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Abstract
[bookmark: _Hlk191472912]Students with a high Need for Cognition (NFC) enjoy cognitive challenges, prefer complex tasks, engage deeply, and invest their cognitive resources in learning. Ample evidence supports the role of NFC in education. However, relatively little is known about its development. This study examines the temporal change and stability of NFC as well as couplings of its development with motivational development in a representative sample of N = 8410 students across six years of elementary to secondary education in Luxembourg. Students were aged M = 8.53 years (SD = 0.65) at the first of four assessments (Grades 3, 5, 7, and 9), 47.1% female, 62.7% with a migration background. Data was analyzed by structural equation modeling and multivariate growth curve models with latent variables. Mean levels in NFC steadily decreased over time (d = -0.229 to d = -0.586 for the two-year intervals; mean slope of µ = -.257 over six years). There was significant variability between individuals in NFC changes over time. Rank-order stabilities over two years were small and increased slightly with grade level (r = .242 to r = .301). Students’ development of NFC was associated with their motivational development (i.e., academic self-concept and interest), also when controlling for academic achievement and sociodemographic variables. 
Keywords: need for cognition, investment traits, motivational development, personality development, longitudinal study
Educational Impact and Implications Statement
Need for Cognition (NFC) is a personality trait, which refers to an individual’s motivation and desire to engage in cognitive challenges. Thus, it plays an important role in education. This study found small rank-order stability and an average decrease in students’ NFC throughout their elementary and secondary education. There were significant differences in NFC trajectories between students. The decrease in NFC was related to a decrease in students’ academic self-concepts and interests. 
The Development of Need for Cognition in Elementary to Secondary Education: A Six-Year Longitudinal Study of a Representative Sample
[bookmark: _Hlk190956405][bookmark: _Hlk190956375]The extent to which students want and need to think deeply makes a difference in their learning and is reflected in their Need for Cognition (NFC). NFC refers to the “tendency to engage in and enjoy effortful cognitive activity” (Cacioppo et al., 1996, p. 197). Students who habitually solve problems by thinking and enjoy seeking new information are referred to as “chronic cognizers” (Cacioppo et al., 1996, p. 197; Petty et al., 2002). They prefer complex tasks to simpler ones and want to be challenged cognitively (Furnham & Thorne, 2013; Steinhart & Wyer, 2009; Zerna et al., 2023). Accordingly, students with high NFC demonstrate greater engagement and higher achievement in challenging tasks. For example, they show longer exploration times and greater success in solving complex and creative problems (Rudolph et al., 2018; Watts et al., 2017). Meta-analyses reveal positive relations between NFC and academic achievement (r = .20, CI 95% [.18, .22]; Liu & Nesbit, 2023) and well-being (r = .20, CI 95% [.16, .23]; Lua et al., 2024).
A considerable amount of research has examined the role of NFC in learning and education. However, there are only a few longitudinal NFC studies (e.g., Bergold et al., 2023; Bruinsma & Crutzen, 2018; Preckel, 2014), resulting in a lack of knowledge about the development of NFC over time. This is particularly true for children, since the first NFC scales for this age group were not developed until 2000 (Ginet & Py, 2000). Even fewer studies have investigated the variables associated with the development of NFC (e.g., Bergold & Steinmayr, 2023; Lavrijsen et al., 2024). The development of NFC deserves more research attention because it relates to students’ learning potential, needs and personal and academic development. Our research aims to understand how NFC develops in a representative sample of students from elementary to secondary school age, and the variables associated with these changes. 
NFC and its Development 
Definition
As the “tendency to engage in and enjoy effortful cognitive activity” (Cacioppo et al., 1996, p. 197), NFC is conceptualized as a personality trait that represents an individual's need and motivation to think deeply, engage in cognitively challenging activities, and invest cognitive resources in thinking (Cacioppo et al., 1996; Cacioppo & Petty, 1982; von Stumm & Ackerman, 2013). As an investment trait, NFC reflects the allocation of cognitive resources to one’s own cognitive development (Kramer et al., 2021; von Stumm & Ackerman, 2013). In addition, it has been linked to the Big Five personality trait of openness to experience (Furnham & Thorne, 2013). Openness to experience is characterized by a fundamental need to explore and gain experiences (McCrae & Costa, 1997) and is also considered an investment trait (von Stumm & Ackerman, 2013). Not surprisingly, empirical findings show that individuals with high NFC levels tend to think deeply and actively seek out information when approaching learning environments (Cazan & Indreica, 2014; Evans et al., 2003; Mokhtari et al., 2013). These individual differences in information processing have also been demonstrated at the neurophysiological level (Fleischhauer et al., 2015; Mussel et al., 2016).
Development of NFC: Theoretical Considerations
Personality traits change dynamically, especially during adolescence and young adulthood (Caspi et al., 2005; Costa et al., 2019). For example, openness to experience, which is closely related to NFC, reveals a trajectory of change that resembles a U-shape, with levels decreasing from as early as age 3 and a transition into increasing levels around age 15 (Denissen et al., 2013; for reviews, see Costa et al., 2019; Slobodskaya, 2021). For the development of NFC, well-established theoretical foundations are currently missing, especially with regard to children and adolescents. Cacioppo et al. (1996) propose that children’s intrinsic motivation to engage in cognitive challenges can be a starting point for exploring the development of NFC. It creates the basis for a positive feedback loop: mastering cognitively challenging activities elicits positive emotions, including contentment and a sense of competence, which in turn support the investment of cognitive resources and thus NFC. Conversely, failing cognitive challenges could elicit negative emotions and undermine students’ sense of competence. This would reduce their investment of cognitive resources, and thus their NFC. Furthermore, time constraints, excessive control and the use of extrinsic incentives alone are considered to be detrimental to the development of NFC (Cacioppo et al., 1996).
Aerts et al. (2024) proposed a developmental model of NFC, in which trait development is the response to challenges from the environment that are met with an adaptation of behavior (Cognitive-Adaptive Trait Theory; Matthews, 2008, 2018). For NFC, environmental challenges are situations that require and enable cognitive engagement, such as cognitively demanding school tasks or leisure activities (Aerts et al., 2024). Adaptive behavior is represented by the willingness and amount of effort exertion as well as engagement and persistence in these activities (cf. Aerts et al., 2024; Fleischhauer et al., 2015; Kramer et al., 2021; Therriault et al., 2015). This adaptive behavior is supported by cognitive skills, such as structuring for a deeper learning approach (Cazan & Indreica, 2014), self-regulatory processes, such as self-efficacy beliefs (Naderi et al., 2018; Jebb et al., 2016), and the positive appraisal and enjoyment of cognitive challenges (Li & Browne, 2006; Weissgerber et al., 2018). The variables and processes described are assumed to interact in the development of NFC, thus creating a positive feedback loop, especially in environments that offer cognitive challenges and reward cognitive effort investment (Aerts et al., 2024). However, in environments where students are expected to achieve a specific goal or learn in a competitive situation rather than for fun or cognitive challenge, they may adapt by becoming less inclined to think and engage deeply with tasks (cf. Aerts et al., 2024; cf. Cacioppo et al., 1996).
	A positive feedback loop is also described within the reward-learning framework of knowledge acquisition by Murayama (2022). In this framework, the relation between the development of personality, motivation, and learning is described in a recurrent process of positive feedback through rewards and generalization to other situations. Learning and closing knowledge gaps are conceptualized as a rewarding experience in itself. This self-maintaining nature of learning is said to have the potential to enhance information-seeking behavior or investment traits such as NFC, to promote the development of motivation, and to enhance capabilities. That is, investment traits and motivational variables related to learning are assumed to develop along common lines or reward experiences. In the present study on the development of NFC, we therefore include two motivational variables that are central in the learning context: academic self-concept and academic interest. Academic self-concept describes an individual’s perception of their academic abilities inferred from past learning experiences, comparisons with others, and feedback (Shavelson et al., 1976). It is closely related to self-efficacy (Bong & Skaalvik, 2003; Peiffer et al., 2020). This highlights the connection to the ideas of Aerts et al. (2024) about the role of self-efficacy in the development of NFC, as well as the ideas of Cacioppo et al. (1996) about a sense of competence. Academic interest describes a positively valenced state that fosters motivation, focuses attention, and facilitates learning (Krapp, 1999; Renninger & Hidi, 2016) and a preference for academic content that develops in interaction with the environment (Hidi & Renninger, 2006; Krapp, 2002). Academic interest may develop as part of the reward-learning process (Murayama, 2022). This establishes a connection with the positive emotions described in the studies by Aerts et al. (2024) and Cacioppo et al. (1996) on NFC development. In the present study, we therefore investigated whether changes in NFC, academic self-concept, and academic interest are coupled with each other over time.
Development of NFC: Empirical Findings 
Several types of stability can be used to study the development of psychological constructs such as NFC (Breit et al., 2022). First, examining the mean-level change, which is the variation in average levels of NFC, indicates whether a construct changes in absolute levels over time. As a result, it is possible to determine whether NFC levels have remained stable, decreased, or increased at the group level. Second, individual differences in these mean-level changes over time, that is, interindividual differences in intraindividual change, can be examined (e.g., by the variance of latent factors that represent change). Third, examining the rank-order stability (e.g., through correlations between NFC scores at different measurement points) provides information about the relative stability, in other words, to what extent the ordering of individuals by their NFC levels is maintained over time (Caspi et al., 2005). Mean-level change and rank-order stability are not interchangeable but characterize different types of temporal change and stability (Breit et al., 2022). 
To date, few longitudinal studies have examined the temporal change and stability of NFC. Cross-sectional studies of NFC in different age groups provide preliminary evidence in this regard. The results indicate a decline in mean levels of NFC among students, including comparisons between students in Grades 1 and 2 with students in Grades 3 and 4 (Preckel & Strobel, 2017), students in Grades 1 to 4 (Keller et al., 2016), students in Grades 3 to 6 and 9 (Luong et al., 2017), and students in Grades 7 and 9 (Keller et al., 2016).
We found seven longitudinal studies investigating mean-level change and/or rank-order stability in NFC (summarized in Table 1). For elementary school students, Bergold and Steinmayr (2023) report stable mean levels and moderate rank-order stabilities over the course of one school year. For middle school students, two studies report mean-level 
NFC Development	

