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Abstract

Objective: Lifespan perspectives on personality development have gained much momentum in recent years, mostly focusing on benevolent and neutral traits such as the Big Five. Despite their strong associations with critical personal outcomes, surprisingly little research has investigated the development of malevolent traits. Addressing this gap, we examined age trends in Machiavellianism across the lifespan.
Methods: Using data from a large-scale cross-sectional sample (n = 1,118,643), we analysed mean-level changes from age 10 to 67.
Results: Age differences in Machiavellianism were most pronounced as a strong upward trend during the transition from late childhood to adolescence, when it peaked. Throughout adulthood it exhibited a steady downward trend, reaching an overall minimum at age 65. 
Across the lifespan, Machiavellianism tended to be higher in men and high-income participants. Compared to Machiavellianism, the age trends in agreeableness and – to a lesser extent – conscientiousness showed almost perfectly polar opposite patterns.
Conclusions: Age trends in malevolent personality conform to established patterns of normative change, indicating temporary disruption in adolescence and social maturation across adulthood. The results advance theory and research on personality trait development across the lifespan and highlight crucial developmental windows that can inform targeted interventions to keep socially aversive traits in check.
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Introduction

Broad personality traits are powerful predictors of various central life outcomes (e.g., Borghans, Golsteyn, Heckman, & Humphries, 2016; Costa, McCrae & Löckenhoff, 2019; Ozer & Benet-Martínez, 2006; Soto, 2019). Given the importance of personality traits for both individual and society, a natural question to consider is how personality traits develop across the lifespan (Schwaba & Bleidorn, 2017). Recent years have witnessed rising interest in adult personality development (Specht et al., 2014) and accumulating empirical evidence for continuous personality plasticity, showing that personality traits can and do change at any time across the lifespan (Roberts, Walton, & Viechtbauer, 2006; Roberts, Wood, & Caspi, 2008; Specht et al., 2014; Wrzus & Roberts, 2017).
Much of the recent attention given to personality development has focused on the Big Five trait domains of agreeableness, conscientiousness, extraversion, neuroticism and openness to experience (John, Naumann, & Soto, 2008) and uncovered several key patterns. For instance, biological, social and psychological changes during the transition from childhood to adolescence may reinforce more resistant, neurotic and impulsive personality traits and temporarily cause a dip in psychosocial maturity, dubbed as the disruption hypothesis (Denissen, van Aken, Penk, & Wood, 2013; Soto & Tackett, 2015). As people enter into adulthood, their developmental trajectories are usually characterised by increases in emotional stability, agreeableness, conscientiousness, and related traits that indicate psychological maturity (Bleidorn, 2015; Bleidorn, Klimstra, Denissen, Rentfrow, Potter, & Gosling, 2013; Roberts & Mroczek, 2008). This normative pattern, referred to as the maturity principle (Roberts, Wood, & Smith, 2005; Roberts et al., 2008), then peaks and consolidates in middle adulthood, when most people solidify their identities and social roles. In late adulthood, there is some evidence that individuals regress to less adaptive personality traits, but the limited data available for this age group do not reveal a clear developmental trend (Bleidorn & Hopwood, 2019).
The normative trends described above are thought to reflect the needs and presses of each life stage (Bleidorn & Hopwood, 2019) and may be due to biological and sociocultural influences, or a combination of both (Allemand, Zimprich, & Hendriks, 2008; Robert & Davis, 2016; Specht, 2017). For example, social investment theory (SIT) posits that personality maturation emerges at least in part in response to commitments to age-graded social roles (Roberts et al., 2008). Transitions into adult social roles, such as entering the work force, marrying, or becoming a parent, are closely tied to societal expectations and new behavioural demands. To the degree that these new role demands lead to trait-related changes in people’s thoughts, feelings, and behaviours (e.g., to be more responsible, communal, and emotionally stable), they may stimulate changes in traits corresponding to increased social maturity (i.e., emotional stability, agreeableness, and conscientiousness, see above), enhanced warmth, confidence, and calmness (Roberts & Mroczek, 2008), as well as more communal, responsible, nurturing and self-controlled behaviour (Roberts et al., 2008). Accordingly, social maturity is understood as the capacity to become a productive and involved contributor to society (Bleidorn, 2015; Roberts & Mroczek, 2008).
In summary, past research has accumulated strong evidence for dynamic, normative and cross-culturally generalizable changes in Big Five personality traits across the lifespan (Bleidorn et al., 2013; Hennecke, Bleidorn, Denissen, & Wood, 2014; Roberts et al., 2006; Soto, John, Gosling, & Potter, 2011). These changes are particularly pronounced in adolescence as well as young adulthood and may be related to role transitions that typically occur during these life stages. In contrast to the well-established patterns of change in benevolent traits, little is known regarding the development of malevolent, socially maladaptive traits (Barlett, 2016; De Clercq, Vergauwe, De Fruyt, Hofmans, & Sharp, 2017). 
Development of malevolent traits

