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Risk-taking behaviors in adolescents have traditionally been analyzed from a psychopathological approach, with an excessive emphasis on their potential costs. From evolutionary theory we propose that risk-taking behaviors can be means through which adolescents obtain potential benefits for survival and reproduction. The present study analyses sex differences in three contexts of risk (i.e., risk propensity, expected benefits and risk perception) in the evolutionary specific domains and the predictive value of these domains over risk-taking behaviors, separately in female and male adolescents. 749 adolescents (females = 370) valued their risk perception, expected benefits and risk propensity through the Evolutionary Domain-Specific Risk Scale, as well as their engagement in risk-taking behaviors through the Risky Behavior Questionnaire. Male adolescents showed lower risk perception in two evolutionary domains, expected higher benefits in two other domains and showed higher risk propensity in six domains. Female adolescents showed lower risk perception in two domains. Additionally, risk perception, expected benefits and risk propensity in the evolutionary domains predicted the engagement in risk-taking behaviors in male adolescents, whereas in female adolescents only expected benefits and risk propensity showed a predictive effect over risk-taking behaviors. These results suggest the potential role of evolutionary mechanisms on risk-taking behaviors in adolescents. Results have practical implications for interventions programs aimed at reducing risk-taking behaviors. In addition to considering sex differences, intervention programs should consider alternative behaviors through which adolescents can reach their evolutionary goals, and handle the risks related to those behaviors that cannot be replaced but have potential benefits for adolescents.
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INTRODUCTION

Adolescence and young adulthood are the developmental stages more related to risk-taking behaviors and the moment when several of these behaviors initiate (Steinberg, 2008; Willoughby et al., 2021). The study of risk-taking behaviors has generally focused on analyzing the negative impact of such behaviors on the individual’s health and social integration (e.g., Campbell et al., 2020). This approach derives from considering risk-taking behaviors as bad developmental outcomes generated by stressful environments (Ellis et al., 2012). As a consequence, research has put too much emphasis on the costs, ignoring the potential benefits of risk-taking behaviors in adolescents and leading to a psychopathological view of these behaviors (Machluf and Bjorklund, 2015).


The Adaptive Value of Risk-Taking Behaviors

In contrast to the psychopathological view, evolutionary psychology considers the functional value of risk-taking behaviors in adolescents as means for obtaining potential gains (Ellis et al., 2012). From an evolutionary psychology approach, the major function of adolescence is to develop reproductive status, which can be reached through attaining social status, controlling resources, mating success, and other fitness-relevant outcomes (Ellis, 2012). For this purpose, although they look very different, both social high-risk behaviors (i.e., aggressive behaviors, substance use or unsafe sexual practices) and social low-risk behaviors (i.e., cooperation, reciprocation) may have the same functional value for attaining these immediate objectives (Ellis, 2012). Therefore, and despite their negative consequences, from an evolutionary perspective it is key to analyze both the potential costs and benefits of risk-taking behaviors in adolescents. Analyzing what adolescents gain from taking part in such behaviors could explain why these behaviors are worth or necessary. However, it should be noted that promoting a rationale for risk-taking behaviors does not mean that evolutionary psychologists justify these behaviors. From an adaptive perspective, we propose that adolescents who take part in risk-taking behaviors need to be viewed in a different manner in order to understand them. In fact, risk-taking behaviors such as bullying have been seen to increase access to resources, such as food, social status, and mates (Volk et al., 2012; Farrell and Dane, 2020).

Evolutionary psychology understands the human mind as a set of specific functional mechanisms designed to resolve recurrent problems related to survival and reproduction (Tooby and Cosmides, 2005). Each evolutionary specific domain is defined as a motivational domain comprised by a set of inputs, contents, objects, outcomes, or actions on which a series of assessment procedures were designed to act based on them (Tooby and Cosmides, 2005). Therefore, mechanisms involved in mate selection will be functionally different from those involved in the resolution of a group conflict or in deciding to avoid food poisoning. The evolutionary specific domains aimed at solving evolutionary content problems are shown in Table 1. Moreover, in the present study we focused on a risk-return framework, where risk-perception, expected benefits, and risk propensity are proposed as key cognitive variables in risk-taking behaviors engagement (Weber et al., 2002). Additionally, the risk-return framework has demonstrated that risk taking is domain specific (Blais and Weber, 2006; Hanoch et al., 2006; Figner and Weber, 2011), which is in line with the evolutionary-specific domain approach. In this sense, bringing together both an evolutionary approach on the human mind and the domain specific risk approach, Wilke et al. (2014) developed the Evolutionary Domains-Specific Risk Scale (ERS), which measures risk-taking behaviors in ten evolutionary content domains. From this point of view, risk-taking behaviors are conceptualized as variations in payoff distributions within specific domains of adaptation, in accordance with the risk-return framework.


TABLE 1. Evolutionary specific domains of life.
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Risk-Taking Behaviors in Adolescents From a Risk-Return Framework

In line with the risk-return framework, it has been demonstrated that adolescents consider both the risks and benefits of taking part in risk-taking behaviors (Gibbons et al., 2009; Maslowsky et al., 2011). With respect to risk perception, it has been found that lower risk perception is positively related to binge drinking, sexual risk-taking, criminal behaviors, extreme sports and financial risks (Kershaw et al., 2003; Reniers et al., 2016; Martínez-Montilla et al., 2020; Altikriti et al., 2021), though higher risk perception has also been found to relate positively to risk-taking behaviors like speeding and drink-driving (Hatfield and Fernandes, 2009). Nevertheless, expected benefits in risk-taking behaviors is more strongly associated with the engagement in these behaviors than risk perception in adolescents (Cauffman et al., 2010; Mantzouranis and Zimmermann, 2010). In fact, expected benefits predict engagement in risk-taking behaviors like drinking and smoking, sexual risk-taking, financial risk-taking, illicit substance use, and criminal activities (e.g., shoplifting, forgery and buying illegal drugs) (Parsons et al., 2000; Goldberg et al., 2002; Dhami and Mandel, 2012; Reniers et al., 2017; Carlson and Duckworth, 2019; Andrews et al., 2020; Hammond et al., 2020). Finally, risk-propensity has also been associated with higher engagement in risk-taking behaviors like substance use, unsafe sexual behavior, reckless driving, or delinquency in adolescents (Lejuez et al., 2003, 2007; Aklin et al., 2005; MacPherson et al., 2010). In essence, previous literature on risk-taking behaviors suggests the potential adaptive value of such behaviors, in line with the evolutionary approach on risk-taking behaviors (Ellis et al., 2012). More specifically, and despite perceiving potential costs, the influence of the expected benefits from taking part in such behaviors is higher for individuals, thus leading them to behave in such risky ways.



