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Changes in conscientiousness during
adolescence - the role of intelligence

Teresa Sophie Friedrich' and Astrid Schiitz?

Abstract

Do adolescents become more conscientious to compensate for a lack of intelligence, or does conscientiousness change
independent of intelligence? The reasons for personality changes in adolescence have rarely been studied thus far, and in
particular, the possible role of intelligence in that process has been neglected. The present study aims to close this research
gap. In a large nationwide longitudinal sample of German adolescents (NEPS SC3; N = 7122), changes in conscientiousness and
the question of whether fluid intelligence influences these changes were investigated. Latent change models indicated that
conscientiousness increased in late adolescence, while the trajectories were less clear in early adolescence. Reasoning had a
negative effect on changes in conscientiousness in early adolescence, which was more pronounced in boys than in girls.
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Several studies have observed a negative relationship
between intelligence and conscientiousness (e.g.,
Moutafi et al., 2003; Rammstedt et al., 2016), although
both constructs are positive predictors of important life
outcomes such as academic performance (e.g.,
Poropat, 2009; Schneider & Preckel, 2017). According
to Moutafi et al. (2003, 2004), intelligence may be
negatively related to conscientiousness because less
intelligent people may become particularly conscien-
tious to compensate for their lack of intelligence.
However, other researchers disagree with this as-
sumption and argue that intelligence does not impact
changes in conscientiousness (Murray et al., 2014). To
our knowledge, no study has tested these two as-
sumptions against each other.

Adolescence is an extremely important phase in per-
sonality development (Soto & Tackett, 2015). However,
there is little research on the factors that influence changes
in conscientiousness in adolescence, and in particular, the
role of intelligence in this process has been neglected. The
present study aims to close these research gaps with data
from a large nationwide panel study (German National

Educational Panel Study (NEPS); Blossfeld & Rof3bach,
2019).

The intelligence compensation hypothesis

Several empirical investigations have shown that intelli-
gence and conscientiousness are negatively correlated
(e.g., Moutafi et al., 2003; Rammstedt et al., 2016). Ac-
cording to the intelligence compensation hypothesis
(Moutafi et al., 2003, 2004), this negative relationship may
be because conscientiousness is malleable, and changes
can occur based on perceived necessities: less intelligent
people may compensate for their lack of intelligence by
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becoming particularly organized, thorough, persistent, and
systematic — in other words, particularly conscientious. In
contrast, intelligent people may see less necessity to be-
come particularly conscientious, as they can rely on their
intelligence to master most (cognitive) tasks.

Fluid intelligence plays a special role in the intelligence
compensation hypothesis. Above all, aspects such as
reasoning, problem solving, or perceptual speed provide
intelligent individuals with an advantage and must be
compensated for by conscientiousness if they are not high.
However, the empirical results on fluid intelligence are just
as inconsistent as those on general intelligence: Some
studies have found positive correlations between fluid
intelligence and conscientiousness, some have found
negative correlations, and some have found nonsignificant
correlations (e.g., Ackerman & Heggestad, 1997,
Kretzschmar et al., 2018; Moutafi et al., 2006; Soubelet &
Salthouse, 2011).

To our knowledge, eight studies to date have ap-
proached questions related to the intelligence compen-
sation hypothesis; however, most of these studies were
cross-sectional and examined the interaction of intelli-
gence and conscientiousness in predicting academic
performance. Five of the eight studies found a significant
synergistic interaction term (Bergold & Steinmayr, 2018;
Di Domenico & Fournier, 2015; Friedrich & Schiitz, 2023;
Meyer et al., 2022; Ziegler et al., 2009). The relationship
between intelligence and achievement was stronger for
conscientious individuals — that is, intelligent individuals
benefitted particularly if they were also conscientious. The
interactions in the remaining studies were not significant
(Beaujean et al., 2011; Brandt & Lechner, 2022; Zhang &
Ziegler, 2015).

These results are not in line with the intelligence
compensation hypothesis. However, Ziegler et al. (2009)
found a significant compensatory interaction term for
the facet of achievement striving in low performers: the
association between intelligence and achievement was
weaker for people high in achievement striving — less
intelligent individuals particularly benefitted from being
conscientious, and intelligence was a weaker predictor of
achievement. Other studies also investigated which con-
scientiousness facets mainly compensate for intelligence;
they found that characteristics such as working hard, being
well organized and disciplined especially help one master
tasks. Thus, the conscientiousness facets order, self-
discipline, and deliberation are particularly relevant for
compensating for low intelligence (Moutafi et al., 2006).

In contrast to the intelligence compensation hypothesis,
Murray et al. (2014) argued that conscientiousness may be
enhanced by intelligence or by a lack of intelligence and
that conscientiousness development should therefore be
independent of intelligence. Indeed, they argued that in-
telligence and conscientiousness have only negative

relationships in selective samples such as university stu-
dents or managers. In these cases, selection into the sample
is likely to depend on a combination of intelligence and
conscientiousness: people with low levels of intelligence
can only reach the required performance level if they are
particularly conscientious. Conversely, people low in
conscientiousness can reach the required performance
level only if they are intelligent. This selection bias may
lead to a negative relationship between intelligence and
conscientiousness in these samples even if there is no such
relationship in the population (Murray et al., 2014).

To test their hypothesis, the authors analyzed two cross-
sectional samples — an adolescent sample and an adult
sample. They simulated compensatory selection by ex-
cluding all participants below a certain performance
threshold and calculated the correlations between intelli-
gence and conscientiousness in the unselected and selected
samples. In all samples (unselected and selected adoles-
cent and adult samples), most correlations were either not
significant or positive. Only the correlation with one
subscale (achievement striving) in one occupational cat-
egory (major professionals) in the adult sample became
negative in the selective sample (Murray et al., 2014). The
results suggested that previously observed negative cor-
relations between intelligence and conscientiousness were
not due to selective sampling. Nevertheless, most corre-
lations in that study were not negative. However, analyses
of a representative sample of ninth-grade students revealed
a negative relationship between intelligence and consci-
entiousness (Lechner et al., 2017).

