocation of attentional resources to the processing of the social 

stimulus (20). Since depression is associated with lower cognitive 
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functioning in general (21), it is possible that the mere presence of others 

exacerbates these differences by capturing already scarcer attentional 

resources.  

The aim of the present paper is to disentangle these different hypotheses. 

To do so, we asked participants to complete a social version of a two-arms 

bandit task (22) with three levels of social information: absent, partial and 

complete.  

 

Results 

Experimental protocol 

In order to test the influence of depressive symptoms on decision-making in 

a social context, we relied on online participant samples. These samples 

provide diverse cohorts of participants, which are particularly suited to 

investigate the influence of psychiatric traits on cognitive mechanisms, and 

notably on those involved in decision-making (23–26). We tested two 

independent cohorts of 50 Amazon MTurkers in which depression scores 

ranged from totally absent to sure cases of depression (depression score 

superior to 10, Table 1) (27), with a good internal consistency of the three 

psychiatric trait scales that were administrated (depression and anxiety: all 

alphas > .85; schizotypy: both alphas > .75 in the two samples).  

To arbitrate between the different mechanisms that can account for 

differences in decision-making in a social contexts, participants were paired 

with a virtual partner and performed a probabilistic instrumental learning 

task in three social contexts: a Private condition in which participants 
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performed the task individually with no access to their partner’s decisions, 

an Action condition in which the information about their partners’ actions 

was available, and an Action+Outcome condition in which participants had 

access to their partner’s actions and outcomes (Figure 1A). 

As expected, participants selected the most rewarded symbol above 

chance in the three conditions (Private: M = 0.65 ± 0.03, t(99) = 11.42, p < 

.001; Action : M = 0.64 ± 0.03, t(99) = 11.63, p < .001; Action + Outcome: 

M = 0.67 ± 0.03, t(99) = 12.36, p < .001; Figure 1A). In addition, a trial-by-

trial regression confirmed that participants responded to factors 

manipulated in each condition: participants’ previous choice and reward 

(Private, Action and Action+Outcome conditions) as well as their partners’ 

choice (Action and Action+Outcome conditions) and reward (Outcome 

conditions; all ps < .001; Figure 1B). Finally, significant effects of post-test 

ratings on their partner’s avatar trustworthiness, dominance and 

competence on participants’ behavior suggested that the provided 

information was computed as a socially rather than as a non-socially 

provided information (see Supplementary Materials).  

 

Behavioral results  

The effect of depressive symptoms on the rate of correct choices was 

measured using a mixed logistic regression taking Block (Stable vs Reversal) 

and Condition (Private vs Action vs Action+Outcome) as within-subject 

factors and depression scores as well as partner’s performance as between-

subject variables. Higher partner’s percentage of correct choices were 
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associated with higher participants’ rates of correct choices in two social 

conditions (Action: bPartner*Action =  0.16 ± 0.10, z = 3.27, p = .001; Action + 

Outcome: bPartner*Action =  0.16 ± 0.11, z = 2.78, p = .005) but not in the 

Private condition (bPartner =  0.01 ± 0.07, z = 0.14, p > .250; Figure 2A). In 

addition, a significant effect of depressive symptoms was evidenced such 

that more depressed participants showed lower rates of correct choices in 

the Action condition compared to the Private condition (bDep*Action = -0.19 ± 

0.10, z = -3.81, p < .001; no other significant effect was evidenced: all ps > 

.250; Figure 2A). Importantly, this effect of depressive symptoms was robust 

to the inclusion of anxiety and schizotypy, two comorbid traits of depression 

(28, 29), as controlling factors (bDep*Action = -0.22 ± 0.12, z = -3.51, p < .001; 

no other significant effect evidenced: all ps > .250).  

Finally, we tested whether the difference in the rate of correct choices 

between the Action and Private conditions could accurately identify the 

participants classified as sure cases of depression on the depressions scale. 

Classification analyses revealed that the difference in correct choice 

identified the sure cases of depression disorders with a good accuracy of 78 

± 0.5 % and both few false negative and false positive cases as testified by 

the good a sensitivity (81 ± 0.7%) and specificity (59 ± 1.7%) of the classifier 

(Figure 2B).  

 

Computational results 

Although the effect of depressive symptoms on learning in the Action 

condition is robust, the functional mechanisms underlying this effect are not 
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clear. The effect of depressive symptoms could either be due to differences 

in the processing of socially provided information or to differences in the 

weighting of self-provided information when secondhand information is also 

available. To arbitrate between these two possibilities, we fitted an 

observational reinforcement learning model inspired by a validated model 

of social learning (22, 30). In addition to a classical Q-learning algorithm, 

this model allowed participants to update their choice probability 

depending on their partner’s choice in the Action condition and to update 

the value attributed to each symbol depending on the partner’s reward in 

the Action+Outcome condition. Compared to the original model 

developed by Burke et al. (2010) (22), we allowed participants to have 

different Q-learning parameters in the Private and in the two Social 

Information conditions (Action and Action+Reward conditions; Figure 3) in 

order to test for potential differences in the integration of self-generated 

information in the presence of secondhand information. 

 

Parameter recovery 

As we were interested by the modulation of specific parameters by 

depression scores we first tested whether our task allowed us to successfully 

retrieve correlation between parameters and individuals’ scores (31). To do 

so, we ran 100 sets of simulations for each parameter, each simulating 100 

participants, with the parameter of interest correlating with an arbitrary 

variable and the other parameters being randomly fixed in a defined range. 

The simulated data were then fitted using our social learning model. The 
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manipulated correlations were significantly retrieved in 65 and 90% of the 

simulations set. Importantly, the recovery of the correlations was specific to 

the manipulated parameter with false alarms detected in less than 10 of the 

cases except for the alpha-beta in the private condition where false alarms 

were found in 36% of the simulations (Figure 4A).   

 

Computational effects of depressive symptoms 

We then applied the same analysis to the parameters fitted on participants’ 

actual behavior using depression scores as the independent variable. 

Higher depression scores were specifically associated with lower learning 

rates in the Social Information conditions (bDep = -0.07 ± 0.06, z = -2.38, p = 

.017; other ps > .200; after controlling for anxiety and schizotypy: bDep = -

0.01 ± 0.01, z = -1.733, p = 0.083; other effects of depression: all ps > .250; 

Figure 4B). Importantly, data simulated using the fitted parameters 

accurately recovered the decrease in performance associated with 

depression scores between the Action and Private condition (bDep*Action = -

0.01 ± 0.01, t(492) = -3.32, p = .001; Figure 4D) confirming that this effect 

cannot simply be due to specific task contingencies. In addition, in line with 

a specific effect of depressive symptoms on learning rates in the Social 

Information conditions, a trial-by-trial regression revealed that higher 

depression scores were associated with a decreased sensitivity to the 

previous reward in the Action condition (bDep = -0.11 ± 0.05, z = -4.01, p < 

.001; Figure 1D) which was found in the simulated data (bDep = -0.01 ± 0.01, 

z = -2.53, p = .011). 
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Decreased learning rates as a diagnostic tool 

Interestingly, high depression scores were not solely associated with 

decreased learning rates in the Social Information conditions, but also with 

decreased learning rates in the Social Information conditions compared to 

the Private condition (b = -0.08 ± 0.07, t(98) = -2.226, p = .028; Figure 4C) 

indicating that the presence of socially provided information decreased the 

learning rate of the most depressed participants. Adopting a computational 

psychiatry approach, we tested whether this difference in learning rates 

between the Private and Social Information conditions could identify the 

sure cases of depression detected by the questionnaire be used as a 

diagnostic tool for depression. The difference in learning rates detected 

sure cases of depression with good accuracy (78 ± 1%) and good sensitivity 

(84 ± 1%) but a low specificity (49 ± 1.7%). Comparing this classifier with the 

correct choice rate-based classifier revealed that the two classifiers were 

equally accurate at detecting sure cases of depression (t(198) = 0.222, p > 

.250) but that the classifier based on computational parameters was more 

sensitive (t(198) = 2.29, p = .023) but less specific (t(198) = -5.05, p < .001) 

than the classifier based on correct choice rates.  

 

Discussion 

In this paper, we show that depressive symptoms are associated with 

specific impairments in value-based decision-making in a social context. 