The lack of developmental research on malevolent traits is noteworthy given recent research that has highlighted the relevance of such traits in the onset and development of psychopathology and psychological maladjustment more generally (De Clercq, 2018; Thomaes, Miller, Brummelman, & Lilienfeld, 2017). Malevolent personality is defined as an umbrella term to subsume traits that are characterized by social aversiveness and an antagonistic interpersonal orientation (Thomaes et al., 2017; Vize, Lynam, Miller, & Collison, 2018). Of note, surprisingly little is known about the lifespan development of malevolent traits and how they relate to problem and risk-taking behaviours over time (Dubas, Baams, Doornwaard, & Van Aken, 2017). To bridge the gap, in 2017 the Journal of Abnormal Psychology dedicated a special issue to this topic, in which Thomaes and colleagues (2017) argued that adopting a developmental lens to elucidate the interplay between psychopathology and malevolent personality traits is crucial for informing our understanding of maladaptive human psychological development. Hence, an empirically-driven lifespan perspective is needed (De Clercq, 2018) to address important basic questions about the development of malevolent traits, such as: During which life stage do malevolent trait levels peak? When are age-graded differences in malevolent trait development most pronounced? How do malevolent traits change in old age? Is malevolent trait development the inverse of personality maturation? 
To address these questions, the current study investigated age differences in an especially prominent malevolent personality trait. Specifically, using data from a large-scale internet study of more than 1,000,000 adults, we examined age differences in Machiavellianism from age 10 to 67. 
Within the psychological literature, Machiavellianism is defined as manipulative personality and grouped together with psychopathy and narcissism to form a cluster of distinct dark personalities traits linked by a shared callous, antagonistic core – the Dark Triad (Paulhus & Williams, 2002). Different measures emphasize different aspects of Machiavellianism (Mach-IV, Christie & Geis, 1970; Dirty-Dozen, Jonason & Webster, 2010; Short Dark Triad; Paulhus & Jones, 2014), but there is broad consensus that Machiavellianism describes a self-centred, power-hungry, utilitarian attitude (Miller, Vize, Crowe, & Lynam, 2019) that is reflected in a duplicitous interpersonal style (Muris, Merckelbach, Otgaar, & Meijer, 2017), and tough-minded pragmatism, capturing individual differences in deceit, dishonesty, flattery, (Jones & Paulhus, 2009) and willingness to manipulate (Dahling, Whitaker, & Levy, 2009). As early as late childhood, Machiavellianism is a relevant marker for the development of deviant behaviours and may foreshadow psychopathology (Allroggen, Back, & Plener, 2016; Jonason, Li, Webster, & Schmitt, 2009), by predicting a wide variety of socially disruptive outcomes above and beyond the Big Five (Muris, Meesters, & Timmermans, 2013). During childhood, Machiavellianism is associated with bullying (Allroggen et al., 2016; Berger & Caravita, 2016), relational aggression (Kerig & Stellwagen, 2010), coercive strategies, as well as lack of moral conscience and empathy (De Clerq et al., 2017). Among youths, Machiavellianism is related to emotional dysregulation (Lau & Marsee, 2013), externalizing problems (Geng, Chang, Zhang, Sun & Huang, 2016), delinquency (Muris et al., 2013) and aggression (Klimstra, Sijtsema, Henrichs, & Cima, 2014). In adults, Machiavellianism is linked to moral disengagement (De Clercq et al., 2017), norm-violating, transgressive behaviours and antisocial tactics (for a meta-analysis, see Muris et al., 2017), lack of fairness (Koehn, Okan, & Jonason, 2018), hopelessness and decreased optimism (Jonason, Foster, Csathó, & Gouveia, 2018), low communion and high self-focused agency (Furnham, Richards, & Paulhus, 2013; Jonason & Luévano, 2013; Paulhus, 2014), lying, cheating, betrayal (Jones & Paulhus, 2009), exploitative mating strategies, social dominance orientation, conspicuous consumption, materialism (Lee, Ashton, Wiltshire, Bourdage, Visster, & Gallucci, 2013), diminished empathy (Koehn et al., 2018; Jones & Paulhus, 2009; Paulhus, 2014; Schimmenti, Jonason, Passanisi, La Marca, Di Dio, & Gervasi, 2017), interpersonal difficulties (De Clercq et al., 2017; for a meta-analysis see Muris et al., 2017) aggression (Koehn et al., 2018; Vize et al., 2018), white collar crime (Paulhus, 2014), bullying (Baughman, Dearin, Giammarco, & Vernon, 2012), lower job performance and heightened counterproductive work behaviours (for a meta-analysis see O’Boyle, Forsyth, Banks, & McDaniel, 2012), prejudice (Hodson, Hogg, & MacInnis, 2009), poor mental health and well-being (Jonason, Baughman, Carter, & Parker, 2015), lowered life satisfaction as well as decreased relationship intimacy (Ali & Chamorro- Premuzic, 2010) and personality dysfunction (McHoskey, 2001). Taken together, across the lifespan Machiavellianism predicts a wide variety of critical anti-social outcomes above and beyond the Big Five (Lee et al., 2013; Lee & Ashton, 2014), and is strongly implicated in the emergence and development of psychopathology and psychological maladjustment (Jonason et al., 2009; Thomaes et al., 2017). Thus, a holistic lifespan development perspective on Machiavellianism would advance scholarship in several fields (e.g., abnormal psychology, personality psychology, developmental psychology) and is essential for designing targeted interventions aimed at reducing socially aversive behaviours.  