In summary, individual theories and empirical studies
suggest different relationships between intelligence and
conscientiousness. In general, intelligence and consci-
entiousness can together predict performance in three
different ways (following Cohen et al. (2014)). On the
one hand, intelligence and conscientiousness can in-
fluence performance independently (1- additive effect).
An additive effect is suggested in the selection argument
(Murray et al., 2014). On the other hand, intelligence and
conscientiousness can also influence each other in pre-
dicting performance, they can interact. They can either
reinforce — high intelligence combined with high con-
scientiousness results in especially good performance (2-
enhancing effect) — or compensate for each other — high
scores on one construct can reduce the impact of low
scores on the other construct (3- compensatory effect). A
compensatory effect is suggested in the intelligence
compensation hypothesis.

However, the state of research on the relationship
between intelligence and conscientiousness is rather un-
clear. To determine whether conscientiousness actually
compensates for intelligence, it is necessary to examine
whether conscientiousness adjusts to intelligence over a
longer period. For this purpose, it is necessary to first
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investigate whether conscientiousness changes in general
and whether intelligence is a predictor of this change.
Currently, longitudinal analyses examining the joint de-
velopment of intelligence and conscientiousness in ado-
lescence are lacking.

However, changes in conscientiousness may be es-
pecially prominent in adolescence (Soto & Tackett,
2015). To shed further light on the associations over
time and understand possible drivers of changes in
conscientiousness, we used a large nationwide sample
of adolescents and longitudinal data on fluid intelli-
gence and conscientiousness.

Changes in conscientiousness
in adolescence

Childhood and adolescence are crucial periods for per-
sonality change (Soto & Tackett, 2015); during that period
of life, rank order stability is lowest (Roberts &
DelVecchio, 2000). Thus, it is of particular interest to
investigate changes in conscientiousness and the possible
impact of intelligence in this age group.

Studies that have investigated change in conscien-
tiousness in adolescence have identified different trajec-
tories, and it has been difficult to reconcile these findings.
In a meta-analysis, Roberts et al. (2006) examined per-
sonality changes in ten- to eighteen-year-old adolescents
and found no significant changes in conscientiousness in
this age group. However, the investigated age span was
quite large, and it is possible that opposing trajectories
occurred in young and late adolescence, which could have
offset each other (Soto et al., 2011). Research seems to
support the assumption that conscientiousness decreases
in early adolescence and increases in late adolescence
(e.g., Denissen et al., 2013; Van den Akker et al., 2014,
2021). To avoid obfuscation of results through such an-
tagonistic processes, we examined students starting in
early adolescence and observed changes over time.

In addition, some studies have found different con-
scientiousness trajectories for boys and girls. On average,
girls showed more positive trajectories than boys, i.e., girls
became more conscientious (Brandes et al., 2020) or re-
mained stable (Klimstra et al., 2009) in adolescence,
whereas boys remained stable or became less conscien-
tious. According to Klimstra et al. (2009), however, the
trajectories of change do not differ between boys and girls,
but rather the timing of the trajectories differs. The bio-
logical and neurological development of girls occurs at an
earlier age. Personality maturation is related to this de-
velopment and occurs earlier in girls. If individuals
compensate for intelligence by becoming more consci-
entious and girls become more conscientious at an earlier
age than boys, then it should be the case that girls

compensate for intelligence earlier. To account for gender
differences in the timing of change in conscientiousness,
we analyzed separate conscientiousness trajectories for
boys and girls in a multigroup model.

Students and apprentices also differ in their consci-
entiousness trajectories. For example, Golle et al. (2019)
compared personality trajectories between students who
participated in academic track schools after grade ten and
students who started an apprenticeship. Students in the
vocational track became more conscientious than students
in the academic track. Students who start working must
adopt adult-like roles earlier and take responsibility; thus,
these individuals must become more conscientious. Thus,
we analyzed a second multigroup model that differentiates
between students who continued schooling and students
who left school after the ninth or tenth grade.

Most studies thus find a decrease in conscientiousness
in early adolescence and increasing conscientiousness
trajectories from middle adolescence onward. However,
only a few studies to date have examined factors that
influence personality changes in adolescence (Israel et al.,
2019). A possible explanation for the decrease in con-
scientiousness in early adolescence and its increase in late
adolescence are biological, neurological, and social
changes and related challenges in adolescence (Klimstra
et al., 2009; Soto et al., 2011). Furthermore, new social
roles and associated role expectations require more mature
behavior and thus also contribute to a change in per-
sonality (Roberts & Wood, 2006). Nevertheless, some of
the variance in changes in conscientiousness in adoles-
cence remains unexplained. Intelligence may account for
some of the previously unexplained variance. However,
intelligence is not the only driver of changes in consci-
entiousness in adolescence. Therefore, not only less in-
telligent adolescents do change in conscientiousness,
but they might show greater increases than intelligent
adolescents.

One of the few studies dealing with predictors of
personality change in adolescence investigated the re-
ciprocal relationship between conscientiousness and ac-
ademic achievement (German and math grades and
standardized achievement test results), as well as the in-
fluence of parenting styles, in a sample of adolescent
students (Israel et al., 2019). The authors analyzed data
from the NEPS from students in starting cohort three when
they were approximately 13—15 years old. Analyses of
cross-lagged panel models revealed a positive relationship
between conscientiousness and German and math grades
two years later. In addition, math achievement test results
were negatively associated with conscientiousness scores
two years later.! The researchers argued that math
achievement increases self-efficacy, which in turn may
reduce discipline and diligence. Furthermore, the re-
searchers  found  correlated  changes  between
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conscientiousness and grades in German and math. Stu-
dents who improved in German and math grades also
showed positive changes in conscientiousness. Thus, the
results of Israel et al. (2019) are consistent with the in-
telligence compensation hypothesis; however, they ana-
lyzed German and math grades and achievement test
results, not intelligence per se or reasoning and perceptual
speed test performance, as in the present study.