[bookmark: _Ref190188441]Table 1
Description of Longitudinal Study Results on the Development of Need for Cognition Arranged by Average Sample Age
	[bookmark: _Hlk188349889]Study
	Sample
	Mean-level change and variability
	Stability

	Preckel and Strobel (2017)
	126 elementary school students in Grades 1, 2, and 3
	Not investigated
	r = .46 over 1.1 to 1.3 years

	Bergold and Steinmayr (2023)
 
	N = 565 elementary school students in Grade 3 (age: M = 8.4, SD = 0.6; 53% female)
	Stable latent mean levels over 1 year 
(Δ = -0.07, SE = 0.04, n.s.), with significant interindividual variability
	r = .56 over 1 year

	Matthes et al. (2025)
	N = 922 secondary school students in Grades 5 to 6 (age: 
M = 10.6, SD = 0.6; 41% female)
	Decrease in latent mean levels over 2 years
	1-year interval: latent r = .55 (T2-T3) to latent
r = .63 (T1-T2) 
2-year interval: latent r = .41

	Preckel (2014)
	N = 745 secondary school students in Grades 5 to 6 (age: 
M = 10.7, SD = 0.6; 43% female)
	Decrease in mean levels over 2 years
	Not investigated

	Lavrijsen et al. (2024)
	N = 3409 secondary school students in Grades 7 to 12 (age: M = 12.4, SD = 0.5; 50% female)
	Decrease in latent mean levels over 5 years
linear growth model: μlinear = -0.012, 
p = .005, with significant interindividual variability
quadratic growth model: μlinear = -0.105, 
p < .001, μquadratic = 0.020, p < .001, with marginally significant variability in the linear trend, non-significant in the quadratic trend
3 trajectories: 
(1) moderate initial levels with a small initial decline followed by a slight positive incline over time
(2) high initial levels, stable over time
(3) low initial levels with a decline at first but improvement over time resulting in an incline 

	Latent r = .50 over 4 years (Grades 7 to 11)


	Bergold et al. (2023)

	N = 476 secondary school students in Grades 11 to 13 (age: M = 16.4, SD = 0.6; 51% female)
	Increase in latent mean-levels over 2.5 years 
(μslope = 0.007, p < .001), with significant interindividual variability
	1-year interval: 
r = .62 (T2-T3) to 
r = .76 (T3 -T4)
2.5-year interval:
r = .59 


	Bruinsma and Crutzen (2018)

	N = 5746 individuals (age: M = 45.9, SD = 16.5; 54% female)

	Small changes over 6.5 years on a 7-point Likert scale, with differences by age group and significant interindividual variability
16 to 24 years: increase of Δ = 0.241 
(p < .001),
25 to 49 years: small decrease of Δ = -0.059 (p < .001),
≥ 50 years: small decrease of Δ = -0.098 
(p < .001)
	6.5-year interval by age group:
ρ = .12 (ages ≤ 24 years),
ρ = .19 (ages 25 to 49 years),
ρ = .11 (ages ≥ 50 years)