However, little research has been conducted to illuminate age-differences in Machiavellianism across the lifespan (Barlett & Barlett, 2015), particularly in comparison to the extensive research efforts that have been mounted to elucidate trajectories in the Big Five (Grosz et al., 2017). The few studies that have looked at the development of Machiavellianism suggested that it is best described by a negative linear association between Machiavellianism and age (Barlett, 2016, r = -.20; Barlett & Barlett, 2015; Dahling et al., 2009, r = -.17; Grosz et al., 2017; Mudrack, 1989, r = -.28, Murdrack, 1992, r = -.20). However, existing studies have typically focused on narrow age ranges with a special emphasis on adolescence (De Clercq et al., 2017) and early adulthood (Grosz et al., 2017). In addition, most studies have relied on, by current standards, small and homogenous samples, limiting the generalizability and power to detect changes in Machiavellianism across age groups (Barlett, 2016; Barlett & Barlett, 2015; Dahling et al., 2009; Mudrack, 1989). 
The present research
Drawing from a large cross-sectional sample (N = 1,118,643), the present research set out to overcome the shortcomings of previous studies and shed new light on the age trends in Machiavellianism across the lifespan. In addition to providing an informative sketch of mean-level age differences in Machiavellianism from 10 to 67, our study also sought to address four important research questions about the development of Machiavellianism:
RQ1. During which life stage does Machiavellianism peak? 
RQ2. When are age-graded differences in Machiavellianism most pronounced? 
RQ3. How does Machiavellianism develop in old age?
RQ4. Are age trends in Machiavellianism the inverse of personality maturation? 
In order to address RQ4, we also chart age trends in agreeableness and conscientiousness, as the two traits from the Big Five taxonomy that are most strongly and consistently related to Machiavellianism (De Clercq et al., 2017; Grosz et al., 2017; Klimstra et al., 2014; Jonason Paulhus & Williams, 2002, for a meta-analysis see: Muris et al., 2017) and exhibit a clear and well-known developmental trajectory (Bleidorn et al., 2013; Roberts et al., 2006, 2008) to serve as a benchmark for comparison purposes. 
Furthermore, given the manifold links between Machiavellianism and career outcomes (Book, Visser, & Volk, 2015; Furnham et al., 2013; Jonason et al., 2012; Muris et al., 2017; Thomaes et al., 2017), we suspected that age-graded differences in Machiavellianism might exhibit different patterns across income strata. We therefore also explore whether mean-level changes in Machiavellianism across the lifespan differ by income and – following Soto and colleagues (2011) – gender. Prior to analysing the data, we pre-registered our analytical approach and all research questions on the Open Science Framework (https://osf.io/v5ca3/). 
Methods
Participants
The current research draws from the Harry Potter TIME Magazine study (see Ebert, Götz, Obschonka, Zmigrod, & Rentfrow, 2019). The data were collected between June 2017 and October 2018 as part of a collaborative project between Friedrich M. Götz, Peter J. Rentfrow and TIME Magazine, with the approval of the Psychology Research Ethics Committee of the University of Cambridge (including a waiver of parental consent; application number: PRE.2017.044). A total of 1,380,729 individuals took part in the survey. 
Consistent with past research on normal personality traits (Bleidorn & Hopwood, 2019; Klimstra et al., 2014; Soto, John, Gosling, & Potter, 2008; Soto et al., 2011), we included data from participants aged 10 and older and specified an age range in which each year is represented by a subsample of at least 1,000 participants (Min = 1,086 (age = 67), Max = 58,594 (age = 25)). Furthermore, we only included participants who had no missing data on any of the Machiavellianism items. Our final sample encompassed 1,118,643 participants spanning age 10 to 67 (Mage = 27.3, SD = 10.3; 70% female). Additional information on sociodemographic characteristics of the sample are exhibited in Table 1. 
Table 1.
Sociodemographic Statistics
	Ethnicity
	Country of Residence
	Annual Income in USD