Sex Differences in Risk-Taking Behaviors

In general, males take part in risk-taking behaviors to a greater degree than females (e.g., Byrnes et al., 1999; Archer, 2004, 2019, Luoto and Varella, 2021). These sex differences in risk-taking behaviors have been observed in hunter-gatherer societies (Apicella et al., 2017), which have represented the subsistence system during great part of our existence as species. Evolutionary psychology explains these sex differences in risk-taking behaviors as a result of the higher benefits males extract from these behaviors, compared to females (Trivers, 1972; Archer, 2019). Specifically, given the higher variation in male reproductive success compared to females, male reproductive competition (i.e., inter-male competition) tends to be more intense than female reproductive competition, which has led to a riskier male selection process (Archer, 2019). Based on this premise, Wilson and Daly (1985) coined the term young male syndrome, which is defined as a tendency toward higher engagement in risky and violent behaviors in the sex with the most intense reproductive competition in order to enhance social status. More recently, Fessler et al. (2014) proposed the crazy bastard hypothesis, on the basis of the young male syndrome, in reference to males’ higher involvement in voluntary risks as a means of signaling formidability. Along with the higher benefits males extract from taking part in risk-taking behaviors, females’ higher risk-aversion should be noted, given their fundamental role in offspring rearing (Campbell et al., 2021). These ideas were tested in an experimental study, which demonstrated that males expressed higher risk-taking behaviors in inter-male competition conditions, whereas females avoided to take risks in conditions of parental investment in young children (Fischer and Hills, 2012). Finally, from the costly signaling theory, risk-taking is proposed as an honest signaling mechanism through which males show their ability to take risks without suffering negative consequences (Bird et al., 2001; Prokop and Pazda, 2020). A recent study found that higher indices of embodied capital (i.e., attractiveness, intelligence, and dexterity) were positively related to several instantiations of risk-taking propensity (Refaie and Mishra, 2020). Nevertheless, females can also engage in risk-taking behaviors with the purpose of competing for mates with other females (Arnocky and Vaillancourt, 2017).

Sex differences in risk-taking behaviors have also been observed in adolescents. In particular, female adolescents tend to perceive risks related to risky driving, alcohol and substance use, or antisocial behavior more than male adolescents (Essau, 2004; Rundmo and Iversen, 2004; Grevenstein et al., 2015). By contrast, male adolescents tend to perceive the benefits of risk-taking behaviors like unsafe sexual practices, risky driving, or alcohol use more than female adolescents (Kershaw et al., 2003; Widdice et al., 2006; Rhodes and Pivik, 2011). Furthermore, several meta-analyses show that male adolescents are more risk-prone than female adolescents in several risk-taking behaviors (Byrnes et al., 1999; Archer, 2004). In short, these findings in adolescents are in line with the evolutionary suggestion that male adolescents gain higher advantages by taking part in risk taking-behaviors compared to female adolescents (Ellis et al., 2012; Archer, 2019).



Present Study

Previous research shows sex differences in risk perception, expected benefits and risk propensity in adolescents and their predictive value over risk-taking behaviors. Nevertheless, and despite the adaptive value of risk-taking behaviors, no research has been carried out to analyze differences between male and female adolescents in the perception of risks and benefits, and the propensity to take risks in the evolutionary domains of risk. Therefore, one of the main objectives in present study was to analyze sex differences in risk perception, expected benefits and risk propensity in the evolutionary domains of risk in adolescents. Since intrasexual competition tends to be more intense in males, with females being more risk-averse (Trivers, 1972; Archer, 2019), we propose that male adolescents will tend to show higher expected benefits and risk propensity in the evolutionary domains compared to females; by contrast, females will show greater risk perception.

Furthermore, it was recently found that propensity to take risks in evolutionary domains relates to risk-taking behaviors in young adults (Salas-Rodríguez et al., 2021). Therefore, another objective in the present study was to analyze the predictive value of risk perception, expected benefits and risk propensity in the evolutionary domains over risk-taking behaviors, in male and female adolescents separately. Results could be key for establishing effective intervention programs designed to reduce dangerous behaviors such as aggression, substance use or unsafe sexual practices in adolescents according to each sex.




METHOD


Participants

The study was carried out in six education centers in the region of Málaga, Spain. 749 (females = 370) adolescent students from secondary education, college and vocational training took part in the study. Participants’ ages ranged between 13 and 18 years (M = 16.98; SD = 1.04). Prior to carrying out the study, parents and/or legal tutors of participants were informed about the objectives and methods of it. Participants also gave their verbal consent before answering the questionnaires. The present study was approved by the Ethical Committee on Experimentation from the University of Málaga (CEUMA) (Registry number: 45-2018-H).



Instruments


Evolutionary Domain-Specific Risk Scale

The Spanish version of the Evolutionary Domain-Specific Risk Scale (ERS) was applied. The scale is comprised of 28 items which measure contemporary risk-taking behaviors that are analogous qualitatively of recurring problems in ancestral times which were relevant for survival and reproduction (Wilke et al., 2014). The ERS consists of ten domains: between-group competition (e.g., Adamantly defending the honor of your local team against a fan from a different sporting team, even if it may cause a fight), within-group competition (e.g., Trying to take a leadership role in any peer group you join), status/power (e.g., Blackmailing your opponent to win an election), environmental exploration (e.g., Swimming far out from shore to reach a diving platform), food selection (e.g., Eating only at restaurants that do not sell fast food), food acquisition (e.g., Eating food that has been dropped), parent-offspring conflict (e.g., Talking your parents into giving you weekly allowance money), kinship (e.g., Donating an organ to your sibling), mate attraction (e.g., Casually dating more than one person at a time), and mate retention (e.g., Spending the night with an attractive person while vacationing without your significant other). In the Spanish adapted version of the ERS, each domain comprises three items, except for the domain of food selection, which only comprises one item because it was considered that the content of the other two items in this domain was not assessable for adolescents. Therefore, items “Planting your own garden to grow your own fruits and vegetables” and “Significantly increasing your weekly food bill to buy healthy organic food” were removed from the final scale.

