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stellt:

Zeitschriftenartikel

Krannich, M., Goetz, T., Lipnevich, A. A., Bieg, M., Roos, A.-L., Becker, E. S.,
& Morger, V. (2019). Being over- or underchallenged in class: Effects on
students’ career aspirations via academic self-concept and boredom. Learn-
ing and Individual Differences, 69, 206-218. doi: 10.1016/j.lindif.2018.10.-
004

Krannich, M., Goetz, T., Roos, A.-L., Murayama, K., Keller, M., Bieg, M., &
Lipnevich, A. A. (submitted). The predictive validity of state versus trait
challenge and boredom for career aspirations. Manuscript submitted for
publication.

Krannich, M., Goetz, T., Roos, A.-L., & Lipnevich, A. A. (submitted). Boredom
fosters creativity in specific cases: Examining the boredom-creativity link by
including students’ level of under- or overchallenge. Manuscript submitted
for publication.

Konferenzbeiträge
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Abstract

The present dissertation contributes to a better understanding of students’ bore-
dom in the classroom when being over- or underchallenged. Three related re-
search studies discuss students’ over- or underchallenge and investigate potential
negative and positive effects of students’ boredom and both types of students’
non-optimal challenge on their career aspirations (Research Papers I and II), and
on mathematical creativity (Research Paper III).

Research Paper I investigated direct effects of state and trait over- and under-
challenge in addition to indirect effects via state and trait boredom on students’
career aspirations. This study was conducted in a real-life setting in 43 math-
ematics classes in 21 schools, with a total sample of N =753 ninth and tenth
grade German students (M age=15.72 years, SD=0.89; 55.4% female). Perceived
trait challenge, trait boredom, students’ career aspirations, and demographic data
were assessed via a standardized questionnaire, whereas state challenge and state
boredom were assessed via an experience-sampling approach during three consec-
utive weeks (N =4,374 state assessments). In line with theoretical considerations,
boredom arose due to both, being over- and underchallenged. This pattern oc-
curred with state challenge and state boredom, as well as with trait challenge and
trait boredom. Trait boredom, on the other hand, significantly reduced students’
career aspirations and mediated the effect of non-optimal challenge on these as-
pirations. Direct effects of challenge on career aspirations revealed that a rising
level of overchallenge reduced those aspirations, both when challenge was assessed
as a situational state, or as a more stable trait.

Research Paper II aimed to expand upon the results of Research Paper I. The
intercorrelations of students’ challenge, boredom, and their career aspirations
were replicated with another sample and in the domains of German, French, and
mathematics. Furthermore, academic self-concept was measured and tested as
a mediator of the direct effects of students’ over- and underchallenge on career
aspirations. The sample for this study consisted of N =662 Swiss eleventh-graders
from 35 classes in seven schools (M age=17.69 years, SD=0.75; 54.1% female). Re-
sults were in line with Research Paper I and consistent across all three domains.
Over- and underchallenge proved to be significant antecedents of students’ bore-
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dom. Boredom, on the other hand, reduced students’ career aspirations and me-
diated the effect of non-optimal challenge on these aspirations. When looking at
students’ academic self-concept, being overchallenged reduced students’ academic
self-concept, whereas being underchallenged enhanced this construct. A higher
self-concept, in turn, enhanced students’ career aspirations. Thus, the effect of
being underchallenged was of particular importance as its influence on career as-
pirations via academic boredom was negative, whereas via academic self-concept
there was a positive indirect effect. Additionally, descriptive results showed very
high frequencies of students’ non-optimal challenge in classes with the highest
level occurring in mathematics classes, where 42.4% of students reported to be
overchallenged.

Research Paper III examined the boredom-creativity link by including stu-
dents’ level of over- and underchallenge. It was hypothesized that students’ bore-
dom in combination with being overchallenged would negatively affect creativ-
ity, whereas boredom in combination with being underchallenged might enhance
creativity. These hypotheses were tested in a sample of N =119 eighth graders
(M age=13.86 years, SD=0.55; 42% female) in mathematics classes. Students’
mathematical creativity was assessed via three mathematics-related creativity
tasks in an open-ended format. Results revealed significant interaction effects in
the hypothesized directions and no conditional effects neither of boredom nor of
over- or underchallenge on the first creativity task. Hence, a higher level of bore-
dom combined with higher underchallenge was related to increased mathematical
creativity, whereas higher boredom combined with higher overchallenge reduced
creativity on the first task, but not on task two and three.

Taken together, the findings of this dissertation highlight the importance of
a differentiated look at boredom in the classroom and expand upon ongoing en-
deavors to better understand links between cognition and emotion. Based on this
dissertation, future research might focus on the underlying mechanisms and the
causal sequence of the boredom-challenge relationship, compare long-term effects
of both constructs on students’ career aspirations and actual career choices, and
investigate further potential moderators and mediators when looking at effects
on creativity. Additionally, the findings of this dissertation shed valuable insights
on practical implications and applications.
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Zusammenfassung

Die vorliegende Dissertation trägt zu einem besseren Verständnis von Langeweile
in über- und unterfordernden Situationen im Klassenzimmer bei. Im Rahmen von
drei zusammenhängenden Forschungsarbeiten wurden sowohl potentiell negative,
als auch positive Effekte von Langeweile und Über- als auch Unterforderung auf
zum einen Berufswahlintentionen (Studie I und II) und zum anderen mathema-
tische Kreativität (Studie III) untersucht.