	67.6% = White                            13.7% = Asian                             6.6% = Hispanic                       2.9% = Black                               0.2% = Native Hawaiian / Pacific Islanders                      5.6% = Other                              3.5% = No Response
	69.39% = United States               3.31% = Canada                           3.23% = United Kingdom          11.03% = No Response

	49.7% = 0-49,9k           22.0% = 50-99,9k            7.2% = 100-149,9k          2.6% = 150-199,9k              1.3% = 200-249,9k                0.7% = 250-299,9k             0.4% = 300-349,9k              1.8% = more than 350k          14.43% = No Response                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      



Procedure
The study was carried out as an online-survey hosted, launched and advertised by TIME Magazine (http://time.com/4809884/harry-potter-house-sorting-hat-quiz) and allowed people to allocate themselves to one of the four fictional Hogwarts Houses from the Harry Potter saga by using a set of established personality tests. Participants were free to complete the survey without sharing their data and had to opt-in if they wished to share their data for scientific purposes. The survey was only available in English. Upon completion, participants received automatic customized feedback, informing them about the Hogwarts House that provided the best fit with their personality as well as personality overlap with the remaining three houses. 
Measures
Machiavellianism was measured via the 4-item Machiavellianism scale (e.g., “I tend to manipulate others to get my way”) from the Dirty Dozen questionnaire (Jonason & Webster, 2010). The Dirty Dozen are a concise measure of the Dark Triad which has been used and validated in various cultures (Germany: Küfner, Dufner, & Back, 2014; Italy: Chiorri, Garofalo, & Velotti, 2017; Schimmenti et al., 2017; Japan: Tamura, Oshio, Tanaka, Masui, & Jonason, 2015; Poland: Czarna, Jonason, Dufner, & Kossowska, 2016; Quebec (French-Canadian Version): Gamache, Savard, & Maheux-Caron, 2018; Savard, Simard, & Jonason, 2017; Serbia: Dinić, Petrović, & Jonason, 2018; Spain: Pineda, Sandín, & Muris, 2018; Sweden: Garcia et al., 2018; Turkey: Özsoy, Rauthmann, Jonason & Ardiç, 2017). In the present sample, the internal consistency was α = .79. For any given life-year in the sample, i.e. from 10 to 67, α consistently exceeded .70, ranging from .70 (age = 64) to .81 (age = 16). 
To examine whether age trends in Machiavellianism were an inverse of personality maturation as captured by established patterns of Big Five trait development, we also examined age-graded differences in agreeableness and conscientiousness. Both tratis were assessed with the corresponding two items from the TIPI (Gosling, Rentfrow, & Swann, 2003), a parsimonious and useful measure of the Big Five (Ehrhart et al., 2009; Muck, Hell & Gosling, 2007). The items for agreeableness read: (1) “I see myself as critical, quarrelsome.” (reverse-keyed) and (2) “I see myself as sympathetic, warm”, α = .43. The items for conscientiousness read: (1) “I see myself as dependable, self-disciplined.” and (2) “I see myself as disorganized, careless.” (reverse-keyed), α = .59. 
As part of our exploratory analyses, we also tested whether age trends in Machiavellianism differ by gender and income. To that end, the latter was assessed through annual mean income brackets: (1) $0-$49,999 (2) $50,000 –$99,999 (3) $100,000 – $149,999 (4) $150,000 – $199,999 (5) $200,000 – $249,999 (6) $250,000 – $299,999 (7) $300,000 – $349,999 (8) More than $350,000 per year. For the sake of more interpretable graphs, in the subsequent analyses, we collapsed these eight income brackets into three broader categories ($0-149,99; $150-299,99; $300,00 and more). 
Analysis strategy
Prior to our main analyses, we examined whether the measures used in this study were invariant across age groups, genders, and income groups. In so doing, we employed change in comparative fix index (ΔCFI; Chen, 2007; Cheung & Rensvold, 2002; Hirschfeld & von Brachel, 2014) and dMACS-statistics (Nye & Drasgow, 2011; Nye, Bradburn, Olenick, Bialkow, & Drasgow, 2018) to assess measurement invariance (for a more detailed technical description see online supplement). 
We then plotted mean-level age differences in Machiavellianism using the T-score metric (cf. Soto et al., 2008; 2011; 2016). T-scores are standard scores with a mean of 50 and a standard deviation of 10. In accordance with Cohen’s (1988) conservative guidelines for the interpretation of effect sizes, a difference of 2 T-score points marks a small effect, whereas a difference of 5 and 8 points represent a medium, and large effect, respectively.
In addition to plotting annual mean-levels as a granular level of analysis, we compared developmental trends across broader age groups (cf. Soto et al., 2011), i.e., late childhood (ages 10–12), adolescence (13–17), emerging adulthood (18–25), early adulthood (26–35), middle adulthood (36–50), and late / late middle adulthood (51–67). 
To investigate whether age trends in Machiavellianism are the inverse of personality maturation, we also plotted age-graded mean-level differences in agreeableness and conscientiousness. 
Results
Measurement Invariance 
Mirroring prior findings for Machiavellianism in adolescents (Klimstra et al., 2014) and adults (Chiorri et al., 2017), we found support for strong measurement invariance across men and women, with configural (number of factors and general pattern of factor loadings equivalent for men and women; CFI = .985), metric (factor loadings equivalent; ΔCFI = .003) and scalar invariance (factor loadings and intercepts equivalent; ΔCFI = .005). This means, that the functioning of the Machiavellianism scale was not affected by participants’ gender and consequently that mean-level gender differences in Machiavellianism can be interpreted straightforwardly. Next, we tested measurement invariance across income groups. We restricted this analysis to participants who were at least 18 years old, as minors generally do not have a regular income. We further restricted the analysis to participants who were up to 65 years old, as a marker for retirement age (Costa et al. 2019; Schwaba & Bleidorn, 2019). Again, we found evidence for strong measurement invariance based on configural (CFI = .984), metric (ΔCFI = .000) and scalar (ΔCFI = .010) invariance. Lastly, we tested measurement invariance across age brackets. Mirroring prior research (Grosz et al., 2017; Lucas & Donnellan, 2011; Schwaba & Bleidorn, 2017; 2019; Soto, 2016), under strict model conditions, we found support for configural (CFI = .985) and metric (ΔCFI = .002) invariance, but not scalar invariance (ΔCFI = .056). Based on modification indices (Hirschfeld & von Brachel, 2014), the intercepts of 1 (“I tend to manipulate others to get my way.”) and Item 3 (“I have used flattery to get my way.”) were freed. This resulted in a substantially better model fit with configural (CFI = .985), metric (ΔCFI = .002) and scalar invariance (ΔCFI = .005), providing support for overall partial strong invariance (Lucas & Donnellan, 2011; Reise, Widaman, & Pugh, 1993). In less technical terms, this means that while across all age brackets, the items were similarly connected to the latent Machiavellianism construct, some items were differentially endorsed by different age groups. Of note, this result does not invalidate between-group comparisons (Schwaba & Bleidorn, 2017; Vandenberg & Lance, 2000). However, to exercise maximum caution when comparing Machiavellianism across age groups, in our subsequent analyses, we computed dMACS statistics for every pairwise comparison across age groups to ensure their adequacy. 
Age-graded mean-level differences in Machiavellianism
Figure 1 depicts mean T-scores of Machiavellianism as averaged for each life-year from age 10 to 67. No smoothing functions have been employed. From late childhood into adolescence, Machiavellianism exhibited a steep and almost linear upward trend which reached its peak at age 16 (T= 54.14). With a total difference of approximately 6 T-Score points it translated into a medium-sized effect in Cohen’s terms (1988).
During the transition from adolescence to emerging adulthood, this pattern was reversed as indicated by a continuous downward trend across emerging adulthood, early adulthood and middle adulthood until age 60, with relatively drastic year-by-year differences after age 55. Although this pattern was less smooth than the upward trend that characterized adolescence, it was consistent and spanned an overall difference of roughly 8 T-Score points which corresponds to a large effect. By age 60 this trend appeared to come to an end with only minor differences in both directions until age 65. For the last two life-year-cohorts of our sample, i.e. age 66 and age 67, another steep upward trend could be seen with a gain of one T-Score point compared to age 65.


