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Abstract
One important predictor of students' intrinsic motivation and schoolwork engagement is the balance between schoolwork difficulty and student skill level, such that students are adequately challenged. However, the question arises whether this is equally true for all students or whether there are students for whom having adequately challenging schoolwork is even more important than for others. In this study, we investigated whether students’ cognitive ability and their need for cognition (i.e., their tendency to actively seek, engage in and enjoy effortful cognitive activity) affects students’ motivational responses to adequately challenging schoolwork. Building on data from a large-scale survey among 3,002 Flemish 7th graders, we found that adequately challenging schoolwork had a more favorable effect on intrinsic motivation and schoolwork engagement for students high in need for cognition than for students low in need for cognition. Student cognitive ability did not moderate the association between adequate challenge and motivational outcomes. The findings are discussed in light of school engagement and intellectual investment theory.
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Are Motivational Benefits of Adequately Challenging Schoolwork Related to Students’ Need for Cognition, Cognitive Ability, or Both?


1. Introduction
An adequate level of difficulty in schoolwork, confronting students with tasks that are neither too easy nor too difficult, is known to promote motivation. This study investigated whether student characteristics, in particular, intelligence and need for cognition, affect how students respond to adequately challenging schoolwork. 
1.1. Adequate challenge and motivational outcomes
Research on student engagement suggests that students thrive when their schoolwork is “optimally difficult”, that is, when the level of difficulty is in balance with the skill level of the student (Shernoff, Csikszentmihalyi, Schneider, & Shernoff, 2014). On the one hand, students enjoy challenging (but not unsolvable) problems above all too easy tasks (Harter, 1974), and too easy schoolwork has been shown to give rise to student boredom and disengagement (Kanevsky & Keighley, 2003). On the other hand, students who perceive their schoolwork as too difficult may start to feel frustrated, anxious and disaffected as well (Acee et al., 2010; Baten, Vansteenkiste, De Muynck, De Poortere, & Desoete, in press). 
Hence, finding an appropriate balance between schoolwork difficulty and student capacities seems necessary to keep students motivated and engaged. For example, self-determination theory postulates that students’ intrinsic motivation to learn, that is, studying for reasons of enjoyment and interest, flourishes when students feel competent, and that such feelings of competence follow from experiencing opportunities to fully express one’s capacities (Deci & Ryan, 2002). Similarly, challenges that stretch but do not overbear personal capacities have been found to deepen engagement (Abuhamdeh & Csikszentmihalyi, 2012).
1.2. Need for cognition and cognitive ability as moderators for the effect of adequate challenge 
While the positive effect of adequate challenge on motivational outcomes is well-established (e.g., Shernoff et al., 2014), the question arises whether this is equally true for all students or whether the strength of the relation depends on student characteristics. Students value difficulty and complexity of a task more when the topic of the task matches their interests (Fulmer, D'Mello, Strain, & Graesser, 2015; Soemer & Schiefele, 2019) or domain knowledge (Durik & Matarazzo, 2009). Beyond such task-specific criteria, according to intellectual investment theory (Ackerman, 1996) specific personality traits affect how individuals react to cognitively challenging tasks. These so-called investment traits regulate whether and how people invest their time and effort in cognitive endeavors. While these traits have been measured in different ways (e.g., curiosity, intellectual disposition, …), need for cognition (NFC) as the tendency to actively seek, engage in and enjoy effortful cognitive activity (Cacioppo, Petty, Feinstein, & Jarvis, 1996) has been argued to constitute the core of these traits (Von Stumm & Ackerman, 2013). In laboratory experiments, NFC has been shown to moderate the relation between task difficulty and engagement. For example, when delivered both a simple and a complex number-circling task, participants high in NFC reported higher enjoyment after the complex task, while participants low in NFC reported higher enjoyment after the easier task (Cacioppo & Petty, 1982). Similarly, students with high NFC were found to become more motivated to perform a task when they expected this task to be difficult, while their low NFC peers were not appreciably affected by this expectancy (Steinhart & Wyer, 2009). In everyday classroom settings, however, the relationship between NFC and a preference for cognitive challenge has been established mostly indirectly. For example, students participating in advanced classes reported higher levels of NFC than their counterparts in regular classes, which could be explained as a result of high NFC students seeking out the most challenging learning environments (Meier, Vogl, & Preckel, 2014).