Die erste Studie untersuchte sowohl direkte Effekte von State- und Trait-
Über- und Unterforderung auf Berufswahlintentionen, als auch indirekte Effekte
mediiert durch State- und Trait-Langeweile im Mathematikunterricht mit einer
Stichprobe von N =753 Neunt- und Zehntklässler (M Alter=15,72 Jahre, SD=0,89;
55.4% weiblich) aus 43 Klassen und 21 Schulen. Die selbsteingeschätzte Trait-
Anforderung, Trait-Langeweile, die Berufswahlintentionen und demografische Da-
ten der Schülerinnen und Schüler wurden mittels Fragebogen erhoben, während
Anforderung und Langeweile im State mit Hilfe von Experience-Sampling wäh-
rend drei aufeinanderfolgenden Wochen erfasst wurden (N =4.374 State-Erhe-
bungen). Konsistent mit den theoretischen Überlegungen führten sowohl Über-,
als auch Unterforderung zu höherer Langeweile. Dieser Befund zeigte sich sowohl
für State-, als auch Trait-Zusammenhänge. Im Einklang mit den Hypothesen,
ließen sich negative und mediierende Auswirkungen von Langeweile auf Berufs-
wahlintentionen nur im Falle von Trait-Langeweile nachweisen. Höhere State-, als
auch Trait-Überforderung ging wiederum mit reduzierten Berufswahlintentionen
einher.

Im Rahmen der zweiten Studie wurden die Ergebnisse der ersten Studie unter-
mauert und die Wirkzusammenhänge schulischer Anforderung, Langeweile und
den Berufswahlintentionen auf Grundlage einer weiteren Stichprobe und in den
Fächern Deutsch, Französisch und Mathematik repliziert. Darüber hinaus wur-
den zusätzlich Effekte des akademischen Selbstkonzepts als Mediator zwischen
Über- und Unterforderung und den Berufswahlintentionen eingeführt und bei 662
Elftklässlern (M Alter=17,69 Jahre, SD=0,75; 54.1% weiblich) aus 35 Klassen und
sieben Schulen der deutschsprachigen Schweiz getestet. Die Ergebnisse der er-
sten Studie konnten konsistent über alle drei Domänen hinweg bestätigt werden:
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Über- und Unterforderung wirkten als Antezedenzien von Langeweile, während
Langeweile sowohl mit reduzierten Berufswahlintentionen einherging, als auch
die Effekte von Über- bzw. Unterforderung auf diese Wahlintentionen mediierte.
Hinsichtlich des akademischen Selbtkonzeptes zeigten sich negative Effekte von
Überforderung und positive Effekte von Unterforderung auf Selbstkonzept. Ein
höheres Selbstkonzept ging wiederum mit erhöhten Berufswahlintentionen ein-
her. Unterforderung kann demnach als besonders relevant erachtet werden, da
Unterforderung zum einen mit höherer Langeweile und damit reduzierten Berufs-
wahlintentionen, zum anderen mit einem erhöhten akademischen Selbstkonzept
einherging, welches wiederum diese Wahlintentionen steigerte. Deskriptiv zeigte
sich im Rahmen dieser Studie zusätzlich, dass Schülerinnen und Schüler häufig
Über- oder Unterforderung berichteten. Im Mathematikunterricht war hierbei
das Ausmaß der Überforderung am höchsten, mit 42,4% der Schülerinnen und
Schüler, die sich als überfordert einschätzten.

Die dritte Studie untersuchte den Zusammenhang zwischen Langeweile und
Kreativität unter Berücksichtigung von Über- bzw. Unterforderung. Hierbei
wurden negative Effekte von Langeweile in Interaktion mit Überforderung und
positive Effekte von Langeweile in Interaktion mit Unterforderung auf Kreativität
angenommen und im Mathematikunterricht mit 119 Achtklässlern (M Alter=13,86
Jahre, SD=0.55; 42% weiblich) getestet. Kreativität wurde hierbei mit Hilfe drei
verschiedener mathematischer Kreativitätsaufgaben mit offenem Antwortformat
operationalisiert. Konform mit den Hypothesen zeigten sich die postulierten
Interaktionseffekte und keine konditionalen Effekte von Langeweile und Über-
bzw. Unterforderung auf die kreative Ergebnisproduktion in der ersten, aller-
dings nicht in der zweiten und dritten Kreativitätsaufgabe. Die Kombination
von höherer Langeweile mit höherer Unterforderung erhöhte demnach mathema-
tische Kreativität, während die Kombination von höherer Langeweile mit höherer
Überforderung diese reduzierte.