Moreover, the ERS can be handed for three different contexts: expected benefits, which measures the perceived benefits of engaging in each situation and with answering options ranging from (1) Not beneficial at all to (5) Very beneficial; risk perception, which measures the perceived risks of engaging in each situation and with answering options ranging from (1) Not risky at all to (5) Very risky; and risk propensity, which measures the likelihood of engaging in each situation, with answering options ranging from (1) Highly unlikely to (5) Very likely. Due to time limits imposed by school regarding the time consumed by handing the questionnaires, each participant only answered one of the three contexts of risk of the ERS. As a result, 230 participants (females = 119) answered the expected benefits context; 271 participants (females = 131) answered the risk perception context; and 248 participants (females = 120) answered the risk propensity context. Table 2 shows Cronbach values of the ERS.


TABLE 2. Cronbach values for each of the evolutionary domains in the three contexts of the ERS.
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Risky Behavior Questionnaire

The Spanish version of the Risky Behavior Questionnaire (RBQ) was applied in order to analyze the level of engagement of adolescents in risk-taking behaviors during the six previous months (Auerbach and Gardiner, 2012). The RBQ comprises 20 items which measure engagement in several types of risk-taking behaviors such as unsafe sexual practices, aggressive and/or violent behaviors, rule breaking, dangerous, destructive and illegal behaviors, self-injurious behaviors, and substance use. Although the RBQ comprises multiple dimensions, it has also been used as a single dimension of general engagement in risk-taking behaviors (e.g., Auerbach and Gardiner, 2012; Salas-Rodríguez et al., 2021). In the Spanish version of the RBQ, the answering format includes four answering options: (0) Never (not once); (1) Almost never (once a month); (2) Sometimes (2–3 times per month); and (3) Usually (3 or more times per week). In the present study, Cronbach value for the questionnaire was 0.83, similar to a previous study by Auerbach and Gardiner (2012), which showed α = 0.85.



Sociodemographic Questionnaire

Along with questions related to age and sex, participants answered a series of sociodemographic questions related to nationality (90.7% Spanish, 9.1% foreigners), relationship status (31.2% in a couple, 67.6% single), and current academic course (40.4% secondary education, 52.8% college, 6.3% vocational training).




Procedure

Prior to the study, a pilot test was carried out in adolescents to verify the correct readability of items included in the RBQ and the ERS. Likewise, teachers from the different classrooms involved in the study were also asked about the level of readability of the items in both questionnaires. Upon completion of this initial stage, researchers went to the education centers to hand the questionnaires to students over 1 month. Participants answered self-report questionnaires in the classroom where they were taking lessons at that moment. Completing questionnaires lasted 25 min on average, with one of the researchers being present to resolve any doubts from participants. In all cases, participants answered the RBQ in the first place. Secondly, each participant was assigned randomly one of the three contexts of risk of the ERS (i.e., risk perception, expected benefits, or risk propensity) and finally, sociodemographic questions were included at the end of the instrument.




RESULTS

A multivariate analysis of variance (MANOVA) was carried out to check sex differences in risk perception, expected benefits and risk propensity in the ten evolutionary domains of risk and the engagement in risk-taking behaviors. Although most studies that analyze group differences in multiple dependent variables use multiple ANOVAs or multiple independent sample t-tests, both procedures increase the likelihood of falling into a Type I error, contrary to MANOVA (Warne, 2014). The Risk contexts of the ERS (three levels: risk perception, expected benefits, and risk propensity) and sex (two levels: males and females) were introduced as independent variables, and the 10 evolutionary domains of risk (ERS), along with risk-taking behaviors (RBQ), as dependent variables. Table 3 shows descriptive statistics for each of the ten evolutionary domains of risk as well as for risk-taking behaviors based on the risk context of the ERS (i.e., risk perception, expected benefits, and risk propensity) and sex. The MANOVA revealed a significant interaction effect between risk context and sex (Pillai’s Trace = 0.12, F = 4.085, p < 0.001, η2 = 0.060). Bonferroni post hoc tests showed sex differences in risk perception in four of the ten evolutionary domains. More specifically, female adolescents expressed higher risk perception in environmental exploration and kinship compared to male adolescents, whereas males perceived higher risks in parent-offspring conflict and mate retention. Regarding the context of expected benefits, sex differences were found in two evolutionary domains, with male adolescents perceiving more benefits in environmental exploration and mate attraction, compared to female adolescents. By contrast, female adolescents did not expect more benefits than male adolescents in any evolutionary domain. For risk propensity, six of the ten evolutionary domains showed differences between sexes. Male adolescents showed higher propensity to take risks in between-group competition, within-group competition, status/power, environmental exploration, food acquisition and mate attraction compared to female adolescents. Again, female adolescents did not show more propensity to take risks in any domain, compared to male adolescents. Finally, no sex differences were found in risk-taking behaviors measured with the RBQ in any of the risk contexts of the ERS (Table 3).


