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Abstract: Fluid intelligence and conscientiousness are the most important predictors of school grades.
In addition to this main effect, researchers have suggested that the two traits might also interact
with each other in the prediction of school success. A synergistic and a compensatory form of
interaction have been suggested, but past evidence has been mixed so far. Most previous studies
on this subject have been cross-sectional and many of them focused on older adolescents or adults
in upper secondary school or university. We thus investigated the main and interaction effects of
fluid intelligence and conscientiousness on school grades in math and German in a longitudinal
sample of 1043 German students from age 11 to 15 years. Results from latent growth curve models
with latent interaction terms showed a small compensatory interaction effect for baseline levels of
math grades but not for their development. No interaction effect was found for German grades.
These findings are discussed against the background that (synergistic) interaction effects between
intelligence and conscientiousness might be more relevant in older students from higher secondary
school or university context.

Keywords: school grades; educational success; intelligence-personality interaction; cognitive abilities;
conscientiousness

1. Introduction

Intelligence, particularly fluid intelligence, is the strongest single predictor of educa-
tional success, as it sets the frame for what a student is capable of achieving (Laidra et al. 2007;
Mammadov 2022). Next to fluid intelligence, students’” personality explains a substantial
amount of individual differences in educational achievement (e.g., Poropat 2009). Among
the Big Five personality traits, conscientiousness has shown the strongest and most consis-
tent associations with educational achievement such as school grades (Poropat 2009).

Apart from the impressive evidence for the unique contributions of fluid intelligence
and conscientiousness in predicting success in school, these two factors may also interact
meaningfully. Indeed, some studies have shown that intelligence and personality interact
in the prediction of educational achievement (e.g., Bergold and Steinmayr 2018), whereas
others could not find such an effect (Brandt and Lechner 2022; Zhang and Ziegler 2015). In
addition, different lines of reasoning argue for two distinct interaction processes. The central
research question here is whether students benefit from being intelligent and conscientious
beyond the main effects of the traits or whether high conscientiousness can compensate for
low cognitive abilities and vice versa.

To our knowledge, to date no study has investigated the potential longitudinal effects
of intelligence-by-conscientiousness interactions on school grades, a highly relevant indica-
tor of academic achievement, and could thus not model a potential interaction effect on the
development of educational success. The majority of existing research also focuses on older
students, using samples stemming from older adolescents or young adults from upper
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high school or university (but see, e.g., Brandt and Lechner 2022). The predictive value
of intelligence, personality, and their interaction might be different in younger samples
with a more diverse education background. To address these research gaps, in the present
study we analyzed a longitudinal sample of German students between late childhood and
mid-adolescence (age 11 to 15 years) in order to investigate the developmental effects of
intelligence and personality on school grades in the domains of math and German.

1.1. Intelligence and Personality: Predictors of School Grades

General cognitive ability is a well-known predictor of academic achievement
(Gottfredson 2002; Hofer and Clouston 2014; Neisser et al. 1996), especially when mea-
sured comprehensively including verbal (i.e., crystallized intelligence) and non-verbal
(i.e., fluid intelligence) skills as shown in a meta-analysis by Roth et al. (2015). Fluid
intelligence refers to the ability of problem-solving through abstract reasoning largely
independent of prior learning, while crystalized intelligence captures accumulated skills
and knowledge that are related to education and acculturation (Horn and Cattell 1967).
Correlations with intelligence are higher for standardized achievement tests than for grades
(Borghans et al. 2016; Deary et al. 2007; in comparison to Roth et al. 2015). The associations
between standardized school performance and fluid intelligence tests range up to r = .74 in
the population, with little variation across the domains of mathematics, science, and lan-
guages (cf. Rindermann 2006). With regard to school grades, research has shown that
fluid intelligence is more strongly associated with math than with language (i.e., German;
Brandt et al. 2020b). For mixed intelligence measures, the association is even stronger
and remains statistically significant when tested longitudinally in adolescence (age 11-16).
Here, intelligence explains about 60% of the variance in a standardized final exam across
subjects (Deary et al. 2007).

Apart from intelligence, personality characteristics are predictive of educational out-
comes. In terms of the Big Five domains (McCrae and Costa 1987), meta-analyses by
Poropat (2009) and Mammadov (2022) have demonstrated that conscientiousness is the
most powerful predictor of school grades after controlling for cognitive abilities. Whereas
conscientiousness was an important predictor at all educational stages, agreeableness and
openness were more predictive during elementary school (see also, Andersen et al. 2020).
Furthermore, recent studies have demonstrated that openness is more important for aca-
demic achievement operationalized via standardized scholastic achievement tests whereas
conscientiousness is more predictive of grades (Hiibner et al. 2022; Meyer et al. 2022;
Tetzner et al. 2020). Indeed, further studies have confirmed medium correlations between
self-reported grades (Cucina et al. 2016; Dumfart and Neubauer 2016) or teachers’ eval-
uations of school performance (Demetriou et al. 2019) and conscientiousness. More-
over, conscientiousness has shown stronger relations with math grades than with grades
in the language domain (Brandt et al. 2020b). Findings highlight that high levels of
conscientiousness—comprising diligence, good impulse control and self-regulation, the
ability to persevere on challenging tasks, and organizing work efficiently—seem to be
beneficial for academic success above and beyond one’s cognitive ability, especially when
performance is assessed through grades. From a longitudinal perspective, there is first
evidence that changes in school grades and conscientiousness correlate with each other
(Israel et al. 2022).