Zusammengefasst unterstreichen die Ergebnisse der vorliegenden Dissertation
die Bedeutung eines differenzierten Blicks auf schulische Langeweile und tragen
einen Teil zum besseren Verständnis des Zusammenspiels von Kognition und
Emotion bei. Im Rahmen zukünftiger Forschung könnten die dem Zusammen-
hang von Anforderung und Langeweile zugrundeliegenden Mechanismen näher
betrachtet, langfristige Effekte beider Konstrukte auf Berufswahlintentionen und
tatsächliche Berufswahl untersucht und weitere potentielle Moderator- und Medi-
atorvariablen im Rahmen differenzieller Effekte auf Kreativität erforscht werden.
Weiterhin werden praktische Implikationen aufgezeigt, die sich aus den vorliegen-
den Forschungsergebnissen ableiten.
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Synopsis

Introduction and Overview

Thinking back to your schooldays, there were likely some situations in the class-
room which you perceived as dull. Perhaps the class was monotonous, or the tasks
you had to work on were either ridiculously easy or difficult. It may have felt like
the time wasn’t passing, and perhaps you tried to distract yourself by talking to
your neighbor, drawing scribbles in your exercise book or simply looking outside
the window daydreaming. You simply could not engage in the situation because
you were so. . . bored.

At school, boredom is one of the most frequently experienced emotions world-
wide (Goetz & Hall, 2014). Whereas the effects of enjoyment, for example, in
the classroom are clearly positive and the effects of anxiety consistently negative
on various outcomes (e.g., Cassady, 2004; Pekrun, Goetz, Titz, & Perry, 2002a),
the picture when looking at boredom is much more complex. Previous studies
have shown boredom to be connected with higher school drop-out (e.g., Bearden,
Spencer, & Moracco, 1989; Wegner, Flisher, Chikobvu, Lombard, & King, 2008)
and with lower academic achievement (e.g., Mann & Robinson, 2014; Maroldo,
1986). Furthermore, boredom is negatively related to attention (e.g., Farmer &
Sundberg, 1986) and use of learning strategies (Pekrun, Goetz, Frenzel, Barch-
feld, & Perry, 2011). Boredom might also have negative implications for students’
career aspirations and career choice, which is arguably one of the most impor-
tant decisions in a student’s life (Fend, 2003; Schoon & Parsons, 2002; Trice
& McClellan, 1993), but this negative relation remains unclear. On the other
hand, positive effects of boredom on a broadened way of thinking and creativity
have been hypothesized by numerous researchers (e.g., Elpidorou, 2014; Gasper
& Middlewood, 2014; Mann & Cadman, 2014; Vodanovich, 2003). Theoretically,
boredom can be considered as an alarming signal leading to a change of goals or
tasks or leading to an effort to make the actual tasks less boring (e.g., Bench &
Lench, 2013; Elpidorou, 2014). Attention problems and an inability to engage
in the actual situations are frequently considered as very important direct conse-
quences of boredom, which result from the emergence of boredom in situations,
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in which students experience a mismatch between their needs and the environ-
mental demands (Fenichel, 1951; van Tilburg & Igou, 2012). Hence, boredom
at school often occurs in combination with a non-adequate match of individuals’
ability and task demands, that is, students being over- or underchallenged (Acee
et al., 2010; Daschmann, Goetz, & Stupnisky, 2011).

The present thesis generates a deeper understanding of the effects of boredom
at school by including students’ challenge. There is a lack of research when it
comes to challenge at school, as the theoretical foundation of this construct is
vague at best, with more work needed to solidify theoretical and operational defi-
nitions. Beyond the weak theoretical foundation, there is a limited understanding
of how often students experience being over- or underchallenged in class. The
three research papers of this thesis therefore aim to close this research gap, con-
sidering that in heterogeneous classes, it is difficult to always adequately match
the task demands to every students’ abilities. Hence, students’ presumably ex-
perience being overchallenged or underchallenged in class very frequently. Both
concepts, on the other hand, are closely linked to boredom (Daschmann, Goetz,
& Stupnisky, 2014; Fisher, 1993; Goetz & Frenzel, 2010; Ringmar, 2017). As a
result, boredom in over- and underchallenging situations is centric throughout
the presented studies.

Based on findings from previous boredom research, as well as insights from
social cognitive career theory (e.g., Lent, Brown, & Hackett, 2000; Lent, Brown,
& Larkin, 1987), the first stream of research of this thesis focused on the effects
of challenge and boredom on students’ career aspirations (Research Paper I and
Research Paper II). Whereas the effects of non-optimal person-environment-fit
on occupational choice have a long research tradition in organizational psychol-
ogy (e.g., Holland, 1997; Walsh, Craik, & Price, 2000), the effect of non-optimal
challenge on students’ career aspirations have not been investigated so far in the
educational psychology literature with school-aged students. In addition, nega-
tive effects of boredom at school on achievement have been well investigated, but
results on the effects of boredom on career aspirations are lacking. These findings
are likely to be salient, considering theoretical and empirical results have shown
the importance of human emotion for judgment and decision making processes,
and suggest that students’ emotions are likely to impact their career aspirations
(e.g., Fredrickson & Kahneman, 1993; Wigfield, Battle, Keller, & Eccles, 2002).
Together, Research Paper I and II address these deficiencies.

The second stream of research concentrated on potential positive effects of
boredom at school on students’ creativity (Research Paper III). In educational
research, these theorized positive effects of students’ boredom have been largely
ignored so far. Research Paper III of the present dissertation therefore investi-
gated potential positive effects of boredom in mathematics class on mathematics-
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related creativity tasks. Paper III contributes to a deeper understanding of the
boredom-creativity link by differentiating between boredom in over- and in un-
derchallenging situations. By exploring this link deeper, contradictory result
patterns of previous research on the connection between boredom and creativity
(e.g., Gasper & Middlewood, 2014; Haager, Kuhbandner, & Pekrun, 2016) were
disentangled.

