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Does Motivation Predict Changes in Academic Achievement Beyond Intelligence and Personality? A Multi-Theoretical Perspective 

Abstract
While bivariate associations between motivation and academic achievement have been soundly established, only a handful of studies have documented evidence for its incremental predictive role above and beyond other student features related to student achievement, such as intelligence and personality. Moreover, it is not yet clear which motivational processes are most essential for academic achievement. The current study considered how an array of motivational processes related to academic achievement, controlling for intelligence and personality, in a large sample of Flemish 7th graders. Students’ intelligence and need for cognition, that is, the personal preference to engage in cognitively demanding work, proved to be strong predictors of academic achievement. Yet, even after controlling for intelligence and personality, several motivational processes explained additional, unique variance in achievement, totaling about a quarter of the explained variance in school results. In particular, academic self-concept proved to relate most strongly to achievement, while achievement goals, achievement motivation, autonomous motivation, and effort beliefs additionally explained a unique portion of the variance in academic achievement. Although these findings were largely consistent across different operationalizations of achievement, motivational constructs explained more variance when achievement was measured with school grades instead of standardized tests. Given the more malleable nature of motivational dynamics compared to intelligence and personality differences, the unique, positive associations between motivation and achievement suggest that improving student motivation is a worthwhile undertaking.
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Educational Impact And Implications Statement
This study considered the associations between motivation, intelligence and personality and academic achievement. Several motivational constructs (i.e., academic self-concept, effort beliefs, autonomous and controlled motivation, achievement goals and achievement motives) were found to uniquely predict achievement, beyond intelligence and personality; jointly, motivational predictors explained about a quarter of the variance in school grades. Because motivation plays an unique role in students’ school achievement, and parents, teachers and schools could do well to promote motivation in students.