1.2. Fluid Intelligence, Conscientiousness, and School Grades in Adolescence

Adolescence is a crucial phase with regard to the development of personality and
cognitive abilities (e.g., Soto and Tackett 2015). It is known to also be associated with devel-
opment in related domains, thus changes might be relevant in the context of individuals’
achievement trajectories (e.g., Israel et al. 2022; Bardach et al. 2023).

While personality is generally rather stable over time (e.g., Wrzus and Roberts 2017),
changes in all personality traits occur across an individual’s lifespan with per-
sonality change being most pronounced in adolescence (i.e., rank-order stability;
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Roberts and DelVecchio 2000). In addition, personality development is also observable in
terms of mean-level changes and in accordance with the maturity principle
(Roberts et al. 2006), hence individuals’ conscientiousness is typically lower in early life
compared to later stages. Previous findings show that dips in personality maturity are com-
mon in early adolescence followed by rapid increases into early adulthood
(Denissen et al. 2013), making adolescence a particularly relevant period to study regarding
personality development.

Levels of intelligence during this phase have shown to be rather stable overall
from adolescence onwards (Deary et al. 2013; Yu et al. 2018), though individual differ-
ences in cognitive developmental trajectories are apparent in earlier periods associated
with a variety of physiological as well as environmental factors (e.g., Shaw et al. 2006;
von Stumm and Plomin 2015). While intelligence is commonly conceptualized as an an-
tecedent of school achievement, a meta-analysis by Peng et al. (2019) highlights the
complexity of the developmental relationship in terms of reciprocal associations between
both constructs over time in adolescence.

1.3. Intelligence-by-Conscientiousness Interactions in the Prediction of School Grades

Research has long viewed and investigated intelligence and personality, especially
conscientiousness, as independent predictors of academic success. However, some authors
have proposed that the distinction between ‘cognitive” and ‘non-cognitive’ characteristics
is no longer valid and that the integration of the two entities into common frameworks
is due (e.g., DeYoung 2020). Beyond well-established main effects, intelligence and con-
scientiousness may also interact with each other in a meaningful way to predict success
in school. Two different forms of intelligence by personality interactions have been pro-
posed: the synergistic and the compensatory interaction. In line with the particular relevance
of conscientiousness to the prediction of school grades, we will focus on the interplay
between fluid intelligence and conscientiousness in the following study (but see, e.g.,
Niefien et al. (2020), who found interaction effects of agreeableness and cognitive ability
on success in educational transitions). With regard to conscientiousness, the synergistic
interaction implies that high cognitive abilities and high conscientiousness amplify each
other, while the compensatory interaction means that a student can make up for lower
intelligence by being more diligent, and vice versa. Both of these forms have theoretical
and empirical foundations, which we will summarize in the following.

1.3.1. Synergistic Interaction: Intelligence and Conscientiousness Reinforcing Each Other?

The idea of trait-by-trait interactions for the prediction of performance is already
present in older motivation theories from the field of organizational psychology
(e.g., Maier 1965). These studies assumed an ordinal interaction between intelligence
and motivation in the sense that high motivation should lead to a stronger relationship
between intelligence and motivation, and vice versa (Sackett et al. 1998). Later work has
transferred this approach to conscientiousness and the field of academic achievement
(e.g., Bergold and Steinmayr 2018).

As another line of research, investment theories (e.g., Ackerman 1996; Cattell 1987;
Ziegler et al. 2009) also assume an interplay of personality and fluid intelligence on the
acquisition of knowledge and competencies (i.e., crystallized intelligence). Within this per-
spective, investment traits are “personality characteristics that determine where, when and
how people apply their mental capacity” (von Stumm et al. 2011, p. 576). The predominant
traits of interest in this field have been openness and related traits, such as the need for
cognition (Cacioppo and Petty 1982) and epistemic curiosity (Litman 2008), while conscien-
tiousness is usually not included in these studies. Very recently, Brandt and Lechner (2022)
have made the case that conscientiousness encompasses characteristics of an investment
trait that influence how much effort and fluid intelligence are invested in the acquisition
of knowledge, such as persistence and self-discipline. Following this argument, consci-
entiousness should not only have a main effect on educational success but it should also
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amplify the effect of intelligence. Comparably, the invest-and-accrue model of conscien-
tiousness (Hill and Jackson 2016) states that conscientiousness as a basic disposition drives
investment-oriented behavior. With regard to educational achievement, individuals might
choose learning activities over short-term rewards in order to accrue long-term benefits.