decreases over two and five years as well as moderate rank-order stabilities (Lavrijsen et al., 2024; Matthes et al., 2025). Lavrijsen et al. (2024) additionally identified three distinct trajectories: Most students showed a moderate initial NFC level and a small decrease at first followed by a slight increase over time. Students with high initial NFC levels maintained those levels over time. Students with low initial NFC levels first showed a decrease, but then improved, resulting in an increase in later years that surpassed their initial level. For students in high school, Bergold et al. (2023) and Bruinsma & Crutzen (2018) found increasing mean NFC levels over periods of two-and-a-half and six-and-a-half years, respectively. Moderate and similar stabilities were observed over one and two-and-a-half years (Bergold et al., 2023), whereas significantly lower stabilities were observed over six-and-a-half years than at shorter time intervals (Bruinsma & Crutzen, 2018). 
In summary, longitudinal findings for elementary school students point to stable mean levels (Bergold & Steinmayr, 2023), whereas cross-sectional findings indicate a decline (Keller et al., 2016; Preckel & Strobel, 2017). Studies have found mean-level declines in NFC for middle school students (Lavrijsen et al., 2024; Preckel, 2014) and increases for high school students (Bergold et al., 2023; Bruinsma & Crutzen, 2018; Lavrijsen et al., 2024). The studies have also reported significant interindividual variability (Bergold et al., 2023; Bergold & Steinmayr, 2023; Bruinsma & Crutzen, 2018; Lavrijsen et al., 2024). Additionally, moderate stability was reported across age groups (e.g., Bergold et al., 2023; Matthes et al., 2025). 
The Present Study
The present study investigates the development of NFC in a large, representative sample of students across six years from elementary to secondary school by analyzing mean-level change, rank-order stability, and interindividual differences in intraindividual change. 
In terms of mean-level change, NFC levels appear to decrease from elementary to middle school (Bergold & Steinmayr, 2023; Keller et al., 2016; Lavrijsen et al., 2024; Preckel, 2014; Preckel & Strobel, 2017), and to increase again from high school onwards (Bergold et al., 2023; Bruinsma & Crutzen, 2018; Lavrijsen et al., 2024). Therefore, for our sample, we hypothesize that the mean levels of NFC will show a decline over six years of education from elementary to middle school (Hypothesis 1). 
Regarding rank-order stability, studies have documented moderate stabilities that decrease with time interval length (Bergold et al., 2023; Bergold & Steinmayr, 2023; Bruinsma & Crutzen, 2018; Lavrijsen et al., 2024; Matthes et al., 2025). We hypothesize that in our study with two-year assessment intervals (see below), the rank-order stability of NFC will be of moderate magnitude (Hypothesis 2). 
In terms of interindividual differences in intraindividual change, studies have found significant interindividual variability in change over time (Bergold et al., 2023; Bergold & Steinmayr, 2023; Bruinsma & Crutzen, 2018; Lavrijsen et al., 2024), suggesting varied trajectories in the development of NFC. Therefore, we expect to find interindividual differences in intraindividual change over time (Hypothesis 3). 
[bookmark: _Hlk191972494]We further explore the common development of students’ NFC and two motivational variables, academic self-concept and academic interest. According to the theoretical considerations and empirical evidence, a higher sense of competence or a higher academic self-concept and more positive emotions or a higher academic interest are positively associated with the development of NFC (Aerts et al., 2024; Cacioppo et al., 1996; Costa et al., 2019; Murayama, 2022). Academic self-concept and interest show small to moderate positive relations with NFC (Bråten et al., 2014; Feist, 2012; Keller et al., 2016, 2019), effort investment (Chouinard et al., 2007; Trautwein et al., 2015), self-regulated learning (Ommundsen et al., 2005; Soemer & Schiefele, 2019), and a deep approach to learning (Bråten et al., 2014; Burnett & Proctor, 2002). Within the reward-learning framework of knowledge acquisition by Murayama (2022), investment traits and motivational variables related to learning are assumed to develop along common lines. Previous empirical evidence points to a decrease in academic self-concept and interest throughout the school years (Scherrer & Preckel, 2019). Consequently, a decrease in these motivational variables may be linked to a decrease in NFC. Therefore, we expect to see a positive association between the development of academic self-concept and interest and the development of NFC (Hypothesis 4). 
Students’ motivation has been previously linked to their academic achievement (academic self-concept, Marsh et al., 2022; academic interest, Schiefele et al., 1992). In addition, success experiences are hypothesized to play an important role in the development of NFC (Aerts et al., 2024; Cacioppo et al., 1996). Bergold and Steinmayr (2023) provide empirical evidence for this assumption. To investigate the joint development of students’ NFC and academic motivation without this possible confound, we included academic achievement in reading, listening, and mathematics as control variables. 
Finally, findings on the prediction of the development of NFC by sociodemographic characteristics are mixed. Many studies have not found any associations between NFC and gender, SES, parental education level, or migration background (Bergold et al., 2023; Bergold & Steinmayr, 2023; Bertrams & Dickhäuser, 2010; Colling et al., 2022; Lavrijsen et al., 2024; Preckel & Strobel, 2017). However, other studies have reported significant gender differences (Bergold et al., 2023), as well as advantages for students from homes with more cognitive activation and autonomy support (Bergold & Steinmayr, 2023; Lavrijsen et al., 2024). We thus included gender, socioeconomic status, parental education level, and migration background as control variables in our study.
[bookmark: _Hlk191992337]Method
Participants and Procedure
Data collection took place between 2016 and 2022 in the Luxembourgish school monitoring programme Épreuves Standardisées (ÉpStan; Fischbach et al., 2014). The ÉpStan assess students’ achievement in Grades 1, 3, 5, 7, and 9 using standardized achievement tests in various school subjects (depending on the grade: mathematics and Luxembourgish or German and/or French) on an annual basis. Except for students in Grade 7, all students that were enrolled in the national school system participated. 
[bookmark: _Hlk191398450]In addition to the achievement tests, students completed questionnaires assessing personality traits as well as motivational and social variables. The tests and questionnaires were administered by schoolteachers. To accommodate Luxembourg’s multilingual student population and school system, standardized translations of test items and questionnaires were provided by expert working groups. Depending on whether elementary or secondary school students were assessed, several administrative characteristics differed: In elementary school (Grades 1 through 5), all tests were administered in paper-and-pencil format. Parents completed questionnaires pertaining to socioeconomic status and educational level. Student questionnaires were only available in German, while teachers were provided with standardized French translations. In secondary school (Grades 7 and 9), all tests and questionnaires were administered online, with the students using tablets (Grade 7) or PCs (Grade 9). Due to the limited availability of tablets in secondary schools in Grade 7, only a portion of the student population could be tested in this grade. The student questionnaires and tests were available in German and French; students could switch languages at any time.
The ÉpStan is enshrined in Luxembourgish law and organized in collaboration with the Luxembourgish Ministry of Education (Ugen et al., 2015). All parents or legal guardians were duly informed of their and their children’s rights under Luxembourgish law and the European General Data Protection Regulation prior to data collection. Secondary analysis of ÉpStan data was approved by the Ethics Review Panel of the University of Luxemburg (Ethics approval number: ERP 25-094 SecDA ÉpStan). The dataset used in the analyses was anonymized.