TABLE 3. Statistic descriptives and sex differences between risk contexts in the ten evolutionary domains and risk-taking behaviors.
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Correlation analyses were carried out to check associations between evolutionary domains of risk and risk-taking behaviors, separately for each risk context of the ERS and sex. Results can be seen on Table 4 (risk perception context), Table 5 (expected benefits context), and Table 6 (risk propensity context). Finally, multiple regression analysis with an enter method were carried out to analyze the predictive value of risk perception, expected benefits and risk propensity in the evolutionary domains over risk-taking behaviors, separately. These multiple regression analyses were also performed separately in female and male adolescents. It is necessary to point out that, although a predictive language is employed, correlational results must not be interpreted as causal effects. Regarding the context of risk perception, the multiple regression model was not statistically significant in females (Table 7). This means that the perception of risks in the evolutionary domains did not predict females’ engagement in risk-taking behaviors. On the other hand, the multiple regression model for the risk perception context was statistically significant in males, although it explained the lowest variance compared to the expected benefits and risk propensity models (Table 7). More specifically, perceiving higher risks in within-group competition and parent-offspring conflict predicted higher engagement in risk-taking behaviors in males, while perceiving higher risks in status/power showed the opposite effect. Regarding the context of expected benefits, regression models were statistically significant and showed the highest explained variance over risk-taking behaviors, both in females and males (Table 8). For females only expecting benefits in mate attraction predicted greater engagement in risk-taking behaviors. By contrast, in males, expected benefits in food acquisition and mate attraction predicted higher engagement in risk-taking behaviors. On the contrary, expected benefits in food selection predicted lower engagement in risk-taking behaviors in male adolescents. Finally, in the context of risk propensity, the multiple regression analysis model for females was statistically significant (Table 9): higher propensity to take risks in food acquisition and mate attraction predicted higher engagement in risk-taking behaviors in females. In the case of males, the multiple regression analysis model was also statistically significant (Table 9): higher risk propensity in between-group competition, status/power and mate attraction predicted higher engagement in risk-taking behaviors.


TABLE 4. Zero-order correlations between risk perception in the evolutionary-specific domains and risk-taking behaviors by sex.
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TABLE 5. Zero-order correlations between expected benefits in the evolutionary-specific domains and risk-taking behaviors by sex.
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TABLE 6. Zero-order correlations between risk propensity in the evolutionary-specific domains and risk-taking behaviors by sex.
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TABLE 7. Multiple regression analysis for risk perception-context predicting risk-taking behaviors.
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TABLE 8. Multiple regression analysis for expected benefit-context predicting risk-taking behaviors.
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TABLE 9. Multiple regression analysis for risk propensity-context predicting risk-taking behaviors.
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DISCUSSION

The aim of the present study falls into two main objectives: (1) to analyze sex differences in risk perception, expected benefits and risk propensity in the evolutionary domains of risk, and (2) to test the predictive value of each of the risk contexts of the ERS in the evolutionary domains over the engagement in risk-taking behaviors in female and male adolescents. In relation to sex differences in the evolutionary domains in each of the risk contexts of the ERS, differences between male and female adolescents were found mainly in risk propensity (six of the ten evolutionary domains), followed by risk perception (four of the ten evolutionary domains) and, lastly, expected benefits (two of the ten evolutionary domains). More specifically, male adolescents expressed lower risk perception in environmental exploration and kinship, whereas female adolescents perceived less risk in mate retention and parent-offspring conflict. Moreover, male adolescents expected more benefits than female adolescents in environmental exploration and mate attraction, and showed higher propensity to take risks in between-group competition, within-group competition, status/power, environmental exploration, food acquisition and mate attraction. In general, results from the present study are similar to those found in previous research, which show that males tend to express lower risk perception and higher expected benefits, as well as higher propensity to take risks (e.g., Byrnes et al., 1999; Rhodes and Pivik, 2011; Grevenstein et al., 2015). Additionally, results are also in line with sex differences in the adaptive value of risk-taking behaviors, with risk-taking being mainly a matter for males (Trivers, 1972; Bird et al., 2001; Fessler et al., 2014; Archer, 2019).

Additionally, despite the sex differences found in some of the evolutionary domains of risk, no sex differences were found between male and female adolescents in the participation in risk-taking behaviors measured through the RBQ. Some authors feel reluctant to studies that analyze sex differences in risk-taking behaviors, mainly because such studies tend to use measurements that assess risk-taking behaviors that are mainly male-related (Morgenroth et al., 2018; Rolison and Shenton, 2019). In this sense, the RBQ assesses a wide variety of risk-taking behaviors under one single dimension, so the male bias found in risk-taking behaviors might be attenuated in such single dimension of risk-taking behaviors. However, it would be necessary to analyze to which extent risk-taking behaviors measured by the RBQ are bias-free.

With respect to the multiple regression models, all models of risk context of the ERS, except for the risk-perception model in female adolescents, predicted engagement in risk-taking behaviors, in line with previous research (e.g., MacPherson et al., 2010; Andrews et al., 2020Altikriti et al., 2021). More specifically, the context of expected benefits in the evolutionary domains was the model which explained the highest variance of risk-taking behaviors, both in female and male adolescents, as it has been found in previous research (Cauffman et al., 2010; Mantzouranis and Zimmermann, 2010). In general, these results suggest that risk-taking behaviors in adolescents are aimed in part at reaching evolutionary goals in the field of survival and reproduction. Results also demonstrate that female and male adolescents show both differences and similarities in the influence of the risk context of the ERS over risk-taking behaviors. Moreover, it is worth mentioning that risk perception in within-group competition and parent-offspring conflict predicted higher engagement in risk-taking behaviors. This finding suggests that considering the costs of taking risks not only reduces the probability of taking part in risk-taking behaviors, but it also may promote engagement in dangerous behaviors, as it has been previously seen (Hatfield and Fernandes, 2009). Results obtained from each of the evolutionary domains of risk are further discussed below.

When it comes to the domains related to intergroup and intragroup conflicts, male adolescents were more prone to risk than female adolescents in between-group competition, within-group competition, and status/power. Such higher propensity in male adolescents in these evolutionary domains could reflect a higher intrasexual competition compared to females (Anderson et al., 2015; Puts et al., 2016; Hess and Hagen, 2019). In fact, although the intensity of within-group competition tends to be similar between males and females (Hess and Hagen, 2019), results obtained show that male adolescents were more prone to take risks in this domain. Moreover, in male adolescents, risk perception in status/power predicted lower engagement in risk-taking behaviors, while risk propensity in status/power showed the opposite effect. These findings are in line with the core value of the domain of status/power in males (Wilson and Daly, 1985; Ellis et al., 2012; Archer, 2019; Buss and Schmitt, 2019). In fact, adolescents’ concern about avoiding social rejection and losing social status could protect them against participating in risky behaviors (Tomova et al., 2021). Thus, the negative effect of risk perception in status/power over risk-taking behaviors could protect against risk-taking behaviors in male adolescents. On the other hand, risk perception in within-group competition and risk-propensity in between-group competition predicted higher engagement in risk-taking behaviors in male adolescents. These results also demonstrate the functional value of risk-taking behaviors in inter-male competition (Ellis et al., 2012; Puts et al., 2016; Archer, 2019; Hess and Hagen, 2019).