Importantly, this preference for intellectual stimulation has to be clearly distinguished from intellectual ability (IQ) itself. Most contemporary models of intelligence postulate that cognitive abilities can be organized hierarchically, with a general factor (general intelligence) underlying more specific cognitive abilities, such as the ability to reason abstractly (fluid intelligence) and the extent of acquired knowledge (crystallized intelligence) (Schneider & Mc Grew, 2018). Conceptually, NFC has been argued to correspond to someone’s typical intellectual engagement, that is, the amount of intellectual effort a person is likely to put forth in everyday situations (Cacioppo et al., 1996). By contrast, IQ rather depicts maximal intellectual engagement, that is, the intellectual performance a person is capable of (Ackerman & Heggestad, 1997). Empirically, NFC and IQ are only weakly to moderately correlated, with correlation coefficients between NFC and several markers of intelligence typically ranging between .15 and .30 (Fleischhauer et al., 2010; Hill et al., 2013; Luong et al., 2017; Von Stumm & Ackerman, 2013). Nevertheless, cognitive ability has also been related to motivational responses to cognitive challenge (Reis & Boeve, 2009). In particular, high ability students have been argued to be at risk of underchallenge (Gallagher, Harradine, & Coleman, 1997; Kanevsky & Keighley, 2003; Obergriesser & Stoeger, 2015), presumably because teachers and schools would find it more difficult to provide high ability students with adequately challenging material, which could deplete motivation and schoolwork engagement among such students (Landis & Reschly, 2013; Preckel, Götz, & Frenzel, 2010). However, while lack of challenge thus might be more prevalent among high ability students, these studies did not suggest different reactions to inadequate challenge. Hence, carefully distinguishing between cognitive investment preferences (NFC) and cognitive ability (IQ) is necessary when investigating motivational responses to classroom challenge. 
1.3. The present study
In this study, we investigated how NFC and IQ affect motivational responses of students to adequate challenge in the classroom. As motivational outcomes, we distinguished between intrinsic motivation and schoolwork engagement. Our study tested three hypotheses. First, we expected a positive main effect between adequately challenging schoolwork and both motivational outcomes (H1), in line with insights from motivation and engagement research. Second, we expected this association to be more pronounced among students high in NFC (H2), as these students would be particularly sensitive to the motivational benefits of adequate cognitive challenge. Third, we considered whether cognitive ability (IQ) would affect motivational responses to cognitive challenge; this, to the best of our knowledge, has not been studied before. Therefore, we did not have theoretical reasons to expect such an interaction (H3). As school motivation and engagement are related to gender, with girls usually reporting more positive attitudes towards school than boys (e.g., Lietaert, Roorda, Laevers, Verschueren, & De Fraine, 2015; van de Gaer, Pustjens, Van Damme, & De Munter, 2009), gender was included as a control in all models.
2. Material and methods
We made use of data collected in the context of the TALENT-study, a large-scale study in Flanders. The current sample included 3,002 7th graders from 165 classes in 27 schools (49.6% boys, Mage = 12.4 years). Students had slightly more advantaged social backgrounds than the population of the general stream1 in Flemish secondary education (A-stream), 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). Prior to conducting the study, we obtained informed consent from students and their parents. The study was approved by the Ethical Committee of KU Leuven. In October 2017 a cognitive ability test (CoVaT-CHC) was administered that assessed both fluid and crystallized intelligence (Magez et al., 2015). An IQ-score for each student was calculated based on a comparison of test results with a norming sample. A few months later (May 2018), students completed a survey measuring our central constructs. All scale items were measured with 5-point Likert-type scales. First, Adequate Challenge was assessed with a 4-item scale developed within the TALENT study that measures the extent to which students felt school classes were in line with their capacities (“The classes in this school are sufficiently challenging”, “The classes in this school are too easy” (inverted), “I learn a lot during classes”, “The classes in this school are too slow” (inverted)). Internal consistency of the scale was marginally acceptable (α = .64) (Taber, 2018)2. Need for Cognition was measured using a Dutch translation of the German 14-item NFC scale by Preckel and Strobel (2011) (e.g., I love thinking about things.). Internal consistency of the scale was excellent (α = .92). Intrinsic Motivation was measured with 4 items from the subscale of the Academic Self-Regulation Questionnaire by Ryan and Connell (1989) (e.g., I am motivated to study because I enjoy learning) and exhibited good internal consistency (α = .87). Engagement was measured using 9 items from the Schoolwork Engagement Inventory (Salmela-Aro & Upadaya, 2012), which captures student dedication, energy and absorption with their schoolwork (e.g., I feel strong and vigorous when I am studying). Internal consistency of the scale was good (α = .83). 