[bookmark: _Hlk191473072][bookmark: OLE_LINK1][bookmark: OLE_LINK8]We used four measurement occasions in Grade 3 (T1), Grade 5 (T2), Grade 7 (T3), and Grade 9 (T4), constituting two-year assessment intervals. A total of 8410 students were included in the sample, though due to grade retention and other factors such as lack of tablets in Grade 7, the number of students assessed in each grade was markedly lower: 5155 in Grade 3, 5146 in Grade 5, 3047 in Grade 7, and 6670 in Grade 9. A total of 1969 students provided data across all grades, 2289 provided data across three grades, 1123 provided data across two grades, and 3029 students provided data across only one grade, most of whom were in Grade 9. In Luxembourg, class compositions can change regularly, often at the end of each two-year learning cycle. This results in students not learning alongside the same peers consistently across grade levels. Due to data protection regulations, students’ ages were calculated from their birth year and years of assessment (MGrade3 = 8.53, SDGrade3 = 0.65; MGrade5 = 10.60, SDGrade5 = 0.69; MGrade7 = 12.6, SDGrade7 = 0.68; MGrade9 = 14.90, SDGrade9 = 1.07). 28.7% of the students were first-generation immigrants, 34.0% were second-generation immigrants and 37.3% had no migration background. 38.9% of the participants spoke German or Luxembourgish at home. 35.0% spoke a Romance language other than French, primarily Portuguese. 17.6% spoke French, and 14.8% spoke another language. Luxembourg is a multilingual country and some students speak more than one language at home. 1.2% of responses were missing when data was aggregated across measurement occasions.
Measures
Need for Cognition
[bookmark: _Hlk212119745]Need for cognition was assessed using the five-item short form (Keller et al., 2019) of the NFC-KIDS scale (Preckel & Strobel, 2017). Items were selected for the short form based on item-total correlations, for example, “Thinking is fun for me” and “I like situations in which I have to think a lot”. Students responded on a 4-point Likert scale. In Grades 3 and 5, the response categories were marked by illustrations of two variations of a shaking head and a nodding head, respectively. In Grades 7 and 9, verbal markers from not true to true were employed. Due to a divergent dichotomous response format in Grade 1, we were not able to analyze the development of NFC over the entire elementary school period. 
Motivational Variables
Academic self-concept. Academic self-concept was assessed using the two items “In most subjects I learn quickly” and “I am good at most school subjects” from the Self-Description Questionnaire by Marsh (1990), which were translated into German and French.
Academic interest. Academic interest was assessed using two items, “I am interested in most school subjects” and “I enjoy most school subjects” developed in ÉpStan based on the definition of academic interest (Krapp, 2002; Renninger, 2000; Schiefele, 1991), with the first global item “directly and maximally representing the essence of the definition of academic interest” (Gogol et al., 2017, p. 53) and the second item representing the emotional value aspect of the construct (i.e., enjoyment). 
Academic Achievement
Standardized achievement tests were developed jointly by psychometricians and teachers of the respective subjects, based on the academic achievement standards published by the Luxembourgish Ministry of Education (Fischbach et al., 2014). All tests were scaled using unidimensional Rasch models. The present study employs Weighted Likelihood Estimates of person ability (WLE; Warm, 1985) as achievement scores and draws on the following three tests that were administered in Grade 3. Achievement test results from other grades were not used in the analyses but were incorporated into the imputation model (see below). The German tests were used as a measure of language achievement because students from all grade levels had taken part.
German reading comprehension. The tests assessed students’ achievement in using reading strategies and identifying, interpreting, and using information from texts. They included both continuous text forms (e.g., stories and simple factual texts) and discontinuous text forms (e.g., recipes or assembly instructions) in German.
German listening comprehension. The tests assessed students’ achievement in using listening strategies and identifying, interpreting, and using information from different text forms (e.g., dialogues, radio broadcasts, or reports) on topics such as animals, transportation, and family. Texts and instructions were presented in German language and in audio format on CD. 
Mathematics. The test assessed the students’ achievement in arithmetic, geometry, and metrics. It contained both decontextualized and contextualized problems. Wherever possible, instructions were given text-free using illustrations. Text was kept to a minimum.
Sociodemographic Variables
[bookmark: _Hlk191395340]Gender. Information on the students’ gender (female or male) was obtained from the Ministry of Education’s student database. Where missing, this information was supplemented with data from student questionnaires.
Highest International Socio-Economic Index of Occupational Status. In Grades 3 and 5, parents were asked to indicate their occupational category according to the International Standard Classification of Occupations (ISCO-08; International Labour Office, 2012). The categories were based on the most common occupations in Luxembourg. Average levels of the International Socio-Economic Index of Occupational Status (ISEI; Ganzeboom, 2010; Ganzeboom & Treiman, 1996) were computed for these categories from Luxembourgish data from the Programme for International Student Assessment (PISA), separately for mothers and fathers. In Grades 7 and 9, students were asked to report and briefly describe their parents’ occupations. This information was coded in the ISCO-08 schema, and ISEI levels were assigned. HISEI is the highest ISEI level from either parent. HISEI was used in the analyses without further transformations.
[bookmark: _Hlk191994177]Parental education level. In Grades 3 and 5, parents were asked to indicate their highest level of education on a scale adapted from the International Standard Classification of Education 2011 (ISCED-11; OECD, 2015). Examples were provided that were relevant to Luxembourg and neighboring countries. In the analyses, the highest education level of either parent was used (1 = no diploma, 2 = technical secondary education, 3 = secondary education, 4= craftman’s diploma, 5 = non-university degree, 6 = university degree). We used a dichotomized variable (PE) that was coded as 1 if at least one parent had completed tertiary education (coded as 5 or 6 in the original variables), and as 0 otherwise.
[bookmark: _Hlk191396274]Migration background. In the parent questionnaires, parents reported their own and their child’s country of birth. Based on this information, students’ migration background was classified as first-generation migration (1 = neither child nor parents born in Luxembourg), second-generation migration (2 = child born in Luxembourg and parents born abroad), or no migration background (3 = child and at least one parent born in Luxembourg). For the analyses, we constructed a dichotomized version (MB) with two levels: 1 (no migration background, original value 3) and 0 (migration background, original values 1 or 2).
Data Analysis
Data analyses were conducted using R version 4.4.2 (R Core Team, 2024). Individual R packages are referenced in context below. 
Multiple Imputation
In the presence of substantial missing data, multiple imputation (MI) is generally considered to result in the least biased estimates (Schafer & Olsen, 1998; Sinharay et al., 2001). In contrast to other methods such as Full Information Maximum Likelihood (FIML), it allows for the inclusion of a broad range of auxiliary variables in the imputation model, rendering the missing at random (MAR) assumption more plausible (Enders, 2010). We used the R package mixgb 1.0.2 (Deng, 2023) to generate 10 imputed datasets based on the 70-variable original dataset, including item-level variables (for details, see the online supplemental material B). In contrast to earlier MI packages, mixgb automatically captures non-linear relations as well as interactions between variables through gradient-boosted trees while keeping computation times manageable.
Model Estimation
We used structural equation modeling with robust maximum likelihood estimation and multivariate growth curve models with latent variables to investigate our hypotheses. Estimation was done in lavaan 0.6.18 (Rosseel, 2012) and the aggregation of multiple imputation results was handled by lavaan.mi 0.1.0.29[footnoteRef:1] (Jorgensen et al., 2024).  [1:  We discovered a small programming error in lavaan.mi, which we corrected ourselves. The correction has been accepted by the authors of lavaan.mi and is now incorporated in the latest released version.] 