This synopsis provides an overview and discussion of the three studies that
together, under a common framework, contribute to a deeper understanding of
boredom at class in over- or underchallenging situations. Boredom at school, its
definition, prevalence, and importance is shortly introduced in the first section.
This section consistently cites a key aspect of boredom at school - students’ lack-
ing engagement resulting from an inadequate match of environmental stimuli,
such as task difficulties, and the students’ characteristics, such as their abilities.
Considering this non-optimal match, it seems plausible that boredom occurs in
over- and underchallenging situations with presumably different effects on the in-
vestigated outcomes - students’ career aspirations and their creativity. This idea
is further developed throughout the section, which ends with a precise definition
and conceptualization of students’ non-optimal challenge, which was lacking in
the literature thus far. Hence, this first section lays the theoretical foundation for
the three empirical studies summarized in the second section. Research Paper I
and II investigated negative effects of students’ boredom in over- and underchal-
lenging classroom situations on their career aspirations, whereas Research Paper
III focused on potentially differentiated effects of boredom in over- or underchal-
lenging situations on students’ mathematical creativity. In the last section of
the synopsis, the results and implications of the presented research are discussed,
followed by a presentation of promising future research, practical implications,
and a final conclusion.

Boredom in the Classroom

In general, boredom can be classified as a negative, mostly deactivating emotion
(e.g., Goetz & Hall, 2014; Macklem, 2015; Pekrun & Linnenbrink-Garcia, 2014).
In the literature boredom is described as an unpleasant and aversive state (Har-
ris, 2000; Mikulas & Vodanovich, 1993) and boredom in the classroom is simply
classified as an achievement emotion being related to academic activities during
class. Hence, boredom in the classroom can occur, for example, while listening to
the teacher, or while completing classroom tasks (e.g., Goetz, Hall, & Krannich,
2019; Pekrun, 2006). One of the core features of boredom is the students’ inabil-
ity to engage in the actual classroom situation, which is caused by a mismatch
between the individual’s needs and the stimuli from the classroom environment
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(Eastwood, Frischen, Fenske, & Smilek, 2012; Mugon, Danckert, & Eastwood,
2019). Hence, boredom occurs in overchallenging as well as in underchallenging
situations (e.g., Acee et al., 2010; Daschmann et al., 2011; Westgate & Wilson,
2018). According to component process model of emotions, boredom in the class-
room could be described as a multicomponent process, which is best understood
in terms of its underlying constituent processes (Russell, 2003; Scherer, 2000b;
Scherer, Schorr, & Johnstone, 2001): As such, boredom is constituted by its
aversive sensation (affective component), an altered perception of time (cognitive
component), specific facial, vocal and postural expressions, such as monotonous
speech and a slumped posture (expressive component; Pekrun, Goetz, Daniels,
Stupnisky, & Perry, 2010), mostly low, but sometimes also high arousal (physio-
logical component; Jang, Park, Park, Kim, & Sohn, 2015; Mikulas & Vodanovich,
1993), and a desire to modify or withdraw from the momentary situation (moti-
vational component; Goetz et al., 2019). Hence, boredom is a unique emotional
experience consisting of the aforementioned components being distinct from first,
other negative emotions, and second, being not identical to a lack of interest (for
a discussion of the uniqueness of boredom see Pekrun et al., 2010).

Prevalence

As boredom is connected to a non-optimal match between aspects of the person
and the environment, for example by inadequate task demands, this may explain
why boredom has been consistently and internationally found as being a highly
prevalent emotion in academic contexts and at school (Chin, Markey, Bhargava,
Kassam, & Loewenstein, 2017). Boredom occurs frequently across different school
domains, with a prevalence that is even higher than anxiety and enjoyment (e.g.,
Haag & Götz, 2012). US-American, Asian, African, and European studies have
shown boredom to be a very frequently experienced emotion (Csikszentmihalyi
& Larson, 1984; Farrell, Peguero, Lindsey, & White, 1988; Goetz et al., 2014;
Vandewiele, 1980; for an overview see also Goetz et al., 2019). For example
Larson and Richards (1991) showed students reported boredom during approxi-
mately two thirds of teaching time on average. Daschmann, Goetz, and Stupnisky
(2011) reported almost 45% of students being frequently bored in mathematics
classes. Daniels et al. (2009) showed students being bored in approximately 40%
of different academic-related situations, and Goetz et al. (2014) found boredom
to be the most frequently experienced emotion in the classroom.