Unlike in adolescence, there are already studies that
have examined the influence of intelligence on change in
conscientiousness in old age (see Curtis et al. (2015) for a
review). Individuals with higher initial levels or smaller
decreases in intelligence decreased less than others in
conscientiousness or even increased slightly (e.g., Mottus
et al., 2012; Mueller et al., 2016), which runs contrary to
the intelligence compensation hypothesis. However,
health has a great influence on changes in cognitive
abilities and personality in old age (Wettstein et al., 2017).
Therefore, the results of studies involving older partici-
pants cannot be generalized to adolescents.

The present study

Adolescence is an important phase in personality devel-
opment. According to previous studies, conscientiousness
declines in early adolescence and increases in late ado-
lescence. However, factors that influence this trajectory
have rarely been investigated, and intelligence in partic-
ular has been neglected as a factor that may impact such
changes. In the present study, we aimed to close this gap
and test fluid intelligence as a possible predictor of
changes in conscientiousness in adolescence.

Moutafi et al. (2003, 2004) and Murray et al. (2014)
provide theoretical considerations on the possible rela-
tionship between intelligence and conscientiousness. Both
argue that conscientiousness can compensate for intelli-
gence; however, their arguments differ regarding the issue
of compensation. The intelligence compensation hy-
pothesis assumes that conscientiousness increases because
of a lack of intelligence; in other words, intelligence
impacts changes in conscientiousness. In contrast, Murray
et al. (2014) did not assume causal effects and attributed
the negative relationship between intelligence and con-
scientiousness in some studies to compensatory selection.

The questions to be answered are as follows: Do less
intelligent individuals become more conscientious, or do
the conscientiousness trajectories for more and less in-
telligent individuals not substantially differ? In other
words, do our data support the intelligence compensation
hypothesis or the selection argument (Murray et al.,
2014)? To investigate this research question, longitudi-
nal data are needed. However, to our knowledge, thus far,
only cross-sectional studies have investigated the

relationship between fluid intelligence and conscien-
tiousness in adolescence.

In the present study, we analyzed longitudinal data
from the NEPS (starting cohort 3 (SC3)) to close this
gap. The NEPS SC3 data are particularly suitable for
investigating whether the intelligence compensation hy-
pothesis or the argument of selection (Murray et al., 2014)
holds true, as they include students in all types of schools
in Germany and at all ability levels; thus, the NEPS is not a
selective sample. In addition, the NEPS has accompanied
the participants for more than ten years, from childhood to
young adulthood, and provides a wide range of infor-
mation about this period. Personality and fluid intelligence
are each recorded at least twice, which makes it possible to
investigate longitudinal changes.

The aim of this study is to clarify the following research
questions using latent change and multigroup latent
change models: (1) How does conscientiousness change in
adolescence? (2) Does fluid intelligence influence con-
scientiousness trajectories? (3) Are there gender differ-
ences in the levels and trajectories of conscientiousness?
(4) Are there differences in the levels and trajectories of
conscientiousness between students who left school after
ninth or tenth grade and students who continued
schooling? Regarding the research questions, the fol-
lowing hypotheses were tested:

Hypothesis 1. The conscientiousness of the students
decreases between the first and second measurement
points (aged 12/13-14/15) and increases between the
second and third measurement points (aged 14/15-18/
19). Although previous studies have shown differing
results, studies with this trajectory pattern have slightly
predominated (e.g., Denissen et al., 2013). The con-
scientiousness scale administered in the present study
mainly captures the sub-facet self-discipline. However,
the self-discipline and conscientiousness trajectories
in adolescence are comparable (Soto et al., 2011).
Therefore, we expect that the scale provides results
that are comparable to those of studies with broader
conscientiousness instruments. Israel et al. (2019) in-
vestigated the longitudinal relationship between con-
scientiousness and academic performance between
seventh (age 12/13) and ninth (age 14/15) grades with
the NEPS SC3. They found a rank order stability of
/77 but did not report conscientiousness trajectories.

Hypothesis 2. In an exploratory fashion, we tested
competing hypotheses regarding the intelligence
compensation hypothesis. Israel et al. (2019) analyzed
the NEPS SC3 and found that standardized mathe-
matics test results in Grade 7 negatively predicted
conscientiousness in Grade 9. This suggests that high
fluid intelligence also negatively influences changes in
conscientiousness. However, the study examined
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standardized achievement tests instead of intelligence,
and other studies came to different conclusions.

H2a: Our data support the intelligence compensation
hypothesis — fluid intelligence and conscientiousness
change are negatively associated.

H2b: Our data support the selection argument — fluid
intelligence and conscientiousness change are not
significantly associated.

Hypothesis 3. Consistent with the available research,
we expect that girls have more positive trajectories,
i.e.,, a greater increase or less decline in conscien-
tiousness. Specifically, we expect that in girls, the
conscientiousness decreases less between the first two
measurement points than in boys but increases more
between the second and third measurements.
Hypothesis 4. We expect that adolescents who left
school after ninth or tenth grade show greater increases
in conscientiousness scores between the second and
third measurement points than do participants who
continue their schooling, which is consistent with
previous findings (e.g., Golle et al., 2019). We do not
expect any differences between the first and second
measurement points, as all participants were in school
during this time. There is also a greater focus on
cognitive tasks and skills at school than in appren-
ticeships. Thus, we also expect that the possible impact
of fluid intelligence on conscientiousness would be
stronger in adolescents who continued school than in
those who did not.