In the concrete context of school success, being assiduous enables students to get
the most out of their cognitive potential in the sense that the two characteristics rein-
force each other and that only individuals with high levels of both characteristics will
achieve the highest grades and make the strongest improvements. Conversely, when
intelligence is low, a conscientious working style should matter less in achieving good
grades (Bergold and Steinmayr 2018). Technically, if a synergistic interaction is present, the
relationship between intelligence and educational success is stronger when levels of consci-
entiousness are high and is smaller at the lower end of the conscientiousness continuum.

Bergold and Steinmayr (2018) investigated the relationships between all Big Five
personality traits, general mental ability, and GPA in two samples of students attending
grade 11 in German upper secondary schools. They found that on domain level, both
conscientiousness and openness predicted achievement beyond intelligence, but only
conscientiousness displayed a statistically significant interaction with intelligence. The
interactions between intelligence and conscientiousness were synergistic in the sense that
the predictive value of cognitive ability was even stronger in students scoring highly on
conscientiousness. On the other end of the ability continuum, intelligence was less pre-
dictive of grades for students who displayed lower levels of conscientiousness. In a very
large pooled sample of German students from upper secondary schools, Meyer et al. (2022)
recently found evidence for synergistic interactions predicting both standardized tests
and grades, albeit with small effect sizes. Sorjonen et al. (2021) also noted that most of
the personality-by-intelligence interactions in the prediction of academic achievement
(i.e., GPA in an adult sample) were synergistic in nature, especially with regard to con-
scientiousness and related traits. Evidence for synergistic interaction effects of intel-
ligence and conscientiousness also came from studies using samples of undergradu-
ate students (Di Domenico and Fournier 2015; Ziegler et al. 2009). On the other hand,
Brandt and Lechner (2022), who investigated knowledge gains in reading and math in
standardized achievement tests in two samples of students (from grade 4 to grade 7 and
from grade 7 to grade 9) found a synergistic intelligence-by-conscientiousness interaction,
but only when control variables were not included.

1.3.2. Compensatory Interaction: Intelligence and Conscientiousness Making up for
Each Other?

Intelligence and conscientiousness are sometimes negatively correlated
(e.g., Moutafi et al. 2004), although they both relate positively to achievement indicators.
The compensatory interaction hypothesis helps explain this irregularity. According to this
interaction form, less bright students can achieve good grades when they display a high
level of conscientiousness, resulting in an advantageous working style. Likewise, higher in-
telligence might help students with lower conscientiousness make up for their carelessness.

Chamorro-Premuzic and Furnham (2004) argued that students equipped with lower
cognitive abilities might develop higher levels of conscientiousness in order to compensate
for this deficit and to achieve comparable grades as their smarter classmates. Others
(e.g., Murray et al. 2014), however, have put forth that the negative relation of cognitive
abilities and conscientiousness could be due to a selection effect that vanishes in samples
unselected with regard to academic achievement. Nevertheless, this explanation also
assumes compensatory interaction, even though the underlying mechanism is different
(Harris-Watson et al. 2022).

Considerably fewer studies have yielded evidence for a compensatory intelligence-
by-conscientiousness interaction in the prediction of academic success than for the syn-
ergistic interaction form. Evidence is provided by research on interaction effects in
the prediction of (job) task performance (e.g., Harris-Watson et al. 2022; but see also



J. Intell. 2023, 11, 45

50f18

van Iddekinge et al. 2018). Nevertheless, there are also studies that found neither synergistic
nor compensatory interaction effects of intelligence and conscientiousness for the prediction
of standardized tests or school grades (Heaven and Ciarrochi 2012; Zhang and Ziegler 2015).

2. The Current Study

In sum, despite the unequivocal importance of intelligence, empirical evidence of
the predictive value of intelligence-by-conscientiousness interactions is inconsistent. Our
study addressed a couple of aspects. First, most analyses are based on students in late
adolescence or early adulthood who received their grades in the academic track of high
school or in university or college (e.g., Meyer et al. 2022; Di Domenico and Fournier 2015). It
is therefore necessary to investigate samples that include not only academic track students.
As schooling is only mandatory up to a certain grade, and afterwards selection occurs
resulting from changing mandatory to voluntary schooling, it is expedient to investigate
younger samples of an age when schooling is still mandatory. In addition, young and
middle adolescence is a crucial time with respect to personality and cognitive development.
Second, most studies relied on cross-sectional data (e.g., Bergold and Steinmayr 2018;
Meyer et al. 2022, but see Brandt and Lechner 2022) that impeded causal conclusions and
the examination of the development of academic success over time. Both intelligence and
conscientiousness (and their interaction) might not only predict academic success at one
given time point, but also changes therein. Third, conscientiousness is considered a better
predictor of grades than of performance in academic achievement tests (Hiibner et al. 2022).
Thus, it might well be that Brandt and Lechner (2022) were not able to find evidence for a
statistically significant interaction of intelligence and conscientiousness (when including
control variables) as they used standardized achievement tests and not grades as academic
achievement indicators. To our knowledge, there is no study investigating the potential
interaction effects of intelligence and conscientiousness in the prediction of the development
of school grades in young adolescence when school is still mandatory.