Two multilevel regression models were estimated (PROC MIXED in SAS) predicting levels of Intrinsic Motivation and Schoolwork Engagement, respectively, as a result of Adequate Challenge, NFC, Cognitive Ability, and the interactions of Adequate Challenge with NFC and Cognitive Ability, respectively. Multilevel models were used to take into account that students were nested in classes (error terms on the student and class-level; all variables were measured on the student level). Non-response did not exceed 2.3% for any measure, and was below 3.3% for all measures combined. This low level of missingness might be due to students completing the survey during regular class hours. Given this low level of missingness, listwise deletion was applied to missing data. Variables were grand-mean standardized to allow for a straightforward interpretation of interaction effects. Gender (reference: female) was included as a control variable. 
3. Results
Descriptive statistics and correlations for all variables (before standardization) can be found in Table 1. NFC was only moderately correlated to Cognitive Ability (r = 0.22), highlighting the need to distinguish between both constructs. 
Table 2 reports results from the two multilevel linear regression models predicting Intrinsic Motivation and Schoolwork Engagement. As both models showed similar results, findings are discussed simultaneously. First, Adequate Challenge was positively related to both Intrinsic Motivation and Schoolwork Engagement. This is in support of H1, suggesting that adequately challenging schoolwork that is neither too difficult nor too easy is positively related to students’ motivation and engagement. Second, NFC was positively related to both motivational outcomes. Moreover, NFC interacted positively with Adequate Challenge, supporting H2. This key finding means that for students high in NFC, Adequate Challenge had a more favorable effect on Intrinsic Motivation and Schoolwork Engagement than for students low in NFC. As our variables were standardized, the size and practical relevance of the observed effects can be interpreted as follows. A student with an average level of NFC would see intrinsic motivation increase with 0.13 SD (standard deviation) when schoolwork becomes 1 SD more adequately challenging. For a student high in NFC (i.e., 1 SD above the mean, which places the student among the 16% of the students that are most attracted to cognitive stimulation), an increase in adequate challenge of 1 SD would result in an increase in intrinsic motivation equal to 0.19 SD. Similarly, while for students with average levels of NFC a 1 SD increase in adequate challenge promotes student engagement with about 0.16 SD’s, this increase becomes 0.21 SD’s for students high in NFC. Figure 1 visualizes the associations between adequate challenge and motivational outcomes for three student profiles with different levels of NFC (1 SD beneath mean, mean level, 1 SD above mean). Finally, Cognitive Ability, did not interact significantly with Adequate Challenge in the prediction of Intrinsic Motivation or Schoolwork Engagement, supporting H3. Of note, Cognitive Ability was negatively associated with both motivational outcomes. 
4. Discussion and conclusion
In a large sample of 7th graders, we investigated how NFC and IQ affected motivational responses (i.e., intrinsic motivation and schoolwork engagement) of students to adequate challenge in the classroom. We expected that adequately challenging schoolwork would be positively related to both motivational outcomes, and that this association would be more pronounced among students high in NFC but not affected by students’ cognitive ability. Findings overall supported our expectations. Before discussing these findings we point out some limitations of our study that have to be taken into account.
Whereas our study had considerable strengths, such as the large, representative sample and the encompassing measurement of both IQ and NFC, our research design also had its limitations. First, we adopted a cross-sectional design, in which both predictors and outcomes were measured at the same occasion, impeding causal claims. Future research could employ longitudinal designs in which the development of school motivation and engagement is studied in relation to student perceptions of classroom challenge. Second, we relied on student self-reports, which might be affected by perceptional biases. In particular for the perceived level of challenge, which was measured with a 4-item scale with only modest reliability (α = .64), future research could benefit from developing more elaborate measures assessing students’ evaluation of the level of challenge in their schoolwork. Third, our sample comprised 7th graders only. Hence, future research could strengthen the findings of this study by adopting a longitudinal research design, by using measurements of key variables beyond student self-report, and by investigating more heterogeneous student samples (e.g., regarding age, region etc.).