Figure 1 shows the multivariate Linear Latent Growth Curve Model (LLGCM) used to investigate the central hypotheses. For better understanding, we will first provide a concise overview of all models employed, contrasting them with the LLGCM model, prior to discussing them within the framework of the hypotheses under investigation. 
LLGCM as presented in Figure 1. Loadings and intercepts of the first-order factors (NFC_3, NFC_5, etc.) were fixed to be equal across grades (scalar invariance). Latent 

Figure 1 
Multivariate Linear Latent Growth Curve Model (LLGCM) of Need for Cognition (NFC), Academic Self-concept (ASC), and Academic Interest (INT) 
[image: ]

variables were identified using the effect coding method (Little et al., 2006), which establishes a metric that mirrors that of the manifest indicators, making it particularly suitable 
for examining mean trajectories. Residuals of identical items were allowed to correlate over time (correlated uniqueness). Considering an overlap in wording of two NFC items, we specified residual covariances between these items (“Thinking is fun for me” and “I love thinking about things”). Intercept factors were specified with unit loadings on the respective first-order factors and slope factors with loadings of 0, 1, 2, and 3, representing the two-year equidistant time intervals. 
Unconstrained Latent Growth Curve Model (ULGCM). The ULGCM resembles the model presented in Figure 1, but with the Grade 9 slope loadings set to 1 and the Grade 5 and 7 loadings estimated freely. The ULGCM corresponds to the level/shape model in the terminology of Little (2013). This model was estimated to determine whether a non-linear or a linear slope would provide a better fit to the data.
LLGCMcontrols. Model as presented in Figure 1, but with all intercept and slope factors regressed on achievement and sociodemographic control variables. 
INVconfigural, INVmetric, INVscalar. Measurement invariance testing models that include only the parts of the LLGCM labelled “measurement model” with all factor covariances freely estimated. For INVconfigural, factor loadings and intercepts were estimated freely. For INVmetric, loadings for each construct were constrained to be equal across grades. For INVscalar, in addition, intercepts were constrained to be equal across grades. 
COR. The INVscalar model with control variables added to the model and their covariances with latent factors estimated. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK5]Measurement Invariance Tests. We examined the longitudinal measurement invariance of the NFC, academic self-concept (ASC), and interest (INT) measures to ensure a comparable fit across the grade levels and to confirm that we could compare latent means over time (scalar invariance condition). Confirmatory factor analysis (CFA) was used to specify a configural model with four factors per construct (model INVconfigural), one for each measurement in Grades 3, 5, 7, and 9. Since only two items were used to assess ASC or INT, separate models for these constructs would have been underidentified. To investigate the measurement invariance of ASC and INT, we therefore specified joint measurement models that included all three constructs (NFC, ASC, and INT). Factor loadings (metric invariance, model INVmetric) and then, in addition, item intercepts (scalar invariance, model INVscalar) were constrained to be equal across time. Differences in model fit were examined using differences in comparative fit index (CFI), root-mean-square error of approximation (RMSEA), and standardized root mean square residual (SRMR) to determine whether model restrictions led to a significant deterioration in model fit (ΔCFI ≥ -.010, ΔRMSEA ≥ .015, ΔSRMR ≥ .010; Chen, 2007). 
Hypothesis Testing. To estimate mean-level change in NFC (Hypothesis 1) and latent autocorrelations (i.e., rank-order stability; Hypothesis 2), we used the NFC, ASC, and INT model INVscalar with scalar invariance restrictions described above. Using defined parameters, we obtained estimates of the mean difference between adjacent grades and used these to compute Cohen’s d effect sizes for the mean changes. We also tested the differences in latent autocorrelations over time for significance. All model fits were evaluated based on the conventional criteria proposed by Hu and Bentler (1999).
[bookmark: _Hlk192057633][bookmark: OLE_LINK6]To investigate mean-level change, interindividual differences in intraindividual change, and correlations between intercepts and slopes of NFC and the motivational variables (Hypotheses 1, 3 and 4), we specified a multivariate linear latent growth curve model, sometimes called parallel process latent growth curve model (model LLGCM, Figure 1). We ensured that a linear slope adequately described the mean level change by testing it against a model with a non-linear slope (model ULGCM). In a next step, we extended the LLGCM by adding the Grade 3 control variables as predictors of the NFC, ASC, and INT intercept and slope factors (model LLGCMcontrols). Academic achievement measures and HISEI were added as random variables with estimated variances and covariances, while dichotomized sociodemographic predictors were added as fixed exogenous variables.
Transparency and Openness
We report on how we determined our sample size, all manipulations, and all measures in the study, and we follow JARS (Appelbaum et al., 2018). Synthetic data and analysis code are publicly available via the Open Science Framework (https://osf.io/24jf5/; Matthes et al., 2026). Materials from this study are not publicly available. This study’s design and its analyses were not pre-registered.
Results
Table 2 presents the descriptive statistics for the variables under study. The NFC measure showed good reliability across the four measurement occasions (ω = .768 to ω = .809). The motivational variables showed acceptable reliability (academic self-concept: ω = .618 to ω = .699; academic interest: ω = .662 to ω = .760). For the achievement measures, reliabilities were acceptable (WLE-reliabilities .651 to .807). Correlations between NFC and the other variables ranged from r = -.059 with German listening comprehension to r = .420 with academic interest at the first measurement occasion (ps < .001; see Table 2). Of the motivational variables, academic self-concept and interest in Grade 3 demonstrated the highest correlation (r = .719, p < .001). The intraclass correlations (ICCs) for the classes and schools are presented in Table S1 of the online supplemental material A. They were highest for the achievement measures (between .109 and .232); for NFC and the motivational items they ranged between .000 and .111.
Measurement Invariance Testing
We first specified a CFA model for NFC at each measurement occasion. Model fits per measurement occasion showed acceptable to good fit (CFI ≥ .985, RMSEA ≤ .076, SRMR ≤ .020; see Table S2 in the online supplemental material A). 
Next, we tested for longitudinal measurement invariance modeling NFC, ASC, and INT simultaneously. The configural model (INVconfigural) fit the data well (CFI > .95, RMSEA < .05, SRMR < .06; see Table 3). Constraining all loadings to be equal across time led to a negligible decrease in model fit (model INVmetric, ΔCFI = -.003, ΔRMSEA = .001, ΔSRMR = .003). The scalar model also fit the data well (model INVscalar, see Table 3) with no significant deterioration in model fit (ΔCFI = -.009, ΔRMSEA = .004, ΔSRMR = .005). 
NFC Development	

[bookmark: _Ref191309432][bookmark: _Hlk192166572]Table 2
Descriptive Statistics for the Study Variables: Means and Standard Deviations, Reliabilities, and Bivariate (Latent) Correlations 
	Variable
	M
	SD
	Rel.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)
	(16)
	(17)
	(18)

	(1) NFC_3
	3.02
	0.69
	.768
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) NFC_5
	2.79
	0.65
	.806
	.242***
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(3) NFC_7
	2.41
	0.58
	.804
	.140***
	.250***
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(4) NFC_9
	2.27
	0.67
	.809
	.085***
	.191***
	.301***
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(5) ASC_3
	3.37
	0.50
	.618
	.344***
	.139***
	.016
	.029
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(6) ASC_5
	3.32
	0.48
	.699
	.119***
	.368***
	.103***
	.073***
	.306***
	
	
	
	
	
	
	
	
	
	
	
	
	

	(7) ASC_7
	2.97
	0.46
	.677
	.093***
	.119***
	.307***
	.105***
	.213***
	.327***
	
	
	
	
	
	
	
	
	
	
	
	

	(8) ASC_9
	2.88
	0.52
	.668
	.058**
	.137***
	.155***
	.380***
	.127***
	.216***
	.367***
	
	
	
	
	
	
	
	
	
	
	

	(9) INT_3
	3.62
	0.47
	.662
	.421***
	.142***
	.005
	.004
	.720***
	.134***
	.077***
	.054*
	
	
	
	
	
	
	
	
	
	

	(10) INT_5
	3.49
	0.52
	.760
	.158***
	.408***
	.127***
	.061***
	.155***
	.648***
	.124***
	.103***
	.225***
	
	
	
	
	
	
	
	
	

	(11) INT_7
	2.99
	0.57
	.732
	.116***
	.173***
	.398***
	.116***
	.047*
	.145***
	.530***
	.162***
	.087***
	.220***
	
	
	
	
	
	
	
	

	(12) INT_9
	2.57
	0.65
	.735
	.117***
	.143***
	.193***
	.485***
	.014
	.060**
	.121***
	.569***
	.075***
	.167***
	.302***
	
	
	
	
	
	
	

	(13) ACH_L3
	-0.26
	1.10
	.651
	-.059***
	.035*
	-.012
	.012
	.189***
	.240***
	.143***
	.105***
	.082***
	.063***
	-.014
	-.048**
	
	
	
	
	
	

	(14) ACH_R3
	-0.21
	1.49
	.807
	-.021
	.074***
	-.005
	.026
	.272***
	.262***
	.188***
	.143***
	.124***
	.056***
	-.032
	-.050**
	.653***
	
	
	
	
	

	(15) ACH_M3
	-0.06
	0.96
	.703
	.044**
	.100***
	.065***
	.079***
	.224***
	.230***
	.220***
	.133***
	.071***
	.007
	-.045**
	-.056**
	.408***
	.536***
	
	
	
	

	(16) Gender
	0.53
	0.50
	-
	.006
	.037*
	.108***
	.105***
	-.012
	.057***
	.073***
	.046**
	-.126***
	-.068***
	.002
	-.023
	-.035*
	-.088***
	.092***
	
	
	

	(17) HISEI
	44.46
	15.65
	-
	-.043**
	.048**
	.025
	.026
	.105***
	.176***
	.171***
	.105***
	-.024
	.032
	.054**
	-.016
	.322***
	.332***
	.276***
	.015
	
	

	(18) PE
	0.30
	0.46
	-
	-.028
	.066***
	.041**
	.057***
	.060***
	.117***
	.139***
	.092***
	-.019
	.009
	.027
	-.003
	.198***
	.265***
	.241***
	.001
	.566***
	

	(19) MB
	0.37
	0.48
	-
	-.061***
	-.023
	-.051**
	-.051***
	.094***
	.172***
	.070***
	.015
	.021
	.034*
	-.003
	-.043*
	.429***
	.275***
	.121***
	-.036*
	.250***
	.024


[bookmark: OLE_LINK4]Note. Model-estimated correlations from model COR. Variables 1 through 12 are latent, variables 13 through 19 are manifest. Gender is coded 0 = female, 1 = male; NFC = need for cognition; ASC = academic self-concept; INT = academic interest; ACH = academic achievement; L = listening comprehension; R = reading comprehension; M = mathematics; HISEI = Highest International Socio-Economic Index of Occupational Status; PE = parental education; MB = migration background. 
[bookmark: _Hlk192863050][bookmark: _Ref190621741]* p < .05. ** p < .01. *** p < .001.