Methods

Transparency, openness, and reproducibility

The theory, hypotheses, methods, and R code were pre-
registered prior to the analyses (https://osf.io/9ekny/?
view_only=99e7cbfb08c64527850227563d190344).

This paper used data from the German National Educa-
tional Panel Study (NEPS; see Blossfeld & Rofbach, 2019).
The NEPS is carried out by the Leibniz Institute for
Educational Trajectories (LIfBi, Germany) in cooperation
with a nationwide network.

Design and sample

The present study investigated data from the NEPS (NEPS
Network, 2021). The NEPS examines education as a
lifelong process that includes competence development,
educational decisions and returns to education. The NEPS
frequently surveys six age cohorts. This provides infor-
mation from infancy to old age (Blossfeld & RoBbach,
2019).

The present study was based on SC3. SC3 consisted of
students who attended fifth grade in the 2010/2011 school

year. Since then, students have completed repeated annual
surveys. The surveys initially took place in the school
context and later in individual personal or telephone in-
terviews. At this time, data for a ten-year period are
available. We analyzed data from the 2012/2013, 2014/
2015 and 2018/2019 surveys, as personality was assessed
in these waves. For the sake of simplicity, we refer to these
survey waves as measurement points one, two and three.
Students with missing values for all conscientiousness
items were excluded from the analyses.

The final sample included 7122 students, of whom
51.7% were boys. In December 2010, when the first in-
telligence measurement took place, they were, on average,
10.5 years old. Not all participants from the first wave also
participated in the survey in 2018/2019. We therefore
investigated whether people who participated in both
2010 and 2018/2019 differed in their gender, age, fluid
intelligence, and socioeconomic background from those
who dropped out before 2018/2019. The results of the chi®
test and t tests indicated significant differences in gender
(1) = 16.01, p < .001), age (1(4176.2) = —9.23, p <
.001), reasoning (t(2184.1) = 9.95, p < .001) and per-
ceptual speed (t(4586) = 3.03, p = .0024) in fifth grade.
Boys and older and less intelligent students were more
likely to leave the study.

Measurements

Fluid intelligence. The NEPS measures perceptual speed
and reasoning, which are both very good indicators of fluid
intelligence (Brunner et al., 2014). The picture symbol test
(NEPS-BZT) measures perceptual speed and consists of
three sets of 31 items each, and the matrices test (NEPS-
MAT) measures reasoning and consists of three sets of
four items each. The Scientific Use File (SUF) includes
sum scores for each perceptual speed subtest and all items
of the reasoning test. A maximum of 93 points can be
achieved in the picture symbol test, and twelve points can
be achieved in the matrices test. The students completed
the test in 2010 (fifth grade) and 2015 (ninth grade)
(Haberkorn & Pohl, 2013). Brunner et al. (2014) and Lang
et al. (2014) provided further information on the tests.
Furthermore, reasoning and perceptual speed have prac-
tical relevance for investigating the intelligence com-
pensation hypothesis, as they are positively related to
grades (e.g., Brandt et al., 2020; Lechner et al., 2017).

Conscientiousness. To date, conscientiousness has been
assessed in three waves: 2012/2013, 2014/2015 and 2018/
2019. Conscientiousness was measured using a Big Five
short scale (BFI-10; Rammstedt & John, 2007) with two
items per dimension in 2012/2013 and 2014/2015 and four
items in 2018/2019. The two items collected in each wave
were 1) “I am thorough when completing my tasks/Ich
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erledige Aufgaben griindlich” and 2) “I am easy-going and
tend to be a bit lazy/Ich bin bequem, neige zur Faulheit”.
Thus, the items mainly represent self-discipline as a facet
of conscientiousness (Rammstedt & Danner, 2017).
However, the short version of the conscientiousness scale
is strongly correlated (.82) with the long version
(Rammstedt & John, 2007). Due to the overlap between
the two scales, the short version nevertheless seems
suitable for investigating the research question — espe-
cially as the conscientiousness facet self-discipline is a
likely candidate in the compensation model (Moutafi et al.,
2006). The correlations, reliabilities and descriptive sta-
tistics are presented in Tables 1 and 2.

Statistical analyses

In the first analysis step, we tested for measurement in-
variance over time and groups using latent state models.
To do so, we specified one latent conscientiousness var-
iable per measurement point, each of which was measured
by two indicators. The covariances between the latent
variables were estimated freely. To investigate changes in
latent means, strong measurement invariance must be
obtained. We compared the nested models via chi® dif-
ference tests and additionally considered goodness-of-fit
indices to assess measurement invariance. Measurement
invariance is violated if there is a change > —.010 in
TLIL, >.015 in RMSEA and >.030 (loadings) and .010
(intercepts) in SRMR (Chen, 2007).

We then analyzed a latent change model (Steyer et al.,
2000) to examine conscientiousness trajectories in ado-
lescence in general. Latent change models can be applied
to investigate similar issues as latent growth curve
models — to measure individual differences in intra-
individual change over time without measurement errors.
The main difference between the models is that latent
change models do not specify the form of change (for
example, linear or quadratic change) as latent growth
curve models do. Therefore, they are less restrictive.
Furthermore, latent change models measure the change
between two explicit measurement points (for example,

Table 1. Descriptives.

between waves 1-2 or 2-3), whereas latent growth curve
models examine the change over an entire period (Steyer
et al., 2000). In addition, certain parameters need to be
fixed so that latent growth curve models with only three
measurements can be identified. Because of these ad-
vantages, we selected latent change models.