More precisely, more depressed participants are less accurate in the 

presence of information about others’ behavior, a difference due to a 
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decreased integration of self-generated information when socially provided 

information is available. Importantly, this effect of depression is specific in 

two ways: first, it is specific to depression as it is robust to the inclusion of 

anxiety and schizotypy, two comorbid traits of depression, as control 

variables (28, 29) and it holds a good diagnostic value to detect depression 

cases; second, it is specific to the inclusion of secondhand information as no 

behavioral differences was evidenced when only self-generated information 

was available. These results support the hypothesis that differences in 

decision-making in social contexts associated with depressive symptoms are 

neither due to the disruptive presence of others nor to differences in the 

integration of socially-provided information but rather to a decreased 

integration of self-provided information when socially provided information 

is also available.  

This effect of depressive symptoms in the presence of social information 

may be explained by differences in the perceived reliability of their own and 

of others’ actions. Indeed, depressive patients are known to report a 

decreased sense of control and lower levels of confidence in their own 

actions but also a higher sense of control in others’ actions (14–16). More 

generally, negative perception of self and negative comparison to others 

are core symptoms of depression (32). Therefore, it is possible that the most 

depressed participants perceived their partner’s behavior as more reliable, 

thus underweighting the information they acquired through their own 

experience. In line with this idea, this decreased integration of self-

generated information when socially provided information is available 



	

291 

closely matches the modulation of decision making in the presence of 

instructional information found in the general population (12, 13). However, 

although the influence of partners’ avatar evaluations on task completion 

suggests that our task is indeed perceived as a social task, it is possible that 

the influence of social information on behavior actually reflects a more 

general effect of any secondhand information, be it socially or asocially 

provided. 

Indeed, it is possible that the presence of additional information more 

generally disrupts the integration of self-provided information. Indeed, the 

virtual partner’s behavior in our task was also subjected to the task 

contingencies, with the probability of obtaining the reward after making the 

right choice at around 75% across blocks. The partner’s actions and 

outcomes may thus  have been conflicting with the participants’ experience 

in some trials, resulting in a higher demand in cognitive resources. Under 

this view, the under-integration of participants’ own experience for 

decision-making may be linked with the decreased cognitive functioning 

associated with depression (21). However, why would, in this case, 

secondhand information be favored compared to firsthand information is 

still an open question. Further experiments are needed to address the 

question of whether the observed effect is due to differences in the 

perceived reliability of the information or to the availability of additional 

information, as well as to assess the impact of the information source (i.e., 

social vs non social). In particular, in a dimensional approach to psychiatric 

conditions, it would particularly interesting to investigate which trait of 
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depression drives these behavioral differences and notably the respective 

effect self perception or cognitive conflict resolution deficits. 

In addition, our experiment provides new evidence that private 

reinforcement learning atypicalities in depression are not clear (33), and 

suggests that the differences in learning rates associated with depressive 

symptoms may only arise in special contexts. Our results are thus in line 

with the idea that reward perception, action valuation and reward sensitivity 

should be dissociated and investigated separately to better understand 

anhedonic traits in depression (34, 35). However, it is worth noting that we 

did not control for participants’ actual diagnosis and treatment, which may 

be problematic since medication interacts with decision-making in 

depression (36). Therefore, our results would benefit from being replicated 

in carefully controlled population and notably by contrasting a non-clinical 

population with depressive patients. This replication would allow us to 

further measure the diagnostic value of our behavioral task. Indeed, in the 

present study, we only tested its ability to detect depression cases 

identified by a self-rated scale (27) but it would be particularly interesting to 

measure whether such an objective measure of behavior is better than 

existing self-assessments at detecting clinically diagnosed cases of 

depression. 

To summarize, our study exemplifies how computational approaches can 

provide new insights into cognitive processes differences associated with 

clinical conditions. Indeed, computational modeling demonstrated that the 

effect of depression was selective of the way individual information was 
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processed. At this point it is worth noting that these conclusions were only 

allowed after a careful testing of the ability of our task to precisely identify 

which model parameter would be influenced by depression (31). In addition 

to a better understanding of the cognitive mechanisms differences 

associated with clinical conditions, computational psychiatry can provide 

important information to practitioners. Indeed, instead of an ‘imitation 

impairment’ suggested by behavioral results, our computational modeling 

approach reveals that depression is associated with differences in the way 

private information is processed when social information is also available. In 

addition, we found that the processing of socially provided information is 

not decreased by depression symptoms. Therefore, our results suggest that 

decision-making impairments in depression, and notably concerning 

medical treatment compliance, may be resolved by providing more 

secondhand information about the recommended actions and their 

outcomes.  

Finally, and more generally, our study also provides new insights into the 

cognitive mechanisms underlying decision-making in a social context. 

Indeed, in line with theoretical work on social learning (10, 11), it shows that 

the observation of others’ behavior does not only increase the amount of 

available information to the observer but also influences the processing her 

own experience. Therefore, our results extend previous findings on the 

influence of instructions on decision-making (12, 13) and suggest that the 

information weighting mechanism applies more widely to the access of any 

secondhand information. However, the factors guiding these information-
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weighting mechanisms is still an open question. According to social learning 

theories (10, 11), and as suggested by our results the effect of depressive 

symptoms, weighting differences of first- and second-hand information may 

be guided by the perceived reliability of the different information sources. 

Our results thus open the path to a new type of investigations of 

observational learning, that integrates into the study of observational 

learning, the analysis of the weighting of firsthand and secondhand 

information as well as of the influence of different information sources (37, 

38). 

 

Materials and Methods 

Experimental design 

Participants performed the probabilistic instrumental learning task 

described in the Result section (Fig. 1A). The task was programmed on 

Qualtrics and was composed of six blocks. In each block, participants had to 

choose between two cues that were associated with different reward 

probabilities (20-80% or 30/70%). For instance, in a 20/80% pair, the most 

rewarded cue provided a positive outcome (+1 point) 80% of the times and 

a negative outcome (-1 point) 20% of the time, while the less rewarded cue 

provided a negative outcome 80% of the time and a positive outcome 20% 

of the time. Two given cues were always presented together and only in 

one block. Participants made their choice by pressing left or right (Q or P 

keys) and were given no explicit information on reward probabilities, which 
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they had to learn through trial and error. In addition, they were encouraged 

to accumulate as many points as possible, with their final amount of points 

being translated into bonus money at the end of the experiment.  

Participants were paired with another player at the beginning of the 

experiment with which they played in turn at each trial. Importantly, in order 

to ensure that all the partners behaved similarly, the other player was in fact 

a robot, simulated using a reinforcement learning algorithm with an optimal 

set of parameters for this task (! = 0.5, ß = 10). Since depression is 

associated with differences in social cognition (39), the other player was 

represented by a neutral avatar, chosen to be generally perceived as 

neither dominant or submissive nor trustworthy or untrustworthy (40), while 

participants had to choose their own avatars in a set of 16 faces at the 

beginning of the task. Participants performed this task in three different 

social contexts with different amounts of social information: a Private 

condition in which they did not have access to their partner’s behavior, an 

Action condition in which participants could see their partner’s behavior but 

not their outcomes and an Action+Observation in which participants could 

observe their partner’s decisions and outcomes. Importantly, participants 

performed each condition twice, one in which the cues reward probabilities 

were fixed and assigned a 30/70% contingency, and one in which they 

reversed at the middle of the block and were assigned to more extreme 

contingencies (20/80%). Finally, at the end of the experiment, participants 

rated their partner’s avatar on three personality traits (trustworthiness, 
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dominance and competence) and completed the Hospital Anxiety and 

Depression Scale (27) as well as the Peters et al. Delusions Inventory (41).  

 

Participants 

Two independent cohorts of 50 American participants were recruited via 

Amazon Mechanical Turk to participate in this online study (Table 1). Each 

participant received a fixed amount 4$ for completing the 40-minute task to 

which was then added the bonus money they earned during the 

experiment. Participant received a description of the study and signed an 

informed consent before starting the experiment. 