Environmental exploration was the only evolutionary domain that showed sex differences in the three risk contexts of the ERS; males perceived less risk, expected more benefits, and expressed higher propensity to take risks compared to female adolescents. These sex differences in environmental exploration could be explained by the sex differences in labor during the Pleistocene, in which men were mainly engaged in hunting (which required more mobility and navigation), while women took care of their offspring and gathered plant food (which required less mobility and navigation) (Silverman and Choi, 2016).

In relation to the evolutionary domains associated with food, male adolescents showed higher risk propensity in food acquisition compared to female adolescents. The domain of food acquisition is characterized by a preference for food quantity over food quality, regardless of consuming spoiled food. Therefore, such lower propensity of female adolescents to ingest spoiled food would be in line with their higher expression of disgust sensitivity compared to males (Tybur et al., 2009). In fact, females tend to reject contact with food that could be contaminated more than males (García-Gómez et al., 2020), which could also be related to females’ higher risk of transmitting diseases to their offspring through food habits (Al-Shawaf et al., 2018). Furthermore, food acquisition also showed to be associated with risk-taking behaviors, in both male and female adolescents. In females, more propensity to take risks in food acquisition predicted higher engagement in risk-taking behaviors; while in males, expected benefits in food acquisition predicted higher engagement in risk-taking behaviors. Given that the domain of food acquisition is related to disgust, its inhibition can promote perceiving benefits and propensity in consuming food that is potentially harmful, especially in acute hunger or thirst situations (Oaten et al., 2009). Moreover, it has been observed that disgust is negatively related to sexual risk practices (e.g., promiscuity), substance use, and social transgression (e.g., lying, cheating or stealing) (Tybur et al., 2009; Oosterhoff and Shook, 2017). Therefore, we suggest that disgust inhibition could be the mechanism through which food acquisition promotes engagement in risk-taking behaviors.

Expected benefits in food selection predicted lower engagement in risk-taking behaviors in male adolescents. Thus, the perception of benefits in selecting high-quality food could act as a protective factor against risk-taking behaviors in male adolescents. In fact, a positive relationship between consuming low-quality food and engaging in risk-taking behaviors was previously found (Bruckauf and Walsh, 2018). This negative association between food selection and risk-taking behaviors could be due in part to the negative effects of the risk-taking behaviors measured with the RBQ (e.g., unsafe sexual practices, substance use or self-injurious behaviors) on individual health. By contrast, considering the benefits of taking risks in the domain of food selection would have positive effects on individual health.

In relation to parent-offspring conflict, female adolescents, compared to male adolescents, showed lower risk perception regarding the potential conflicts that could arise from their demands of parental investment. Additionally, higher risk perception in parent-offspring conflict predicted higher engagement in risk-taking behaviors in male adolescents. One possible explanation for these findings could be related with the world economic recession of 2008, which created a harsh and unpredictable environment for great part of the Spanish society. Specifically, the economic crisis of 2008 drastically increased unemployment rates in Spain, and such levels have not yet returned to the levels seen before the economic recession (Instituto Nacional de Estadística [INE], 2021). In fact, Durante et al. (2015) found that in adverse economic situations, parents tend to invest more in female offspring than male offspring because they perceive it is more likely for females to have children in such conditions. Therefore, the economic recession could have increased differences between male and female adolescents in parental investment, given the higher willingness of parents to invest resources in female offspring in harsh and unpredictable conditions. Finally, the economic recession could have also resulted in a higher risk for obtaining resources through parental investment in male adolescents. The final consequence is male adolescents’ need to take part in risk-taking behaviors to access such resources, something which has been demonstrated in bullying behaviors (Volk et al., 2012; Farrell and Dane, 2020).

With regard to the kinship domain, females perceived more risks in this domain than males, which could be explained in part by females’ higher tendency to avoid risks due to their role in offspring survival (Trivers, 1972; Fischer and Hills, 2012; Campbell et al., 2021). In fact, the kind of risky behaviors measured in the kinship domain along with the environmental exploration domain entail a higher level of danger compared to the risky behaviors measured in the other domains, which could explain such sex differences in both domains.

In the area of mating, male adolescents expected higher benefits and showed greater risk propensity in mate attraction, compared to female adolescents. This could be explained by the significant value of mate attraction for males when it comes to reproductive success, and due to being more oriented toward short-term relationships than females (Trivers, 1972; Wilson and Daly, 1985; Archer, 2019; Buss and Schmitt, 2019). Moreover, male adolescents’ expected benefits and risk propensity in mate attraction predicted higher engagement in risk-taking behaviors, which would be in line with the view of risk-taking as a cue for signaling abilities valued by females (Bird et al., 2001; Prokop and Pazda, 2020; Refaie and Mishra, 2020). Strikingly, female adolescents’ expected benefits and risk propensity in mate attraction also predicted higher engagement in risk-taking behaviors. This means that, in spite of its role in offspring survival and mate choice (Trivers, 1972; Archer, 2019), mate attraction also promotes risk-taking behaviors in female adolescents. In fact, this finding is in line with previous research which shows that females tend to engage in risk-taking behaviors in contexts of mate attraction (Arnocky and Vaillancourt, 2017).

On the other hand, in the domain of mate retention males showed higher risk perception than females. This finding is surprising if we look at males’ tendency toward short-term relationships compared to long-term relationships (Buss and Schmitt, 2019). However, it was recently found that males show higher tendency toward being unfaithful with their partner in long-term relationships (Apostolou, 2021). In addition, females are more prone to initiate divorce (Amato and Previti, 2003), being unfaithfulness one of the main reasons (Apostolou et al., 2019). Such higher disposition in males toward being unfaithful would increase the risk of breaking up the relationship, thus possibly explaining their higher risk perception in mate retention. Another possibility could be the greater variation in reproductive success in males along with the higher discrimination of females when choosing a mate (Trivers, 1972; Archer, 2019), which could lead males to give higher value to the risk of losing their current partner. A higher proportion of males than females could also explain males’ higher risk perception in mate retention (i.e., male-biased sex ratio) (Buss and Schmitt, 2019). Because pregnancy and nursing reduce females’ availability, males would value more their current partner due to their greater difficulty to find a new partner who can conceive. In sum, these observations could explain why males perceived the risks in mate retention domain to a greater extent in comparison to females.