The aim of the present study is to shed further light on the interplay of intelligence
and conscientiousness and their prediction of school grades and their development. Un-
like Brandt and Lechner (2022), who analyzed competence gains in reading and math
as outcomes, we focused on school grades because grades are of higher relevance for
the students’ lives than competences are as they are imperative for vocational success
and subsequently predict social inequality in later life (Kingston et al. 2003). Addition-
ally, based on the findings and argumentation of, for instance, Hiibner et al. (2022) and
Meyer et al. (2022), we assume that conscientiousness is more strongly associated with
grades than with standardized test scores because grades are more dependent on teachers’
evaluations and a conscientious working style helps to fulfill the classroom requirement.
It should thus be more likely to find statistically significant interaction effects for the
prediction of school grades.

In the current study, we investigated the impact of fluid intelligence and conscien-
tiousness on the development of school grades (math and German as first language) in
a representative sample of German students over three measurement times from late
childhood to middle adolescence (11 to 15 years). For the prediction of school grades by
conscientiousness and intelligence, very solid evidence allows the formulation of specific
hypotheses, whereas evidence regarding the interaction between intelligence and conscien-
tiousness is not as consistent. Thus, the following not preregistered hypotheses (H) and
research questions (RQ) guided our analyses:

H1a. Fluid intelligence and conscientiousness statistically significantly predict baseline levels of
school grades. We expect the effects to be larger for math than for German.

H1b. Fluid intelligence and conscientiousness significantly predict changes in school grades. We
expect the effects to be larger for math than for German.

RQ1la: Do intelligence and conscientiousness interact in the prediction of the baseline
level of school grades?
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RQ1b: Do intelligence and conscientiousness interact in the prediction of changes in
school grades?

RQ2: If there are statistically significant interaction effects on level or development of
school grades, are they synergistic or compensatory in nature?

3. Materials and Methods
3.1. Procedure and Participants

We used data from TwinLife, a longitudinal, cross-sequential twin family study repre-
sentative of the German population (Hahn et al. 2016; Lang and Kottwitz 2020). TwinLife
set out to investigate the genetic and environmental processes in the development of social
inequality and life chances. In total, the project comprises more than 4000 twin families in
four twin birth cohorts (born in 2009/2010, in 2003 /2004, in 1997/1998, and in 1991/1992,
respectively) who participate in annual surveys conducted by an external institute alternat-
ingly via face-to-face and telephone interviews starting in 2014. The sample of the current
study contained data of the second youngest age cohort of the project (birth years 2003 and
2004) with a total sample size of 1043 same-sex twin pairs. We randomly selected one twin
per family to derive an independent sample.

At the first measurement occasion (t;, 2014-2016), the students were on average
11.00 years old (SD = 0.32) and 52.0% of the participants were female. The two other mea-
surement times followed after two years each (t;: 2016-2018; t3: 2018-2020). In addition
to the usual panel attrition, a change in the survey institute between t; and t; resulted in
a substantial dropout from the first measurement occasion to the second (Brix et al. 2017;
Lesaar et al. 2020). Table 1 depicts sample descriptions for all three measurement occasions.
With regard to school type, at t;, 46.7% of the students of whom photos of the report
cards were available were in elementary school, 20.6% in lower, intermediate level or
comprehensive secondary school, and 27.5% in upper secondary school. At t;, 41.1% were
in lower, intermediate level or comprehensive secondary school and 51.7% in upper sec-
ondary school. At t3, 2.4% were in schools for children with special needs, 39.7% in
lower, intermediate level or comprehensive secondary school, and 54.8% in upper sec-
ondary school (the remainder was in other school types; more details can be found in the
Supplementary Materials).

Table 1. Sample Characteristics, Descriptive Statistics, McDonald’s Omega (w), and Sample Sizes (1)
for all Variables.

t1 t2 t3
Ace M 11.00 13.02 15.07
8 SD 0.317 0.327 0.345
M 5.107 - -
C L SD 1.097 - -
onscientiousness 538
n 1028 - -
M 31.792 - _
Cognitive abilities SD 7.603 - -
1025 - -
Sample size Ny 1043 749 639

Note. Manifest results shown for intelligence and conscientiousness.

3.2. Measures
3.2.1. School Grades

Information on school grades and the type of school attended was derived from
students” most recent report cards via photographs taken by the interviewer during the
face-to-face interviews at all three measurement occasions upon parental consent. Report
cards were available for 58.96% at t;. Students for whom we did not have indicators of
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grades did not differ statistically significantly from those with photos of their report cards
with regard to conscientiousness (F = 0.464, p = .496; t = 0.415, p = .678) and intelligence
(F=0.001, p=.982; t = —1.157, p = .117). This information was then transferred into a coding
scheme to account for differences between states and schools (for a detailed description,
see Instinske et al. 2022). Subsequently, the variable was regressed on the type of school
attended at each measurement point to account for potential bias in grading (elementary
school vs. upper secondary school vs. other types of secondary school) resulting in
a corrected variable. To ease interpretability, we inverted these variables for the main
analyses so that higher values reflected better performance.