 

Statistical analyses 

Percentage of correct choices 

The percentage of choices of the most rewarded cue was extracted for each 

block and used as a dependent variable. A mixed logistic regression with 

both random intercept and random slopes was conducted on correct choice 

rates taking participants’ ID as a random factor, block type (‘Stable’ vs 

‘Reversal’), condition (‘Private’, ‘Action’ vs ‘Action+Outcome’) as within-

subject variables and depression, anxiety and schizotypy scores as well as 

partner’s performance as between-subject variables.  
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Identification of depression cases 

Out of sample tests were used to assess the diagnostic value of our task. 50 

participants were randomly extracted from the entire sample and used to 

optimize a classifier of sure cases of depression using either the difference 

in correct choice rates between the Action and the Private conditions or the 

difference in learning rates between the Private and Social Information 

conditions. The classifier and the associated optimal cut-off was tested on 

the 50 remaining participants. This operation was repeated 100 times in 

order to estimate the average accuracy, sensitivity and sensibility of the 

classifiers. 

 

Trial-by-trial analyses 

For each condition, the chosen actions and the information obtained at one 

trial were used to predict the choice at the subsequent trial. More precisely, 

in addition to the matching of the action with the choice at the preceding 

trial, a variable corresponding to the rationality of choosing an action based 

on the previous trial was computed such that this variable when participants 

chose the action rewarded at the previous trial or did not chose the action 

punished at the previous trial and equal to zero when participant 

persevered in a punished action or switched after receiving a reward. These 

two variables were used to predict participants’ choice in the Private 

condition. In addition, in the Action condition, an additional variable 

corresponding to the matching between participant’s choice and their 
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partner’s choice at the preceding trial was also included. Finally, a similar 

combination of action and outcomes based on partner’s actions and 

outcomes was also included in the Action+Outcome condition. The 

regressions were computed for each participant individually and the 

extracted marginal effects were then analyzed using structural equation 

modeling. 

 

Computational analyses 

Computational model 

A social Q-learning model similar to the one presented by Burke et al. 

(2010) (22) was used to fit our behavioral data. The only change we made is 

the inclusion of different learning rates and temperature variables in the 

Private and Social Information conditions (see Result section for details). We 

optimized the model parameters by minimizing the negative log-posterior 

probability. This model was found to fit the data better than a simple Q-

learning model without social influence (log-posterior probabilities: 85%; 

model attribution: 90%). Importantly, the purely individual Q-learning 

model fit the robot’s behavior better than the social version of the model 

(log-posterior probabilities: 99%; model attribution: 99%). The obtained 

parameters were then analyzed using structural equation modeling to 

account for correlations between the different dependent variables. 

 

 



	

299 

Simulated data analysis 

Finally, we assessed the ability of the model to recover the observed 

behavioral effect of depressive symptoms using model simulations (31). For 

each participant, we simulated behavioral data for each condition based on 

their best fitting parameters. Importantly, a simulated partner was also 

generated, such that the simulated data were completely independent of 

the contingencies actually experienced by the participants.  This procedure 

was repeated 100 times, to avoid any effect of participant’s and partner’s 

history of choice and outcomes. Analysis of the recovered percentage of 

correct choices was ran on the averaged rates of correct choices across the 

100 simulations using a linear mixed regression taking the exact same 

predictors as the mixed general linear model used for analyzing 

participants’ percentage of correct choices. Similarly, trial-by-trial analyses 

were ran on each simulation independently and the marginal effects were 

averaged across the 100 simulations to be analyzed using the same 

structural equation model as the one used on actual behavioral data.  



	

300 

Figures  

 
Figure 1. Social learning task 

(A) Experimental protocol. In each condition, participants played in turn with a 

simulated partner with the same pair of symbols. After each choice, participants received a 

reward or a punishment. In the Private condition, participants did not see the choice or the 

outcome of their partner. In the Action observation condition, the choice of their partner 

was displayed at each trial. In the Action+Observation condition, both the choice and the 

outcome of the partner were displayed. (B) Results of the tr ial-by-tr ial analysis. 

Participants accurately integrated private information (choice and outcome; in gray) in the 

three conditions. In addition, in the Action observation condition, participants’ choices 

were also predicted by the partner’s choice and, in the Action+Outcome condition both 

the partner’s choice and outcome predicted the participant’s choice (in pink). 

 

 

Priva information
Social information
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Figure 2. Behavioral results 

(A) Effect of partner’s behavior and depression on social learning. 

Both the partner’s behavior and the participant’s depression score influenced the 

correct choice rate in the Action condition, such that participants paired with a 

robot with lower rates of correct choices (‘Bad robot’) had also lower rates of 

correct choices than those paired with a robot with higher rates of correct choices 

(‘Good robot’; green). Similarly, participants with higher scores of depressions had 

lower rates of correct choices in the Action condition (orange; median split). (B) 

Effect of depression on the difference in the rate of correct choices 

between the Action observation and Private conditions. The rates of 

correct choices of the participants identified as sure cases of depression (‘severe’) 

were significantly lower in the Action than in the Private condition. (C) Effect of 
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depression on the integration of private information in the Action 

condition. Analysis of the trial-by-trial regression revealed that in the Action 

observation condition, the choice of the participants identified as sure cases of 

depression (‘severe’) was less predicted by the outcome obtained at the previous 

trial than those of the other participants, revealing that they integrated less the 

individually provided information in this condition. Error bars correspond to 95% 

confidence intervals. 
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Figure 3. Social reinforcement learning model 

A social reinforcement learning model was fitted on participants’ behavior. In the 

Private information context, the model corresponded to a classical Q-learning 

model. On the contrary, in the Social information context, a supplemented Q-

learning model was fitted such that social information was integrated to the 

decision process. Following Burke et al. (22), choice probability was updated 

based on the partner’s action in the Action observation decision and the option 

value was updated when both the partner’s action and outcome were presented. 
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Figure 4. Computational effects of depression  

(A) Parameter recovery. A sensitivity-specificity test on our tasks was 

conducted to assess whether this task was suited to accurately recover correlations 

between the model parameters and individual variables. The diagonal corresponds 

to the correlation accurately recovered, the other cases correspond to cross-

contamination of the different parameters (number of correlation indicated from 

white for zero correlations to black for 100 correlations). The test indicated that our 

task was highly sensitive and specific for detecting correlations between model 

parameters and individual variables. (B) Effect of depression on the model 

parameters. Depression was specifically associated with a decrease in the 

individual learning rate in the Social information conditions (results obtained by 

structural equation modeling). (C) Effect of depression on the difference in 

the individual learning rates between the Private and Social 
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information conditions. Participants identified as sure cases of depression 

presented a decrease in their individual learning rates between the Private and 

Social information conditions such that they integrated less the individually 

generated information when presented with socially-provided information. (D) 

Comparison of participants’ behavior and model simulations of the 

rate of correct choices. The simulation (points) accurately recovered the 

decrease in performance in the Action condition associated with higher scores of 

depression (bars correspond to the data). Error bars correspond to 95% confidence 

intervals.  
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Table 1. Descriptive statistics for age, gender, depression, anxiety and 

schizotypy scores 

 Age Sex ratio  

(% women) 

Depression 

score 

Anxiety 

score 

Schizotypy 

score 

First sample  

(N = 50) 

33.02 ± 1.25 

[22 – 62] 

28% 5.46 ± 0.63 

[0 – 19] 

6.40 ± 0.58 

[0 – 15] 

2.50 ± 0.39 

[0 – 13] 

Second sample  

(N = 50) 

33.76 ± 1.63 

[19 – 61] 

42% 4.96 ± 0.63 

[0 – 16] 

6.30 ± 0.64 

[0 – 20] 

2.14 ± 0.33 

[0 – 8] 

For each sample, the mean of each demographic variable is presented with its 95% 

confidence interval 
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Supplementary Materials 

Impact of face evaluations on social learning  

A effect impact of trustworthiness evaluations was found, such that, 

compared the Private condition, participants who perceived the partner’s 

avatar as more trustworthy had higher correct choice rates in Action 

(bAction*Trust = 0.19 ± 0.20, z = 1.71, p = .087) and in the Action+Outcome 

conditions (bAction*Trust = 0.27 ± 0.22, z = 2.07, p = .038; Figure S1). This 

effect of the social evaluation of the partner’s avatar suggests that 

participants actually processed the information in a social context. 