Alternative Explanations

The present study is based on an evolutionary approach to explain sex differences in risk perception, expected benefits and risk propensity in the evolutionary domains and the predictive effect of these domains over risk-taking behaviors in adolescents. However, findings from the present study could also be explained through other theoretical frameworks. One of these theoretical approaches, which is based on the study of risk-taking behaviors, is the Problem Behavior Theory (PBT) (Jessor, 2014). The PBT analyses the fundamental social-psychological processes involved in risk-taking behaviors, which act as protective and risk factors. This theory considers that risk-taking behaviors might play a key role in adolescents’ achievements of short-term goals. The PBT considers risk-taking behaviors as socially learned behaviors that help adolescents face frustration or failure, find similarities with peer groups, and as a way of opposing social norms. But above all, these behaviors indicate their transition to adulthood (Jessor, 2017). Nevertheless, these causes behind risk-taking behaviors in adolescents are not in conflict with the evolutionary model suggested in the present study, which is more oriented toward the ultimate causes of these behaviors (i.e., survival and reproduction). In short, the role of risk perception, expected benefits and risk propensity over risk-taking behaviors might be in part more related to other variables that are closer to the ones suggested by the PBT.

Moreover, in relation to the sex differences found in the present study, it is possible that other factors such as gender norms could explain these differences (Heise et al., 2019). Adolescence is considered a key stage in the “social production of gender,” where identity differences take form, as well as roles and norms between female and male adolescents (Kågesten et al., 2016; Weber et al., 2019). As a result, adolescents might be influenced to socialize in certain ways to take risks based on gender. Under such approach about gender norms, society would tend to promote certain masculinity constructs in male adolescents that are related to the search for status/power and mating, which would legitimate and reward them through risk-taking behaviors (Kennedy et al., 2020); the opposite would take place in the case of females (Heise et al., 2019). Furthermore, from this approach on gender norms, the concept of sexual double standard has appeared, which refers to the moral demands of higher sexual restriction in females to control their sexuality and reproduction, while sexual freedom is broadly allowed in males (Crawford and Popp, 2003). However, the present study has shown the predictive value of expected benefits and risk propensity in mate attraction over risk-taking behaviors in female adolescents, and which would contradict the hypothesis of sexual double standard. These findings are more in line with the evolutionary approach, which assumes that females would tend to take part in risky behaviors to reach their mating goals (Arnocky and Vaillancourt, 2017).

Finally, it must be mentioned that findings from the present study might be explained by other variables related to risk-taking behaviors, for example socioeconomic (Delker et al., 2018). In this sense, the relation found between the evolutionary domains of food selection and food acquisition with risk-taking behaviors could be mediated by socioeconomic status. In fact, a relation between parental socioeconomic status during childhood and unhealthy risk-taking behaviors such as smoking and drinking alcohol, as well as fast food intake was found (Marttila-Tornio et al., 2020). Moreover, this propensity to take more risks in people of low socioeconomic status could be a rational tactic of social competition in their environment. In fact, it has been demonstrated that risk-taking behaviors, including extreme behaviors like homicide, can be a form of social competition in environments of low economic inequality (Wilson and Daly, 1997). As a result, participants’ socioeconomic status could be a key variable in the results obtained in the present study.



Limitations

In spite of the predictive terminology used in the present study, results show no causal effects. Moreover, it should be mentioned that answers to the RBQ and ERS could be affected by the level of honesty of participants, due to some items containing sensitive content (Tourangeau and Yan, 2007). Thus, it is possible that the sensitive content of some items along with the classroom setting where the study was carried out enhanced socially desirable responding. As a result, and although the confidentiality of answers was guaranteed to participants, low scores obtained in the RBQ may not indicate the real level of risk-taking behaviors in adolescents. Furthermore, present study was carried out with adolescent students during classroom time. Thus, due to time constraints we could not expose each participant to the three risk contexts of the ERS. As a consequence, intraindividual differences between the risk contexts of the ERS could not be analyzed. Nevertheless, although results might have been different, the sample size for each risk context provides sufficient validity to analyze differences in risk perception, expected benefits and risk propensity in adolescents.



Further Research

As it has been mentioned, results obtained in the present study are correlational. It is necessary, therefore, to carry out experimental research in order to provide a causal relationship between the evolutionary specific domains and risk-taking behaviors in adolescents. Likewise, and based on the comments in the “Limitations” section, it would be appropriate to carry out a future line of research with an intrasubject design. This way, each participant would go through the three contexts of the ERS, thus allowing to find the intraindividual differences in risk perception, expected benefits and propensity in the evolutionary domains of risk. Moreover, mate attraction was also found to predict higher engagement in risk-taking behaviors in female adolescents, so, it would be useful to analyze male adolescents’ attitudes toward this female-mate attraction risky strategies, which could also make mate choice a male issue. Finally, regarding the effects found of food domains (i.e., food acquisition and food selection) on risk-taking behaviors, further investigation would be needed to determinate how healthy diet interventions could reduce engagement in risk-taking behaviors, and particularly, intervention programs whose main objective would improving healthy diets in adolescents, as they could also be effective in reducing adolescent engagement in risk-taking behaviors.



Implications

Notwithstanding its limitations, the present study has both theoretical and practical implications. At a theoretical level, findings demonstrate in part the adaptive value of risk-taking behaviors in adolescents. This means that, despite their negative consequences, risky behaviors can have potential benefits for both female and male adolescents. In fact, the expected benefits model was the one that explained the highest variance in risk-taking behaviors, both in males and females. These findings contradict traditional models that explain risk-taking behaviors through psychopathological perspectives. From an evolutionary view, adolescents who take risks do not necessarily suffer mental deficiencies derived from stressful environments. Conversely, we propose considering risk-taking behaviors as adaptive strategies through which adolescents can reach their survival and reproductive goals (Ellis et al., 2012; Machluf and Bjorklund, 2015).