In the latent change model, the latent difference
between two variables is added to the model as an
additional latent variable. This latent change variable is
modeled by reformulating the latent variables in the
structural equation model (SEM). The change variables
can be both exogenous and endogenous variables in the
model (Steyer et al., 1997, 2000). Intelligence can
therefore predict the change variables in the model and
thus the change in conscientiousness.

In the next step, we included a latent perceptual speed
and reasoning variable as predictors of the change vari-
ables to investigate whether intelligence influences con-
scientiousness trajectories. Instead of specifying a higher-
order factor, “fluid intelligence”, we calculated separate
models for perceptual speed and reasoning. On the one
hand, the NEPS unit responsible for competence testing
recommends this approach from a psychometric point of
view because the underlying data and modeling differ
between the two tests. Furthermore, that procedure seems
reasonable for reasons of comparability: other papers with
NEPS data also analyze reasoning and perceptual speed
separately or only analyze reasoning (e.g., Brandt et al.,
2020; Lechner et al., 2017). Since both reasoning and
perceptual speed are indicators of fluid intelligence, we do
not expect different results for the two scales.

Moreover, longer education is related to increases in
intelligence. In other words, intelligence changes over a
school career (Ritchie & Tucker-Drob, 2018). To ad-
dress this issue, we used both fifth- and ninth-grade
intelligence measures in the analyses. We predicted
change in conscientiousness between 12/13 and 14/
15 years of age with fifth-grade intelligence and change
in conscientiousness between 14/15 and 18/19 years of
age with ninth-grade intelligence. Figure 1 shows an
example SEM.

n Mean sd Min Max o

Conscientiousness w | 6716 3.22 0.86 | 5 0.53
Conscientiousness w2 5599 3.05 0.84 | 5 0.5

Conscientiousness w3 3846 3.56 0.79 | 5 0.53
Reasoning grade 5 4203 7.15 25 0 12 0.65
Reasoning grade 9 4405 9.29 2.18 0 12 0.65
Perceptual speed grade 5 4588 44.45 13.21 0 93 0.79
Perceptual speed grade 9 4571 63.31 13.24 0 93 0.79

Note. Own calculations based on NEPS SC3: 12.1.0.
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Table 2. Correlations.

| 2 3 5 6 7 8 9 10
| Conscientiousness wl |
2 Conscientiousness w2 0.51 |
3 Conscientiousness w3 0.38 0.47 |
4 Reasoning grade 5 —-0.03 0.1l —0.05
5 Reasoning grade 9 0.00 —-0.06 —0.07 |
6 Perceptual Speed grade 5 0.00 —0.02 0.01 0.12 0.09 I
7 Perceptual Speed grade 9 0.07 0.04 0.04 0.14 0.20 0.31 1
8 Boy -0.18 —0.16 —0.21 0.05 —0.0lI —-0.10 —0.16 I
9 Age —0.01 0.04 0.04 -0.13 -0.17 —-0.03 —0.08 0.08 |
10 Hisei 0.03 —-0.03 0.0l 0.19 0.19 0.0l 0.06 0.03 -0.18 I
Il Continuing school 0.08 0.00 —0.03 0.30 0.32 0.08 0.18 -0.08 —-0.24 0.27

Note. Own calculations based on NEPS SC3: 12.1.0; numbers in bold are significant with p < .05.

Next, we calculated a multigroup model for gender to
investigate whether girls and boys differ in their conscien-
tiousness trajectories. We then calculated another multigroup
model separately for people who left school after Grade nine/
ten and people who stayed in school. More precisely, stu-
dents who left school between 2015 and 2017 are in one
group, and students who left school after 2017 are in the other
group. Students who dropped out of the study were assigned
a missing value due to incomplete information on their
school career. Since especially high-achieving students re-
main in school after the ninth/tenth grade, it is possible that
the groups differ in intelligence and conscientiousness.
Therefore, in the SEM, we additionally calculated whether
the groups differed in intelligence and baseline conscien-
tiousness. Similarly, we examined the differences between
boys and girls.

As we found significant differences in gender and age
between individuals who dropped out of the study and
individuals who participated in the current wave, we ran
additional models in which we controlled for these vari-
ables to test the robustness of the results.

The analyses were performed in the statistical software
R (R Core Team, 2022). As students are nested in classes,
we corrected the standard errors with the “cluster” argu-
ment of the SEM function in lavaan (Rosseel, 2012). The
full information maximum likelihood (FIML) approach
was used in all analyses to address missing values.

Furthermore, all the statistical tests were performed
with a significance level of a = 5%. Since the chi® test
statistic depends on sample size (Hu & Bentler, 1995), the
model fit was assessed by alternative fit indices in this
paper: the root-mean-square error of approximation
(RMSEA) should be smaller than .06 for an acceptable
model fit, the standardized root-mean-square residual
(SRMR) should be smaller than .08, and the comparative
fit index (CFI) and the Tucker—Lewis Index (TLI) should
both be above .95 (Hu & Bentler, 1999).

1 Ay Ag

Figure |. Latent change model with perceptual speed.
Representation of the implemented latent change model with
perceptual speed predicting conscientiousness change based on
Geiser (2010). Cl = conscientiousness time |, Difl-2 = latent
change variable time 1-2, MF = method factor, PS5 =
perceptual speed Grade 5.

As conscientiousness was measured with the same
items at each measurement point, the residuals are not
random and uncorrelated. Thus, a method factor dealt with
indicator-specific effects in all SEMs (Eid, 2000).