 

 

Figure S1. Effect of avatar’s perceived trustworthiness on social learning 

Participants who rated the partner’s avatar as trustworthy had higher rates of 

correct choices in the Action and Action+Outcome observation conditions than 

those who rated the avatar as untrustworthy. 
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Abstract 

Recent animal models suggest that susceptibility to social influence is biased by 

how much the environment penalizes exploratory behaviours and novelty seeking. 

Environments bearing significant fitness costs should logically increase individuals’ 

susceptibility to social influence at the expense of exploration and novelty seeking. 

The possibility that similar variations might occur in humans has however received 

little attention. By combining classical psychophysics and computational modelling, 

we aim to test the independent and joint contribution of childhood environmental 

harshness and unpredictability on humans’ susceptibility to social influence. 

Preliminary results collected on-line (N=122) in a social preference task showed that 

susceptibility to social influence and childhood environment were positively linked. 

This relation was relatively dimension-specific: greater harshness resulted in a 

marginal increase in social influence later in adulthood, while a greater 

unpredictability significantly tuned people’s preference towards social information. 

Crucially, those participants who had faced more adverse environments – i.e., a high 

level of harshness coupled with a high level of unpredictability – were more prone to 

rely on social information. Given the important implications that our findings might 

have for current views on the mechanisms mediating the social transmission of 

cultural values, we plan to test the robustness of this effect by running a replication 

of this experiment in a bigger sample (~ 220 healthy adults recruited on-line). 
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Introduction 

The beliefs of our conspecifics about unfamiliar people represent an immediately 

available information that often influences our own social preferences (e.g., who to 

trust, mate with, etc.)1-6. An intriguing fact which has received little – if any – 

attention is that we are not all equally likely to match our social beliefs to those of 

our conspecifics. At the population scale, individual variations in social influence 

may lead to variations in the emergence and the maintenance of behavioural 

standards that may in certain situations bear non-negligible costs for human societies 

(i.e., low cooperation, low trust, discrimination, prejudices and stereotypes, etc.)7. 

What are the factors driving this inter-individual variability? Do these variations 

reflect random noise or do they have a functional (adaptive) explanation? The 

present study aims to investigate these important gaps in knowledge by combining 

classical psychophysics and computational modeling. 

Social information (behaviours, beliefs and attitudes that can be observed 

from peers) is often thought to be strategically exploited by observers depending on 

a number of ‘external factors’, such as the content of the information itself or the 

characteristic of the agents from which it originates (e.g., reputation)8. From an 

evolutionary viewpoint, the question of whether to use social information or not 

amounts to identifying the optimal trade-off between the cost and the benefit of 

individual exploration by trial-and-error (e.g., searching for options that provide the 

best, albeit more delayed and uncertain rewards) and simply mimicking behaviours 
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observed in conspecifics (e.g. copying available, albeit potentially maladaptive 

options with the aim of getting a lower but more immediate reward)8. These trade-

offs should vary across individuals as a function of environmental parameters that 

are known to increase or decrease the fitness costs of exploration and social 

information use9. Although this theoretical model originally applies to foraging 

decisions in non-human animals, it could be particularly useful to account for human 

decisions in the social domain. For example, judging an unfamiliar person as 

trustworthy at first sight increases the motivation to have an interaction with that 

person (i.e., a typical exploratory behaviour) but simultaneously increases the risk of 

being cheated or exploited. In an environment where the probability of being 

harmed, cheated or exploited is high, it might thus be more advantageous on average 

to follow others’ advice regarding the approachability of unfamiliar people rather 

than to gather information alone through direct social interaction. In sum, whether 

our social world is cast in an adverse ecology or not shifts the cost-benefit trade-off 

of individual exploration and social information use, just as in the foraging domain. 

In humans, early exposure to environmental stressors alters individuals’ 

resource allocation decisions of toward an acceleration of life strategies which, at 

the psychological level, triggers a constellation of traits characterized by a 

sensitivity for immediate instead of long-term benefits. This ‘present-oriented’ 

psychology is pervasive and affects behaviour in various domains such as 

investment in health, parenting, reproduction, economic decision-making or 
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cooperation10-14. Our starting assumption is that a greater susceptibility to social 

influence can also be viewed as a ‘present-oriented’ psychological trait. Indeed, 

following other people preferences is a way to immediately benefit from payoffs 

resulting from well-tried, minimally optimal behaviours. However relying on social 

information too much also has an opportunity cost: the observer can miss more 

optimal, albeit more delayed and uncertain opportunities that might have occurred 

had she relied on a more exploratory strategy. We thus aim to test the hypothesis 

that variation in the susceptibility to social influence depends on the level of 

environmental adversity that individuals experienced during their life.  

Converging evidence suggest that environmental stress experienced early in 

life is mainly carried by two fundamental dimensions – harshness and 

unpredictability – which determine the adaptive calibration of an individual’s 

psychology towards a ‘present-oriented’ or a ‘future-oriented’ strategy. Harshness 

defines the rates at which external factors – morbidity-mortality – cause disability 

and death at each age in a population, while unpredictability defines the rates at 

which harshness varies over time and space15. An important cue for experienced 

harshness during childhood is socio-economic status (SES). Indeed, lower levels of 

SES have been shown to correlate with virtually all forms of morbidity and 

mortality16,17, indicating that people with low SES levels experienced a greater 

exposure to disease, disability and death. Childhood unpredictability has been much 

less studied in humans, but several studies demonstrated that it could be driven by 
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frequent changes or ongoing inconsistency in several dimensions of childhood 

environments, i.e., family instability and household inconsistency, frequent 

residential change, etc.18-23. 

Overall, high levels of harshness and unpredictability are thought to 

uniformly trigger present-oriented psychological responses. There are some 

circumstances however in which the two dimensions might differently act on 

behaviour. A notable difference concerns parental investment. If both dimensions 

undermine the quantity and quality of efforts individuals put in rearing their 

offspring, empirical data suggest that unpredictability has a significantly greater 

impact on parental functioning and subsequent child outcomes. This has important 

consequences as parental investment is the main source of information that young 

children exploit to infer risks and opportunities in their current environment and 

adaptively calibrate their phenotype to its predicted future states. The very reason 

lies in the fact that harshness imposes a tractable and consistent cost on the 

individuals’ fitness, while unpredictability increases its temporal variance. By 

definition, in stochastic conditions there are no available cues that allow the 

individual to consistently predict what the environment will look like in the future. 

Parental investment is thus of little help in monitoring the cost imposed by 

unpredictable conditions on offspring survival. The most adaptive strategy is 

therefore to focus behaviours on the ‘here and now’. Instead, the effects of harshness 

can be counter-acted, at least partly, by an increase in parental investment, i.e., a 
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strategy that is more likely to ensure children survival through shielding them from 

predictable sources of morbidity and mortality threats.  

This line of observations allows us to draw specific predictions about the 

specific effect that harshness and unpredictability (as well as their combination) 

might have on the individuals’ susceptibility to social influence. First, variations in 

experienced harshness and unpredictability should explain a significant part of the 

variance in social influence independently: Individuals exposed to harsh or 

unpredictable environments early in life should be more likely to be influenced by 

peers to guide their behaviours. Second, unpredictability should be a better predictor 

of social influence than harshness, because the effect of the latter on the 

development of a ‘present-oriented’ psychology can be partially counter-acted by 

other external forces like the quantity and quality of parental investment. Third, the 

combination of a high level of harshness with a high level of unpredictability is 

expected to have a greater effect on social influence than the two dimensions taken 

in isolation. Beyond a certain threshold, we indeed predict that the deleterious effect 

of harshness on individuals’ fitness cannot be counteracted by any alternative 

phenotypes. For example, it may prove more advantageous on average to follow 

one’s conspecifics’ advice regarding the approachability of unfamiliar persons rather 

than to gather this information alone through direct social interaction if the 

probability of being harmed, cheated or exploited is consistently high (harshness), or 

varies in time from high to low in a stochastic manner (unpredictability). 
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To test these hypotheses we adapted a well-validated social preference task 

made in a peer pressure context5 (Figure 1), asking participants to rate unfamiliar 

faces on the approachability dimension before and after being confronted to the 

rating of a simulated group of conspecifics. Social information consists in displaying 

the most frequent rating provided by a group of peers. This rating can deviate 

positively or negatively from the participants’ rating to a moderate or high extent 

(disagreement conditions), or not deviate at all (agreement condition). A 

computational model of choice is used to analyze the weight attributed by 

participants to social information during post-test ratings. Behavioural inter-

individual variability is analyzed in light of perceived childhood environmental 

adversity and of its two dimension, i.e., harshness and unpredictability.  