At a practical level, intervention programs focused on risk-taking behaviors should consider the functional value of risky behaviors in adolescents. Generally, these programs aim at reducing behaviors that, although harmful, can have potential benefits in adolescents. Therefore, such programs should promote alternative behaviors for adolescents through which they can reach their vital goals. Intervention programs should also be cautious on putting too much emphasis on the potential costs of these type of behaviors, given the finding that risk perception could promote engagement in risk-taking behaviors, especially in males. Along with proposing behavioral alternatives to risk assumption, intervention programs should tackle risk management in those behaviors that cannot be replaced with other less dangerous behaviors, and which imply potential benefits in adolescents. For example, given the functional value of sexual practices among adolescents, programs should aim to help adolescents manage and understand the relative costs related to such behaviors (i.e., promoting the use of contraceptive measures), instead of carrying out an intervention based on zero tolerance. Finally, considering an evolutionary view implies the need of designing more specific programs that would consider both the evolutionary specific domains and sex. Given sex differences in risk-taking, intervention programs need to be designed specifically for males and females. For example, programs would beneficiate from considering the protective value of risk perception in status/power in male adolescents, through the designing of interventions that would trigger awareness on the potential risks in this domain if male adolescents took part in risk-taking behaviors.




CONCLUSION

Sex difference were found in perception or risk, expected benefits and the propensity to take risks in the evolutionary domains, which could reflect differences between female and male adolescents in the adaptive value of these domains. Moreover, findings in the regression models suggest that risk-taking behaviors can be conceptualized as adaptive behaviors with potential costs but also with potential benefits for adolescents. As a result, and contrary to a psychopathological perspective, risk-taking behaviors can act as rational strategies in adolescents. Therefore, we consider that intervention programs should be designed by applying an evolutionary standpoint with the purpose of reducing risk-taking behaviors that are dangerous to the adolescents’ health; mainly by considering both sex differences and alternative behaviors through which adolescents can reach their survival and reproduction goals.
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More intense in males, contest competition involves the use of force to exclude same-sex competitors in mating opportunities. This
predisposition of males toward competition is observed as a higher tendency of men toward fighting and physical aggression, larger body
size and strength compared to females (sexual dimorphism), and the design of weapons mainly for inter-male competition. Additionally,
inter-male competition drives males to create alliances for between-group competition over territory. Competition can also take place
between members of the same group (within-group competition) and with the same intensity in both sexes, both for social resources (e.g.,
mates) and material resources (e.g., food). Although it can take place in form of physical aggression, within-group competition occurs
mainly through indirect aggression; for instance, through negative gossip and conceal positive information to damage the reputation of the
opponent.

Natural selection has shaped individuals” minds to help them assess their degree of interdependence with others and use such assessments
to motivate higher affiliation, personal concern, and support. As a result, humans are an ultrasocial species that depends to a great extent
on others for their own survival and reproduction. Through cooperation, behaviors such as food sharing, mutual aid, or communal defense
are promoted. Evolutionary mechanisms that promote cooperation are kinship, direct reciprocity (i.e., you scratch my back, I'll scratch
yours) reputation (i.e., indirect reciprocity), punishment (i.e., penalizing defectors), and signaling (i.e., punishing non-cooperators).
Throughout evolutionary history, being respected by the members of the community has provided survival and reproductive benefits. Status
implies respect, admiration, and voluntary deference toward an individual perceived as possessing instrumental social value. This means
that and individual or the community will confer status to that individual that is considered to have the necessary abilities to reach his/her
own goals. Hierarchies of status are, therefore, formed when a group of individuals confers higher status to some of them, thus placing
them in higher positions. As a result, individuals tend to prefer social environments where higher status is achievable, and they tend to react
aggressively or violently when their social status is at threatened.

Humans can show preference toward monogamous long-term mating (more frequent in females) or toward promiscuous short-term mating
(more frequent in males). Choosing one or the other strategy will depend on fitness-related circumstances such as family, culture and
ecology contexts, the stage of life or the ovulatory cycle. According to the parental investment theory (Trivers, 1972), males show lower
minimum mandatory parental investment in offspring than females, so they tend to be less exigent in their mate choice. Conversely, females
show higher minimum mandatory parental investment than males and are, therefore, more exigent when it comes to mate choice. This is
due to the reproductive costs being higher if they make the wrong choice. Additionally, males tend to prefer physically attractive mates in
long-term relationships, while females tend to prefer mates with the ability and interest of providing resources (mainly related to status and
prestige). In short-term relationships, males mainly benefit from higher numbers of sexual partners, while females’ short-term strategies are
not oriented toward quantity, but toward finding males with high quality genetics (e.g., masculinity and/or facial symmetry).

This domain is associated with obtaining food and water and distinguishing what is toxic from what is nutritive. Foraging involves searching
and capturing food, and its preparation for consumption and consumption. As omnivores, humans had to learn which food is potentially
edible and which is potentially toxic. For this purpose, humans had to process sensorial cues such as color, texture, taste and odor, or food
that others have eaten. In western societies, food choices are based mainly in palatability and healthfulness (which reflects caloric and
nutritional value) and price and convenience (reflecting opportunity costs and handling time).

During their first years of life, children need the care of parents to grow up and reach reproductive age. For this purpose, humans have a
range of evolutionary mechanisms that regulate parenting behaviors. These mechanisms activate when having children, but also in
non-parents, for example, by the perception superficial signs of childhood both in humans and non-human animals (small nose, big eyes).
This domain is specifically related to tenderness, and it promotes rejection of risk.

This domain derives from kin selection (Hamilton, 1964), which implies that help between individuals will take place when the benefits
perceived are higher than the costs for the individual providing it. But it also depends on the degree of relatedness between both individuals.
As a result, humans possess specific mechanisms addressed to differentiate between close and distant kin and non-kin. This affects social
interactions to a great extent (e.g., sibling altruism, incest avoidance). Consequently, individuals tend to support more their own kin when
the benefit perceived, or the costs are higher for the provider than for the receiver.