Table 3
Results of the Longitudinal Measurement Invariance Testing
	Model
	χ2
	df
	p
	CFI
	RMSEA [90% CI]
	SRMR
	Δχ2
	Δdf
	p
	ΔCFI
	ΔRMSEA
	ΔSRMR
	AIC
	BIC
	Adj. BIC

	INVconfigural
	1387
	470
	<.001
	.988
	.015 [.014, .016]
	.018
	—
	—
	—
	—
	—
	—
	626473 
	628106
	627368 

	INVmetric 
	1604
	488
	<.001
	.985
	.016 [.016, .017] 
	.021
	253
	18
	<.001
	-.003
	.001
	.003
	626868
	628374
	627694

	INVscalar
	2306
	506
	<.001
	.976
	.021 [.020, .021]
	.026
	723
	18
	<.001
	-.009
	.004
	.005
	628287
	629666
	629043


Note. INV = invariance model; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; adj. BIC = adjusted Bayesian information criterion.
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[bookmark: _Ref190963656][bookmark: _Ref191469813][bookmark: _Ref192928857]Thus, we subsequently performed hypothesis tests based on the scalar invariant model, which allows comparing latent means over time. 
Hypothesis Testing
First, we report the results for the investigation of temporal change and stability of NFC over six years of education. Second, the results of the associations with the motivational variables are presented. 
Mean-level Change 
Between all grades there was a decline in NFC levels (i.e., Grades 3 and 5, d = -0.333; Grades 5 and 7, d = -0.586; Grades 7 and 9, d = -0.229), as well as for ASC (d values of -0.288, -0.944, and -0.747) and INT (d values of -0.108, -0.729, and -0.187). The steepest decline in all constructs occurred between Grades 5 and 7. Despite the differences in decline rates across grade levels, the linear latent growth curve model (LLGCM) for NFC, ASC, and INT provided a good model fit (χ2(557) = 3377,724, p < .001; CFI = .965; RMSEA = .024, CI 90% [.023, .024]; SRMR = .035). The LLGCM model fit was comparable to that of the unconstrained model (model ULGCM, ΔCFI < -.010, ΔRMSEA < .015, ΔSRMR < .010, see Table S3 in the online supplemental material). Therefore, we based the following analyses on the more parsimonious LLGCM. 
The mean of the slope factor reveals that, on average, NFC levels decreased over time (µ = -.257, p < .001, see Table 4). ASC (µ = -.184, p < .001) and INT (µ = -.358, p < .001) followed similar trajectories, with academic interest showing the most marked decline following the highest average initial values (intercept µ = 3.700 on the 1-4 rating scale).  
Rank-order Stability
The latent autocorrelations between NFC factors over the four measurement occasions (model COR, see Table 2) were of small magnitude and increased slightly over time in two-year intervals from Grades 3 to 9 (Grades 3 to 5: r35 = .242; Grades 5 to 7: r57 = .250; Grades 7 to 9: r79 = .301). There was a non-significant difference between r35 and r57 (p = .169), whereas the difference between r57 and r79 was significant (p < .05). Over six years of education, the rank-order stability was r39 = .085 (see Table 2). Autocorrelations for INT were of similar magnitude (r35 = .224; r57 = .220; r79 = .304; over six years: r39 = .076), while ASC autocorrelations were somewhat higher (r35 = .306; r57 = .325; r79 = .366; over six years: r39 = .127).
Interindividual Variability
[bookmark: _Hlk212219350][bookmark: _Hlk212113001]The variance of the NFC slope factor (model LLGCM) indicates significant variability between students in the development of NFC over time (σ = 0.024, p < .001, see Table 4). Following Raudenbush and Bryk’s (2002) recommendation, the plausible value range of the slope was calculated as the mean slope ± 1.96 times the square root of the estimated slope variance. The resulting confidence interval of CI 95% [-0.561, 0.047] indicates that a decrease in NFC is expected for the large majority or students. Negative slopes of similar magnitude were obtained for ASC and INT (Table 4).
Common Development of NFC and Motivation
Across constructs, correlations both between intercept factors and between slope factors were positive and substantial, ranging between r = .393 and r = .669 (model LLGCM; all p < .001, see Table 4). Initial levels of NFC were negatively associated with the development of NFC over the school years (r = -.568). That is, students with higher initial levels of NFC in Grade 3 showed a steeper downward trajectory of NFC levels over time than students with lower initial NFC levels. The same was true for ASC and INT, but to a somewhat lesser extent (r = -.294 and r = -.253, respectively). Similar patterns mostly held across constructs; for example, the ASC intercept was negatively correlated with the NFC slope (r = -.597). The only exception was the NFC intercept/INT slope correlation, which was not significantly different from zero (r = -.028, p = .670). 

Table 4
Parameter Estimates of the Multivariate Linear Latent Growth Curve Model (LLGCM)
	
	NFC
	
	ASC
	
	INT

	Parameter
	Est.
	SE
	p
	
	Est.
	SE
	p
	
	Est.
	SE
	p

	Means 
	
	
	
	
	
	
	
	
	
	
	

	Intercept 
	3.001
	.010
	<.001
	
	3.408
	.008
	<.001
	
	3.700
	.007
	<.001

	Linear slope 
	-.257
	.005
	<.001
	
	-.184
	.004
	<.001
	
	-.358
	.004
	<.001

	Variances 
	
	
	
	
	
	
	
	
	
	
	

	Intercept 
	.135
	.012
	<.001
	
	.092
	.008
	<.001
	
	.054
	.009
	<.001

	Linear slope 
	.024
	.003
	<.001
	
	.018
	.002
	<.001
	
	.020
	.002
	<.001

	Intercept correlations 

	ASC 
	.429
	.055
	<.001
	
	
	
	
	
	
	
	

	INT 
	.669
	.071
	<.001
	
	.545
	.060
	<.001
	
	
	
	

	Slope correlations 

	ASC 
	.393
	.075
	<.001
	
	
	
	
	
	
	
	

	INT 
	.469
	.072
	<.001
	
	.489
	.063
	<.001
	
	
	
	

	Intercept and slope correlations

	NFC intercept with … slope
	-.568
	.040
	<.001
	
	-.153
	.063
	<.05
	
	-.028
	.067
	.670

	ASC intercept with … slope
	-.597
	.078
	<.001
	
	-.294
	.073
	<.001
	
	-.362
	.075
	<.001

	INT intercept with … slope
	-.318
	.063
	<.001
	
	-.515
	.046
	<.001
	
	-.253
	.060
	<.001


[bookmark: _Ref190188612] Note. NFC = need for cognition; ASC = academic self-concept; INT = academic interest. We also examined an unconstrained model (ULGCM; see Table S3 and Figure S1 in the online supplemental material A). 