Introduction
Why do some students excel at school, while others struggle? Over the last decades, a multitude of motivational theories have been developed to answer this question, proposing that students differ in their study motivation in various regards and that this affects their academic achievement. Indeed, for a variety of motivational processes, associations with academic achievement have been empirically documented (e.g., Hattie, 2008). However, research on the motivation-achievement association has rarely taken into account two important characteristics of students that have also been shown to be of utmost importance for academic achievement: intelligence (Roth et al., 2015) and personality (Poropat, 2009). This then raises the question whether motivational dynamics would still carry an incremental effect above and beyond these differences in cognitive ability and personality. If after controlling for these key competing predictors motivational processes no longer play a role, it would suggest that past research has overestimated its importance. If, on the other hand, these motivational processes would still account for unique variance in achievement, this would be promising for educational practice: compared to personality and intelligence, motivational dynamics are more malleable, as demonstrated by experimental (e.g., Mabbe, Soenens, De Muynck, & Vansteenkiste, 2018) and intervention research (Lazowski & Hulleman, 2016). In addition, a particular strength of the contemporary motivation literature is its strong theoretical grounding, with multiple theories being refined and extended over the past decades (Wentzel & Miele, 2009). However, a downside of this development is that the vast majority of studies have relied upon a single framework, with different motivational constructs (e.g., self-beliefs, motivational quality, achievement goals) being considered in isolation from each other. Hence, the present study also sought to investigate the unique contribution of different motivational processes to consider which of those are most strongly predictive for academic success. To paint this comprehensive picture of the associations between motivation and academic achievement, the study drew on a large study of Grade 7 students, investigating the role of different motivational dynamics in the prediction of achievement, beyond personality and intelligence. 
Role of Intelligence and Personality in Predicting Achievement
The importance of intelligence and personality in explaining academic achievement has been soundly established. First, intelligence, defined as “the ability to reason, plan, solve problems, think abstractly, comprehend complex ideas, learn quickly and learn from experience” (Gottfredson, 1997, p. 13), is known to be a strong predictor of academic achievement. Summarizing results of 240 independent samples, a meta-analysis estimated the correlation coefficient between intelligence and school grades in secondary school equal to r = .54 (Roth et al., 2015). Second, regarding personality, the five factor model (McCrae & Costa Jr, 1999) conceives human personality in terms of five broad traits: extraversion, neuroticism, conscientiousness, agreeableness, and openness. A meta-analysis on 109 studies (Poropat, 2009) showed that academic achievement was particularly related to conscientiousness (r = .22), with smaller correlations for openness (r = .12) and agreeableness (r = .07) and practically zero correlations for extraversion (r = -.01) and neuroticism (r = -.02). Moreover, beyond the five factor model of personality, individuals also differ in their need for cognition, that is, their tendency to actively seek, engage in, and enjoy effortful cognitive activities (Cacioppo & Petty, 1982). Supporting the idea that being inclined to invest time and effort in cognitive endeavors is a major advantage at school (Cacioppo, Petty, Feinstein, & Jarvis, 1996), a meta-analysis found need for cognition to be moderately positively related to academic achievement (r = .33) (Von Stumm, Hell, & Chamorro-Premuzic, 2011).
Both intelligence (Deary et al., 2012; Larsen, Hartmann, & Nyborg, 2008; Neisser et al., 1996) and personality (Bruinsma & Crutzen, 2018; Cobb-Clark & Schurer, 2012; McCrae & Costa Jr, 1994) have been shown to be relatively stable traits, which are not very susceptible to educational interventions (e.g., Protzko, 2015). Hence, notwithstanding the importance of such traits in understanding academic performance, it would be important to investigate whether there are more malleable student characteristics that have incremental predictive power for achievement, beyond intelligence and personality. In this study, we focused on the role of student motivation. 
Role of Motivational Processes in Predicting Achievement
Critical Motivational Processes 
[bookmark: _Hlk58922154]Overall, motivation is understood as an internal drive that energizes behavior toward a certain goal. In this study, we considered school motivation as the students’ willingness to put effort in their studies, which manifests through students’ reasons and aspired goals behind this willingness (De Brabander & Martens, 2014). Although student differences in motivation surface through overtly observable behavior (e.g., through their school engagement), such behavioral manifestations are considered as an outcome of motivation instead of denoting a particular subjective, motivational state as such. To date, a plethora of motivational constructs has been related to achievement (Hattie, 2008). In this study, we focused on a limited number of constructs that are central to contemporary motivational theories within the educational domain (e.g., Eccles & Wigfield, 2002; Kriegbaum, 2018). First, students’ beliefs about their academic capabilities affect their academic functioning (e.g., Wigfield & Eccles, 2000). These beliefs have been operationalized as academic self-concept, which refers to how students perceive their academic standing (Marsh, 1990). Second, Self-Determination Theory (Ryan & Deci, 2002) considers why students study, that is, for more voluntary reasons (autonomous motivation) or for more pressuring reasons (controlled motivation). Moreover, students pursue different goals in their schoolwork (achievement goals; Elliot & McGregor, 2001), and may have different motives to perform and excel (achievement motives, Elliot & Church, 1997). Finally, students differ in their evaluations of the role of ability and effort in academic achievement; this study thus considered how their intelligence and effort beliefs can predict their achievement. To sum up, this study focused on the associations between achievement and the following motivational constructs: academic self-concept, autonomous and controlled motivation, achievement goals, and achievement motives, and intelligence and effort beliefs,. Although this selection is not exhaustive (e.g., self-efficacy, task values), the constructs included here represent key notions within important contemporary motivation theories. 
Below, we briefly review these key concepts, and their associations with achievement, relying on available meta-analyses and reviews rather than on individual studies. Underlying research has often been conducted among secondary school and college students.
First, students’ beliefs about their academic competences have been found to be predictive for academic achievement (Valentine, DuBois, & Cooper, 2004). Regarding academic self-concept, a meta-analysis found moderate relationships with achievement (r = .34; Huang, 2011), although individual studies controlling for prior achievement found smaller positive associations (e.g., standardized regression coefficients in the range .13 ≤ β ≤ .22; Marsh & Martin, 2011). 
[bookmark: _Hlk58920891][bookmark: _Hlk58921124]Second, students differ in the reasons for which they put effort in their schoolwork. In particular, within self-determination theory, a differentiation is made between autonomous and controlled types of motivation (Ryan & Deci, 2020; Vansteenkiste, Lens, & Deci, 2006). When autonomously motivated, students find the learning material to be inherently interesting, challenging, or enjoyable (i.e., intrinsic motivation) or personally valuable and relevant (i.e., identified regulation; e.g., Koestner, Otis, Powers, Pelletier, & Gagnon, 2008; Sobral, 2004). When controlled motivated, students feel pressured to put effort in their studies to meet external expectations and to avoid sanctions or criticism (i.e., external regulation) or because they buttress their studying and study successes with feelings of guilt, shame, or contingent self-worth (i.e., introjected regulation). Meta-analytical evidence suggests that autonomous motivation is weakly to moderately positively related to achievement (r = .21; Cerasoli, Nicklin, & Ford, 2014). While controlled motivation has been found to be largely unrelated to achievement (r = .01; Richardson, Abraham, and Bond, 2012), individual studies suggest that controlled motivation might have an ambiguous effect (Hayenga & Corpus, 2010; Vansteenkiste et al., 2009). In particular, while controlled motivated students might lead students to put effort in their studies in the short term, their learning is typically more shallow (e.g., Vansteenkiste et al., 2005).
Third, students can pursue different achievement goals in their schoolwork. Achievement goals have been operationalized differently throughout the literature (Hulleman, Schrager, Bodmann, & Harackiewicz, 2010; Senko & Tropiano, 2016); in this study, we followed the 2x2 conceptualization by Elliot and McGregor (2001) distinguishing goals in terms of their valence and the standards used to define competence. In particular, students can pursue mastery goals, which means that they focus on improving and expanding their skills, or performance goals, in which more interpersonal criteria (e.g., outperforming others) are the standard for success. In addition, these goals can be construed as a desirable outcome students aim to approach or as an undesirable outcome they aim to avoid (Elliot, 1999). A meta-analysis revealed that mastery-approach (r = .10) and performance-approach goals (r = .13) were weakly positively related to achievement, while mastery-avoidance (r = -.11) and performance-avoidance goals (r = -.13) were weakly negatively associated with performance (Huang, 2012). 
Fourth, students might differ in how they approach academic performance (achievement motives; Elliot, 1997). Students who engage in schoolwork challenges optimistically and feel attracted to situations in which they can test their skills are said to display high achievement motivation. By contrast, students that become fearful in the face of challenges and dislike situations in which they feel uncertain to succeed are said to be subject to fear of failure. A meta-analysis found that achievement motivation is weakly to moderately positively related to academic achievement (r = .26) (Robbins et al., 2004). While the relation between fear of failure and achievement have not yet been meta-analytically documented, individual studies suggest this relation to be weakly to moderately negative (e.g., r = -.26; Dickhäuser, Dinger, Janke, Spinath, &Steinmayr, 2016).
Fifth, students can adhere to different belief systems about what it takes to perform at school (e.g., ability), and, relatedly, about the degree to which academic achievement would depend on personal effort. In particular, students can see intelligence either as a fixed asset, labeled a fixed mindset, or believe that intelligence can be developed, labeled a growth mindset (Dweck, 2002). Such beliefs about the nature of intelligence are argued to affect how students react to challenges and setbacks. In particular, students with a fixed mindset would perceive such challenges as potential threats to their competence: rather than considering ways to overcome them, they would respond defensively by avoiding them or by self-handicapping (Burnette, O'boyle, VanEpps, Pollack, & Finkel, 2013; Yeager & Dweck, 2012). A recent meta-analysis reported a weak negative relation (r = -.10) between fixed mindsets and achievement, although results from individual studies were highly heterogeneous (Sisk, Burgoyne, Sun, Butler, & Macnamara, 2018). Relatedly, beliefs about intelligence have been argued to translate in beliefs about the value of effort: students with a positive effort belief would maintain that working hard at school would profoundly improve their academic achievement (Tempelaar, Rienties, Giesbers, & Gijselaers, 2015). Previous research has found intelligence beliefs and effort beliefs to be related but distinct constructs, with effort beliefs mediating part of the association between intelligence beliefs and achievement (Blackwell, Trzesniewski, & Dweck, 2007). 
Unique Role of Motivation Beyond Intelligence and Personality
Overall, the observed associations with achievement are usually more modest for the motivational constructs compared with those for intelligence. However, motivation might still be highly relevant from an educational point of view as parents, teachers, and schools may have more leverage to influence it: in comparison to stable traits such as intelligence and personality (McCrae & Costa Jr, 1994; Neisser et al., 1996), motivation is more malleable and can be effectively fostered through educational interventions (Lazowski & Hulleman, 2016). 
Yet, the critical question is whether motivation still relates to achievement when accounting for the role of intelligence and personality. Indeed, motivation has been found to be correlated to both. For example, a recent meta-analysis synthesized 74 studies that explained academic performance simultaneously by intelligence and one or more motivational constructs (Kriegbaum et al., 2018). When included simultaneously, 24% of variance in academic achievement was explained overall; from this explained variance, 66.6% was uniquely explained by intelligence, 16.6% uniquely by motivation, and 16.6% commonly by both predictors. Similarly, a meta-analysis found weak to moderate relations between several motivational constructs and Big Five traits, in particular conscientiousness and neuroticism (Judge & Ilies, 2002). Likewise, need for cognition has been shown to correlate with multiple motivational constructs (e.g., Luong et al., 2017; Preckel, Holling & Vock, 2006). By consequence, individual studies have demonstrated that controlling for personality sizably reduced the contribution of motivational processes in explaining achievement (e.g., Dumfart & Neubauer, 2016).
These findings highlight the need to control for intelligence and personality when assessing associations between motivation on achievement, as a failure to do so would result in biased estimates. Unfortunately, studies examining the motivation-achievement association often did not control for intelligence and personality. In their meta-analysis on the associations between motivation and intelligence on achievement, Kriegbaum and colleagues had to consider ‘motivation’ in terms of two broad composites (i.e. an “expectancy” and a “values” category), due to a lack of studies assessing the impact of individual motivational constructs. Hence, in this study, we wanted to establish the unique contribution of different motivational constructs to achievement, beyond intelligence and personality.
[bookmark: _Hlk58593818]Which Type of Motivation is Most Predictive?
In addition, a second goal of this study is to compare the relative predictive power of different types of motivation for achievement. Relations with achievement have often been documented in studies considering only one or a few motivational constructs. However, motivational constructs are arguably not independent from each other, but share considerable overlap (De Brabander & Martens, 2014). Hence, assessing different types of motivation within a single study would allow to establish which types of motivation are uniquely related to achievement, that is, net of other motivational constructs. In addition, by comparing the predictive power of different motivational constructs within a single study, it can be investigated which type of motivation would be most predictive for academic success. 
Talent development models as the Differentiated Model of Giftedness and Talent (Gagné, 2004) or the Achievement-Orientation Model (Siegle, McCoach, & Roberts, 2017) assert that the transformation of abilities (input) into achievement (outcome) depends on a set of intrapersonal factors broadly related to student motivation. Hence, differentiating more clearly between different motivational constructs might help to make such models more parsimonious, by indicating which motivational ingredients are key to understand achievement, and which play a more modest role. Similarly, educational interventions have been found to be generally effective in enhancing student motivation (Lazowski & Hulleman, 2016). By examining the unique role of motivational constructs, such interventions might be more targeted at the facets of student motivation that are most decisive for educational success.