 

 

Figure 1. Experimental procedure. In a first phase (test trials) participants rate a 

series of twenty-four computerized faces (randomized by participants) on the 
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approachability dimension by doing a mouse click on one of the 8 possible values of 

the scale. After the completion of the first phase, participants perform a distracting 

task lasting approximately 70 secs. Differences between the distracting task in the 

pilot and in the target study are detailed in the Material and Methods section. 

Participants then complete the third and last phase of the experiment (post-test 

trials), which consists in presenting the twenty-four faces seen in the first phase for a 

second time (the order of the post-test series is randomized by participants). After 

each face presentation, participants are exposed to the rating provided by the 

(simulated) group of peers for a 2000ms duration. Right after this feedback period 

they are asked to rate the face for a second time. In the present example, the 

comparison of the participant’s first and second rating indicates that she was 

influenced by the information displayed by the group: the rating was adjusted from 4 

to 1, that is, to the most frequent rating produced by other participants.  

 

 

Results of the pilot study 

Influence of social information on participants’ approachability ratings 

We started our analyses by testing whether participants, independently of early-life 

environmental stress, exhibited a general bias towards social information during the 

rating of faces approachability. We thus compared the social influence index (SII) 

averaged across the moderate (the group rating could differ of +2 or -2 points on the 
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scale from the participants rating) and high magnitude (the group rating could differ 

of +3 or -3 points on the scale from the participants rating) sub-dimensions of social 

disagreement 0 (one-tailed t-test), a value indicating that in post-test trials 

participants stuck on average to their initial choices and did not follow the group. A 

positive SII therefore indicated that participants adjusted their ratings in the 

direction of the group rating, and a negative SII indicated that they adjusted their 

ratings away from the group. A t-test revealed that the SII obtained in social 

disagreement trials (.69 ± .54) differed from 0 in a positive way (t > 14.02, p < 

.0001), which showed that the participants’ rating adjustment was influenced by 

social feedback (Figure 2.A). In order to test whether the bias towards social 

information was observed independently of the magnitude of the disagreement 

between the participants’ ratings and the group ratings, the same comparison of SII 

with 0 was done with trials split into moderate and high disagreements, respectively. 

Results showed that exposure to high disagreements elicited a greater SII than 

exposure to moderate disagreements (.88 ± .70 vs .50 ± .56, t > 6.39, p < .0001, one-

tail), in spite of the fact that both SII obtained in both conditions differed from zero 

(all ts > 9.91, all ps < .0001) (Figure 1.A). 

We further checked whether the bias towards social information varied as a 

function of the valence dimension of the disagreement (Figure 2.B). Here, a mean 

rating adjustment (MRA) for both positive (the group rated the face as more 

approachable than the participants) and negative (the group rated the face as less 
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approachable) disagreement trials was calculated. At this stage, a positive MRA 

indicated that participants adjusted their ratings positively in post-test trials , i.e., 

they rated the faces as more trustworthy than they initially did), and a negative MRA 

indicated that they adjusted their ratings negatively in post-test trials, i.e., they rated 

the faces as less trustworthy than they initially did. A near-zero MRA indicates that, 

on average, participants stuck to their initial ratings in post-test trials. Finally, we 

calculate an MRA for trials displaying an agreement with the group. We thus 

expected positive and negative MRAs to be observed in the positive and negative 

sub-dimensions of the social disagreement, respectively. A near-zero MRA should 

be obtained in the agreement condition. In line with these predictions, we found a 

negative MRA (-.80 ± .70) differing from zero for the negative disagreement sub-

dimension (t < 12.59, p < .0001), and a positive MRA (.58 ± .75) differing from zero 

for the positive disagreement sub-dimension (t > 8.51, p < .0001). In the agreement 

condition, we obtained a value (-.17 ± .60) that was closer to zero when compared to 

the MRA obtained in the negative (two-tailed t-test, t > 7.47, p < .0001) and positive 

(two-tailed t-test, t > 8.47, p < .0001) disagreement sub-dimensions. However, it 

significantly differed from 0 (t < 3.15, p = .002), indicating a by-default decrease of 

approachability ratings in post-test trials.  

To characterize the mechanism leading to social information use in the 

present task, we fitted participants’ behaviour using a simple model of choice which 

hypothesizes that the decision of adjusting a rating after the integration of social 
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information is formed on the basis of a comparison between the faces presented in 

test trials and the social information (group rating) presented in post-test trials (see 

Materials and Methods). The model consists of two free parameters, fitted to each 

participant’s behaviour: 1) a social information use index ! corresponding to the 

adjustment of an initial rating in post-test trials, measured as the signed fraction of 

disagreement between the initial rating and the subsequent group rating, and 2) an 

internal noise magnitude ! corresponding to the standard deviation of the post-test 

rating. We obtain maximum-likelihood estimates of these two parameters from each 

participant’s behaviour (see Materials and Methods) and then compare the 

predictions it makes with participants’ performance in terms of social influence 

index (SII) and mean rating adjustment (MRA), depending of the disagreement 

dimension under consideration (i.e., magnitude or valence). We then tested the 

adequacy of the model by checking whether the effects that revealed by the analyses 

of the participants’ performance were also obtained with the model’s predictions 

(Figure 2).  

First, the model-predicted SII for the general social disagreement condition 

(.70 ± .54) differed from 0 in a positive way (t > 14.41, p < .0001), so were the 

model-predicted SII for the high (t > 14.39, p < .0001) and moderate (t > 14.37, p < 

.0001) disagreement sub-dimensions. Note that the modelled SII for high (.84 ± .65) 

and moderate (.56 ± .43) disagreement trials differed between each other (t > 13.79, 
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p < .0001) in the same way as did their observed behavioural counterparts (Figure 

2.A). 

Furthermore, the model predicted a negatively signed MRA (-.71 ± .54) for 

the negative disagreement sub-dimension (t < 14.43, p < .0001), a positively signed 

MRA (-.69 ± .54) for the positive disagreement sub-dimension (t > 14.14, p < 

.0001), and a near-0 MRA (-.02 ± .08) for the agreement condition (t < 3.01, p = 

.003). As with the real participants performances, model-predicted MRA obtained in 

the negative (t < 14.06, p < .0001, one-tail) and positive (t-test, t > 14.35, p < .0001, 

one-tail) disagreement sub-dimensions both differed from the predicted MRA 

obtained in the agreement condition (Figure 2.B). 

The adequacy of the model was further evidenced by the amount of inter-

individual variance of the observed SII and MRA that was captured by their model-

predicted equivalent, 1) SII: general disagreement: R2 = .99, p < .0001; moderate 

disagreement: R2 = .59, p < .0001; high disagreement: R2 = .87, p < .0001; 2) MRA: 

negative disagreement: R2 = .54, p < .0001; positive disagreement: R2 = .57, p < 

.0001; agreement: R2 = .07, p < .01. 
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Figure 2. Influence of social information on observed and modelled social 

influence index (SII) and mean rating adjustment (MRA). A. Effect of social 

disagreement and of its magnitude. The SII (observed or modelled) represents 

how much the participants matched their ratings to the group (y axis). A positive SII 

therefore indicates that participants were influenced by social information when 

adjusting their ratings, a negative SII indicates that they were not influenced by 

social information, and a near-0 SII means that, in post-test trials, participants stuck 

on average on their initial ratings. The large grey column of the x axis represented 

the observed SII (±SEM) obtained for the general disagreement condition, i.e., the 

SII averaged on the high (green column) and moderate (yellow column) 

disagreement trials. The discs are the predictions made by the computational model 

for each type of social information (see Material and Methods for details). B. Effect 
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of the social disagreement valence. A positive MRA (y axis) indicates that 

participants rated the faces in post-test as more approachable than they initially did 

in test-trials (a negative MRA indicates that they rated the faces as less 

approachable). A near-0 MRA means that, in post-test trials, participants stuck on 

average on their initial ratings. The red, blue, and grey columns represent the 

observed MRA (±SEM) calculated for the negative, positive, and agreement sub-

dimensions, respectively (x axis). The discs are the predictions made by the 

computational model for each social information type. 