Figure 1. Means for Machiavellianism from age 10 to 67 (n = 1,118,643). 
RQ1. During which life stage do Machiavellianism trait levels peak? Visual inspection of Figure 1 suggested that Machiavellianism was highest during adolescence. However, proper inferential testing was necessary to corroborate this claim. To do so, we retained the original scaling of the 7-point Machiavellianism scale and ran an ANOVA with Bonferroni-corrected post-hoc tests to do pairwise comparisons between adolescence and all other age brackets. As mentioned above, due to the fact that we did not find perfect measurement invariance across age brackets, we calculated dMACS statistics for each pairwise comparison to ensure their appropriateness. ANOVA produced significant differences across age groups (F (5,1118637) = 6259.84, p < .001). Next, Bonferroni-corrected post-hoc tests revealed that Machiavellianism during adolescence was indeed higher than in late childhood (p<.0001, Cohen’s d = .319 [95%-CI: .307, .332]; dMACS <.4 for all items), emerging adulthood (p<.0001, Cohen’s d = .095 [.089, .101]; dMACS <.4 for all items), early adulthood (p<.0001, Cohen’s d = .269 [.262, .276]; dMACS <.4 for all items). Significant differences were also found between adolescence and middle adulthood (p<.001, Cohen’s d = .451 [.443, .458]) as well as late / late middle adulthood (p<.001, Cohen’s d = .670 [.659, .681]). However, as had been observed in prior research on these age groups (Lucas & Donnellan, 2011; Soto et al., 2008; 2011) dMACS detected violations of measurement equivalence for several items (adolescence vs. middle adulthood: Item (2) = .527, Item (4) = .668); adolescence vs. late / late middle adulthood: Item (1) = .561, Item (2) = .783, Item (4) = .882; .40 = small effect; .60 = medium effect; .80 = large effect; Nye et al., 2018). Moreover, in both cases, the dMACS output contained a negative value in mean difference, meaning that the focal group (in this adolescence) obtained a higher mean value due to differential item functioning between the compared age groups (Nye & Drasgow, 2011). Thus, while the mean differences in both cases were substantial, as reflected in Cohen’s ds of .451 and .670, and hence unlikely to be solely attributable to differential item functioning, the real mean differences between the groups may nonetheless not be as strong as they appear. Even so, overall the current results clearly indicated that Machiavellianism was most pronounced in adolescence. Accordingly, descriptive statistics for each age group are summarised in Table 2.
Table 2.
Descriptive Statistics for each Age Bracket
	Age bracket
	T
	M
	 SD
	N