Meta-analyses have sometimes tried to establish the relative importance of different motivational constructs by comparing the size of their bivariate correlations with achievement (Richardson et al., 2012). For example, the meta-analysis by Kriegbaum et al. (2018) compared the predictive value of two composites of motivational constructs. Due to a shortage of studies for each motivational construct individually, Kriegbaum and colleagues averaged correlations among two broad conglomerates, expectancies (including academic self-concept) and values (including quality of motivation, achievement motivation, and achievement goals). Moderator analyses showed that the average correlations with academic achievement were higher for constructs within the expectancies category (r = .40) than for those in the values category (r = .22). Expectancies thus seemed to be more influential predictors of academic achievement than value constructs. 
However, it should be noted that the meta-analytic estimates by Kriegbaum et al. (2018) estimates synthesized effect sizes of fairly distinct constructs (e.g., type of motivation and goal orientation) into one single broad category (e.g., values). Moreover, most of the underlying studies in their meta-analysis (that is, 64 out of 74) considered associations between achievement and only one or two motivational constructs, and thus could not consider the relative importance of multiple motivational constructs. In addition, these studies did not yet control for personality or for prior achievement. Hence, Kriegbaum et al. (2018, p. 144) concluded that their findings can only “be carefully seen as first hints for influences of intelligence and motivation on school achievement”, and recommended future research to unravel associations between multiple motivational constructs and achievement simultaneously, while controlling for intelligence, personality and/or prior achievement.
To date, few individual studies have tried to determine the relative importance of motivational constructs more solidly, assessing multiple motivational constructs simultaneously and considering their unique associations with achievement, beyond intelligence (see for notable exceptions: Freudenthaler, Spinath & Neubauer, 2008; Kriegbaum et. al, 2015; Steinmayr & Spinath, 2009; Steinmayr, Weidinger, Schwinger, & Spinath, 2019). The most comprehensive attempt in this regard is a recent study by Steinmayr et al. (2019). Steinmayr and colleagues took advantage of a statistical technique called Relative Weight Analysis (Johnson & LeBreton, 2004) to simultaneously examine how academic self-concept, task values, achievement goals and achievement motives were related to achievement, while controlling for intelligence. In line with the meta-analytic observation by Kriegbaum et al. (2018), the expectancy construct assessed in their study (academic self-concept) was found to explain a larger part of the variance in achievement than the value constructs. However, this study, although informative, has a number of limitations that we aim to overcome herein (Steinmayr et al., 2019, p. 9). First, the sample in the study consisted of students attending the highest academic track in Germany; such a highly selective sample might impede generalizations of findings to the full student population. Second, the study did not yet assess students’ motivational quality (Deci & Ryan, 2002) or intelligence and effort beliefs (Dweck, 2002), although both motivational constructs have been shown to relate to achievement (Cerasoli et al., 2014; Sisk et al., 2018). In addition, the study controlled for student intelligence, but not for student personality (Poropat, 2009). Finally, achievement was measured solely in terms of school grades. The next section argues why it would be insightful to consider whether motivation relates to more objective achievement outcomes (e.g., standardized tests results) as well.
Measuring Achievement
Academic achievement can be measured either as grades or as results on standardized achievement tests. Both approaches have their strengths and weaknesses. Grades give a good impression of everyday academic achievement (Südkamp, Kaiser, & Möller, 2012) and have predictive value for future outcomes, such as occupational success (Roth, BeVier, Switzer III, & Schippmann, 1996). However, grades might be affected by teachers’ assessments of student characteristics, such as students’ engagement (Kaiser, Retelsdorf, Südkamp, & Möller, 2013), in contrast to standardized tests, which would measure achievement more objectively. Indeed, positive teacher-student relationships have been found to be associated more with student grades than with standardized test results (Roorda, Koomen, Spilt, & Oort, 2011). However, a disadvantage of standardized tests is that such tests usually display content overlap with intelligence tests, thereby inflating the observed correlation between intelligence and achievement (Naglieri & Bornstein, 2003). 
Hence, the choice of the achievement measure might affect the predictive power of motivational constructs relative to intelligence (Duckworth, Quinn, & Tsukayama, 2012). For example, in a study employing both grades and standardized test results as measures of achievement, academic self-concept was found to predict grades better than intelligence, but when achievement was measured with standardized tests, intelligence was a stronger predictor than self-concept (Lotz et al., 2018). This suggests to operationalize achievement both as grades and standardized tests scores, in order to obtain a nuanced insight in the relative importance of motivational predictors, relative to both intelligence and personality. 
The Present Study
While isolated associations between motivation, intelligence, and personality and academic achievement have been soundly established, as documented by available meta-analyses, integrating findings from these distinct research areas would increase our understanding of the sources explaining interindividual differences in academic achievement (Schmidt, 2014). Specifically, to date, few studies have considered how motivation is related to academic achievement beyond student intelligence and personality (Kriegbaum et al., 2018). This study adds to the literature by estimating the associations between different types of motivation and achievement, while controlling for both intelligence and personality, in a large community sample of Grade 7 students. The study considered a broad selection of relevant motivational constructs to establish their relative importance in predicting achievement: student academic self-concept, type of motivation (i.e., autonomous and controlled motivation), achievement goals (mastery-approach, mastery-avoidance, performance-approach, and performance-avoidance goals), achievement motives (achievement motivation, fear of failure), and intelligence and effort beliefs (fixed mindset, positive effort belief). Making using of Relative Weight Analysis (Tonidandel & LeBreton, 2011), a statistical technique developed to examine multiple correlated predictors simultaneously, we investigated which type of motivation would be most predictive for academic success. In addition, academic achievement was operationalized both in terms of grades and in terms of results on a standardized test, to assess how the choice of the achievement measure would affect the predictive validity of motivational constructs. To draw valid conclusions, for this analysis we confined ourselves to one particular subject, that is, mathematics, and compared associations between motivation and achievement operationalized as either math grades or scores on a standardized math test
Finally, models both with and without a control for prior achievement were considered: while academic achievement at a certain point in time is usually strongly determined by prior achievement (e.g., Hailikari, Nevgi, & Komulainen, 2008), controlling for prior achievement might underestimate the importance of the motivational, personality, and intelligence predictors, as these may have affected prior achievement as well. 
We put forward the following hypotheses (these hypotheses were formulated in advance to the statistical testing, but have not been pre-registered).
Predictive power of motivation, beyond intelligence and personality. Intelligence is known to relate strongly to academic achievement (Roth et al., 2015). In addition, personality characteristics such as conscientiousness (Poropat, 2009) and need for cognition (Von Stumm et al., 2011) also are moderately associated with achievement. Given the weak to moderate bivariate correlations between motivational constructs and achievement documented in earlier research, we expected the motivational constructs in this study to have a unique, although modest, contribution to academic achievement, beyond intelligence and personality (H1a). In particular, we expected the predictive power of these motivational constructs to be smaller than that of intelligence (Kriegbaum et al., 2018) (H1b). This dominance of intelligence over motivation was expected to be particularly pronounced when standardized test results instead of grades were used as the measure of academic achievement (H1c).
Relative importance of different motivational constructs. Earlier studies comparing the relative importance of different motivational constructs (Kriegbaum et al., 2018; Steinmayr & Spinath, 2009; Steinmayr et al., 2019) have suggested expectancy-related constructs to be most predictive for academic success. Hence, among the motivational constructs assessed in this study, we expected academic self-concept to be most strongly related to academic achievement (H2a). In addition, on the basis of their weak to moderate bivariate associations with achievement (i.e., .10 < |r| < .30), we expected autonomous motivation (Cerasoli et al., 2014), achievement motivation (Robbins et al., 2004), mastery-approach and performance-approach goals (Huang, 2012) and positive effort beliefs (Blackwell et al., 2007; Tempelaar et al., 2015) to contribute positively and fear of failure (Dickhäuser et al., 2016) and mastery-avoidance and performance-avoidance goals (Huang, 2012) to contribute negatively to achievement (H2b), with small to zero associations for (|r| ≤ .10) for controlled motivation (Richardson et al., 2012) and fixed mindset (Sisk et al., 2018). 
Method
In this section, we report how we determined our sample size, all data exclusions and manipulations, and all measures in the study. Anonymized data and associated statistical codes are available on request from the corresponding author. The data are not publicly available due to privacy and ethical restrictions.
Participants and procedure
This study used data from a large longitudinal and roughly representative study among 3,409 Flemish Grade 7 students from Flanders. The study was approved by the Ethical Committee of [anonymized for peer-review]. The transition to secondary school often coincides with a sharp decline in academic engagement (Evans, Borriello, & Field, 2018). At the same time, interventions to reserve disengagement and underachievement have been found to be relatively effective in this age group (Snyder et al, 2019). Students had a slightly more advantaged social background than the population of the general A-stream1 in Flemish secondary education, with 21.2% of the sample receiving a school allowance (compared to 25.7% in the population), 11.9% speaking a different language at home (16.9% in the population), and 14.1% having a mother without a secondary school degree (18.0% in the population). The large sample size is associated with the study being part of a larger research project on intellectual giftedness. To ensure that sufficient gifted students in a community sample are recruited, large samples are necessary. While the current study does not focus on intellectual giftedness, large samples have the advantage of improved statistical robustness of the findings. 
Prior to conducting the study, we obtained informed consent from students and their parents. Data on a range of motivational, cognitive, personality and achievement measures were collected in the Fall and Spring of Grade 7 (Table 1). From the sample of 3,409 students, 56 students (1.6%) left their school before the end of the school year and 304 (8.9%) did not participate in a motivational, personality or cognitive assessment due to absence at the time of data collection (e.g., illness). These students were removed from the data, resulting in an analytic sample of 3,094 students. 
Measures
Unless stated otherwise, survey items were scored on 5-point Likert-type scales, ranging from 1 (does not apply to me at all) to 5 (fully applies to me). All measures were based on validated, widely-used measurement scales.
Motivation	
Academic self-concept. This was measured with the corresponding subscale of the shortened Self-Description Questionnaire II (Marsh, Ellis, Parada, Richards, & Heubeck, 2005). A 4-item scale measured how students perceived their academic competence in general (i.e., without reference to a specific subject or domain; e.g., “At school, I am doing well for most subjects”). Internal consistency of the scale was high (α = .81). 
Autonomous/controlled motivation. Motivational quality was measured with a shortened version of the Academic Self-Regulation Questionnaire (Ryan & Connell, 1989). We averaged scores on the subscales for intrinsic motivation (4 items, e.g. “I study because I enjoy it”) and identified motivation (4 items, e.g. “I study because it is important to me”) to obtain a measure of autonomous motivation, while scores on the subscales for introjected motivation (4 items, e.g. “I study because I would feel ashamed if I wouldn’t”) and external motivation (4 items, e.g. “I study because others (parents, friends, teachers) expect me to do so”) were combined to measure controlled motivation. These aggregated measures proved to be highly internally consistent (α = .88 for autonomous motivation, α = .77 for controlled motivation).
Achievement goals. This was measured with the Achievement Goal Framework scale (Elliot & McGregor, 2001). Mastery-approach (e.g., “It's my goal to master the material as good as possible”, α = .79 ), mastery-avoidance (e.g., “It's my goal to avoid not mastering the material”, α = .72 ), performance-approach (e.g., “It's my goal to perform better than others”, α = .91) and performance-avoidance goals (e.g., “It's my goal to avoid performing worse than others, α = .83) were assessed with 3 items each.
Achievement motives. Achievement motivation (4 items, e.g. “In class, I like situations, in which I can find out how capable I am”) and fear of failure (4 items, e.g., “In class, I feel uneasy to do something if I am not sure of succeeding”) were measured with a shortened version of the Achievement Motives Scale (Lang & Fries, 2006). Both scales had good reliability (α = .76 for achievement motivation, α = .85 for fear of failure). 
Intelligence beliefs. We used the Theory of Intelligence Scale (e.g., “You have a certain amount of intelligence and you really can't do much to change it”) to measure fixed mindsets (Dweck, Chiu, & Hong, 1995). We added an additional item (“School achievement depends on the intelligence that you were born with”) to the 3-item questionnaire to increase scale reliability (α = .70). 
Effort beliefs. Positive beliefs about the value of effort for performance were measured with a self-developed questionnaire consisting of 4 items (e.g., “You can learn and keep getting better in school by putting in a lot of effort”) (α = .74). 
Intelligence
A two hour cognitive ability test (CoVaT-CHC; Magez et al., 2015) was administered in class under supervision of a trained member of the research team. The test builds on the CHC-model of intelligence (Horn & Cattell, 1966) and assessed both fluid and crystallized intelligence. The test has demonstrated both content validity (Tierens, 2015) and criterion validity (Magez & Bos, 2015). An IQ-score (M = 100, SD = 15) for each student was calculated based on a comparison of test results with a representative norming sample. 
Personality
Big Five traits. Student personality was measured with the 30-item Quick Big Five (Vermulst & Gerris, 2005), measuring levels of neuroticism (e.g., I am an anxious person”) , agreeableness (e.g., I am an helpful person”), extraversion (e.g., “I am a talkative person”), conscientiousness (e.g., I am a diligent person”), and openness (e.g., I am an imaginative person”) on a 7-point Likert-type scale, ranging from 1 (does not apply to me at all) to 7 (fully applies to me). All scales had acceptable reliability (α’s between .68 for Openness and .84 for Conscientiousness).