3.2.2. Conscientiousness

Personality in terms of the Big Five dimensions (McCrae and Costa 1987) was assessed
via self-reports at t; using a short version of the Big Five Inventory (BFI-S;
Gerlitz and Schupp 2005) comprising 16 items, three of which measure the dimension
of conscientiousness (“I see myself as someone who ... does a thorough job; tends to
be lazy. (inversely coded); does everything efficiently.”). Participants rated each item
on a 7-point rating scale (1 = Does not apply to me at all-7 = Applies to me perfectly). The
items represented the indicators for the latent factor of conscientiousness. The internal
consistency of the conscientiousness scale was w = .538 in our sample.

3.2.3. Fluid Intelligence

We measured fluid intelligence at t; using four subtests (figural reasoning, figural clas-
sification, matrices, and reasoning) from the Culture Fair Test (CFT 20-R; Weif: 2006). Partic-
ipants completed the test via a computer-based version (for details, see Gottschling 2017).
The total sum scores of all four subtests were used for the latent factor. The measure had an
adequate internal consistency (w = .718) in the present sample.

3.2.4. Socioeconomic Status (SES)

For parental SES, we generated a composite measure based on information on educa-
tional level, occupational status, and income. Parental educational level reflected the highest
level of education attained as indicated by the Comparative Analysis of Social Mobility in
Industrial Nations (CASMIN; Liittinger and Konig 1988). Parental occupation was scaled by
the International Socioeconomic Index of Occupational Status (ISEI; Ganzeboom et al. 1992)
and the Erikson-Goldthorpe-Portocarero Class Schedule (EGP; Erikson et al. 1979). For
CASMIN, ISE], and EGP, the maximum of maternal and paternal values was used as the
family index. Income at the family level was measured as the net household income (mod-
ified according to the OECD equivalence scale; see Hagenaars et al. 1998). The variable
was winsorized (top and bottom 1%) to account for extreme outliers. All SES indicators
were standardized and subsequently aggregated into a composite score at the family level,
which we used for the following analyses.

3.3. Analyses

The main analyses were conducted using Mplus 8.5 (Muthén and Muthén 1998-2017).
The respective codes are available on OSF (https://osf.io/vytg7/?view_only=159c84bb4al
24c8d9b2871d5f8ef180b). Analyses were not preregistered. We applied latent growth curve
(LGC; e.g., Bainter and Howard 2016) models using the maximum likelihood estimator
with robust standard errors to model the development of the school grades over time, for
which either grades in math or German were measured as manifest variables. Intelligence
and personality traits were modeled as latent variables and were centered by restricting
their mean to zero. We used the full information maximum likelihood algorithm to account
for missing data. As robustness checks, we also conducted latent change models (see
Supplementary Materials).

In a first step, we modeled intelligence and conscientiousness as predictors of the
intercept and the slope factor to estimate their relation with both the baseline level of
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school grades and changes in school grades. We included gender (1 = male/2 = female)
and SES as covariates. Intelligence and conscientiousness were modeled as latent factors
with four (CFT subtests) and three (BFI-S items) indicators. Because students who took
part in the second measurement occasion had better grades and better intelligence test
results at t;, we included participation at t; as an auxiliary variable (0 = no/1 = yes) into
the final baseline model. To answer our research questions, we used moderated structural
equation modeling (Klein and Moosbrugger 2000) and added the latent interaction between
intelligence and conscientiousness to the model. Figure 1 is a schematic depiction of the
latent interaction model.

Grades tl Grades t2 Grades t3

T T T

Figure 1. Schematic depiction of the latent growth curve model with the latent interaction term. Note:

Gf = fluid intelligence; C = conscientiousness; GfxC = latent interaction between fluid intelligence and
conscientiousness; I = intercept factor; S = slope factor. Control variables are omitted for simplicity.

4. Results
4.1. Descriptive Statistics and Correlations

In Table 1, means and standard deviations of manifest fluid intelligence and conscien-
tiousness are depicted along with the internal consistency of the conscientiousness scale
(McDonald’s w). Table 2 shows the frequencies of math and German grades. Table 3 shows
the correlations among all variables of interest. Girls were more conscientious than boys
and had better German grades, but not math grades. In line with our expectations, both
types of grades were positively related to fluid intelligence and conscientiousness at all
measurement points, whereas intelligence and conscientiousness were uncorrelated.
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Table 2. (a) Frequencies of grades in math; (b) Frequencies of grades in German.

(a) Math grades
t; ty t3
Grade n % n % N %
1 69 11.5 43 9.6 53 12.9
2 246 41.1 170 379 139 33.7
3 187 31.2 147 32.7 133 323
4 85 14.2 80 17.8 76 18.4
5 12 2.0 9 2 11 2.7
N 599 449 412
(b) German grades
ty ty t3
Grade n % n % N %
1 61 10.2 34 7.5 40 9.7
2 225 37.8 167 36.9 126 30.6
3 236 39.6 187 414 167 40.5
4 68 11.4 61 13.5 77 18.7
5 6 1.0 3 0.7 2 0.5
N 596 452 412

Note. Lower grades depict higher achievement.