 

Susceptibility to social influence as a function of perceived childhood adversity 

and its dimensions of harshness and unpredictability 

We ran independent linear mixed-effects models24 fitted with the software Matlab 

version R2014b to investigate the contribution of childhood adversity and of its two 

dimensions – harshness and unpredictability – on the participants’ social influence 

(SII) index and mean rating adjustment (MRA). For either SES, unpredictability, or 

adversity, two sets of models were conducted. The first set aimed to fit SII and 

therefore involved the magnitude dimension of social information (moderate 

disagreement vs high disagreement with the group) as within-subject factor. The 

second set aimed to fit MRA and involved the valence dimension of social 

information (positive disagreement vs negative disagreement vs agreement) as 

within-subject factor.  
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In the first set of models, we started with a ‘reduced’ model which included 

Magnitude as the within-subject fixed-effect predictor, and Subject as random effect 

factor. We then ran an ‘intermediate’ model in which the ecological index of interest 

(SES, Unpredictability, or Adversity) was added as an independent fixed-effect 

predictor, and a ‘full’ model in which the interaction term of the two fixed-effect 

predictors was added. The fixed-effect factors SES, Unpredictability, and Adversity 

were then tested independently by investigating whether the ‘intermediate’ and the 

‘full’ models improved or penalized the fit of SII data relative to the ‘reduced’ 

model. To determine which of the SES, the unpredictability, or the adversity index 

most affected social influence, we compared the goodness of fit of the models that 

best predicted the SII. 

The comparison procedure applied in the second set of models was roughly 

similar. Three differences should be noticed however. First, the within-subject fixed-

effect factor Magnitude was replaced by Valence (i.e., positive disagreement, 

negative disagreement, and agreement). Second, models worked on the basis of 

mean rating adjustment (MRA) instead of social influence index (SII). The 

consequence is that we only compared a full model (which included an interaction 

term between the fixed-effect factors) to a reduced model (which only included 

Valence as fixed-effect predictor). The very reason why we did not design an 

intermediate model is that, taking MRA into consideration, a putative effect of any 

ecological index on the participants’ susceptibility to social influence can only be 
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indirectly inferred from its interaction with the Valence dimension of social 

information, i.e., a positive MRA for positive disagreement trials and a negative 

MRA for negative disagreement trials. Indeed, positive and negative MRAs do not 

indicate that participants conformed to or deviated from the group rating, but, 

instead, that they increased or decreased their approachability ratings along the task. 

Thus, a main effect of one of these indices would show that, on average and 

independently of the valence of the disagreement, participants increased or 

decreased their approachability ratings. In the full model, Interaction between the 

two fixed-effect factors – Valence and SES, Unpredictability or Adversity – was 

investigated by comparing the slope obtained in the agreement trials (in which each 

individual MRA represent the subjective baseline of rating changes) with slopes 

obtained in the positive and negative disagreement trials. We also compared the 

goodness of fit of the models that best predict the data in order to determine which 

of the SES, the unpredictability, or the adversity index most affected the MRA. 

Models of the first and second sets all had random intercepts and random 

slopes for the within-subject factors. All model comparisons were performed using 

simulated likelihood ratio tests (1000 simulations per test). Simulated likelihood 

ratio test consists in generating the reference distribution of the likelihood ratio test 

(LR) statistic under the null hypothesis (e.g., the reduced model) from random data, 

and then assessing the statistical significance of the alternate model (e.g., the 

intermediate or the full model) by comparing the observed LR statistic to the 
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simulated reference distribution. The reported p-value is an exact value, which 

corresponds to the ratio of the number of times the simulated LR statistic is equal to 

or exceeds the observed value plus one, to the number of simulations plus one (n = 

1000). 

In the first set of models where Magnitude (moderate / high disagreement 

with the group of peers) was the within-subject fixed-effect factor we found that, 

relative to the reduced model, the best fitting model was the intermediate one in 

which the ecological index was added as an independent rather than an interacting 

fixed-effect predictor. The improvement of data fitting was marginal for the model 

including SES (D(1) = 3.77, p = .067), turned significant for the model including 

Unpredictability (D(1) = 6.32, p = .014), and reached its maximum with the model 

including Adversity (D(1) = 7.36, p = .01). More specifically, participants who grew 

up in an environment characterized by a low SES were more susceptible to social 

influence than participants who grew up in a high SES environment (β = 0.09, t = 

1.96, p = .05) (Figure 3.A). The same pattern was observed with unpredictability: 

participants who grew up in an unpredictable environment being more influenced by 

social information than participants who grew up in a predictable environment (β = 

0.12, t = 2.55, p = .01) (Figure 3.B). Finally, those of the participants who 

experienced a greater adversity – that is, a low SES paired with an unpredictable 

environment – were more susceptible to social influence than those for whom 

adversity was lower (β = 0.08, t = 2.77, p = .006) (Figure 3.C). Note that adding 
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Gender (female vs male) as a third fixed-effect predictor did not significantly 

improve the goodness of fit of intermediate models (D(1) range: 3.85 – 2.34; p 

range: .06 – .13).  

 

 

Figure 3. Social influence index (SII) as a function of A. childhood harshness, B. 

unpredictability, and C. adversity. The boxes represent the deciles of the distribution 

of each ecological index of interest, and their width are sized to their range.  The 

horizontal lines inside the boxes are the median SII, and whiskers represent the SII’s 

25th and 75th percentiles. The red crosses depict outliers. The slopes are the linear 

correlations of the two variables, based on individual data points. 

 

In the second set of models, we found that the full model better fit MRAs 

than the reduced one. This improvement was marginally significant for the full 

model which included SES (D(3) = 7.19, p = .07), and turned significant for the 

models including Unpredictability (D(3) = 9.33, p = .031) and Adversity (D(3) = 
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9.39, p = .029). Interestingly, the effect each ecological indices had on MRA 

depended on whether the disagreement with the group was of a positive or a 

negative valence. When compared to the agreement condition indeed, participants 

who experienced greater levels of harshness increased their approachability ratings 

more than others after they have been exposed to a positive disagreement (SES: β = 

0.21, t = 2.59, p = .01). This was not the case when exposed to a negative 

disagreement (SES: β = -0.005, t = -0.07, p = .95). In that situation, there was no 

difference between the two slopes. When Unpredictability was considered, a 

reversed pattern was found. When compared to the agreement condition, participants 

who experienced less predictable environments decreased their approachability 

ratings more than others after they have been exposed to a negative disagreement 

with the group (β = -0.16, t = -2.11, p = .036). When exposed to positive 

disagreement, no difference was found between the slopes (β = 0.11, t = 1.38, p = 

.017). Finally, the greater sensitivity to positive disagreements was also observed 

with participants who grew up in more adverse environments, i.e. environments 

characterized by higher levels of both harshness and unpredictability (Adversity: β = 

0.12, t = 2.41, p = .016).; negative disagreement: β = -0.06, t = -1.31, p = .19) 

(Figure 3). 
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Figure 3. Mean rating adjustment (MRA) as a function of adversity. A. 

Agreement with the group of peers. B. Positive disagreement with the group of 

peers. C. Negative disagreement with the group of peers. The boxes represent the 

deciles of the distribution of each ecological index of interest, and their width are 

sized to their range.  The horizontal lines inside the boxes are the median MRA, and 

whiskers represent the MRA’s 25th (lower limit) and 75th (upper limit) percentiles. 

The red crosses depict outliers. The slopes are the linear correlations of the two 

variables, based on individual data points. 

 

To better understand these last results we ran a set of complementary models 

in which each ecological indices was regressed against MRA obtained in the 

positive disagreement sub-dimension, and another set in which it was regressed 

against MRA obtained in the negative disagreement sub-dimension. All of them 

included Subject as random effect factor, had random intercepts and random slopes. 