Need for Cognition. Preferences for cognitive stimulation were measured using a Dutch translation of the German 14-item Need For Cognition scale (Preckel & Strobel, 2011; e.g.,”I love thinking about things”). Internal consistency of the scale was excellent (α = .92).
Academic achievement
Grades. Schools provided grades (grade point average and grades for math), both at the end of the 1st term (December 2017) and at the end of the 2nd term (June 2018). Flemish schools have full autonomy over their grading policy. To account for differences between schools in the meaning of grades, grades were standardized within schools (mean 0, standard deviation 1). 
Standardized math test. A standardized mathematics test (LISO-test) was administered both at the end of the 1st term (November/December 2017) and the end of the school year (May/June 2018). The test, which lasted 2 hours, has previously shown good reliability and validity (Dockx, Van den Branden, Stevens, Denies, & De Fraine, 2017). IRT-analyses confirmed that a model with one underlying math competence sufficiently explained the response patterns and that the test had good reliability (α = .89). Weighted likelihood estimation (WLE) was used to determine student math ability scores.
Gender
This was coded with males as the reference category (= 0).
Statistical strategy
Baseline models. The baseline models used motivational measures assessed in Spring to predict achievement (grade point average) at the end of that term, taking into account intelligence and personality. The models were built gradually. A first model only included intelligence and personality measures. Next, a series of models each added a motivational constructs one at a time. Finally, a full model included intelligence, personality and all motivational predictors simultaneously, to capture the different predictors of achievement comprehensively. 
The latter model set-up was subsequently used to assess the impact of two operational choices. First, a control for prior achievement (i.e., achievement measured in Fall) was added. Second, models were estimated in which achievement was determined in terms of math grades and in terms of results on a standardized math test, to compare whether the choice of the achievement measure (i.e., grades or standardized test scores) affected the predictive value of motivation on achievement within a certain domain (i.e., mathematics).
Robustness analyses. A drawback of the baseline models is that, while the motivational predictors were assessed in Spring, personality traits and cognitive ability were assessed in Fall. Hence, in the baseline models, intelligence and personality were assessed longer in advance to the achievement outcome than the motivational constructs assessed in Spring. Although personality and intelligence can be considered as roughly stable traits (McCrae & Costa Jr, 1994; Neisser et al., 1996), the baseline models might thus have underestimated the predictive validity of intelligence and personality relative to motivation. To accommodate for this, robustness analyses were performed in which motivational, personality and cognitive measures were all collected in the Fall, predicting academic achievement at the end of that term. The disadvantage of this approach is that prior performance could not be controlled for; additionally, need for cognition and achievement goals were not assessed in Fall (Table 1) and could not be included in the robustness analysis. Hence, to obtain a maximally qualified account of the relative importance of the different predictors of achievement, results from both the baseline model and the robustness analysis were considered. 
Statistical technique. This study used Relative Weights Analysis (Tonidandel & LeBreton, 2015). As described by Tonidandel and LeBreton (2011), Relative Weight Analysis is a useful analytic strategy when the relative importance of a large number of correlated predictors has to be addressed: for such questions, Relative Weight Analysis is preferable to more traditional estimates of importance such as incremental changes in explained variance or squared standardized regression weights (Tonidandel and LeBreton, 2011, p. 2). In a Relative Weight Analysis, the original predictors were transformed into a set of variables that were uncorrelated to each other, but maximally related to the original predictors. Second, a regression model was estimated predicting the achievement outcome in terms of the transformed variables. The standardized regression coefficients from this model were then transformed back to the original measures. In this way, for each predictor a relative weight was calculated, that is, the amount of explained variance that can be attributed to the predictor, which thus gives an indication of its relative importance. The relative weights are an additive decomposition of the total model R2 , that is, the sum of the relative weights equal the total model R2 (Tonidandel & LeBreton, 2015). In particular, if the standardized regression weights used to transform the predictor j into the orthogonal variable k are noted as λjk and the standardized regression weights of the outcome on orthogonal variable k as βk, the relative weight of predictor j was obtained by summing the products of the squared standardized regression coefficients, that is, RWj = Σk (λjk2 * βk2) (Tonidandel & LeBreton, 2011). To determine statistical significance, a bootstrapping procedure was followed in which a randomly generated variable was added to the model (with 10,000 replications). By definition, the population relative weight associated with the random variable would equal zero. Hence, statistical significance was established by testing whether the observed relative weights of the predictors differed from the relative weight of the random variable at the significance threshold of p = .05. Finally, by definition, relative weights are always positive. To identify the direction (positive or negative) of the relation between the predictor and the outcome, unsquared weights were calculated, that is, Estj = Σk (λjk2 * βk). 
Missing data
Within the baseline sample of 3,094 students, item non-response did not exceed 1.6% for any item. Cumulative missingness (respondents with missing at least 1 item) was relatively low at 4.4%. To further minimize the impact of item missingness, pairwise deletion was applied, which means that for the creation of the transformed (uncorrelated) predictors the correlation between each pair of variables was calculated using all available information for these variables (i.e., unaffected by missingness on other variables).
Due to school grading policies, five schools (381 students, 12.3%) did not provide their students with a grade point average. Removing these students from the sample resulted in an analytic sample for the GPA-based models of 2,713 students. Similarly, the standardized math test was not administered in two out of 166 classes due to time shortage in the school planning (36 students, 1.2%). Together with individual absences at the time of test administration (132 students, 4.3%), this resulted in an analytic sample for the standardized test-based models of 2,926 students.
Results
Descriptive statistics
Table 2 presents the means, standard deviations and correlations of the study variables within the baseline model (i.e., with motivational variables assessed in Spring). First, bivariate correlations between motivation and achievement (GPA) were strong for academic self-concept (r = .55) and moderate to weak for mastery-approach (r = .20) and mastery-avoidance goals (r = .25), achievement motivation (r = .19), effort beliefs (r = .16) and autonomous motivation (r = .13). Although significant, only very small correlations (|r| ≤ .10) with achievement were observed for performance-approach and performance-avoidance goals, fixed mindset and fear of failure. Cognitive ability (r = .46) was moderately to strongly positively associated with achievement. Need for cognition (r = .27) and conscientiousness (r = .13) were weakly to moderately positively associated with achievement, with very small correlations for the other personality traits (|r| ≤ .10). When achievement was operationalized as standardized math test scores instead of GPA, correlation coefficients were generally smaller for the motivational constructs and larger for cognitive ability (r = .67) and need for cognition (r = .32). All motivational, personality and cognitive measures were generally weakly to moderately correlated to each other. 
Model results
Baseline model
Table 3 presents the results of a series of Relative Weight Analyses predicting GPA in terms of intelligence, personality and motivational constructs. Model 1 only included intelligence and personality measures. Next, a series of models each added another motivational construct: student academic self-concept (Model 2), quality of motivation (autonomous/controlled motivation) (Model 3), achievement goals (mastery/performance goals) (Model 4), achievement motives (achievement motivation/fear of failure) (Model 5), and intelligence and effort beliefs (fixed mindset/positive effort belief) (Model 6). Finally, a full model (Model 7) included intelligence, personality and all motivational predictors simultaneously. 
First, cognitive ability explained a large portion of the variance in achievement (RW=15. 19% in Model 7). While also need for cognition predicted achievement substantially (RW=2.12%), conscientiousness (RW = 0.74%) was the only of the Big Five traits which related to achievement significantly.
Second, in Model 7, the motivational variables jointly explained 24.27% of the variance in academic achievement, after accounting for intelligence and personality. Among the motivational predictors, academic self-concept was most strongly related to academic achievement, uniquely explaining about 18.09% of the variance in GPA. Second, mastery goals (approach: 0.92%, avoidance: 1.84%) additionally explained substantial part of the variance in achievement in the full model, with performance goals having much smaller, although positive, associations with achievement. While the relative weights of the other motivational constructs in Model 7 were smaller, it should be noted that all motivational constructs were significantly associated with achievement, with the exception of fixed mindset. In addition, when the different motivational categories were introduced in isolation from each other (i.e., in Models 2-6), all had a substantial contribution in the prediction of achievement, beyond intelligence and personality. In particular, including achievement goals additionally explained 4.14% of the variance in achievement, achievement motives 2.72%, motivational quality 1.53%, and intelligence and effort beliefs 1.44%. Within each motivational category, relations with achievement were generally in the expected directions: in particular, achievement motivation, autonomous motivation, and effort beliefs were positively and controlled motivation and fear of failure negatively associated with achievement. Only for the achievement goals, results were somewhat different than expected from the literature, with the largest positive associations for mastery-avoidance goals.
Including a control for prior achievement (Model 8) reduced, as expected, the variance jointly explained by the motivational predictors (15.70%). However, motivational constructs still had significant unique relations with achievement. Moreover, their relative order of importance was not greatly affected, with in particular academic self-concept explaining a substantial part of the variance in achievement. 
Different achievement outcomes
Table 4 presents the results of two Relative Weight Analyses predicting either math grades or standardized test results in terms of the motivational constructs, intelligence, and personality. The set-up of this model was similar to the set-up of Model 7 in Table 3, as this model captures the different predictors of achievement most comprehensively. While, similarly, as above, we focused on this model to consider associations between motivation and different achievement outcomes, results for models with different set-ups (that is, models corresponding to Model 1 to 6 and Model 8 in Table 3) can be found in Appendix 1 (Table A1 and A2). Note that in the full model (Table 4) the motivational predictors, overall, explained less variance in math grades (19.05%), in comparison with the corresponding baseline model with GPA as the outcome (24.27%). This could be due to the fact that motivation was surveyed regarding schoolwork in general, not specifically for math. More important, however, is the comparison between the models with math grades and standardized math test scores as achievement outcomes. In line with the finding that math grades and standardized test math results were correlated but distinct measures of math achievement (r = .63), results differed between both operationalizations. In particular, all motivational predictors together explained less variance in standardized test scores (12.03%) than in math grades (19.05%). For example, the relative importance of academic self-concept dropped when achievement was operationalized with a standardized test (6.97%) instead of with grades (14.43%). By contrast, cognitive ability explained far more variance in standardized test scores (35.37%) than in math grades (16.41%). Hence, the dominance of intelligence over motivational predictors was more pronounced when standardized test scores instead of school grades were used as the outcome variable. Noteworthy, need for cognition was the only other predictor, in addition to cognitive ability, that considerably gained importance in explaining math standardized test scores (4.07%) compared to math grades (2.61%).
Robustness analysis
Finally, Table 5 presents results from a model in which motivational, personality and cognitive measures collected in the Fall were used to predict academic achievement at the end of that term. In this model, motivational constructs explained somewhat less variance in achievement (18.75%) than in the corresponding baseline model (24.27%). By contrast, the relative importance of cognitive ability was markedly higher in this model (20.39%) than in the baseline model (15.57%). The relative order of importance of the motivational constructs was highly similar to the baseline model, with academic self-concept yielding the highest relative weights among the motivational constructs.
Discussion
The current study considered the associations between motivation, intelligence, and personality with academic achievement in a large sample of Flemish 7th graders. Using Relative Weight Analysis (Tonidandel & LeBreton, 2011), the relative importance of a broad set of relevant motivational constructs was examined: academic self-concept, type of motivation (autonomous/controlled motivation), achievement goals (mastery-approach/mastery-avoidance/performance-approach/performance-avoidance goals), achievement motives (achievement motivation/fear of failure), and intelligence and effort beliefs (fixed mindset/positive effort belief). Bivariate correlations of these motivational constructs with achievement (GPA) were roughly in line with earlier reports. However, motivational constructs were also weakly to moderately correlated to each other and to intelligence and personality, which in turn were correlated to achievement. This raised the question whether motivational constructs would still have incremental value in predicting achievement when intelligence and personality are taken into account. That is, any earlier observed achievement benefits associated with motivation may have been spurious, with associations vanishing when controlling for intelligence and personality. In addition, grades and standardized test scores proved to be distinct measures of achievement, prompting the question whether the relative importance of different predictors would be dependent on the operationalization of achievement. The Relative Weight Analyses provided in this study intended to answer precisely these issues. 
Intelligence, Personality and Achievement