	Late childhood
	49.21
	3.10  
	1.52
	30,592

	Adolescence
	52.72
	3.59  
	1.52
	129,835

	Emerging adulthood
	51.72
	3.45   
	1.44
	397,053

	Early adulthood
	49.99
	3.21   
	1.36
	363,216

	Middle adulthood
	48.18
	2.96   
	1.28
	155,676

	Late / late middle adulthood
	45.72
	2.62   
	1.19
	42,271



RQ2. When are age-graded differences in Machiavellianism most pronounced? To address RQ2, we adopted a similar approach and conducted Bonferroni-corrected post-hoc tests to examine the magnitude of differences between adjacent age groups. The results revealed that age-graded differences in Machiavellianism were most pronounced for late childhood versus adolescence (p<.0001, Cohen’s d = .319 [.307, .332]), followed by middle adulthood versus late / late middle adulthood (p<.0001, Cohen’s d = .269 [.258, .279]). Age-graded differences were less strong for early adulthood versus middle adulthood (p<.0001, Cohen’s d = .188 [.182, .194]) as well as emerging adulthood versus early adulthood (p<.0001, Cohen’s d = .171 [.166, .175]) and least pronounced for adolescence versus emerging adulthood (p<.0001, Cohen’s d = .095 [.089, .101]). For every pairwise comparison dMACS were below the cut-off value of .4 for all items, attesting to measurement invariance and the adequacy of the tests and outcomes. 
RQ3. How does Machiavellianism develop in old age? As can be seen in Figure 1, during the transition into late middle / late adulthood (51-67), the general downward trend was initially continued at a moderate rate. Rather abruptly, the years between 56 and 60 were marked by a strong dip. In consequence, a pronounced low-point of Machiavellianism was observed at age 60. This was followed by a slight and short-lived upward trend which was soon reversed, with Machiavellianism levels reaching overall minimum values at age 65 (T = 45.7), an age that is a common marker for the transition into retirement in many countries (Costa et al., 2019). For the last life-years captured in our sample a noteworthy and pronounced upward trend occured, with Machiavellianism levels being one whole T-Score point higher at age 67 (T = 46.7) compared to age 65. 
RQ4. Are age trends in Machiavellianism the inverse of personality maturation? Lastly, we investigated whether age-graded differences in Machiavellianism can be conceived as the inverse of age-graded differences in benevolent traits from the Big Five framework. Figure 2 shows the age-mean-level differences in Machiavellianism compared to agreeableness and conscientiousness. 
[image: Mach_T-score across the lifespan_Mach vs A & C]
Figure 2. Means for Machiavellianism, Agreeableness and Conscientiousness from age 10 to 67 (n = 1,117,069). 
Both Big Five traits exhibited patterns that resembled a reverse-mirror image of Machiavellianism. In the case of conscientiousness, age-graded differences were generally less drastic. Especially between age 25 and age 40 only a flat, ever-so-slightly upward trend occurred. Agreeableness exhibited an almost perfectly inverse pattern of Machiavellianism, with striking parallels even in the details. For instance, the overall magnitude of age-graded differences was approximately 8 T-Score points (46 to 54) for both Machiavellianism and agreeableness. Hence, in response to RQ4, it appears that age trends in Machiavellianism can be almost perfectly captured by (dis)agreeableness, and – to a lesser extent – (low) conscientiousness.
Identifying moderators of age-graded differences in Machiavellianism: gender and income. 
In the final set of our analyses, we explored whether age-graded patterns in Machiavellianism varied by gender (Figure 3) and income (Figure 4). As is shown in Figure 3, men and women displayed very similar trends of age-graded differences in Machiavellianism across the lifespan. Overall, after a brief period in early adolescence where both genders scored equally high, for all life-year cohorts in our sample women were lower in Machiavellianism than men. This gap, that was also found in late childhood reappeared in emerging adulthood. It subsequently widened to a difference of approximately 3 T-score points, corresponding to a small to medium effect (Cohen, 1988; Soto et al., 2011), and then remained fairly stable across early adulthood and middle adulthood (age 25: T(men) = 53.9, T(women) = 51.1, age 40: T(men) = 51.5, T(women) = 48.4, age 50: T(men) = 49.9, T(women) = 47.3). At the transition into late / late middle adulthood it narrowed a bit (age 55: T(men) = 48.2, T(women) = 46.4) and widened again after age 65 when the sudden rebound in Machiavellianism was seen in both genders but much more pronounced in men (age 67: T(men) = 48.4, T(women) = 45.9). Furthermore, the line for women looked appreciably more stable and smooth whereas the men’s line was characterised by more spikes and sudden, more drastic trends. Of note, this could simply be a methodological artefact due to the fact that the male sample was much smaller than the female sample. Alternatively, it might reflect a meaningful difference, hinting at generally more intense dynamics in the lifespan development of malevolent traits in men.    
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Figure 3. Means for Machiavellianism from age 10 to 67, separated by gender (n = 1,096,838). 
When looking at the effect of annual income on age-graded trends in Machiavellianism (Figure 4), three results stand out. First, with minor exceptions at around age 40 and age 60, higher income was associated with higher Machiavellianism throughout the lifespan. Second, the age-graded trends seemed more dynamic in the more affluent income groups, compared to the rather flat curve observed in the bottom group. However, caution is warranted as this pattern could also be driven by the different sample sizes across groups, as mentioned above. Third, the strong upward trend in Machiavellianism after age 65 was only found in the two top income groups, whereas the bottom income group actually showed a small downward trend for the same age groups. 