Importance

In addition to the relevance of boredom due to its high prevalence in the class-
room, boredom matters as this emotion functions as an important signal that
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something should be changed (Bornstein, Kale, & Cornell, 1990; Gaylin, 1979;
Harris, 2000; Mann & Cadman, 2014; Mugon et al., 2019; Pekrun, 2006). Bore-
dom at school results in specific motivational, cognitive, and self-regulative conse-
quences, which affect students’ learning and performance (Pekrun, 2006; see also
Goetz et al., 2019). First, boredom often elicits the urge to escape or to change
the boring situation through behavioral or cognitive dis- or re-engagement. Ex-
amples include by focusing attention on something other than the actual tasks,
trying to concentrate on possible relevant aspects of the current task, or escap-
ing in task-irrelevant behavior or thinking by doodling or daydreaming (e.g.,
Carriere, Cheyne, & Smilek, 2008; Johnstone & Scherer, 2000; Nett, Goetz, &
Daniels, 2010; Nett, Goetz, & Hall, 2011). Not surprisingly, the cognitive con-
sequences of boredom are attentional problems and an external (e.g., to another
and more engaging task) or internal (e.g., to new and stimulating inner thoughts)
attention-shift (Danckert, Hammerschmidt, Marty-Dugas, & Smilek, 2018; East-
wood et al., 2012; Toohey, 2011). Additionally, boredom is connected to lowered
self-regulatory processes, reduced information processing, and a reduced use of
meta-cognitive strategies (e.g., Preckel, Goetz, & Frenzel, 2010). Hence, boredom
has been found to be negatively connected to students’ tasks performances, school
grades, and academic achievement (Ahmed, van der Werf, Kuyper, & Minnaert,
2013; Belton & Priyadharshini, 2007; Daniels et al., 2009; Goetz & Frenzel, 2010;
Hamilton, Haier, & Buchsbaum, 1984; Kass, Vodanovich, Stanny, & Taylor, 2001;
Pekrun et al., 2010; Pekrun, Hall, Goetz, & Perry, 2014; Tze, Daniels, Klassen,
& Li, 2013; Wasson, 1981).

Shortfalls Regarding the Investigation of Effects of Bore-
dom

What has been completely neglected thus far, is the investigation of possible neg-
ative effects of students’ boredom on their career aspirations, a strong driving
force of future career choice (e.g., Schoon & Parsons, 2002; Trice & McClellan,
1993). Intuitively, it seems logical that students who are frequently bored in
specific school domains, cannot imagine themselves working in related domains
later on, hence decline to strive for occupations involving tasks that have elicited
boredom. This is related to the motivational consequences of boredom, which
include avoidance-motivation and the wish to escape the boredom-inducing situ-
ation (e.g., Hoffman, 2015; Nett et al., 2010; Pekrun, 2006; Pekrun et al., 2014).
The lack of research regarding effects on career aspirations is furthermore surpris-
ing considering first, that career choice is one of the most important decision in
students’ lives (e.g., Fend, 2003) and second, effects of emotions on career aspira-
tions and choice are frequently hypothesized in the literature (e.g., Fredrickson &
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Kahneman, 1993; Gigerenzer & Selten, 2001; Peters, Västfjäll, Gärling, & Slovic,
2006; Schwarz, 2000; Wigfield et al., 2002; Wigfield & Eccles, 2000).

Taking another perspective into account, boredom is considered to be a very
strong driving force in that it motivates students to make an effort to re-engage
into current activities to reduce this aversive emotion (Eastwood et al., 2012; Mer-
rifield & Danckert, 2014). This might be done by changing the boring situation.
For example, a student could change the situation by devising extensions to a task
at hand (Gasper & Middlewood, 2014; Nett et al., 2010). Considering this, bored
students have a strong intention to be (cognitively) activated and are desperately
looking for new and interesting stimuli (Bench & Lench, 2013; Macklem, 2015).
As such, boredom might lead to new ways of thinking and creative behavior.
This is an aspect of boredom often considered in philosophical (especially from
Nietzsche), literary (especially from Goethe) and some psychological discourses
(Bench & Lench, 2013; Brodsky, 2000; Burton, 1621/1995; Elpidorou, 2014; Kast,
2001; Kern, 2008; Mugon et al., 2019; Shands, 1967; Völker, 1975). Nevertheless,
empirical results in general and especially in educational psychology regarding
the effects of boredom on students’ creativity are scarce and ambiguous (Gasper
& Middlewood, 2014; Haager et al., 2016; Mann & Cadman, 2014). Both poten-
tial consequences of boredom on students’ career aspirations and creativity are
closely connected to a mismatch of the environmental stimuli and the students’
need.

Boredom in Over- or Underchallenging Situations

According to arousal theories, boredom arises when a mismatch between the
need for arousal and environmental stimulation occurs (Eastwood et al., 2012;
Fahlman, Mercer-Lynn, Flora, & Eastwood, 2013). As such, academic boredom
is situation dependent (Acee et al., 2010; Csikszentmihalyi, 1990), domain-specific
(Goetz, Frenzel, Pekrun, & Hall, 2006), and highly sensitive to non-optimal fit
(Csikszentmihalyi, 1975/2000). To be more precise, in boredom-inducing situa-
tions, the level of challenge provided by the environment is too high or too low,
leading to disengagement with this situation (e.g., Berlyne, 1960; Csikszentmi-
halyi, 1975/2000; Hebb, 2009; Klapp, 1986; Prammer, 2013). This mismatch
is closely connected to person-environment-fit theories that are prevalent in the
organizational psychology literature (Edwards, Caplan, & Harrison, 1998; Hol-
land, 1997; Walsh et al., 2000). In the workplace context, Fisher (1993) describes
characteristics of the person, such as cognitive capacity, that has implications for
boredom together with, among others, task characteristics, and Hill and Perkins
(1985) define high and low mental load as important for boredom. In a school
context, boredom very often arises in either over- or underchallenging situations
(Daschmann et al., 2014; Fisher, 1993; Goetz & Frenzel, 2010; Plucker et al., 2004;
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Ringmar, 2017), which is in line with Pekrun’s control-value theory (Pekrun, 2006;
Pekrun et al., 2010). According to this theory, boredom can occur either in situa-
tions in which students experience very low (underchallenge) or very high control
(overchallenge).