A first observation was that intelligence proved, again, to be a strong predictor of achievement (Roth et al., 2015). Obviously, being able to think abstractly, learn quickly and solve problems swiftly offers large advantages at school. In addition, need for cognition, that is, students’ tendency to actively seek, engage in, and enjoy effortful cognitive activities (Cacioppo & Petty, 1982), was found to be a personality trait highly predictive of achievement as well. This finding resonates with earlier reports on the importance of a cognitively “hungry mind” for understanding individual differences in achievement (Von Stumm et al., 2011). Students with high need for cognition thrive when they are cognitively challenged, which might greatly benefit their academic development. Moreover, an inclination to engage in cognitive activities is likely to accumulate over time in a large knowledge base, which then can serve as a strong foundation for further academic explorations. Importantly, this preference for cognitive investment should be carefully distinguished from cognitive ability itself. In line with earlier findings (e.g., Fleischhauer et al., 2010), the observed correlation between need for cognition and cognitive ability was only modest (r = .22). The difference between both can be conceptualized as a contrast between typical and maximal intellectual engagement (Ackerman & Heggestad, 1997): while need for cognition corresponds to the amount of intellectual effort a person is most likely to put forth in cognitively challenging situations (typical performance), cognitive ability depicts the intellectual performance a person is maximally capable of (peak performance). The findings from this study demonstrate that both cognitive capacities and the preference for cognitive investment have large unique associations with academic achievement. 
Incremental Predictive Role of Motivation
[bookmark: _Hlk58920217]However, despite these strong contributions of intelligence and personality, motivation was found to account for additional variance in achievement, beyond intelligence and personality. In the baseline full model, all motivational constructs together explained about a quarter (24.27%) of additional variance in achievement (GPA). The motivational constructs, however, were assessed somewhat closer in time to the achievement outcome than intelligence and personality: in the robustness analysis, in which all predictors were assessed at the same time, the relative weight of motivation was somewhat reduced, making its joint predictive value slightly smaller than that of intelligence. 
[bookmark: _Hlk58916735][bookmark: _Hlk58918854]Moreover, in line with earlier research (Duckworth et al., 2012; Lotz et al., 2018), the dominance of intelligence became more pronounced when standardized test results instead of grades were used as the measure of academic achievement. Indeed, while the motivational predictors explained less variance in standardized math test scores than in math grades, the reverse held true for cognitive ability. Arguably, motivation heavily affects students’ daily class work (e.g., homework completion), which might be directly reflected in grades. In addition, teachers might factor in student effort and conduct when grading students (Kaiser et al., 2013; McMillan, Myran, & Workman, 2002). By contrast, standardized tests would provide a more objective measure of achievement. However, standardized tests might inflate associations between intelligence and achievement due to test content overlap (Naglieri & Bornstein, 2003). It should be noted that the present study only compared predictions of standardized test scores and grades for one particular subject (i.e., mathematics). As associations between motivation and achievement may be subject-specific (e.g., Möller, Pohlmann, Köller, & Marsh, 2009; Kriegbaum et al., 2018), it remains a question for future inquiry whether similar relationships would be found for other subjects. Overall, the results from the current study suggest that, rather than preferring one achievement measure over the other, researchers should be sensitive about the choice of the achievement measure when comparing the relative importance of intelligence, motivation, and personality. Yet, regardless of the operationalization of achievement, intelligence, motivation and personality predictors all were uniquely associated with achievement.
Although the role of motivation was more modest, two nuances need to be highlighted. First, this study limited itself to only one important educational outcome, that is, academic achievement. Motivational variables are likely to play an important role in the prediction of other valuable educational outcomes, such as engagement or school well-being (e.g. Burnette et al., 2013; Murayama, Pekrun, Lichtenfeld, & Vom Hofe, 2013). For these outcomes, the incremental value of intelligence may be rather limited (Boncquet et al., 2020). Second, it can be argued that the baseline full model, which included an array of motivational constructs as competitive predictors, the decomposition of explained variance between different predictors involves a quite conservative and stringent approach to shed light on the role of motivation in achievement. Indeed, motivational constructs have often been argued to affect achievement more indirectly, in particular, through other motivational constructs. This might be particularly the case for achievement motives and achievement goals: within the hierarchical model (Elliot & Church, 1997), approach and avoidance inclinations have been considered as different manifestations of an underlying achievement motive. Similarly, intelligence beliefs have been argued to primarily affect effort beliefs (Blackwell et al., 2007) and achievement goals (Burnette et al., 2013), with academic achievement itself only indirectly affected. Hence, when simultaneously including different motivational constructs in a single model, their unique predictive role might be underestimated, in particular for those constructs that are more distal precursors of achievement. Indeed, pitting different motivational constructs against each other, as was done in the full model, arguably does not fully capture the complex interplay between these constructs (Tempelaar et al., 2015). Notably, the models which included constructs from one motivational category only (i.e., Models 2-6, Table 3), all yielded higher relative weights for these constructs than the corresponding weights in the full model. While the current study focused on unraveling relationships with achievement for an array of motivational predictors to get a global view on their importance, future research should further disentangle the relations between different constructs to gain a more detailed, richer, and dynamic view on the development of motivation and achievement (e.g., Blackwell et al., 2007; Dickhäuser et al., 2016; Mammadov, Cross, & Ward, 2018; Putwain & Symes, 2012). Future research would also do well to systematically examine whether the studied motivational processes play a similar role for different groups of students, for example for high and low ability students (Snyder & Linnenbrink-Garcia, 2013). Supplementary analyses (available from the first author) which tested whether the relative weights of the predictors differed between low and high ability students suggested that, overall, the associations between motivational predictors and achievement were similar between both groups.
Relative Importance of Different Motivational Constructs
Among the motivational constructs, academic self-concept appeared by far the most important predictor of academic achievement, also after controlling for prior performance. The meta-analysis by Kriegbaum et al. (2018) also suggested that academic self-beliefs are more predictive for achievement than other motivational constructs. This strong relation has been explained as the result of a number of non-exclusive underlying mechanisms. For example, students with high academic self-concept might try to behave in a way that is consistent with their self-image (Swann Jr, 1997), and thus are more willing to invest strongly in their academic careers (Valentine et al., 2004). Academic self-beliefs also contribute to meta-cognitive monitoring that informs students about their academic development, thus leading them to ongoingly adjust their efforts as they (fail to) make progress during their learning (Pajares, 1996). Students with high self-concepts may feel more confident to exert control over their learning, which has been shown to facilitate their academic development (Goetz, Frenzel, Hall, & Pekrun, 2008). 
While smaller, associations between achievement and the other motivational constructs were usually in line with expectations. For example, an optimistic attitude towards challenging school situations (achievement motivation) was positively associated with achievement, while an anxious approach to situations in which success is not guaranteed (fear of failure) related negatively to achievement. Similarly, mastery goals proved to be preferable to performance goals to boost educational achievement (Huang, 2012). Unexpectedly, mastery-avoidance goals turned out to be more positively related to achievement than mastery-approach goals. This stands somewhat at odds with earlier research (see the meta-analysis by Huang, 2012), which found approach goals to be generally more beneficial to performance than avoidance goals. Of note, in the present study approach and avoidance goals turned out to be quite highly correlated to each other (mastery-approach and mastery-avoidance: r = .51; performance-approach and performance-avoidance: r = .72), which is markedly higher than usually reported correlations between these constructs (with meta-analytic means equal to r = .24 and r = .40, respectively, Hulleman, Schrager, Bodmann, & Harackiewicz, 2010). Apparently, the students in our study seemed to distinguish less strictly between whether they wanted to attain a desired outcome (e.g., mastering the material) or whether they preferred to avoid an undesirable outcome (e.g., avoiding to not master the material). Moreover, approach and avoidance versions of mastery and performance goals were all positively related to achievement. Overall, achievement goals were differentiated more on the standards used to define competence (i.e., mastery vs. performance) rather than on their valence (approach vs. avoidance), with a focus on mastery to be more beneficial for academic achievement than performance-oriented goals, either in their approach or avoidance versions.
Although significant, motivational quality was only weakly related to achievement, with a positive association for autonomous motivation and a negative one for controlled motivation. It could be that quality of motivation has more subtle effects. Indeed, students who study out of controlled motivates may put effort in their studies in the short term and pressure has been found to predict rote learning (Vansteenkiste, Simons, Lens, Soenens, & Matos, 2005), while autonomous motivation is found to predict deep-level learning. To the extent that the achievement tests tap into more superficial forms of learning, the predictive validity of autonomous and controlled motives may be more suppressed.
[bookmark: _Hlk58927675] Finally, the current study did not find a sizeable association between fixed mindset and achievement. Earlier research often has been inconsistent on the effects of intelligence beliefs (Sisk et al., 2018). It has been argued that the relevance of intelligence beliefs lies more in the adverse role they can play as part of a specific constellation of motivational and psychosocial characteristics (Snyder & Linnenbrink-Garcia, 2013). In particular, a fixed mindset has been argued to become particularly detrimental when combined with a high sense of contingent academic self-worth (Crocker & Knight, 2005). Such a contingency makes failures at school more threatening: in this case, a fixed mindset might impede the adoption of adaptive mechanisms to cope with this threat (e.g., trying another study strategy), and by contrast seduce students to protect their self-worth in a defensive but maladaptive style, for example, through disengagement or self-handicapping (Snyder, Malin, Dent, & Linnenbrink-Garcia, 2014). While the exploration of such constellations was beyond the scope of the current study, which focused on establishing main associations between motivation and achievement, future studies could examine the circumstances and conditions in which such characteristics affect student development.
Strengths and Limitations
While associations with academic achievement have been empirically documented for a variety of motivational constructs, earlier research often did not take account intelligence and personality. Moreover, constructs from different motivational theories have been often studied in isolation from each other. The current study thus contributed to the existing literature by considering the unique and incremental associations between achievement and an array of motivational constructs, beyond intelligence and personality. In order to study the multiple interrelated predictors simultaneously, a large sample of 3,094 students was studied, in which a range of motivational, cognitive and personality constructs was measured. Moreover, this sample was roughly representative for the student population, enabling to draw more generalizable findings than earlier attempts based on more selective samples (e.g., Steinmayr et al., 2019). Finally, the study compared associations between motivation and different measures of achievement, considering both grades and standardized test scores as academic outcomes. 
Despite the richness and scope of the collected data, the current study also had to accept certain limitations. For example, the study restricted itself to motivation, personality and intelligence as predictors of academic achievement. Together, these three categories explained almost half of the variance (44.76%) in GPA. However, this means that other important facets of academic development (e.g., study skills; Robbins et al., 2004), were not covered by the current research. Similarly, while the study included a broad set of motivational constructs, this selection is not exhaustive. For example, task value (Wigfield & Eccles, 2000; Eccles & Wigfield, 2002) was not considered; although conceptually close to constructs included in this study (in particular, autonomous motivation), intrinsic, utility and attainment task value may also predict academic achievement beyond intelligence and personality (e.g., Steinmayr & Spinath, 2009). Similarly, this study did not consider self-efficacy (Bandura, 1982), which covers the expectancies students hold about future performance on a task. Although self-efficacy is closely related to academic self-concept (Marsh, 2019), it could be interesting to further investigate whether self-efficacy would have incremental value in predicting achievement.
Second, while earlier research often has been cross-sectional, this study took advantage of its longitudinal design by including a control for prior achievement and by testing the robustness of findings on two measurement occasions. However, not all constructs were assessed on both time points, precluding a more detailed investigation of the development of motivation and achievement over time. Future research could explore this longitudinal development more in detail, in particular because motivational processes may not only predict between-person differences in achievement, but also the intra-individual rate of academic progression. Possibly, positive intra-individual shifts in motivation may go hand in hand with positive intra-individual shifts in achievements, while intra-individual decreases in achievement may covary with an intra-individual loss of academic potential (Boncquet et al., 2020). Thus, the critical role of motivational dynamics may be unraveled even more in a longitudinal design that takes into account students’ intra-personal trajectories. 
Conclusion
The current study considered the associations between motivation, intelligence and personality and academic achievement. Students’ intelligence and need for cognition proved to be strong predictors of achievement, in particular when achievement was assessed with standardized tests. Beyond intelligence and personality, however, several motivational processes were found to uniquely predict achievement: jointly, motivational predictors explained about a quarter of the variance in school grades. In particular, academic self-concept related most strongly related to achievement, with achievement goals and motives, type of motivation and effort beliefs also being significantly related to academic outcomes. Hence, motivation matters for achievement: even though intelligence and personality are more strongly predictive, motivation is nor a redundant neither a trivial predictor. Moreover, motivation is a more malleable target for parents, teachers and schools. At the same time, these findings do underline the importance of controlling for intelligence and personality when assessing the association between motivation and achievement.
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Endnotes
1 In Flanders, about 85-90% of the Grade 7 students start their secondary education in the A-stream. A minority of students attend special needs education (BuSO) or the B-stream, which caters for students that did not successfully complete primary school and prepares for vocational education.
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Tables