Results

First, we assessed measurement invariance over time and
groups for conscientiousness, perceptual speed and rea-
soning. For some models, measurement invariance was
not present, and we implemented partial measurement
invariance. Table Al reports further information and the
results of the measurement invariance tests.
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Next, we estimated a latent change model to investigate
conscientiousness change in general. The model fit the data
well (CFI=0.997, TLI=0.991, RMSEA = 0.026, SRMR =
0.010). Conscientiousness did not change significantly be-
tween 12/13 and 14/15 years of age but increased between
14/15 and 18/19 years of age (A = 0.625%**). Baseline
conscientiousness and the two change variables showed
significant variance, indicating that students differed in
conscientiousness at age 12/13 and in their individual
changes in conscientiousness. Furthermore, we found sig-
nificant covariances between baseline conscientiousness and
the two change variables: higher baseline conscientiousness
was associated with less increase over time.

To reveal the effect of fluid intelligence on conscien-
tiousness development, we next included perceptual speed
and reasoning in the models. The model with perceptual
speed showed a good fit (CFI = 0.989, TLI = 0.985,
RMSEA = 0.028, SRMR = 0.026), while the fit for reasoning
was not good (CFI =0.916, TLI = 0.912, RMSEA = 0.026,
SRMR = 0.031). Therefore, we deviated from our prereg-
istered analyses and built three parcels with 4 indicators each.
This corresponds to the three sets of the reasoning test and
parallels the perceptual speed analyses. The reasoning model
with three parcels fit the data well (CFI=0.981, TLI=0.974,
RMSEA = 0.030, SRMR = 0.026). We additionally ran the
preregistered reasoning model with 12 indicators as a ro-
bustness check and found no meaningful differences between
this model and the model with parcels.

Perceptual speed had no significant effect on conscien-
tiousness development, while reasoning negatively predicted
changes in conscientiousness between 12/13 and 14/15 years
of age (b = —0.121***). Students with higher reasoning
levels in Grade 5 increased less in conscientiousness between
the ages of 12/13 and 14/15. Interestingly, the change in
conscientiousness between 12/13 and 14/15 years of age was
no longer non-significant in these models; instead, consci-
entiousness increased during this period.

To identify differences between boys and girls and
between students who had left school after ninth/tenth
grade and those who had continued schooling, we next
analyzed multigroup models. For boys, conscientiousness
increased over the entire period from 12/13 to 18/19 years
of age. Both perceptual speed and reasoning were nega-
tively associated with the increase in conscientiousness
that occurred between 12/13 and 14/15 years of age. For
girls, conscientiousness trajectories between 12/13 and 14/
15 years of age were not clear; however, they increased
between 14/15 and 18/19 years of age. For girls, only
reasoning was significantly associated with changes in
conscientiousness. Compared with boys, girls showed
greater baseline conscientiousness and greater perceptual
speed, whereas boys showed greater reasoning in fifth
grade and greater changes in conscientiousness between
12/13 and 14/15 years of age.

For students who had left school after ninth/tenth grade
as well as for students who had continued schooling,
neither perceptual speed nor reasoning had any significant
effects on conscientiousness change. However, reasoning
negatively predicted change in conscientiousness between
12/13 and 14/15 years of age at the 10% level for students
who stayed in school. In both groups, conscientiousness
changed significantly between 14/15 and 18/19 only.
Students who had left school and those who continued
schooling differed in their reasoning and perceptual speed
abilities.

To test the robustness of the results, we additionally
calculated latent change models using a parametrization
introduced by Steyer et al. (2000). These models showed
exactly the same results as the parametrization used in the
present study. Furthermore, we ran additional models in
which we controlled for gender and age, as people who
dropped out of the study differed in these two variables. In
the models with control variables, we found more or less
the same results as in the models without them.

Discussion

The present study aimed to answer four research ques-
tions. First, how does conscientiousness change in ado-
lescence? The change in conscientiousness in early
adolescence (aged 12/13 to 14/15) was not uniform. In late
adolescence (aged 14/15 to 18/19), conscientiousness
clearly increased. This finding is mostly in line with
previous research and our hypothesis. New social roles in
late adolescence and young adulthood result in normative
increases in conscientiousness and other mature person-
ality traits.

Notably, in the present study, conscientiousness in-
creased significantly in early adolescence once intelli-
gence was included in the models. Intelligence had a
negative effect on conscientiousness change at this age
(even if this effect was not always significant), more in-
telligent students experienced smaller increases. This
could mean that in previous models without intelligence,
conscientiousness change was underestimated.

This effect of intelligence was addressed in our second
research question. Nevertheless, the results are not uniform
but differ among subgroups and depend on the intelligence
indicator. However, it is clear that the increase in consci-
entiousness in /ate adolescence was unrelated to intelligence.
It appears that other reasons, such as new social roles, ac-
count for the trajectory. However, in early adolescence, there
is evidence of compensation. Across most groups, reasoning
was related to changes in conscientiousness in early ado-
lescence: The conscientiousness of more intelligent students
increased less strongly. This result is in line with Israel et al.
(2019), who found a negative relationship between consci-
entiousness and math achievement test scores in early
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adolescence. However, reasoning had a greater impact on
changes in conscientiousness than did perceptual speed,
possibly because it is a more general factor that could have a
broader impact on success in school and work.

The impact of intelligence on changes in conscien-
tiousness differed between boys and girls, which was the
subject of the third research question. For boys with higher
perceptual speed and reasoning, we observed smaller
increases in conscientiousness in early adolescence. For
girls, reasoning and, particularly, perceptual speed were
less relevant; only reasoning influenced conscientiousness
change — possibly due to gender roles and related dif-
ferences in conscientiousness — and girls had higher
baseline conscientiousness.

The fourth research question addressed those who had
left school after ninth/tenth grade versus those who had
continued schooling. Neither group experienced a sig-
nificant change in conscientiousness in early adolescence.
Nevertheless, overall, the direction of the effect of rea-
soning on change in conscientiousness in early adoles-
cence was negative in both school subgroups.