Adequate challenge and student motivation
In line with prior research (Acee et al., 2010; Baten et al., in press) we found that students who experienced their schoolwork as sufficiently challenging also reported higher intrinsic motivation and engagement. Of note, providing challenging (and supportive) learning environments for each student is one core aspect of adaptive teaching (Corno, 2008) which has been found to improve students’ motivation, learning, and achievement as well (e.g., Bernard, Borokhovski, Schmid, Waddington, & Pickup, 2019). Our findings, thus, are well aligned with prior research. 
Moreover, they broaden prior findings by indicating that adequate challenge is especially beneficial for students with a high level of cognitive motivation or NFC. These students show an enduring tendency to engage in and enjoy effortful and challenging cognitive activities (Cacioppo & Petty, 1982). Adequate challenge in school therefore meets their specific motivational needs. This provides one explanation for the finding that high NFC students profit more from adequate challenge than students lower in NFC, and seems to support the tenet of intellectual investment theory (Ackerman, 1996; Cattell, 1987) that people differ in their tendency to engage in cognitive tasks and that these differences determine their motivational reactions to cognitive challenge. 
Our results further suggest that the tendency to engage in cognitive tasks (i.e., the amount of intellectual effort a person is likely to put forth) needs to be carefully distinguished from cognitive ability itself (i.e., a person’s peak intellectual performance). First, we found NFC and IQ to be only weakly correlated, in line with earlier work (e.g., Fleischhauer et al., 2010). Moreover, we found that NFC and IQ had quite distinct relations with motivational outcomes: while NFC had a positive main effect and interacted positively with adequate challenge, IQ was negatively associated with motivational outcomes and – in line with our expectation – did not interact with adequate challenge in predicting the motivational outcomes. That is, adequate challenge does have motivational benefits, as indicated by its positive main effect, but this is true for all students, irrespective of ability level. 
Importantly, the lack of an interaction effect between IQ and adequate challenge does not imply that calls for the provision of challenging schoolwork to high ability students would be ill-informed (Gallagher et al., 1997). In fact, it might be more demanding for schools and teachers to deliver adequate challenge to students with higher cognitive abilities, as demonstrated by the negative (although weak) correlation between cognitive ability and perceived adequate challenge. Hence, accelerated or enriched curricula, supplying schoolwork that is in line with their advanced capacities, would be key to maintain learning motivation among high ability students (Kim, 2016; Steenbergen-Hu, Makel, & Olszewski-Kubilius, 2016). In this regard, students who score high both on IQ and NFC would be of special interest: because they are highly intelligent, these students could be at risk of underchallenge, and because they are high in NFC, their motivation might be particularly sensitive to the detrimental effects of this underchallenge. In particular for such students, cautiously designed advanced learning environments would be of uttermost importance to support motivation and engagement (Meier et al., 2014). Finally, IQ was negatively related to motivational outcomes, even after controlling for the provision of adequate challenge. This suggests that not only lack of adequate challenge relates to demotivation and disengagement among high ability students (Reis & McCoach, 2000), and that other characteristics may also play a role, such as teacher-student interactions  (Bakx, Van Houtert, Brand, & Hornstra, 2017) or social integration (Košir, Horvat, Aram, & Jurinec, 2016; Verschueren, Lavrijsen, Weyns, Ramos, De Fraine, 2019). 
To conclude, our results suggest that while the provision of adequate challenge is beneficial to all students, especially students with a high level of NFC fare well when the curriculum in school suits their needs. Hence, it would be important to identify such students and to offer them an appropriate learning environment.
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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 are transferred to special needs education (BuSO) or to the B-stream, which caters for students that did not successfully complete primary school and prepares for vocational education.
2 To consider whether the relatively low internal consistency of this measure would threaten robustness of the results, additional models were estimated in which adequate challenge was operationalized as the score on each single survey item. Results, which are available from the author, proved to be consistent across operationalizations. 