Table 1. 
Overview of the data collection.

	Measure
	Fall Grade 7
	Spring Grade 7

	Motivational Measures
	
	

	Academic self-concept
	X
	X

	Autonomous/controlled motivation
	X
	X

	Achievement goals
	
	X

	Achievement motives
	X
	X

	Intelligence and effort beliefs
	X
	X

	Cognitive Measures
	
	

	Cognitive ability
	X
	

	Personality Measures
	
	

	Big Five traits
	X
	

	Need for cognition
	
	X

	Achievement Measures
	
	

	GPA
	X
	X

	Standardized test
	X
	X







Table 2. Means, standard deviations and correlations between study variables (baseline model). 
	Variable
	Mean
	SD
	
	Correlations

	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)
	(16)
	(17)
	(18)
	(19)
	(20)
	(21)

	(1)
	GPA (spring)
	0.00
	1.00
	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(2)
	Math grades (spring)
	0.00
	1.00
	.88*
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(3)
	Standardized test (spring)
	0.45
	1.08
	.59*
	.62*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(4)
	Gender (1 = female)
	0.50
	0.50
	.12*
	.03
	-.07*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(5)
	Academic self-concept
	3.71
	0.78
	.55*
	.49*
	.40*
	-.01
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(6)
	Autonomous motivation
	3.04
	0.80
	.13*
	.08*
	.05*
	.08*
	.32*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(7)
	Controlled motivation
	2.93
	0.75
	-.06*
	-.07*
	-.04*
	-.08*
	.02
	.22*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(8)
	Mastery-approach goal
	3.93
	0.78
	.20*
	.16*
	.11*
	.11*
	.38*
	.45*
	.20*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(9)
	Mastery-avoidance goal
	3.39
	0.94
	.25*
	.20*
	.24*
	.01
	.28*
	.27*
	.19*
	.51*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(10)
	Performance-approach goal
	3.02
	1.11
	.08*
	.06*
	.08*
	-.06*
	.16*
	.19*
	.34*
	.30*
	.26*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(11)
	Performance-avoidance goal
	3.32
	1.06
	.10*
	.07*
	.10*
	-.01
	.16*
	.18*
	.32*
	.36*
	.41*
	.72*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(12)
	Achievement motivation
	3.41
	0.85
	.19*
	.15*
	.19*
	.02
	.35*
	.41*
	.17*
	.45*
	.34*
	.25*
	.24*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(13)
	Fear of failure
	2.41
	0.98
	-.10*
	-.12*
	-.09*
	.05*
	-.21*
	.08*
	.30*
	.04*
	.11*
	.23*
	.24*
	.16*
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(14)
	Fixed mindset
	2.81
	0.88
	-.06*
	-.02
	.00
	-.09*
	-.06*
	-.10*
	.12*
	-.01
	.03
	.15*
	.10*
	.01
	.17*
	 