Limitations

The present study has several limitations regarding the
measurement of conscientiousness: conscientiousness was
measured with only two of the original nine items of the BFI.
Thus, the items do not reflect the full breadth of conscien-
tiousness but rather focus mainly on self-discipline. However,
the short scale correlates very highly with the long version
(.82; Rammstedt & John, 2007). Obviously, the reliability of
the short scale is reduced. Nevertheless, “given its brevity, the
BFI-10 possesses acceptable psychometric properties”; the
test-retest stability is .77, and the correlation between self- and
peer ratings is .38 (Rammstedt & John, 2007, p. 210).

Furthermore, in previous studies, the conscientiousness
facet ‘striving for achievement’ has proven to be relevant in
compensating for lack of intelligence (Ziegler et al., 2009).
Future studies should thus capture conscientiousness broader
than in the present study and consider this aspect.

When specifying partial measurement invariance, it
became clear that depending on the implementation of
partial measurement invariance, the conscientiousness
trajectories differed. We decided in favor of the current
implementation, as the model showed a very good fit and
the conscientiousness trajectories mostly reflect the cur-
rent state of research.

In addition to measurement issues, we investigated
multigroup models with students who left school after
ninth/tenth grade and students who remained at school. In
particular, high-achieving students continue schooling.
The groups differed in terms of intelligence and consci-
entiousness. Restricted variance in the multigroup models
could affect the results. Nevertheless, we would consider it

more problematic for the present research to lump all
participants together, as previous studies found different
conscientiousness trajectories for students and apprentices
(e.g., Golle et al., 2019).

Conclusion

Does fluid intelligence influence conscientiousness tra-
jectories, or does conscientiousness change independent
of intelligence? In students with lower reasoning ability,
conscientiousness increased more strongly in early ado-
lescence than it did in students with higher reasoning
ability. This was also true for perceptual speed — in boys
only, however. This result supports the hypothesis that
intelligence influences conscientiousness trajectories:
more intelligent students are likely less dependent on
conscientiousness (compensation hypothesis). However,
the effect was not found when students who had left school
after ninth or tenth grade were analyzed separately.

The phenomenon of intelligence compensation has
implications for assessment practices. As both intelligence
and conscientiousness can predict achievement, both
constructs should be administered and considered to ad-
equately predict performance. Furthermore, both con-
structs should be accounted for when selecting applicants
for universities, apprenticeships, or jobs, as conscientious
individuals can compensate for a possible lack of intel-
ligence and perform well.

Key insights

¢ Conscientiousness increased in late
adolescence.

e Reasoning was negatively associated with
conscientiousness trajectories.

¢ This association was more pronounced in
boys than in girls.
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Table Al. (continued)

Model Fit indices A fit indices X2-test Evaluation measurement invariance
Conscientiousness partial CFl = 0.997, TLI = A CFI =0.001, A TLI = X?(2) =3.73, We implemented partial weak Ml and
weak Ml time 0.991, RMSEA = 0.003, A RMSEA = p =.1551 freed the lazy-indicator for the third
0.026, SRMR = 0.004, A SRMR = wave
0.010 0.001
Conscientiousness strong CFl = 0.923, TLI = A CFI =0.074, ATLI = X?(2) = Strong MI does not apply
MI time 0.835, RMSEA = 0.156, A RMSEA = 602.27,
0.110, SRMR = 0.084, A SRMR = p <.001
0.047 0.037
Conscientiousness partial CFI =0.997, TLI= ACFI=0,ATLI=0,A Not We implemented partial strong M| and
strong Ml time 0.991, RMSEA = RMSEA =0, A possible, freed the lazy-indicator. It was not
0.026, SRMR = SRMR =0 0 df possible to calculate a chiz-test, but the
0.010 fit indices look good
Conscientiousness CFl =0998, TLI= — — —
baseline group model —  0.989, RMSEA =
gender 0.028, SRMR =
0.010
Conscientiousness weak ~ CFl =0.998, TLI= A CFI=0, ATLI = X2(5) =4.72, Weak Ml does apply and fit indices look
MI gender 0.994, RMSEA = 0.005, A RMSEA = p = .4507  good
0.020, SRMR = 0.008, A SRMR =
0.013 0.003
Conscientiousness strong CFI = 0.998, TLI= A CFl=0, A TLI = X2(2) =1.12, Strong MI does apply and fit indices look
MI gender 0.996, RMSEA = 0.002, A RMSEA = p=.5726  good
0.017, SRMR = 0.003, ASRMR =0
0.013
Conscientiousness CFl =0998, TLI = — — —
baseline group model — 0.991, RMSEA =
continuing school 0.027, SRMR =
0.009
Conscientiousness weak ~ CFI = 0.998, TLI= A CFI=0, A TLI = X?(5) = 6.60, Weak Ml does apply and fit indices look
MI continuing school 0.994, RMSEA = 0.003, A RMSEA = p =.2522 good
0.022, SRMR = 0.005, A SRMR =
0.014 0.005
Conscientiousness strong  CFI = 0.994, TLI= A CFl = 0.004, A TLI = X*(2) = The chi’-test was significant, but the
MI continuing school 0.987, RMSEA = 0.007, A RMSEA = 13.80, p =  differences between fit indices are
0.032, SRMR = 0.010, A SRMR = .0010 smaller than defined by Chen (2007)
0016 0.002 and model fit is good. Therefore, Ml
holds
Perceptual speed
Perceptual speed baseline CFl = 0.994, TLI = — — —
model 0.989, RMSEA =
0.040, SRMR =
0.017
Perceptual speed weak Ml CFI = 0.989, TLI = A CFl =0.005, A TLI = X?(2) = The chi*-test was significant, but the
time 0.983, RMSEA = 0.006, A RMSEA = 18.37, p <  differences between fit indices are
0.050, SRMR = 0.010, A SRMR = .001 smaller than defined by Chen (2007)
0.033 0.016 and model fit is good. Therefore, Ml
holds
Perceptual speed strongMI CFI = 0.922, TLI= A CFl = 0.067, ATLI = X*(2) = Strong MI does not apply
time 0.902, RMSEA = 0.081, A RMSEA = 153.84,
0.119, SRMR = 0.069, A SRMR = p <.001
0.089 0.056
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Table Al. (continued)