Table 3. Manifest correlations among fluid intelligence, conscientiousness, school grades, and the
control variables.

Variable 1 2 3 4 5 6 7 8 9
1. Gender -
—072
2. SES 020)
062 369
3.Giy (.047) (<.001)
073 —023 053
4Ch (.019) (454) (.095)
— 051 292 430 154
5 Math ty (223) (<001)  (<001)  (<.001)
079 117 333 164 490
6. Math t; (.098) (014) (<.001) (<.001) (<.001)
— 003 110 297 110 469 588
7. Math t3 (.946) (.028) (<.001) (.030) (<001)  (<.001)
8. German t 189 305 313 114 631 344 296
: 1 (<.001) (<.001) (<.001) (.007) (<001)  (<001)  (<.001)
0. German t 201 116 203 132 299 565 378 332
: 2 (<.001) (.015) (<.001) (.005) (<001)  (<001)  (<001)  (<.001)
10, German ¢ 279 077 161 212 342 467 497 414 609
: 3 (<.001) (128) (.001) (<.001) (<001)  (<001)  (<001)  (<001)  (<.001)

Note. p values in parentheses. SES = socio-economic status; Gf = fluid intelligence; C = conscientiousness;
t—t3 = measurement time 1 to 3. Grades were corrected for school type and inverted for interpretability.
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4.2. Latent Growth Analyses: Predicting Level and Development of School Grades

In the univariate LGC models without predictors and covariates (see Table 4), the
intercepts showed statistically significant interindividual variability. The slope factors
implied a statistically significant change in grades, but no interindividual variance in

the trajectories.

Table 4. (a) Latent growth in grades (math); (b) Latent growth in grades (German).

(a) Math grades

Parameters

Est. [95% CI]

Latent means

Hintercept

Hslope
Variances

2
0% intercept

0 slope
Covariances

2.
0% intercept, slope

—.004 [—.075; .067]
—.037 [—.088; .014]

422 [.254; 589]
.040 [—.054; .134]

.014 [—.090; 118]

914
157

<.001
405

793

Model fit
X*(df)
CFI
RMSEA [90% CI]
SRMR

0.143(1), p = .706
>.999
<.001 [.000, .069]
.005

(b) German grades

Parameters

Est. [95% CI]

Latent means
Hintercept

Hslope
Variances

2
0% intercept

2
0%slope
Covariances

o 2,
intercept, slope

.013 [—.050; .076]
—.037 [—.084; .009]

.159 [.030; .289]
.002 [—.075; .079]

.099 [.021; 177]

.678
116

.016
.959

.016

Model fit
X*(df)
CFI
RMSEA [90% CI]
SRMR

0.435 (1), p = .509
>.999
<.001 [.000, .082]
.008

Note. Unstandardized solution. Grades corrected for school type and inverted for better interpretability. Slope
factor loadings were set at 0 (), 1 (t2), and 2 (t3). Est. = estimate.

In the models with intelligence and conscientiousness as predictors of the intercepts
and the slopes of school grades, but without the latent interaction term, we allowed SES and
intelligence to correlate according to modification indices, which is theoretically plausible
and notably increased the model fit (Ax? = 154.514; ARMSEA = .036; ACFI = .105 for
math; Ax? = 151.981; ARMSEA = .035; ACFI = .104 for German). We thus applied the
same modification to the latent interaction model. The evaluation of the overall model fit
followed established guidelines (Hu and Bentler 1999). Parameter estimates and model fit
indices for these two models are depicted in Table 5. The inclusion of the auxiliary variable
participation at t; did not noticeably change the results.
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Table 5. (a) Latent growth curve models predicting baseline level and development of school
grades (math); (b) Latent growth curve models predicting baseline level and development of school
grades (German).

(a) Math grades

DV: Intercept DV: Slope
B p B p
Model without latent interaction
C .235 <.001 —.026 .809
Gf .593 <.001 —.079 .506
Sex —.050 276 .079 374
SES 112 .067 —.142 .238

X2(46) = 76.167, p = .003; CFI = .980, RMSEA = .025; SRMR = .031
AIC = 35,269.915; nBIC = 35,344.411

Latent interaction model

C 241 <.001 —.041 712
Gf .587 <.001 —.070 .554

C x Gf —.101 .046 193 107
Sex —.047 306 .072 416
SES 118 .054 —.150 .203

AIC = 35,270.325; nBIC = 35,348.368

(b) German grades

DV: Intercept DV: Slope
B p B P
Model without latent interaction
C 216 .005 .179 .189
Gf 472 <.001 —.166 .256
Sex 292 <.001 171 126
SES .319 <.001 —.195 .168

X2(46) = 83.215, p < .001; CFI = .977, RMSEA = .028; SRMR = .034
AIC =33,841.671; nBIC = 33,916.168

Latent interaction model

C 218 .004 178 177
Gf 478 <.001 -.171 .236

C x Gf .096 237 —.049 .679
Sex .288 <.001 170 122
SES 312 <.001 —.190 171

AIC = 35,007.118; nBIC = 35,085.162

Note. Standardized solution. DV = dependent variable; C = conscientiousness; Gf = fluid intelligence;
C x Gf =latent interaction between conscientiousness and fluid intelligence; SES = socioeconomic status
(composite measure); CFI = comparative fit index; RMSEA = root mean square error of approximation;
SRMR = standardized root mean squared residual; AIC = Akaike information criterion; nBIC = Bayesian in-
formation criterion corrected for sample size.