Summarizing these results, studies have shown that boredom in class occurs
in situations when students are not engaged in either because they tend to feel
underchallenged or overchallenged. Both under- and overchallenge are important
constructs when investigating potential negative effects of boredom at school on
students’ career aspirations. Additionally, there are presumably different effects
of boredom in over- versus underchallenging situations on students’ creativity.
Hence, a clear definition of students’ challenge is needed.

Definition and Conceptualization of Challenge in

the Classroom

Results from both qualitative (Kanevsky & Keighley, 2003) as well as quan-
titative studies (Daschmann et al., 2011; Titz, 2001; van Tilburg & Igou, 2012)
empirically support the notion that both, over- and underchallenge are frequently
and prominently described as boredom-inducing states. However, these studies
do not define the concept of “challenge” at all. When looking at challenge from
a broader perspective outside of boredom research, one can find various defini-
tions, meanings, and conceptualizations of this seemingly fuzzy construct (e.g.,
Kanevsky & Keighley, 2003). Based on considerations from the psychology of
motivation (for an overview see J. Heckhausen & Heckhausen, 1991) and findings
from research on the perception of ability (J. Heckhausen & Heckhausen, 1991;
Nicholls, 1984), I introduce a definition of students’ challenge as an aspect of
ability heterogeneity resulting from a non-optimal (perceived) fit between task
difficulty and the individuals’ ability. More specifically, students experience un-
derchallenge, when the task demands are below their perceived ability and on the
other hand, they experience overchallenge, when these demands are above their
ability (Pekrun et al., 2010). Following such an approach, identical environmental
stimulation in a class context may result in students’ perception of over- or either
underchallenge (Pekrun et al., 2010) with strong over- and strong underchallenge
falling on the extreme of the challenge continuum.

The construct of students’ challenge itself is clearly understudied, and so are
the relationships of students’ challenge, boredom, and their career aspirations.
Research Paper I and Research Paper II address this construct and delve into
these relationships.
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Research Questions of Paper I

Previous research related to boredom at school traces back to arousal theories
and postulate students’ over- and underchallenge to be central for students’ bore-
dom. What remains lacking thus far is a clear definition and conceptualization of
students’ non-optimal challenge, along with a following investigation of the preva-
lence of these challenge experiences and how they impact students’ boredom.
Moreover, when looking at person-environment-fit theories and social cognitive
career theory, the relationship to career aspirations and career choice is a very
prominent one (e.g., Holland, 1997; Lent et al., 2000). In addition, the impact
of emotions for decisions and aspirations seems to be of high relevance (Peters et
al., 2006; Schwarz & Clore, 1988; Wigfield & Eccles, 2000). Nevertheless, studies
investigating effects of students’ non-optimal challenge in the classroom, defined
as students’ perceived non-optimal fit of abilities and task demands, and their
boredom experiences on students’ career aspirations are lacking. In Research
Paper I, titled “Predictive validity of state versus trait challenge and boredom
for career aspirations”, theoretical considerations from both streams of research,
boredom research (Acee et al., 2010; Daschmann et al., 2011; Fahlman et al.,
2013; Goetz & Frenzel, 2010; Goetz et al., 2019; Harris, 2000) and career choice
research (Gottfredson, 1981, 2003; Hackett, Lent, & Greenhaus, 1991; Holland,
1997; Lent, Brown, & Hackett, 1994), were combined to investigate boredom aris-
ing when being over- or underchallenged and the effect of boredom on students’
career aspirations. Hence, indirect effects of challenge on these aspirations via
boredom along with direct links of challenge to career aspirations were investi-
gated. The following research questions drove this work:

1. How can students’ challenge adequately be defined and conceptualized?

2. How does students’ challenge relate to boredom and career aspirations?

3. Is boredom directly reducing students’ career aspirations?

4. Are there differences between these relations of students’ challenge, bore-
dom, and their career aspirations depending on the assessment of chal-
lenge and boredom either as general constructs being relatively stable in
mathematics classes (so called trait challenge and trait boredom) versus a
situation-dependent assessment of these variables (state challenge and state
boredom)?

We tested these questions and the related hypotheses in a real-life setting
at school and in mathematics classes with a sample of N =753 ninth and tenth
grade German students (M age=15.72 years, SD=0.89; 55.4% female) from 43
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classes and 21 schools. Perceived trait challenge, trait boredom, students’ ca-
reer aspirations, and demographic data were assessed via standardized question-
naire, whereas state challenge and state boredom where measured via experience-
sampling in mathematics classes during three consecutive weeks (N =4,374 state
assessments). The resulting data lent itself to a two-level general multilevel me-
diation approach (Preacher, Zyphur, & Zhang, 2010) testing direct and indirect
effects (via state and trait boredom) of students’ challenge on career aspirations
and accounting for the unique data structure (within- and between measures of
challenge and boredom, predicting between-measures of career aspirations).