Throughout its evolutionary history, humans have had to travel systematically from one place to another to find food, water, and shelter,
avoid predators, socialize, mate and parent. However, and despite such benefits, the search of a new environment implies potential costs
such as energy use and danger (e.g., predators or rival groups). Curiosity is the adaptive trait that promotes the search for new information
and, therefore, the exploration of new environments that can include characteristics of fitness-related opportunities.
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The domain of food selection comprised one item in the Spanish version of the ERS.
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ERS responses were given on a five-point scale; RBQ responses were given on a four-point scale.
"0 < 0.05; *p < 0.01; *p < 0.001.
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Males (n = 140)

Females (n = 131)

Evolutionary Domain B SEB 95% CI B t P B SEB 95% ClI B t P

Between-group competiton  —0.07 0.05 [-0.16, 0.02] -0.16  —1.43 0.15 —-0.08 0.05 [-0.18,0.02] —-0.20 —1.59 0.11
Within-group competition 0.09 0.04 [0.00, 0.17] 0.19 2.03 0.04 0.03 0.05 [-0.08, 0.13] 0.06 0.50 0.62
Status/power -0.13 0.04 [-0.21,-0.04] -0.32 -3.01 0.00 0.04 0.04 [-0.05, 0.13] 0.12 0.89 0.37
Environmental exploration -0.03 0.04 [-0.10, 0.04] -0.07 -0.79 0.43 -0.01 0.04 [-0.10,0.07] —-0.03 -0.33 0.74
Food selection —0.02 0.03 [-0.08, 0.03] -0.08 -0.92 0.36 0.01 0.03 [-0.086, 0.07] 0.02 0.18 0.86
Food acquisition —0.04 0.04 [-0.11, 0.03] -0.11  —1.14 0.26 —-0.02 0.04 [-0.09,0.06] -0.05 -0.38 0.71
Parent-offspring conflict 0.09 0.04 [0.01, 0.17] 0.20 217 0.03 0.03 0.04 [-0.05, 0.11] 0.07 0.72 0.47
Kinship 0.03 0.03 [-0.03, 0.09] 0.10 1.09 0.28 0.00 0.03 [-0.07, 0.07] 0.01 0.08 0.94
Mate attraction —0.04 0.04 [-0.12, 0.04] -0.09 -0.95 0.34 -0.06 0.04 [-0.14,0.02] -0.16 —1.43 0.16
Mate retention 0.03 0.04 [-0.05, 0.11] 0.06 0.70 0.49 0.03 0.05 [-0.086, 0.12] 0.07 0.61 0.54

Males R? = 0.23 (p = 0.00). Females R? = 0.06 (p = 0.68).
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Males (n = 111)

Females (n = 119)

Evolutionary Domain B SEB 95% CI B t P B SEB 95% ClI B t P

Between-group competition 0.00 0.04 [-0.09, 0.09] 0.00 -0.08 097 -0.01 0.05 [-0.11,0.08] -0.08 -0.29 0.78
Within-group competition —0.05 0.05 [-0.14,0.05) -0.10 —1.04 0.30 -0.01 0.05 [-0.10,0.08] -0.03 -0.26 0.79
Status/power 0.05 0.06 [-0.086, 0.16] 0.09 0.88 0.38 0.07 0.06 [-0.06, 0.19] 0.11 1.05 0.29
Environmental exploration 0.01 0.04 [-0.07, 0.09] 0.03 0.32 0.75 0.03 0.04 [-0.06, 0.12] 0.06 0.66 0.51
Food selection —0.06 0.03 [-0.11,0.000 -0.17 —2.05 0.04 -0.03 0.02 [-0.08,0.01] -0.12 —-1.37 0.17
Food acquisition 0.15 0.05 [0.05, 0.26] 0.26 2.83 0.01 0.12 0.07 [-0.03, 0.26] 0.15 1.57 0.12
Parent-offspring conflict -0.02 0.04 [-0.10,0.07] —-0.04 —0.45 0.65 0.03 0.03 [-0.03, 0.10] 0.10 1.06 0.29
Kinship —0.09 0.05 [-0.20,0.01] -0.15 —1.77 0.08 -0.04 0.05 [-0.13,0.05] -0.07 -0.84 0.40
Mate attraction 0.13 0.04 [0.05, 0.21] 0.35 3.32 0.00 0.17 0.04 [0.09, 0.26] 0.36 412 0.00
Mate retention 0.04 0.05 [-0.05, 0.14] 0.09 0.91 0.36 0.00 0.05 [-0.10, 0.11] 0.00 0.02 0.98

Males R? = 0.41 (p = 0.00). Females R? = 0.24 (p = 0.00).
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Evolutionary Domain B SEB 95% CI B t P B SEB 95% ClI B t P

Between-group competition 0.08 0.03 [0.02, 0.14] 0.24 2.48 0.01 -0.04 0.03 [-0.11,0.03] -0.11 —1.18 0.24
Within-group competition -0.07 0.04 [-0.15,0.01] -0.15 —1.63 0.11  -0.05 0.04 [-0.13,0.03] -0.14 —-1.32 0.19
Status/power 0.12 0.05 [0.03, 0.21] 0.27 2.61 0.01 0.08 0.06 [-0.04, 0.20] 0.13 1.33 0.19
Environmental exploration 0.02 0.03 [-0.04, 0.09] 0.07 0.73 0.47 0.02 0.03 [-0.04, 0.08] 0.06 0.61 0.54
Food selection 0.01 0.02 [-0.03, 0.06] 0.05 0.57 0.57 0.02 0.02 [-0.03, 0.06] 0.07 0.84 0.41
Food acquisition 0.01 0.04 [-0.086, 0.08] 0.03 0.36 0.72 0.09 0.04 [0.01, 0.16] 0.23 2.31 0.02
Parent-offspring conflict —0.03 0.03 [-0.10,0.03] -0.10 —1.02 0.31 0.02 0.03 [-0.04, 0.08] 0.06 0.65 0.52
Kinship 0.01 0.04 [-0.07, 0.09] 0.01 0.16 0.87 0.09 0.05 [-0.01, 0.19] 0.16 1.78 0.09
Mate attraction 0.12 0.04 [0.04, 0.19] 0.30 3.14 0.00 0.15 0.05 [0.06, 0.25] 0.31 3.10 0.00
Mate retention 0.01 0.04 [-0.07, 0.08] 0.01 0.15 0.88 0.03 0.04 [-0.06, 0.12] 0.06 0.69 0.49

Males R? = 0.31 (p = 0.00). Females R? = 0.21 (p = 0.00).