	 
	 
	 
	 
	 
	 
	 

	(15)
	Effort belief
	3.93
	0.71
	.16*
	.10*
	.12*
	.11*
	.29*
	.36*
	.15*
	.45*
	.28*
	.12*
	.18*
	.41*
	0.00
	-.04*
	 
	 
	 
	 
	 
	 
	 

	(16)
	Cognitive ability
	103.19
	14.22
	.46*
	.48*
	.67*
	-.15*
	.28*
	-.08*
	-.04*
	.01
	.20*
	.00
	.05*
	.14*
	-.08*
	-.02
	.03
	 
	 
	 
	 
	 
	 

	(17)
	Conscientiousness
	4.56
	1.16
	.13*
	.10*
	.00
	.17*
	.22*
	.29*
	.01
	.25*
	.13*
	.07*
	.06*
	.13*
	.02
	-.07*
	.16*
	-.07*
	 
	 
	 
	 
	 

	(18)
	Openness
	4.80
	0.97
	.05*
	.02
	.06*
	.08*
	.13*
	.17*
	.07*
	.16*
	.13*
	.03
	.06*
	.17*
	.05*
	-.02
	.09*
	.10*
	.26*
	 
	 
	 
	 

	(19)
	Agreeableness
	5.57
	0.77
	.04*
	.02
	-.03
	.15*
	.16*
	.22*
	.06*
	.23*
	.12*
	.02
	.06*
	.18*
	-.01
	-.05*
	.17*
	-.04*
	.39*
	.43*
	 
	 
	 

	(20)
	Extraversion
	4.75
	1.11
	.01
	-.01
	-.02
	.01
	.05*
	-.03
	-.06*
	.00
	-.02
	-.01
	.01
	.02
	-.21*
	-.01
	.04*
	-.03
	-.10*
	.07*
	.12*
	 
	 

	(21)
	Neuroticism
	3.78
	1.18
	-.02
	-.03
	.00
	.15*
	-.06*
	.05*
	.1*
	.06*
	.05*
	.05*
	.07*
	.05*
	.29*
	.03
	.04
	-.02
	.09*
	.13*
	.07*
	-.42*
	 

	(22)
	Need for cognition
	3.02
	0.80
	.27*
	.27*
	.32*
	-.08*
	.42*
	.57*
	.14*
	.43*
	.34*
	.24*
	.21*
	.52*
	.05*
	-.02
	.27*
	.22*
	.18*
	.24*
	.18*
	.00
	.03



Note: *p < 0.05. Range [1-5] for Academic self-concept, Autonomous motivation, Controlled motivation, Mastery-approach goal, Mastery-avoidance goal, Performance-approach goal, Performance-avoidance goal, Achievement motivation, Fear of failure, Fixed mindset, Effort belief, and Need for cognition. Range [1-7] for Conscientiousness, Openness, Agreeableness, Extraversion, and Neuroticism.

Table 3. 
	Predictor
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8

	
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW

	Gender (1 = female)
	0.15
	2.42*
	0.15
	2.31*
	0.15
	2.27*
	0.15
	2.26*
	0.15
	2.42*
	0.15
	2.25*
	0.14
	2.14*
	0.09
	1.00*

	Cognitive ability
	0.45
	20.68*
	0.40
	16.31*
	0.45
	20.83*
	0.44
	19.87*
	0.44
	19.90*
	0.45
	20.58*
	0.38
	15.19*
	0.26
	8.90*

	Conscientiousness
	0.12
	1.46*
	0.08
	0.93*
	0.11
	1.29*
	0.11
	1.20*
	0.11
	1.40*
	0.11
	1.35*
	0.07
	0.74*
	0.05
	0.45*

	Openness
	-0.01
	0.15*
	-0.01
	0.12*
	-0.01
	0.14*
	-0.01
	0.14*
	-0.01
	0.14*
	-0.01
	0.14*
	-0.01
	0.11*
	0.01
	0.05

	Agreeableness
	0.01
	0.11
	0.00
	0.17*
	0.01
	0.10
	0.01
	0.10
	0.01
	0.10
	0.01
	0.10
	-0.01
	0.13*
	0.00
	0.05

	Extraversion
	0.01
	0.04
	0.01
	0.02
	0.01
	0.04
	0.01
	0.04
	0.01
	0.03
	0.01
	0.03
	0.00
	0.02
	0.00
	0.01

	Neuroticism
	-0.03
	0.11
	-0.01
	0.07
	-0.03
	0.10
	-0.03
	0.14
	-0.02
	0.08
	-0.03
	0.12
	-0.01
	0.06
	-0.01
	0.04

	Need for cognition
	0.22
	5.12*
	0.16
	3.04*
	0.20
	4.21*
	0.19
	3.51*
	0.20
	4.18*
	0.21
	4.58*
	0.13
	2.12*
	0.10
	1.60*

	Academic self-concept
	
	
	0.45
	21.17*
	
	
	
	
	
	
	
	
	0.40
	18.09*
	0.29
	10.96*

	Autonomous motivation
	
	
	
	
	0.10
	1.13*
	
	
	
	
	
	
	0.04
	0.58*
	0.05
	0.36*

	Controlled motivation
	
	
	
	
	-0.06
	0.40*
	
	
	
	
	
	
	-0.06
	0.43*
	-0.04
	0.29*

	Mastery-approach goal
	
	
	
	
	
	
	0.12
	1.52*
	
	
	
	
	0.07
	0.92*
	0.07
	0.70*

	Mastery-avoidance goal
	
	
	
	
	
	
	0.14
	2.22*
	
	
	
	
	0.13
	1.84*
	0.10
	1.43*

	Performance-approach goal
	
	
	
	
	
	
	0.04
	0.18*
	
	
	
	
	0.03
	0.19*
	0.03
	0.13*

	Performance-avoidance goal
	
	
	
	
	
	
	0.04
	0.22*
	
	
	
	
	0.04
	0.24*
	0.03
	0.20*

	Achievement motivation
	
	
	
	
	
	
	
	
	0.12
	1.63*
	
	
	0.06
	0.72*
	0.06
	0.61*

	Fear of failure
	
	
	
	
	
	
	
	
	-0.10
	1.09*
	
	
	-0.04
	0.58*
	-0.03
	0.43*

	Fixed mindset
	
	
	
	
	
	
	
	
	
	
	-0.04
	0.16
	-0.03
	0.11
	-0.03
	0.12

	Effort belief
	
	
	
	
	
	
	
	
	
	
	0.11
	1.28*
	0.06
	0.57*
	0.06
	0.47*

	Initial achievement
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.73
	58.06*

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Variance explained by full model (%)
	
	30.09
	
	44.14
	
	30.51
	
	31.40
	
	30.97
	
	30.59
	
	44.76
	
	85.86

	Variance explained by motivational predictors (%)
	
	-
	
	21.17
	
	1.53
	
	4.14
	
	2.72
	
	1.44
	
	24.27
	
	15.70


Baseline models. Relative Weight Analysis with GPA as the Achievement Outcome. 
Note: *p < 0.05. 

Table 4. 
Comparing different measures of achievement outcomes: Relative Weight Analysis with math grades and standardized test score as outcomes. 
	Predictor
	Math Grades
	Standardized Test Score
	Difference in Relative Weight between grades and standardized test

	
	Est.
	RW
	Est.
	RW
	

	Gender (1 = female)
	0.07
	0.57*
	-0.01
	0.20*
	-0.37

	Cognitive ability
	0.40
	16.41*
	0.58
	35.37*
	+18.96

	Conscientiousness
	0.07
	0.61*
	-0.01
	0.17*
	-0.44

	Openness
	-0.03
	0.25*
	0.01
	0.17*
	-0.08

	Agreeableness
	-0.01
	0.13*
	-0.04
	0.26*
	+0.13

	Extraversion
	-0.02
	0.05
	-0.02
	0.06
	+0.01

	Neuroticism
	-0.01
	0.05
	0.01
	0.03
	-0.02

	Need for cognition
	0.14
	2.61*
	0.18
	4.07*
	+1.46

	Academic self-concept
	0.36
	14.43*
	0.25
	6.97*
	-7.46

	Autonomous motivation
	0.02
	0.50*
	0.01
	0.62*
	+0.12

	Controlled motivation
	-0.06
	0.50*
	-0.04
	0.27*
	-0.23

	Mastery-approach goal
	0.06
	0.71*
	0.03
	0.38*
	-0.33

	Mastery-avoidance goal
	0.10
	1.20*
	0.12
	1.73*
	+0.53

	Performance-approach goal
	0.03
	0.17*
	0.04
	0.19*
	+0.02

	Performance-avoidance goal
	0.01
	0.12*
	0.04
	0.23*
	+0.11

	Achievement motivation
	0.04
	0.54*
	0.07
	0.76*
	+0.22

	Fear of failure
	-0.05
	0.60*
	-0.04
	0.41*
	-0.19

	Fixed mindset
	0.00
	0.02
	0.01
	0.02
	-0.00

	Effort belief
	0.03
	0.26*
	0.06
	0.45*
	+0.19

	
	
	
	
	
	

	Variance explained by full model (%)
	
	39.73
	
	52.36
	+12.63

	Variance explained by motivational predictors (%)
	
	19.05
	
	12.03
	-7.02


































Note: *p < 0.05. 