Tables
Table 1
Descriptive Statistics and Correlations

	
	Measure
	M
	SD
	Correlations

	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)

	(1)
	Adequate Challenge
	3.69
	0.75
	
	
	
	
	

	(2)
	Need for Cognition
	3.02
	0.80
	.05**
	
	
	
	

	(3)
	Cognitive ability
	103.29
	14.29
	-.05**
	.22***
	
	
	

	(4)
	Intrinsic Motivation
	2.52
	0.91
	.18***
	.54***
	-.08***
	
	

	(5)
	Schoolwork Engagement
	2.82
	0.76
	.22***
	.55***
	-.04*
	.66***
	

	(6)
	Gender (0 = female, 1 = male)
	0.50
	-
	-.16***
	.08***
	.15***
	-.07***
	-.09***


Notes: Scales 1, 2, 4 and 5 were measured with 5-point Likert scales (1-5). ***p < 0.001, **p < 0.01, *p < 0.05.

Table 2
Multilevel Analysis Predicting Intrinsic Motivation and Engagement
	
	Dependent variable:
Intrinsic Motivation
	Dependent variable:
Engagement

	
	b
	SE
	t
	p
	b
	SE
	t
	p

	Intercept
	0.06
	0.02
	-
	-
	0.09
	0.02
	-
	-

	Gender (1 = male)
	-0.14
	0.03
	-4.52
	<.001
	-0.19
	0.03
	-6.22
	<.001

	Adequate Challenge
	0.13
	0.01
	8.40
	<.001
	0.16
	0.01
	10.83
	<.001

	Need for Cognition
	0.59
	0.02
	39.03
	<.001
	0.59
	0.02
	39.41
	<.001

	Cognitive Ability
	-0.20
	0.02
	-12.67
	<.001
	-0.15
	0.02
	-9.78
	<.001

	Adequate Challenge
*Need for Cognition
	0.06
	0.01
	4.02
	<.001
	0.05
	0.01
	3.62
	<.001

	Adequate Challenge
*Cognitive Ability
	0.01
	0.01
	0.99
	.32
	0.02
	0.01
	1.27
	.20

	Random intercept variance
	0.02
	
	
	
	0.02
	
	
	

	Residual variance
	0.61
	
	
	
	0.61
	
	
	






Figures
Figure 1
Visual Presentation of Results from Table 2 
[image: ][image: ]The left panel plots standardized levels of Intrinsic Motivation as a function of Adequate Challenge for three student profiles with fixed levels of Cognitive Ability and low NFC (1 SD beneath mean), average NFC (mean level), and high NFC (1 SD above mean), respectively. The right panel plots the equivalent results for Engagement.
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