The model with control variables predicting all intercept and slope factors (model LLGCMcontrol) yielded a good model fit (χ2(782) = 7420.978, p < .001; CFI = .92; RMSEA = .032, CI 90 % [.031, .032]; SRMR = .048). The control variables explained little variance in the NFC intercept and slope factors (2.88% and 4.11%, respectively) and somewhat higher amounts of INT intercept and slope variance (12.18% and 10.03%, respectively). For ASC, the control variables explained a substantial amount of intercept variance (23.79%), but only 5.35% of the slope variance. Correlations between intercept and slope factors were not affected by the inclusion of the control variables; the changes compared to the LLGCM without control variables were small (|d| < .08; see Table 5). 
Discussion
We examined the development of NFC in a large, representative sample of students from elementary to secondary school in Luxembourg. Consistent with our expectations, NFC levels declined over time, following a linear decrease. Contrary to expectations, they showed only low rank-order stability over two-year intervals, which slightly increased over time. As expected, there was significant interindividual variability in the development of NFC. A decrease in NFC levels was coupled with a decrease in academic self-concept and interest indicating common development. Students’ initial academic achievement and 

Table 5 
Correlations with 95% Confidence Intervals between Slope and Intercept Factors in the Multivariate Linear Latent Growth Curve Model (LLGCM) With Controls and Changes Compared with the LLGCM Without Controls (d-Values)
	Factor
	NFC intercept
	NFC slope
	ASC intercept
	ASC slope
	INT intercept

	NFC slope 
	-.58 [-.66, -.50]
d = -.01
	
	
	
	

	ASC intercept 
	.48 [.36, .60]
d = .05
	-.39 [-.53, -.25]
d = -.07
	
	
	

	ASC slope 
	-.15 [-.28, -.02]
d = .01
	.38 [.22, .53]
d = -.02
	-.49 [-.60, -.39]
d = .02
	
	

	INT intercept 
	.70 [.56, .85]
d = .03
	-.60 [-.75, -.44]
d = .00
	.55 [.41, .68]
d = .00
	-.26 [-.41, -.10]
d = .04
	

	INT slope 
	-.01 [-.15, .12]
d = .01
	.47 [.32, .61]
d = .00
	-.18 [-.32, -.03]
d = .08
	.47 [.33, .60]
d = -.02
	-.31 [-.48, -.15]
d = .05


[bookmark: _Ref191460299][bookmark: _Ref192003922]Note. Correlations between the slope and intercept factor for the model without controls are found in Table 4.
sociodemographic variables explained very little of the interindividual variability in the development of NFC.
Mean-level Change in NFC 
The average decrease in NFC levels over time (µ = -.257) is in line with previous longitudinal findings on the temporal change of NFC (see Table 1). It is also well-aligned with meta-analytic findings for mean-level change in other personality traits and motivational variables from childhood to adolescence with similar magnitudes (e.g., openness to experience over 2.7 years: µ = -.33 for ages 10 to 12; Denissen et al., 2013; and motivational variables over 1.65 years: Δ = -.11; Scherrer & Preckel, 2019). Additionally, the development was well represented by a linear trajectory. That is, we found a steady decline, which speaks against a critical or sensible phase in the development of NFC (e.g., transition to secondary school; puberty). However, our study only covered students up to Grade 9. Therefore, students in higher grades may demonstrate a different development of NFC. For example, their trajectory might resemble the meta-analytic evidence for openness to experience (e.g., Denissen et al., 2013), with decreasing levels from age 10 until around age 15 and increasing levels beyond (for an increase in NFC level from age 16, see Bruinsma & Crutzen, 2018). 
In addition, the downward trend in NFC is consistent with decreases of student motivation from elementary school onwards (Scherrer & Preckel, 2019). Our study also revealed decreasing levels of academic self-concept and interest. One explanation for the decline in all three constructs under study could be that the focus of education shifts with increasing grade levels from supporting the intrinsic enjoyment of thinking and learning in school to acquiring predefined knowledge and producing predefined solutions to problems and more extrinsic motivators for achievement such as grades (cf. Cacioppo et al., 1996). In terms of reward-learning (Murayama, 2022), learning processes that are possibly less self-determined and do require less intrinsically motivated information-seeking may explain why NFC and other motivational traits, such as academic self-concept and interest levels, decline over the school years. For NFC in particular, it seems that an adequate cognitive challenge is important. When students are optimally challenged, the activity becomes more enjoyable (Abuhamdeh & Csikszentmihalyi, 2012), success becomes more likely (Aerts et al., 2024), self-efficacy beliefs regarding challenges increase (Shernoff, 2013), students become more engaged (Lavrijsen et al., 2021), and develop higher NFC (Loes & An, 2021). However, further research is needed to provide evidence that non-optimal challenge and the processes involved play a role in the overall decline of NFC over elementary and secondary school.
Rank-order Stability and Interindividual Variability in Change
We found a small rank-order stability of NFC over two-year intervals that was comparable to the rank-order stability of academic self-concept and interest (NFC: rtt = .24 to rtt = .30; ASC: rtt = .31 to rtt = .37; INT: rtt = .23 to rtt = .30). This finding indicates a small degree of consistency in individuals’ rank-order NFC over time that increases only slightly, with a significant number of shifts. In other studies, a somewhat higher rank-order stability has been reported for NFC among comparable age groups (see Table 1). Similar findings have been reported for personality traits (ρ = .43 between the ages of 6 and 11 as well as 12 and 17; Roberts & DelVecchio, 2000) and motivational variables (academic self-concept: r = .46, academic interest: r = .37, for intervals >1 year; Scherrer & Preckel, 2019). These differences cannot be explained by larger measurement error in the NFC measures. Comparing the reliabilities of the NFC measure in our study with those reported in the meta-analyses of personality traits (.74 to .79; Roberts & DelVecchio, 2000) and motivational variables (.81; Scherrer & Preckel, 2019)[footnoteRef:2], we found that the magnitudes were similar. The psychometric properties of the NFC scale used in our study have been evaluated in a separate study (Keller et al., 2019), in which the authors reported a high correlation of r = .93 between the sum scores of the 14-item full version of the scale and the short version used in this study, suggesting strong correspondence between the two. For our dataset, we compared the stability of the full and short scales in Grades 7 and 9, and found them to be comparable (correlations between manifest sum scores at both measurements: r = .257 and r = .266, respectively). Therefore, the short version of the scale does not seem to be the cause of the lower stabilities found in our study. [2:  The mean reliability for 470 effect sizes was reanalyzed from the study dataset.] 