Results showed that MRA obtained in the positive disagreement sub-dimension was 
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positively linked to SES (β = 0.13, t = 1.89, p = .06) and, in a more significant 

extent, to Unpredictability (β = 0.18, t = 2.69, p = .008) and Adversity (β = 0.11, t = 

2.79, p = .006). By comparison, no link was found between MRA obtained in the 

negative disagreement sub-dimension and any of the three ecological indices (SES: 

β = -0.08, t = -1.32, p = .19; Unpredictability: β = -0.09, t = -1.40, p = .16; 

Adversity: β = -0.06, t = -1.66, p = .10). Note however that the sign of the relation 

between the two variables conformed to our expectations (i.e., negative correlation 

for the negative disagreement sub-dimension). In sum, we cannot strictly conclude, 

on the basis of these results, whether harshness and unpredictability independently 

and differently impacts MRAs in the positive and negative disagreements, or 

whether the absence of relation between the two variables in one or the other 

condition is rather due to a lack of statistical power. We thus hope that the bigger 

sample that we plan to recruit for the target study will help us disentangle between 

these two possibilities.  

In a final step, we aimed to determine which of the SES, the unpredictability, 

or the adversity index most affected SII on one hand, and MRA and the other hand. 

To do so we used simulated likelihood ratio tests to find which of the intermediate 

models of set #1 and which of the full models of set #2 had the best predictive 

power (number of simulations = 1000). Between the three intermediate models 

involving Magnitude as within-subject fixed-effect factor, we found that 

Unpredictability (D(0) = 2.55, p = .034) and Adversity (D(0) = 3.59, p = .023) 
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provided a significant advantage over SES. Crucially, we also found that Adversity 

tended to better fit the data than Unpredictability (D(0) = 1.04, p = .12). Very 

similar results were found when we compared intermediate models involving 

Valence as within-subject fixed-effect factor, with Unpredictability (D(0) = 2.14, p 

= .06) and Adversity (D(0) = 2.19, p = .095) both marginally improving goodness of 

fit relative to SES. Evidence for a greater explanatory power of Adversity over 

Unpredictability was more meager (D(0) = 0.06, p = 0.21). Note however that the 

last three results turned significant (Unpredictability vs SES: D(0) = 3.71, p = .034; 

Adversity vs SES: D(0) = 5.02, p = .019) or marginally significant (Adversity vs 

Unpredictability: D(0) = 1.31, p = .09) once the agreement condition was withdrawn 

from the Valence within-subject fixed-effect factor. This is not surprising and it can 

be easily explained by the fact that ecological indices were expected to predict MRA 

only in the positive and negative disagreement sub-dimensions (i.e., where the 

participants and the group ratings conflicted), while they were expected to let the 

MRA obtained in the agreement condition unaffected (i.e., where the participants 

and the group ratings strictly matched). 

 

 

Materials and Methods 

Pilot study 

Participants 
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In order to assess sample size, we capitalized on an existing data set that was 

initially collected to test the effect of disgust on social influence. The pilot 

experiment compared the influence exerted by social information on face 

approachability ratings in a condition in which participants were primed with 

disgusting images and in another condition in which they were primed with neutral 

images25. For our current purposes we restricted our analysis to the neutral condition 

(a condition fairly similar to the procedure that we aim to use in the target study) 

that was conducted on 122 participants (59 females, 63 males). Our goal here is to 

compare ratings of computerized human faces on the approachability dimension 

before (test rating trials) and after (post-test rating trials) participants have been 

confronted with the group’s modal rating. All participants were at least 18 years old 

(mean age = 35, SD = 9), reported being naïve to the purpose of the experiment,  

gave their written informed consent and received payment for their participation in 

accordance with the standards of Mechanical Turk. The experimental protocol that 

was performed was approved by the local Ethical Committee (Conseil d’évaluation 

éthique pour les recherches en santé – CERES n°201659) and is in accordance with 

the Declaration of Helsinki (World Medical Association, 2008).  
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Stimuli and procedure 

Stimuli consisted in 24 emotionally neutral faces generated using FaceGen Modeller 

3.5 (Singular Inversions, 2007) according to the methods developed by Oosterhoof 

and Todorov26. The experimental procedure was adapted from5, and was divided 

into three phases. 

In a first phase, participants watched a series of 24 faces each presented for 

500 msec, a duration that has been shown to minimize participants’ ability to encode 

the identity of the faces but that provides enough time to consistently estimate social 

traits such like trustworthiness26-28. After the presentation of each face, a numerical 

scale appears to assess approachability. The scale remained on the screen until 

participants selected a value between 1 and 8 (Figure 1). 

Immediately after the completion of the test phase, participants perform a 

distractive task where they were asked to watch neutral images25 and judge how 

disgusting they were on an 8-point scale. Each image was shown for 3 sec. A 

numerical scale then appears on the screen until participants select a value 

comprised between 1 and 8, indicating how disgusting they judged the stimulus (1 = 

not disgusting at all, 8 = very disgusting). The disgust task lasted approximately 2 

minutes. 

In a third phase, we asked participants to rate the very same faces (presented 

in a random order) for a second time, but informed them that before watching each 

of them, they will see other M-Turker’s modal rating. This social group rating was 



	

339 

represented in a numerical format and centered on a card featuring a social group 

symbol in its angles (Figure 1). A non-informative feedback was also introduced by 

means of a card featuring a question mark in its center. In these trials participants 

were expected to stick to their initial rating. This control condition enabled us to 

ensure that participants perform the task appropriately and do not answer randomly. 

Unbeknownst to the participants, the group rating was fictive and generated 

on-line by means of a simple algorithm. Note that previous studies using a similar 

procedure have shown that participants were convinced that the group ratings were 

provided by real individuals5,6,29-31.  The fictive group rating could deviate up or 

down the participant’s initial rating to a moderate (+2/-2 points deviation) or high 

(+3/-3 points deviation) extent, or could not deviate at all (0 point deviation). The 

delivery of these various feedbacks was thus conditioned on each participant’s 

response during the test phase, and the feedback algorithm was built such that a trial 

could be assigned a social disagreement that deviates up or down the participants’ 

rating only when this rating was equal to or greater than 2 (i.e., the minimum value 

of the scale is 1) or equal to or smaller than 7 (i.e., the maximum value of the scale 

is 8). Overall, there were two different types of trials: those displaying an agreement 

with the group (0 point deviation: same ratings as the participant) and those 

displaying a disagreement with the group (-3/-2/+2/+3 points deviation: different 

ratings). Disagreement trials could then be split in two sub-dimensions depending on 

the valence of the group deviation (positive vs. negative disagreement), or in two 



	

340 

sub-dimensions depending on the magnitude of the group deviation (moderate vs. 

high disagreement). An additional condition without social information was also 

introduced: instead of presenting the group rating, a question mark appeared up to 

the fixation square. These non-informative trials were used to ensure that 

participants did not performed the task in a random fashion but, instead, adjusted 

their responses according to the type of social information they were exposed to. A 

t-test against 0 indeed showed that, on average, the participants’ initial ratings 

remained unchanged after the exposure to the non-informative feedbacks (t = 0.18, p 

= .86). On average, the feedback conditions were equally distributed, i.e., 6 trials × 4 

feedback conditions (non-informative feedback, agreement, 2 sub-dimensions of 

disagreements based on either valence or magnitude). However, some subjects could 

rate approachability more extremely than expected, which would have led to a 

skewed distribution of feedback types. For instance, for a participant who rated the 

approachability of the 24 faces between 1, 2 and 3, the probability of being exposed 

to agreement feedbacks and positive disagreement feedbacks (of both moderate and 

high magnitude) was very high, while the probability of being exposed to negative 

disagreement feedbacks was very low, and null for negative disagreement feedbacks 

of high magnitude (i.e., the group feedback could deviate up or down the 

participant’s rating of 2 or 3 points). Such a strategy could result in a rating in test 

trials that was very low or very high on average, while we expected subjects to rate 

faces around the intermediate ranges of the approachability scale. Our pilot data 
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acquired from a sample of 125 participants are in line with this prediction: the 

median approachability rating was 4.66 ± 0.7 (95% CI, lower = 0.63, higher = 0.81), 

indicating that our face stimuli were indeed perceived as emotionally neutral. 