For the latent interaction model, no indices of overall model fit (i.e., RMSEA, CFI
or SRMR) have been developed (Maslowsky et al. 2015; Klein and Moosbrugger 2000),
so we interpreted the Akaike information criterion (AIC) and the sample-size adjusted
Bayesian information criterion (nBIC). In the latent interaction model, both fluid intelligence
and conscientiousness statistically significantly predicted baseline levels in school grades
(i.e., the intercept; H1a) but not their development (i.e., the slope; H1b). As hypothesized,
the effect was larger for math grades (Table 4, part a) than for German grades (Table 4,
part b). We found no statistically significant interaction effect between intelligence and
conscientiousness related to baseline levels of German grades (RQ1a). For math grades,
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results showed a small but statistically (p = .046) significant negative interaction term, i.e., a
compensatory interaction. Neither intelligence, conscientiousness nor the interaction term
predicted the development (i.e., the slope) of grades in both school subjects (RQ1b).

As for German grades, the control variables of gender and SES predicted the intercept
in a statistically significant way, in the sense that girls (as compared to boys) and students
from higher-SES families (in comparison to youth from lower-SES families) had better
grades. The respective effect sizes were comparable to those of the main predictor variables
of fluid intelligence and conscientiousness. No statistically significant effects of the control
variables were found in the models with math grades.

5. Discussion

Fluid intelligence and conscientiousness have emerged as the most powerful predic-
tors of school grades. Beyond main effects, previous research has yielded first evidence
for theoretically plausible interaction effects. A synergistic and a compensatory form of
interaction has been proposed. However, most prior studies were cross-sectional, which
impeded their explanatory power and many of them relied on older samples solely from the
academic track. The aim of the present study was to investigate potential interaction effects
of intelligence and conscientiousness in the prediction of school grades in the domains
of math and German in a longitudinal sample between age 11 and 15 years comprising
students attending different types of school.

5.1. Primarily Main Effects of Intelligence and Conscientiousness on School Grades’
Baseline Levels

In our analyses, after controlling for the potential confounding variables of gender
and SES, fluid intelligence and conscientiousness predicted baseline levels of school grades.
This was more pronounced for math grades than for German grades, which supports our
Hypothesis la and is in line with previous research (e.g., Brandt et al. 2020b). Ability
and personality interacted in the prediction of the initial level of grades in math in a
compensatory manner (Research Questions 1a and 2). No interaction effect was found for
German grades.

Students benefitted from being smart and diligent in achieving good grades. With
regard to math grades, results suggested the possibility of compensating for low cognitive
abilities with a conscientious working style, and vice versa. However, the interaction effect
was small and must not be over-interpreted. In terms of German grades, the effects of fluid
intelligence and conscientiousness worked in a solely additional manner. The findings
contradict the assumption that a conscientious working style amplifies the advantageous
effects of high fluid intelligence, with the relation between intelligence and school grades
being stronger for the more assiduous students (i.e., synergistic interaction). Our results
are partly in line with those of Brandt and Lechner (2022), who analyzed a bigger sample
than ours with a comparable age range. Yet, they did not find statistically substantial
interaction effects (i.e., after accounting for control variables) on competence levels or
competence gains, despite the expectation that effects might be stronger for the prediction
of school grades (see also Hiibner et al. 2022). Another highly relevant study in this field
(Meyer et al. 2022) found small synergistic interaction effects with regard to both German
and math grades. Given the very large sample size based on integrative data analysis,
Meyer et al.’s study was better positioned to detect even small associations than ours.
However, all of their participants were in the academic track.

Other researchers have also found evidence for synergistic intelligence by conscientious-
ness interaction effects with regard to grades in high school (Bergold and Steinmayr 2018;
Sorjonen et al. 2021) and university (Di Domenico and Fournier 2015; Ziegler et al. 2009).
Notably, all of these results stem from older and more academic samples than our findings.
This pattern could be due to two related reasons. First, the influence of cognitive ability on
school grades becomes less relevant and the influence of personality becomes more relevant
with age (Lievens et al. 2009). As Bergold and Steinmayr (2018) have noted, this might
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lead to stronger synergistic interaction effects in older students. In contrast, meta-analytic
findings (Poropat 2009) have indicated that the association between academic performance
and conscientiousness remains stable over the course of secondary education. Second, it
could be that fluid intelligence and conscientiousness amplify each other only in students
from the academic track with high levels of both ability and diligence. This might explain
why we did not find such effects in our more diverse sample. Restrictions in sample size
meant we could not investigate this hypothesis in detail, though it might be an interesting
endeavor for future research.