Lower stability signifies a higher degree of interindividual differences in the development because NFC levels change at different rates for different individuals. In line with the rather low rank-order stability, we found significant interindividual differences in the development of NFC (Hypothesis 3) with 95% of the slope values being between -0.561 and 0.047, which indicates mostly negative trends in the development of NFC. However, within this negative trend, there were significant differences between students.
Our findings of comparably lower rank-order stability in NFC may more accurately categorize NFC as a dynamic trait that changes as an adaptation to environmental influences, similar to motivational variables (Costa et al., 2019; Matthews, 2018). Changes in the environment may lead to alterations in these adaptations (Costa et al., 2019). For example, frequent changes in class composition in our data set may have contributed to lower rank-order stability due to the effects of different learning environments or social comparisons with alternating peers (Colling et al., 2022).  
Development of NFC and Couplings with the Development of Students’ Motivation
NFC decreased over time and initial levels of NFC negatively predicted its trajectory, with higher levels of NFC in Grade 3 associated with larger decreases in NFC. This finding could resemble regression toward the mean (Marsh & Hau, 2002). If students rate their NFC as high at the first point of measurement, the likelihood that they will rate it as high or higher at a later point in time is significantly less than if they rate it lower. This is also seen regarding the other motivational variables, not only within but also across variables. 
An additional explanation for this finding is that third-grade students tend to evaluate themselves on a more optimistic standard and become more realistic over time in assessing themselves (Eccles et al., 1993). This may also apply to the evaluation of their NFC and motivation, with increasing frequency of self-evaluations (Davis‐Kean et al., 2009) and growing abilities to compare themselves to their peers (Boissicat et al., 2012). The more optimistic children were in their initial evaluations, the more they may have adjusted their self-perception of NFC and motivation over time. 
Another explanation may be a compensatory effect within students’ learning environment. Students who enjoy cognitive challenge and who are highly motivated may receive less support and challenge by their teachers in class, whereas students who are weaker academically and perceived as less motivated may receive more adapted instruction (Ramos et al., 2025). As a result, students who start out highly motivated may lose more motivation over time than students who start out less motivated.
	In line with Hypothesis 4, we found evidence for coupled changes in NFC, academic self-concept and interest over a six-year period. The development of NFC was positively associated with the development of academic self-concept and academic interest, even after controlling for student achievement and sociodemographic variables. Declines in one variable were positively associated with declines in the other variables. The moderate correlation between the three variables’ slopes suggests that, while their changes are coupled to some extent, they are also separable. Therefore, our findings may reflect shared processes in the development of motivation and personality over time as assumed in the developmental model of NFC by Aerts et al. (2024) and the reward-learning framework of knowledge acquisition by Murayama (2022). When experiences of competence (i.e. academic self-concept) and enjoyment (i.e. interest) are conceptualized as processes related to the development of NFC (cf. Aerts et al., 2024; cf. Murayama, 2022), it may be difficult for students to retain higher levels of NFC over time, since on average, levels in academic self-concept and interest also decrease (Scherrer & Preckel, 2019). In addition, the enjoyment of thinking and the investment of one’s cognitive resources into learning seem to be beneficial for the development of competence and related self-perceptions and academic interests. A recent study by Matthes et al. (2025) involving secondary school students and reciprocal effects models revealed that students’ NFC positively predicted their interest development in three academic domains. However, interest did not predict NFC development. Our analytic approach cannot establish causal relations or the functional mechanisms involved in the common development of NFC and motivation. To better understand these relations, more longitudinal research with more measurement points closer in time is needed.
Strengths and Limitations 
The present study investigated the temporal change and stability of NFC in a representative sample of elementary to secondary school students over six years. Limiting our findings is the fact that our sample consisted exclusively of students from the Luxembourg education system with its multilingual structures and frequent changes in learning groups. Consequently, our findings cannot be easily generalized to other school systems. In addition, students in Grade 7 systematically dropped out when the survey format changed from paper to tablets, which some schools did not have. This violated the missing-at-random condition, which we accounted for with multiple imputations. Furthermore, between Grades 5 and 7, the response format of the questionnaires changed from illustrations to verbal markers. However, we tested for scalar measurement invariance, which refuted the assumption that the change may have led students to systematically implement a stricter evaluation of their responses. 
Of note, as our study is embedded within the school monitoring of Luxembourg, we were limited in the choice and number of variables and the age groups that could be included in the study. One promising predictor for future studies would be the concept of adequate cognitive challenge (Aerts et al., 2024). We were unable to include another aspect in the model, which was the development of academic achievement. The achievement tests varied so significantly by grade level that longitudinal modeling of this variable was impossible. However, including the development of academic achievement would have shed more light on the hypothesized role of success experiences in the development of NFC (Cacioppo et al., 1996). Moreover, expanding the sample to different ages would be informative. Including older students would allow researchers to test whether NFC increases after age 15 (Bergold et al., 2023; Bruinsma & Crutzen, 2018). Including younger students would allow to investigate whether a decline is present among students as young as preschoolers, as was found with openness to experience (Costa et al., 2019; Slobodskaya, 2021). Although our sample encompassed students over an extensive period of six years of their educational careers, additional findings would help us to gain a more comprehensive understanding of NFC development in children and adolescents.
Another potential limitation is that examining mean levels can lead to underappreciating opposing effects that may cancel each other out over time. However, to describe the overall development of a group of individuals, it is important to investigate whether mean levels are decreasing or increasing. In our case, it became apparent that most students experienced a decline in NFC levels over time. However, we only approximated intraindividual variability by examining slope variance. Using a person-centered approach, such as growth mixture modeling (Ram & Grimm, 2009), would enhance our understanding of subgroups of individuals with different intraindividual growth trajectories. This approach could also provide insight into factors that positively or negatively influence these trajectories.
Finally, the ICCs reveal that a substantial amount of variance can be attributed to differences between classes and schools. However, we were unable to account for the multilevel structure of the data due to the exceptional circumstances specific to the Luxembourgish school system. That is, class compositions changed frequently and students changed schools between Grades 5 and 7. We therefore should be cautious in interpreting the potentially underestimated standard errors in our study because we could not correct for student clustering. 
Practical Implications
Our results add to the findings of a negative trend in the development of NFC and motivational variables in elementary and secondary school. A more positive development would be desirable because NFC is associated with motivational variables (e.g., Keller et al., 2019), academic achievement (Liu & Nesbit, 2023), and well-being (Lua et al., 2024). The decline in NFC from Grade 3 to 9 could indicate that school classes or home environments did not offer sufficient opportunities for students to engage with and enjoy cognitively challenging tasks. This could also suggest that the cognitive skills and self-regulatory processes required for engaging with cognitive challenges did not develop optimally (cf. Aerts et al., 2024; Cacioppo et al., 1996; Jebb et al., 2016; Murayama, 2022).
Strategies for Promoting NFC Development
To date, one study has shown an incline in NFC levels in preschool and elementary school following an inductive reasoning training intervention designed to promote cognitive abilities (d = 0.21; Ackermann et al., 2024). However, these improvements were not maintained at follow-up. This finding suggests that providing cognitively challenging activities alone may not be the answer to fostering NFC development. Instead, Aerts et al. (2024) proposed several strategies for parents and teachers to consider in order to promote the exertion of effort, cognitive skills, and self-regulatory processes.
Teachers and parents who want to provide an adequate level of cognitive challenge should offer activities that require deep thinking and respond to indicators of excessive demand (Aerts et al., 2024; Shernoff, 2013). Optimal challenge refers to a task that demands effort to solve and slightly exceeds students’ abilities (Shernoff et al., 2003). Optimal challenges would provide a framework in which students experience and demonstrate their competence (Shernoff, 2013) and which induces positive emotions (Abuhamdeh & Csikszentmihalyi, 2012). Aerts et al. (2024) point out that providing optimal challenge acts as a prerequisite rather than a sufficient condition to promote NFC development. Therefore, combining optimal challenge with other strategies is recommended. 
One such strategy is to promote students’ positive overall development at school by providing them with motivational interventions. Such interventions have been found to successfully promote motivation, achievement, and behavior among diverse student groups (Lazowski & Hulleman, 2016). For example, in a randomized field experiment with a delayed-treatment control group, Reeve et al. (2004) found that teacher training in autonomy-supportive teaching fostered student engagement, including task involvement and responsibility for one’s own learning process. Autonomy-supportive teaching focuses on understanding and fostering students’ preferences and experiences to allow for self-directed engagement (Aelterman et al., 2019). Aelterman et al. (2019) further distinguish between the subareas of participative and attuning teaching styles. Participative teachers communicate with the students to understand their preferences and offer choices regarding their learning process. Attuning teachers adjust the content and methods of instruction to account for their students’ preferences. They try to understand their students’ experiences and use this knowledge to design instruction. Notably, ample evidence links teacher autonomy support to engagement and motivation via need satisfaction (Bureau et al., 2022; Conesa et al., 2022; cf. Ryan & Deci, 2000). In turn, motivation has been found to predict engagement, persistence, academic achievement, and well-being (Howard et al., 2021). However, definitive evidence for the effectiveness of these strategies in promoting NFC development is lacking. Future studies will need to continue exploring the processes involved in the development of NFC, including protective factors that lessen the decline in NFC levels during childhood and adolescence as well as interventions that promote increases. 
Concluding Comment
Students in the current study experienced more change in their NFC between Grades 3 and 9 than in personality traits and motivational variables measured in past studies. The dynamics of this period of children’s and adolescents’ development suggests that it is a critical time to support students’ NFC. Declining levels of NFC underscore the need to further investigate the timeline of these developments in the context of education as well as the processes and factors that influence NFC trajectories. Further research is needed to inform the design of interventions to promote the development of NFC because parents and teachers have considerable opportunities to create learning environments that support children and adolescents in fulfilling their learning needs and in approaching the challenges they face with enjoyment and a sense of competence. Since NFC is important for students' engagement and intrinsic motivation to learn in the classroom (Lavrijsen et al., 2021), and is positively associated with individual well-being (Lua et al., 2024), it is desirable that children and adolescents receive more support and opportunities to develop their NFC in a positive way. 
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