Subjects showing an average test-rating exceeding the mean of the group by +/- 2SD 

were discarded from the analysis (n = 3).     

 

Social influence index (SII) and Mean rating adjustment (MRA)  

Participants’ propensity to adjust her/his approachability ratings as a function of the 

group ratings was assessed by computing the average rating difference between 

initial and post-test ratings. On one hand, the mean rating adjustment (MRA) could 

be signed by the valence of the rating adjustment (in which case a positive MRA 

indicated a more positive rating in post-test trials and a negative MRA a more 

negative rating). On the other hand, the social influence index (SII) could be signed 

by the magnitude of the disagreement relative to the initial test rating (in which case 

a positive SII indicated that participants aligned their ratings on social information, 

whereas a negative SII indicated that their ratings went away from social 

information, and so independently of the valence dimension). 

 

 

Model description and fitting 
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The fitted computational model hypothesizes that the decision to adjust a rating after 

the integration of social information is formed on the basis of a comparison between 

the faces presented in post-test trials and the type of social information it is paired 

with (group rating). The model consists of two free parameters, fitted to each 

participant’s behaviour: 1) a social influence index !  corresponding to the 

adjustment of an initial rating in post-test trials (superior to zero for adjustments 

using social information, equal to or inferior to zero for adjustments not using social 

information), measured as the signed fraction of disagreement between the initial 

rating and the subsequent group rating, and 2) an internal noise magnitude ! 

corresponding to the standard deviation of the post-test rating. The mean rating in 

post-test trials ! thus corresponds to a linear combination between the initial rating 

!ini and the group rating !group following: 

! = !ini ∙ 1− ! + !group ∙ ! 

The probability of choosing the discrete rating ! in post-test trials can be 

computed using the following equation: 

! ! = Φ ! + 12  , !,! −Φ ! − 12  , !,!  

where Φ  .  is the cumulative normal density function. 

We obtained maximum-likelihood estimates of the two parameters ! and ! 

separately for each participant’s behaviour using gradient descent of the negative 

model likelihood using the ‘interior-point’ algorithm of the fmincon routine 

implemented in MATLAB (Mathworks, Natick, MA). We derived model 
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predictions in terms of SII and MRA for all measures that were made directly from 

participants’ behaviour, as means to test the adequacy of the model. 

 

 

 

Assessing childhood adversity and its unpredictability and harshness 

dimensions 

Exposure to adverse environments, including its unpredictability and harshness 

dimensions was computed from scores obtained in established questionnaires32-36.  

Unpredictability was assessed following the methods developed by Mittal 

and colleagues (2015)35. Participants first read the following instructions: “Think 

back to your life when you were younger than 10. This time includes preschool, 

kindergarten, and the first few years of elementary school.” They were then asked to 

say how much they agreed with the following three statements whose aim is to 

estimate the extent to which participants grew-up in an unpredictable environment: 

“When I was younger than 10… : (a) things were often chaotic in my house, (b) 

people often moved in and out of my house on a pretty random basis, and (c) I had a 

hard time knowing what my parent(s) or other people in my house were going to say 

or do from day-to-day.” Responses to these three items were made on a 7-point 

scale, from 1: strongly disagree, to 7: strongly agree. Scores on the 3 items were 
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averaged and z-scored to provide a childhood unpredictability index. Thus, the 

higher this index is, the less predictable the childhood environment is.  

Consistent with prior research37-39, we assessed participants’ childhood 

socioeconomic status (SES) as a proxy measure for early-life environmental 

harshness. We used established items32-36, asking participants to say how much they 

agreed with the following three statements: (a) “My family usually had enough 

money for things when I was growing up,” (b) “I grew up in a relatively wealthy 

neighborhood,” (c) “I felt relatively wealthy compared to the other kids in my 

school”. Responses to SES items were made on a 7-point scale, from 1: strongly 

disagree, to 7: strongly agree. Scores on each item were reversed, averaged and z-

scored to provide an SES index that matched with the unpredictability index. Thus, 

the higher the SES index was, the harsher the childhood environment was.  

Finally, the z-scored unpredictability and SES indices were summed together 

in order to obtain a single index of childhood adversity in order to test the joint 

effect of both environmental dimensions on social influence.  

Childhood harshness, unpredictability and their combination into an 

adversity index will be used as continuous variables in independent linear mixed-

effects models24 fitted with the software Matlab version R2014b to predict inter-

individual variation in the susceptibility to social influence. 
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Target study 

Based on the results that were obtained from the 122 participants who performed the 

pilot study, we estimated that the sample size necessary to obtain a main, positive 

effect of childhood SES on social influence (independently of the magnitude and 

valence dimension of social information) is N = 223, with a power of .90. A 

minimum of 223 healthy human adults will thus be recruited for the target study.  

The stimuli, procedure, computational model of behaviour and statistical 

analyses that we aim to use in the target study will be similar to the pilot study. Few 

differences should be highlighted however. 

 First, we will modify the distractor task that separated the test and the post-

test phase of the pilot experiment. Our aim here is to better control for a potential 

effect of aversion on the subsequent participants’ behaviour. Indeed, even though 

the images we used in the pilot studies were judged low on the disgust dimension, 

they could nonetheless convey a very small aversive emotional response. Therefore, 

instead of judging neutral images on the disgust dimension, we will ask participants 

to compare the surfaces of two squares, i.e., a grey square and a black square (Figure 

5). Eighteen trials will be performed. The image featuring the two squares will be 

presented for 3 seconds. The side on which the grey and black squares appear will 

be counterbalanced across trials. A numerical scale will then appear on the screen 

until participants select a value comprised between 1 and 8, representing how much 
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bigger the surface of the black square is compared to the grey square (1 = same size, 

8 = 8 times bigger). The square task will last approximately 70 secs. 

  

 

Figure 5. Distracting task of the target study: square surface ratio task. A. 

Participants will be asked to estimate the ratio between the surface of a black square 

varying across trials, and the surface of a grey square held constant across trials. 

Sixteen trials will be performed and the ratio between the two square surfaces could 

vary from 1 to 8. Each image featuring the two squares will be presented for 3 

seconds. After each image, participants will select a value on an 8-point scale, 

representing how much bigger the surface of the black square is compared to the 

grey square (1 = same surface; 8 = 8 times bigger). B. In the example featured on the 

left panel of the figure, the black square surface is 4 times bigger than the grey 

square surface.  

 

Second, we will assess the participants’ current SES as a proxy measure for 

current environmental harshness. We will use items adapted from standardized 

questionnaires32-36 asking participants to say how much they agree with the 
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following three statements: (a) “My family and I have enough money for things” (b) 

“I currently live in a relatively wealthy neighborhood,” (c) “I feel relatively wealthy 

compared to other people of my neighborhood”. Responses to SES items were made 

on a 7-point scale, from 1: strongly disagree, to 7: strongly agree. Scores on each 

item will be reversed, averaged and z-scored to provide a current SES index that 

matched with the childhood indices described above. Thus, the higher the current 

SES will be, the harsher the current environment is.  

The same approach will be used for unpredictability. We will adapt standard 

items used in the pilot study, and will ask participants to estimate the extent to 

which their current environment is unpredictable: “In the past few years: (a) things 

are often chaotic in my life, (b) people often move in and out of my neighborhood 

on a pretty random basis, and (c) I have a hard time knowing what people in my 

family or in my neighborhood are going to say or do from day-to-day.” Responses to 

these three items will made on a 7-point scale, from 1: strongly disagree, to 7: 

strongly agree. Scores on the 3 items will be averaged and z-scored to provide a 

current unpredictability index. Thus, the higher this index is, the less predictable the 

current environment is. 
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Formations suivies 
 
 
2015 Séminaire communication écrite et orale (IFD – 9h)  
 
2015 Séminaire pratiques managériales – principes généraux (IFD – 4h) 
 
2015 Evaluating social programs (MITx – 20h) 
 
2016 Séminaire entreprenariat innovant (IFD – 8h) 
 
2017 Colloque de Roscoff (ED3C – 13h) 
 
2017 Présentation d’entreprise – Métiers de l’édition (IFD – 4h30) 
 
2017 Aegina summer school – the social brain (University of London – 33h) 
 

 

Nombre total d’heures de formation : 91h30 