Fluid intelligence and conscientiousness were not related to the intraindividual devel-
opment of school grades over time in our sample, which contradicts our Hypothesis 1b.
The same was true for the interaction term (Research Question 1b). In a longitudinal study
covering the same age span as our investigation, Israel et al. (2022) also found a decrease in
GPA, but the development of conscientiousness covaried with the changes in school grades.
Statistically, the lack of predictive value of conscientiousness (and of fluid intelligence) in
our study might stem from the insignificant variances in the slope factors.

Psychometric quality of self-reported personality is known to differ during the develop-
mental stages of childhood and adolescence (e.g., Soto et al. 2008; Barbaranelli et al. 2008),
which might partly explain why we found neither a statistically significant main effect
when predicting the development of grades nor an interaction effect with intelligence. In
the same vein, personality measured in childhood might not fully overlap with person-
ality in adolescence regarding construct validity and factor structure, thus it might lack
predictive power in the longitudinal setting. This aspect should be researched in detail
in future studies, however, it is beyond the scope of this study as there are currently no
comprehensive measures of personality over several time points available in our data.

In addition to the limited predictive power of conscientiousness on the development
of grades in this study, the result pattern was similar for fluid intelligence. We measured
fluid intelligence as an indicator of reasoning, which is known to be a good indicator
for general cognitive ability (Horn 1988), though less predictive of school performance
compared to mixed intelligence measures (combining verbal and non-verbal subtests; e.g.,
Roth et al. 2015). Indeed, Watkins et al. (2007) found an impact of broader intelligence mea-
sures on the development of reading and math competencies. In the same vein, Steinmayr
and colleagues (Steinmayr and Spinath 2009; Steinmayr et al. 2019) assessed intelligence
via numerical, verbal, and figural reasoning and found intelligence to be predictive of
changes in GPA. Besides that, according to Cattell’s investment theory (Cattell 1987) fluid
intelligence indicates an initial learning potential to acquire new knowledge, which then
is indicated by crystallized intelligence and results in better academic achievement on
average, amongst other performance outcomes. However, fluid intelligence itself might not
be as strong of a predictor of academic achievement compared to crystallized intelligence or
mixed intelligence measures, as it is conceptually more distant from achievement measures
than crystallized intelligence. Having said that, fluid intelligence is indicative of underlying
potential, however, the development of academic performance might rely more directly
on crystallized intelligence as existing learning gaps (i.e., a lack of previously acquired
knowledge) are hard to close even if one has high fluid intelligence.

5.2. Strengths, Limitations, and Future Directions

Our study was the first to investigate the potential interaction effects of fluid intelli-
gence and conscientiousness on school grades in a longitudinal sample from late childhood
to adolescence. Nevertheless, a few limitations need to be acknowledged. First, there
was a decrease in sample size between measurement time one and two. This resulted
mostly from organizational issues during data collection (see Method section). Although
the inclusion of participation at the second measurement time as an auxiliary variable did
not change the results, dropout might have reduced the probability of detecting effects.
Second, due to the necessities of a large panel study, conscientiousness was measured
using a short scale in which not all facets of the conscientiousness dimension were cap-
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tured explicitly, even though short scales of personality have shown to be comparable
to longer assessments (e.g., Rammstedt et al. 2021). Therefore, we were not able to test
for differential effects of conscientiousness facets on school grades or observe potential
interaction effects with intelligence. Previous research has documented interactions be-
tween intelligence and subdomains of conscientiousness, such as Achievement Striving
(Ziegler et al. 2009). In the study by Bergold and Steinmayr (2018), all facets except Order
interacted with intelligence. In addition, the measure used in this study was not developed
for children and young adolescents, however it has shown to be comparable across differ-
ent age groups from late childhood to adulthood considering psychometrics properties
(Brandt et al. 2020a). Notwithstanding these considerations, both fluid intelligence and
conscientiousness, but not the interaction term, were associated with the initial levels of
school grades with medium effect sizes. This indicates that the measures were conceptually
and methodologically suitable to tackle our research questions.

5.3. Conclusions

Supporting a long line of research, fluid intelligence and conscientiousness were pre-
dictors of school grades in our study on students between late childhood and adolescence.
There was a small compensatory interaction between fluid intelligence and conscientious-
ness in the prediction of math grades. Intelligence and conscientiousness predicted the
initial level of school grades, but not the changes therein. Our results underline the general
importance of both cognitive abilities and personality for success in school and call into
question the generalizability of previously found synergistic interaction effects. These
might be more relevant in older and higher-educated samples.
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of Latent Change Models for Grades (German); Table S4: Latent change models predicting baseline
level and change of grades (math); Table S5: Latent change models predicting baseline level and
change of grades (German).
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