Effects of Non-Optimal Challenge on Boredom and Career
Aspirations

As boredom theoretically arises in both over- as well as underchallenging sit-
uations, we proposed non-optimal challenge in both of these directions would
enhance boredom. The effects of non-optimal challenge on students’ career aspi-
rations have not been investigated yet, although social cognitive theory proposes
that future outcomes and students’ choices are influenced by one’s perceived chal-
lenge (Bandura, 1986b; Lent et al., 1994, 2000). We therefore assumed that a
rising level of overchallenge may reduce students’ career aspirations, as students’
then perceive their abilities as lower than the task demands, therefore perceiving
a low probability of success to successfully deal with upcoming future demands
(Kolvereid, 1996; Le, Robbins, & Westrick, 2014; Lent et al., 1994; Lent, Paixao,
Da Silva, & Leitão, 2010). In light of these considerations, it is important to dif-
ferentiate between the direction of non-optimal challenge when looking at career
aspirations, whereas when looking at boredom both extremes of non-fit should
enhance this emotion. In addition to the lack of research combining results from
boredom and career choice research - with non-optimal fit being prominent in
both approaches - we therefore included linear (rising level of challenge rang-
ing from extreme underchallenge via optimal challenge to extreme overchallenge)
and quadratic effects (rising level of non-optimal challenge ranging from optimal
challenge to extreme non-optimal challenge independently from the direction of
non-fit) of challenge into our final analyses. This approach enabled us to investi-
gate whether the direction of non-optimal challenge differently impacts students’
boredom and students’ career aspirations, which was not possible beforehand.

In line with the hypotheses, results showed that boredom indeed arose when
students perceived either over- or underchallenge (hence, the quadratic, but not
the linear effect was significant), whereas a higher level of overchallenge low-
ered students’ career aspirations (significant linear effect). Boredom, in turn,
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significantly reduced these aspirations, but only when looking at so-called trait
boredom, a conceptualization introduced in the next section.

Differentiation between State and Trait

On one hand, students’ emotions, including boredom, can be conceptualized as
situational states occurring at school in specific moments of the lesson (state
boredom). Those state emotions are primarily assessed via diary studies or expe-
rience sampling methods (Ahmed, van der Werf, Minnaert, & Kuyper, 2010; Nett
et al., 2011; Schiefele & Csikszentmihalyi, 1995). On the other hand, boredom
(and other emotions) can be conceptualized as a more stable, general tendency to
frequently experience boredom across various situations (trait boredom). Those
trait emotions are mostly assessed via questionnaires (e.g., Goetz, Bieg, Lüdtke,
Pekrun, & Hall, 2013; Linnenbrink-Garcia & Pekrun, 2011). This trait boredom
in turn, can either be conceptualized as situation-general or situation-specific
(Pekrun & Bühner, 2014), in such a way that trait boredom can refer to a gen-
eral disposition of persons to experience boredom across time and situations (also
called boredom proneness ; Farmer & Sundberg, 1986; Harris, 2000; Vodanovich,
Verner, & Gilbride, 1991) or to one’s general tendency to feel bored in partic-
ular school domains (Goetz et al., 2013; Nett, Bieg, & Keller, 2017; Pekrun et
al., 2014). As academic boredom at school is considered to be domain-specific
(Goetz et al., 2006), the second definition of trait boredom is generally used.

This differentiation was introduced when assessing students’ challenge either
as a momentary state of being challenged (i.e., during a specific episode of a
mathematics class) or as a general tendency to be challenged in the domain of
mathematics (or in other school domains). Besides the lack of studies conse-
quently investigating the complex concept of challenge with students’ boredom,
and career aspirations, there is a paucity of research comparing the impact of sit-
uational versus global perceptions of challenge and boredom on these aspirations.
It has been shown that, in general, trait emotions have a stronger predictive va-
lidity when it comes to future expectations than situational state emotions (e.g.,
Levine, Lench, & Safer, 2009; Robinson & Clore, 2002a, 2002b; Wirtz, Kruger,
Scollon, & Diener, 2003). However, specific results related to boredom are lack-
ing, and additionally, it remains unclear if this also holds true when looking at
students’ trait compared to state challenge.

Conclusion

In short, Research Paper I supported the notion that trait emotions are relevant
for career aspirations and showed the importance of trait boredom in regards
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to those aspirations. Whereas students’ boredom increased when being non-
adequately challenged independently of the direction (over- or underchallenge),
students’ career aspirations benefited from a higher level of underchallenge. These
results are discussed in more detail during the section General Discussion of this
synopsis.

Research Questions of Paper II

Research Paper II directly built on the theoretical considerations from Paper
I. We first expanded and confirm the results of Paper I by investigating the
frequencies of students’ over- and underchallenge. Next, we investigated the hy-
pothesized relationships between students’ challenge, boredom, and their career
aspirations with another sample, and increased the generalizability of the results
by including the domains of German, French, and mathematics. Second, an ad-
ditional mechanism, students’ academic self-concept, was tested as a presumable
path that could explain the direct effects of students’ over- or underchallenge on
their career aspirations, which has been found in Research Paper I. The following
questions guided this second study:

1. Can the hypotheses of Research Paper I be replicated with another sample
and in the school domains of German, French, and mathematics?