Figure 4. Means for Machiavellianism from age 10 to 67, separated by income (n = 859,238). 
Discussion
The current study offers new insights into age differences in malevolent personality from late childhood to late adulthood. Examining year-by-year mean-level differences in Machiavellianism in a large-scale cross-sectional sample (n = 1,118,643), we found support for a curvilinear trajectory across the lifespan with T-scores varying between 54.1 (age 16) and 45.7 (age 65), corresponding to medium to large effect sizes (Cohen 1988, Soto et al., 2011). Machiavellianism showed a steep upward trend from late childhood into adolescence, when it peaked, followed by marked downward trend that started in emerging adulthood and continued until the transition into retirement (age 65), with a notably stronger downward trend between age 55 and age 60. For the last two age-year cohorts in our sample, i.e. ages 66 and 67, a noteworthy rebound trend was observed. In addition to providing an informative holistic sketch of Machiavellianism trends across the lifespan, our study also set out to answer four more specific research questions. 
First, through a series of ANOVAs with Bonferroni-corrected post-hoc tests, we found that Machiavellianism was highest in adolescence (T = 52.72). This is in alignment with the disruption hypothesis (Denissen et al., 2013; Soto & Tackett, 2015; Soto, 2016) and the theory of adolescence-limited antisocial behaviour (Mofitt, 1993), which hold that biological, social, and psychological changes experienced during the transition from childhood to adolescences may lead to adjustment problems and in turn give rise to temporary dips in psychosocial maturity. Indeed, evidence has demonstrated sharp increases in socially deviant behaviours that drop equally precipitously upon transition into adulthood (Mofitt, 1993; Tremblay, 2000). Within the Big Five framework, various cross-sectional (Soto et al., 2011; Soto, 2016), longitudinal (Borghuis et al., 2017; Van den Akker, Deković, Asscher, & Prinzie, 2014) and meta-analytic studies (Denissen et al., 2013) have shown that these normative developmental changes translate into sizeable decreases in conscientiousness and agreeableness during that period, which also accords with our own results for these two traits. One possible explanation for this phenomenon revolves around changing social reference values. Unlike children who tend to accept norms and values, adolescents seek greater autonomy by challenging and resisting adult rules, norms and values (Bleidorn & Hopwood, 2019; Eisenberg & Morris, 2004). This might be exacerbated by adults’ increasing expectations of responsible and socially desirable behaviour that adolescents struggle to live up to and hence meet with reactance (Denissen et al., 2013; Moffitt, 1993). As previous role models, such as parents, are consequently no longer perceived as adequate, adolescents often temporarily conform to peer norms which tend to be deviant and hence likely to reward and sustain antisocial behaviour (Moffitt, 1993; Tremblay, 2000; Veselka, Aitken, Schermer, & Vernon, 2011). While these reasons may explain why the storm and stress of adolescence is likely to amplify the malevolent, socially aversive aspects of personality, such as Machiavellianism, there are also good arguments why they should subsequently diminish.
 Given that Machiavellianism is inherently socially maladaptive and consistently associated with various undesirable interpersonal (e.g., norm-violating, transgressive behaviours; Muris et al., 2017; lack of fairness, Koehn et al., 2018; bullying, Baughman et al., 2012) and personal outcomes (hopelessness, Jonason et al., 2018; poor mental health, Jonason et al., 2015) it simply not a sustainable long-term strategy (Jonason, et al., 2009; Jones & Paulhus, 2009) as on the long run Machiavellians risk retaliation and avoidance by others (Wilson, Near, & Miller, 1996). 
Moreover, many socialization processes that people are commonly exposed to as they transition into adulthood, such as model learning, instrumental conditioning and the internalization of abstract moral reasoning, are all geared towards socially approved behaviours (Digman, 1997; Reitz & Staudinger, 2017; Soto et al., 2011). In other words, societal rewards and pressures (e.g., enhancing one’s employability through adequate demeanour when entering the job market, Specht, Egloff & Schmukle, 2011) may promote desirable trait change (Specht et al., 2014). Such incentives may motivate people to actively change their maladaptive behaviour (thoughts and feelings) and may thus, over time, lead to changes in related traits (Denissen, et al., 2013; Hennecke et al., 2014; Wrzus & Roberts, 2017).
Second, we examined when age-graded differences in Machiavellianism were most pronounced. Echoing prior research on the Big Five (Allemand, et al., 2008), results identified the greatest age-graded differences in Machiavellianism during the transition from late childhood to adolescence (p<.0001, Cohen’s d = .319 [.307, .332]). Indeed, while our findings showed support for both, disruption during adolescence and subsequent personality maturation during adulthood, the disruption that occurs during adolescence appeared like a more rapid and concentrated process whereas maturation occured over a longer timeframe. One reason for this difference in magnitude may be that, unlike adults, adolescents undergo dramatic physical and neurobiological changes (Bleidorn & Hopwood, 2019; Borghuis et al., 2017; De Clercq et al., 2017), such as development of secondary sex characteristics, altered body shape, accelerated growth and brain development. Moreover, as a principal period of identity formation, that comes with marked changes in goal commitments and self-concepts, adolescence is typified more by instability than stability (Hill & Edmonds, 2017). 
Consistent with past research on personality maturation (Bleidorn, 2015; Bleidorn et al., 2013; Roberts & Mroczek, 2008; Roberts et al., 2005), we found a pronounced downward trend in Machiavellianism throughout young and middle adulthood. This trend may indeed reflect social maturation, as triggered by increased responsibility, social expectations, opportunities and demands that come with the adoption of adult roles such as spouse, jobholder, or parent (Roberts et al., 2008). The progression through adulthood is increasingly characterised by stabilizing social and professional environments that may promote enhanced personality consistency and fewer changes in personality (Costa et al., 2019). 
Third, we examined age-graded changes in Machiavellianism in old age (i.e., age 60 and older, Specht, 2017). In the current study, we found an accelerated downward trend in Machiavellianism from age 55 to age 60, little change until age 65, and a sudden, pronounced upward trend after that for the last two life-year cohorts in our sample. The reverse was observed for agreeableness and – to a lesser degree – conscientiousness, replicating prior research (Kandler, Konradt, Hagemeyer, & Neyer, 2015; Lucas & Donnellan, 2011; Schwaba & Bleidorn, 2019). This pattern of mean-level decreases in traits that reflect social maturity has also been referred to as a reversal of personality maturation (Bleidorn & Hopwood, 2019). From a social-demand perspective, the return to less adaptive personality configurations might be prompted by a withdrawal from social roles, activities and relationships which in turn may reduce presses to behave in socially desirable ways (Bleidorn & Hopwood, 2019). From an individual-resource perspective, this pattern might be attributed to an erosion of self-regulatory resources which may no longer suffice to keep the socially aversive features of one’s personality from surfacing (Denissen, Van Aken, Penke, & Wood, 2013; Specht, 2017). 