Table 5. 
Robustness Analysis. Relative Weight Analysis with motivation and achievement measures assessed in Fall.

	Predictor
	Est.
	RW

	Gender (1 = female)
	0.13
	1.73*

	Cognitive ability
	0.45
	20.39*

	Conscientiousness
	0.09
	1.00*

	Openness
	-0.02
	0.20*

	Agreeableness
	-0.01
	0.19*

	Extraversion
	0.00
	0.05

	Neuroticism
	-0.01
	0.06

	Academic self-concept
	0.39
	16.25*

	Autonomous motivation
	0.03
	0.43*

	Controlled motivation
	-0.06
	0.37*

	Achievement motivation
	0.07
	0.78*

	Fear of failure
	-0.03
	0.41*

	Fixed mindset
	0.00
	0.01

	Effort belief
	0.06
	0.49*

	
	
	

	Variance explained by full model (%)
	
	42.35

	Variance explained by motivational predictors (%)
	
	18.75



Note: *p < 0.05. 



Appendix
Table A1. Relative Weight Analysis with Math Grades as the Achievement Outcome. *p < 0.05.
	Predictor
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8

	
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW

	Gender (1 = female)
	0.08
	0.66*
	0.07
	0.60*
	0.07
	0.60*
	0.07
	0.60*
	0.08
	0.66*
	0.07
	0.63*
	0.07
	0.57*
	0.05
	0.30*

	Cognitive ability
	0.46
	21.56*
	0.42
	17.57*
	0.46
	21.33*
	0.45
	20.98*
	0.45
	20.86*
	0.46
	21.52*
	0.40
	16.41*
	0.28
	9.61*

	Conscientiousness
	0.10
	1.11*
	0.07
	0.72*
	0.10
	1.03*
	0.09
	0.94*
	0.10
	1.07*
	0.10
	1.07*
	0.07
	0.61*
	0.04
	0.34*

	Openness
	-0.03
	0.29*
	-0.03*
	0.26*
	-0.03
	0.28*
	-0.04
	0.29*
	-0.03
	0.27*
	-0.03
	0.28*
	-0.03
	0.25*
	-0.01
	0.08

	Agreeableness
	0.00
	0.09
	-0.01
	0.17*
	0.00
	0.08
	-0.01
	0.09
	0.00
	0.10
	0.00
	0.09
	-0.01
	0.13*
	0.00
	0.06

	Extraversion
	-0.01
	0.02
	-0.01
	0.04
	-0.01
	0.02
	-0.01
	0.02
	-0.02
	0.04
	-0.01
	0.02
	-0.02
	0.05
	-0.01
	0.02

	Neuroticism
	-0.03
	0.11
	-0.02
	0.07
	-0.03
	0.10
	-0.03
	0.13
	-0.02
	0.07
	-0.03
	0.12
	-0.01
	0.05
	0.00
	0.05

	Need for cognition
	0.22
	5.04*
	0.16
	3.08*
	0.20
	4.61*
	0.19
	3.78*
	0.20
	4.42*
	0.21
	4.74*
	0.14
	2.61*
	0.11
	1.82*

	Academic self-concept
	
	
	0.40
	16.34*
	
	
	
	
	
	
	
	
	0.36
	14.43*
	0.27
	9.01*

	Autonomous motivation
	
	
	
	
	0.06
	0.67*
	
	
	
	
	
	
	0.02
	0.50*
	0.03
	0.25*

	Controlled motivation
	
	
	
	
	-0.07
	0.54*
	
	
	
	
	
	
	-0.06
	0.50*
	-0.04
	0.33*

	Mastery-approach goal
	
	
	
	
	
	
	0.10
	1.00*
	
	
	
	
	0.06
	0.71*
	0.06
	0.50*

	Mastery-avoidance goal
	
	
	
	
	
	
	0.11
	1.39*
	
	
	
	
	0.10
	1.20*
	0.07
	0.90*

	Performance-approach goal
	
	
	
	
	
	
	0.03
	0.14*
	
	
	
	
	0.03
	0.17*
	0.02
	0.10*

	Performance-avoidance goal
	
	
	
	
	
	
	0.01
	0.10*
	
	
	
	
	0.01
	0.12*
	0.02
	0.09*

	Achievement motivation
	
	
	
	
	
	
	
	
	0.09
	0.97*
	
	
	0.04
	0.54*
	0.05
	0.41*

	Fear of failure
	
	
	
	
	
	
	
	
	-0.10
	1.17*
	
	
	-0.05
	0.60*
	-0.04
	0.47*

	Fixed mindset
	
	
	
	
	
	
	
	
	
	
	-0.01
	0.01
	0.00
	0.02
	-0.01
	0.01

	Effort belief
	
	
	
	
	
	
	
	
	
	
	0.06
	0.45*
	0.03
	0.26*
	0.03
	0.18*

	Initial achievement
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.68
	49.19*

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Variance explained by full model (%)
	
	28.88
	
	38.84
	
	29.25
	
	29.46
	
	29.63
	
	28.92
	
	39.73
	
	73.73

	Variance explained by motivational predictors (%)
	
	-
	
	16.34
	
	1.21
	
	2.63
	
	2.15
	
	0.46
	
	19.05
	
	12.26



Table A2. Relative Weight Analysis with Standardized Math Test Scores as the Achievement Outcome. *p < 0.05.
	Predictor
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8

	
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW
	Est.
	RW

	Gender (1 = female)
	0.00
	0.23*
	-0.01
	0.21*
	-0.01
	0.23*
	0.00
	0.23*
	0.00
	0.22*
	-0.01
	0.24*
	-0.01
	0.20*
	0.00
	0.15*

	Cognitive ability
	0.64
	41.61*
	0.61
	37.63*
	0.64
	41.18*
	0.63
	40.36*
	0.63
	40.72*
	0.64
	41.57*
	0.58
	35.37*
	0.44
	20.41*

	Conscientiousness
	0.01
	0.11*
	-0.01
	0.21*
	0.00
	0.08*
	0.00
	0.09*
	0.00
	0.10*
	0.00
	0.10*
	-0.01
	0.17*
	-0.01
	0.11*

	Openness
	0.01
	0.21*
	0.01
	0.18*
	0.01
	0.21*
	0.01
	0.18*
	0.01
	0.19*
	0.01
	0.20*
	0.01
	0.17*
	0.02
	0.11*

	Agreeableness
	-0.03
	0.18*
	-0.04
	0.27*
	-0.03
	0.16*
	-0.03
	0.19*
	-0.03
	0.20*
	-0.03
	0.20*
	-0.04
	0.26*
	-0.03
	0.17*

	Extraversion
	-0.01
	0.02
	-0.01
	0.04
	-0.01
	0.02
	-0.01
	0.02
	-0.02
	0.05
	-0.01
	0.03
	-0.02
	0.06
	-0.02
	0.06

	Neuroticism
	0.00
	0.01
	0.01
	0.03
	0.00
	0.01
	0.00
	0.01
	0.01
	0.02
	0.00
	0.01
	0.01
	0.03
	0.00
	0.02

	Need for cognition
	0.25
	6.74*
	0.21
	4.88*
	0.23
	6.37*
	0.22
	5.42*
	0.23
	5.80*
	0.24
	6.22*
	0.18
	4.07*
	0.15
	2.91*

	Academic self-concept
	
	
	0.28
	8.29*
	
	
	
	
	
	
	
	
	0.25
	6.97*
	0.20
	5.04*

	Autonomous motivation
	
	
	
	
	0.04
	0.73*
	
	
	
	
	
	
	0.01
	0.62*
	0.02
	0.35*

	Controlled motivation
	
	
	
	
	-0.04
	0.21*
	
	
	
	
	
	
	-0.04
	0.27*
	-0.04
	0.24*

	Mastery-approach goal
	
	
	
	
	
	
	0.06
	0.50*
	
	
	
	
	0.03
	0.38*
	0.03
	0.27*

	Mastery-avoidance goal
	
	
	
	
	
	
	0.13
	2.00*
	
	
	
	
	0.12
	1.73*
	0.09
	1.29*

	Performance-approach goal
	
	
	
	
	
	
	0.04
	0.19*
	
	
	
	
	0.04
	0.19*
	0.03
	0.16*

	Performance-avoidance goal
	
	
	
	
	
	
	0.04
	0.21*
	
	
	
	
	0.04
	0.23*
	0.04
	0.20*

	Achievement motivation
	
	
	
	
	
	
	
	
	0.11
	1.42*
	
	
	0.07
	0.76*
	0.06
	0.63*

	Fear of failure
	
	
	
	
	
	
	
	
	-0.07
	0.64*
	
	
	-0.04
	0.41*
	-0.04
	0.31*

	Fixed mindset
	
	
	
	
	
	
	
	
	
	
	0.01
	0.01
	0.01
	0.02
	0.01
	0.01

	Effort belief
	
	
	
	
	
	
	
	
	
	
	0.09
	0.81*
	0.06
	0.45*
	0.05
	0.36*

	Initial achievement
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.60
	38.08*

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Variance explained by full model (%)
	
	49.09
	
	51.73
	
	49.20
	
	49.39
	
	49.38
	
	49.38
	
	52.36
	
	70.87

	Variance explained by motivational predictors (%)
	
	-
	
	8.29
	
	0.94
	
	2.89
	
	2.06
	
	0.82
	
	12.03
	
	8.87