Model Fit indices A fit indices X2 test Evaluation measurement invariance
Perceptual speed partial  CFl = 0.988, TLI= A CFI=0.001, ATLI= X*(1)=1.79, We implemented partial strong Ml and
strong Ml time 0.983, RMSEA = 0, ARMSEA =0.001, p =.1806 freed the first perceptual speed
0.049, SRMR = A SRMR = 0.001 indicator
0.034
Perceptual speed baseline CFl = 0.992, TLI = — —
group model — gender 0.986, RMSEA =
0.044, SRMR =
0.017
Perceptual speed weak Ml CFl = 0.992, TLI= A CFI=0,ATL = X%(4) =7.07, Weak Ml does apply and fit indices look
gender 0.988, RMSEA = 0.002, A RMSEA = p=.1322 good
0.040, SRMR = 0.004, A SRMR =
0.020 0.003
Perceptual speed strongMI CFI = 0.989, TLI= A CFl=0.003, A TLI = X*(4) = The chi®-test was significant, but the
gender 0.986, RMSEA = 0.002, A RMSEA = 21.64,p < differences between fit indices are
0.043, SRMR = 0.003, A SRMR = .001 smaller than defined by Chen (2007)
0.024 0.004 and model fit is good. Therefore, Mi
holds
Perceptual speed baseline CFl = 0.991, TLI = — —
group model — 0.982, RMSEA =
continuing school 0.048, SRMR =
0.021
Perceptual speed weak Ml CFl = 0.991, TLI= ACFI=0,ATL = X?(4) = 1.04, Weak Ml does apply and fit indices look
continuing school 0.987, RMSEA = 0.005, A RMSEA = p =.9031I good
0.042, SRMR = 0.006, A SRMR =
0.022 0.001
Perceptual speed strongMI CFI = 0.992, TLI= A CFI =0.001, A TLI = X?(4) = 1.03, Strong Ml does apply and fit indices look
continuing school 0.990, RMSEA = 0.003, A RMSEA = p = .9056 good
0.036, SRMR = 0.006, A SRMR =0
0.022
Reasoning
Reasoning baseline model CFl = 0.989, TLI = — —
0.979, RMSEA =
0.040, SRMR =
0.019
Reasoning weak Ml time  CFl = 0.987, TLI= A CFI =0.002, A TLI = X2(2) =958, The chi’-test was significant, but the
0.981, RMSEA = 0.002, A RMSEA = p = .0083 differences between fit indices are
0.039, SRMR = 0.001, A SRMR = smaller than defined by Chen (2007)
0.022 0.003 and model fit is good. Therefore, Ml
holds
Reasoning strong Ml time  CFI = 0.966, TLI= A CFI=0.021, ATLI= X*(2) = Strong MI does not apply
0.958, RMSEA = 0.023, A RMSEA = 92.15,p <
0.058, SRMR = 0.019, A SRMR = .001
0.035 0.013
Reasoning partial strongMI CFI = 0.985, TLI= A CFl=0.002, ATLI= X*(1) = The chi®-test was significant, but the
time 0.979, RMSEA = 0.002, A RMSEA = 11, p < differences between fit indices are
0.041, SRMR = 0.002, A SRMR = .001 smaller than defined by Chen (2007)
0.023 0.001 and model fit is good. Therefore,
partial Ml holds
Reasoning baseline group CFl = 0.989, TLI = — —
model — gender 0.980, RMSEA =
0.039, SRMR =
0.019

(continued)
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Table Al. (continued)

Model Fit indices A fit indices X2-test Evaluation measurement invariance

Reasoning weak Ml gender CFI = 0.986, TLI= A CFI=0.003, A TLI= X*4) = The chi*-test was significant, but the

0.979, RMSEA = 0.001, A RMSEA = 1490, p =  differences between fit indices are
0.040, SRMR = 0.001, A SRMR = .0049 smaller than defined by Chen (2007)
0.027 0.008 and model fit is good. Therefore, Ml
holds
Reasoning strong Ml CFl=0972, TLI= ACFI=0017,ATLI = X*4) = Strong MI does not apply
gender 0.965, RMSEA = 0.015, A RMSEA = 4433, p <
0.051, SRMR = 0.012, A SRMR = .001
0.034 0.015
Reasoning partial strong Ml CFI = 0.979, TLI= A CFI = 0.07, ATLI = X*(3) = The chi’-test was significant, but the
gender 0.972, RMSEA = 0.005, A RMSEA = 23.02,p < differences between fit indices are
0.045, SRMR = 0.005, A SRMR = .001 smaller than defined by Chen (2007)
0.031 0.04

and model fit is good. Therefore,

partial M| partial
Reasoning baseline group CFl = 0.986, TLI =

model — continuing 0.974, RMSEA =
school 0.037, SRMR =
0.021
Reasoning weak Ml CFl = 0987, TLI= A CFI=0.001,ATLI = X*(4)=3.19, Weak Ml applies
continuing school 0.980, RMSEA = 0.006, A RMSEA = p = .5273
0.033, SRMR = 0.004, A SRMR =
0.023 0.002
Reasoning strong Ml CFl = 0984, TLI= A CFI=0.003, ATLI = X2(4) =7.02, Strong Ml applies
continuing school 0.981, RMSEA = 0.001, A RMSEA = p =.1348
0.032, SRMR = 0.001, A SRMR =
0.025 0.002

Note. Own calculations based on NEPS SC3: 12.1.0.
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