Fourth, we compared age trends in Machiavellianism to age trends in Agreeableness and Conscientiousness.  In doing so, we aimed to contribute to the ongoing debate regarding the distinctive validity of malevolent personality measures over and above broad Big Five personality measures (Paulhus, 2014; Veselka et al., 2011; Miller, Hyatt, Maples-Keller, Carter, & Lynam, 2017; Smith, Hill, Wallace, Recendes, & Judge, 2018). Specifically, as prior research on the associations between Big Five and malevolent traits showed Machiavellianism to be most strongly and consistently related to low agreeableness followed by low conscientiousness (Muris et al., 2017), it has been suggested that Machiavellianism might be adequately represented as a combination of low scores on these two traits. Our data (1) closely replicated prior research on the development of agreeableness and conscientiousness across the lifespan (Costa et al., 2019; Denissen et al., 2013; Soto et al., 2011) and (2) showed that age-graded mean-level changes for Machiavellianism can indeed be captured by its closest correlates from the Big Five framework, i.e. agreeableness and – to a lesser extent – conscientiousness (Miller et al., 2017). 
In addition to our four main research questions, we explored the role of gender and income in age differences in Machiavellianism. We found that with the exception of a brief window of equivalence in early adolescence, men scored higher than women throughout the lifespan. This is in line with previous research reporting higher Machiavellianism score for males during childhood (Kerig & Stellwagen, 2010), emerging adulthood (McHoskey, 20101) and regular adulthood (Chiorri et al., 2017; Czarna et al., 2016; Muris et al., 2017; Pineda et al., 2018; Schimmenti et al., 2017) and meta-analytic evidence in support of the stability of this gender difference across the lifespan (Grijalva et al., 2015). From a theoretical viewpoint these findings have been explained with reference to the fact that the Dark Triad traits, such as Machiavellianism commonly represent male-typical social and sexual strategies (Jonason et al., 2009; Jonason & Webster, 2012; Savard et al., 2017). 
When investigating income-based differences, we found that, throughout the lifespan, participants with higher earnings tended to score higher on Machiavellianism. Potential reasons for this finding could be that Machiavellians generally strive for agentic goals such as money and power (Christie & Greis, 1970; Fehr, Samsom, & Paulhus, 1992; Rauthmann & Kolar, 2013; Wilson et al., 1996) and are especially motivated by financial goals (Jones & Paulhus, 2009). In a similar vein, Machiavellians act strategically and plan ahead (Grosz et al., 2017), which might help them to extract resources from their environment and navigate organizational politics to climb the corporate ladder (Smith et al., 2018) and might be more willing to cross lines, such as lying to get ahead in their jobs (Hogue, Levashina, & Hang, 2013; LeBreton, Shiverdecker, & Grimaldi, 2018). 
Limitations
The current study had a number of strengths, such as its large sample, broad age range and pre-registered methods and research questions (https://osf.io/v5ca3/; for deviations from the pre-registration see online supplement). However, it also had important limitations. First, we relied on self-report instruments to assess personality. Although self-report measurements are the most common and most validated way to measure Machiavellianism (Grosz et al., 2017), they might be susceptible to bias such as underreporting due to social desirability (Muris et al., 2017) or overreporting due to pride (Schimmenti et al., 2017). Second, as is common in large-scale data collections that require parsimonious assessments, we used a short scale to measure Machiavellianism, which might not capture the whole bandwidth of the construct (Miller, Few, Seibert, Watts, Zeichner, & Lynam, 2012). Notwithstanding this legitimate criticism, our Machiavellianism measure achieved satisfying reliabilities for every life-year cohort in our sample (α > .7) and has been validated across various cultures and languages.  Fourth, our data were not representative but collected through self-selection into an online study. However, the demographic composition of our sample (70% female, mean age = 27.3, SD = 10.3) has been shown to be regionally representative (Ebert et al., 2019) and resembles previous large-scale online data collection efforts such as BBC Lab UK Personality dataset (Rentfrow, Jokela, & Lamb, 2015; 64% female; mean age = 35.98, SD = 13,86) and the OOS dataset from the Gosling-Potter Personality Internet Project (Gosling, Vazire, & Srivastava, & John, 2004; Bleidorn et al., 2016; 63% female; mean age in unrestricted original sample = 27.6, Gosling et al., 2004). 
A final limitation is the cross-sectional nature of our data, which did not allow us to separate personality development from cohort effects (i.e. effects due to differences in the historical and sociocultural contexts that members of different age groups in the sample were born into and lived through; Schaie, 1977). However, despite this limitation, we believe our results are reliable and generalizable for a few reasons. First, across a broad range of studies that examined personality development, longitudinal and cross-sectional findings generally converge (Allemand et al., 2008; Ashton & Lee, 2016; Roberts et al., 2006; Soto et al., 2011), supporting the position that cohort effects on personality are limited (Costa et al., 2019). Second, Soto and colleagues (2011) used cross-sectional data collected over a timeframe of seven years, without finding evidence for any meaningful cohort effects. Of note, in this very study, we closely replicated their findings for agreeableness and conscientiousness in a new large-scale sample that was collected almost a decade later. Third, meta-analytic evidence demonstrated that individual personality changes outdo generational changes in terms of magnitude and importance (Roberts, Edmonds, & Grijalva, 2010). Still, we acknowledge that longitudinal data would be desirable to further elucidate the developmental dynamics of malevolent personality across the lifespan. 
Future Research
Future research should seek to further broaden the lifespan perspective on malevolent trait development by expanding its scope to other socially-aversive traits, such as narcissism and psychopathy (Klimstra et al., 2014). Likewise, in light of recent research suggesting that Machiavellianism might encompass sub-facets (Collison, Vize, Miller, & Lynam, 2018), a more nuanced assessment of the trait could further advance our understanding of its developmental trajectories. In a similar vein, given the aforementioned criticisms of current instrument to measure malevolent personality (Miller et al., 2012, 2019), new tools should be developed and juxtaposed to existing measures in multiscale studies (Costa et al., 2019). Future research should also use longitudinal data to further illuminate the role of malevolent personality in the etiology and onset of psychopathology (De Clercq et al., 2017; De Clercq, 2018). Lastly, moving away from mere self-report studies, future research should follow recent encouraging examples (Luan, Hutteman, Denissen, Asendorpf, & van Aken, 2017; Roher, Kosinski, Egloff, Stilwell, & Schmukle, 2018) and adopt multimethod approaches, featuring informant reports or behavioural data.
Conclusions
Broad personality traits are among the most powerful predictors of important life outcomes; and interest in their development across the lifespan has gained much momentum in recent years. While most developmental research has focused on benevolent and neutral traits such as the Big Five, little is known about the development of malevolent, socially maladaptive traits, which have been theorized to be at the core of psychopathology and psychological maladjustment more generally. To bridge the gap, the present study charted age differences in Machiavellianism. Drawing from a large-scale dataset (n = 1,118,643) we examined mean-level changes from age 10 to 67, offering a first holistic perspective on malevolent trait development across the lifespan. As such, we hope that they will spur further empirical research, advance theory and aid in developing programs to target behaviours related to these malevolent personality traits.
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