2. How frequently do students experience over- and underchallenge in these
three domains?

3. Is students’ academic self-concept useful to explain the remaining direct
(negative) effect of the level of overchallenge on students’ career aspirations?

The sample consisted of N =662 Swiss eleventh-graders from 35 classes and
seven schools (M age=17.69 years, SD=0.75; 54.1% female). As Research Paper
I showed stronger predictive validity of trait boredom on career aspirations, we
assessed students’ domain-specific challenge, academic self-concept, and boredom
via questionnaire-based trait assessments at the beginning of the study as well as
their career aspirations after a two-week period at the end of the study. Struc-
tural equation modeling approaches were used to investigate the proposed effects
(Kline, 2011; Muthén & Muthén, 1998-2017).

Students’ Academic Self-Concept Explaining the Direct Ef-
fects of Challenge on Career Aspirations

To enable a direct differentiation of the effects of students’ being over- and under-
challenged as compared to optimal challenge on their self-concept in the respective
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domains, we introduced two dummy-variables reflecting students’ being over- and
underchallenged (with a reference category of being perfectly challenged). In ad-
dition to the proposed underlying emotional mechanism of the impact of students’
challenge on career aspirations via boredom, we introduced a second cognitive
mechanism via students’ expected probability of success. Whereas the probabil-
ity of successfully managing upcoming demands in a future occupation should
be very high in the case of being underchallenged, this should be the opposite
in the case of being overchallenged. Students’ expectancy of success was opera-
tionalized by their academic self-concept (i.e., the individuals’ beliefs about their
own abilities; e.g., Guo, Parker, Marsh, & Morin, 2015; Marsh & Martin, 2011).
Hence, we included students’ academic self-concept as a mediating variable into
the analyses. This resulted in three different models that tested the impact of
students’ being over- versus underchallenged on their career aspirations mediated
by first, boredom, and second, academic self-concept in the domains of German,
French, and mathematics.

Conclusion

In short, Research Paper II provided support for the negative effects of students’
boredom on career aspirations in all investigated domains and furthermore ex-
panded the results of Paper I by including students’ academic self-concept. This
variable helped to explain the positive effect of underchallenge on these aspi-
rations due to a higher self-concept. Furthermore, the frequencies of students’
being over- and underchallenged were alarmingly high, with a particularly high
percent of overchallenged students in mathematics classes. A more detailed sum-
mary of the study results is presented when discussing the main findings of this
dissertation in the General Discussion section of this synopsis.

Research Questions of Paper III

The second stream of research focuses on the empirical investigation of potentially
positive effects of boredom at school on students’ creativity. Whereas theoreti-
cal work (Csikszentmihalyi, 1975/2000; Elpidorou, 2014; Gasper & Middlewood,
2014; Kasof, 1997; Mann & Cadman, 2014; Mugon et al., 2019; van Tilburg &
Igou, 2012; Vodanovich, 2003) points to this positive effect of boredom, empiri-
cal investigations linking boredom and creativity are scarce, and moreover, show
contradictory results patterns (Gasper & Middlewood, 2014; Haager et al., 2016;
Mann & Cadman, 2014; Schubert, 1977, 1978). Research Paper III presents the
first investigation of the effects of students’ boredom on creativity dependent on
the combination of either over- or underchallenge. This combination proved to be
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a fruitful avenue of research to expand and broaden the perspective on previous
scattered results and resulted in the following research questions:

1. Is boredom in combination with higher levels of overchallenge negatively
related to creativity?

2. Is boredom in combination with higher levels of underchallenge positively
related to students’ creativity?

We tested these questions and the related hypotheses in mathematic classes
with a sample of N =119 eighth graders (M age=13.86 years, SD=0.55; 42% fe-
male). Being over- and underchallenged in mathematics were assessed via self-
evaluations of over- and underchallenge on two items. As we did not want to
solely rely on these self-perceptions of challenge, we additionally assessed stu-
dents’ grades on their last mathematics exam at the beginning of the study.
Boredom in mathematics was measured by six items covering the different com-
ponents of boredom. We assessed mathematical creativity via three open-ended
tasks that the students had to work on at the end of a mathematics class. A
random slope approach to latent interaction modeling was conducted (Muthén &
Asparouhov, 2003) to test our hypotheses while controlling for students’ math-
ematics grade on their last record card, gender, age, and the rotation of the
three creativity tasks. We additionally accounted for the nested data structure
(Muthén & Muthén, 1998-2017).

Interaction Effects of Boredom with Over- or Underchal-
lenge

Boredom occurs in situations that are cognitively too demanding (i.e., overchal-
lenging), or cognitively too undemanding (i.e., underchallenging), but the con-
sequences of boredom between these cases may vary. Generally, boredom pro-
vides the attentional basis for either a mental drift off to irrelevant thoughts
or a broadened attentional focus to thoughts, which are considered “irrelevant”
for very closed tasks, but helpful for unconventional, creative thinking (Kasof,
1997). Bored students experience a lack of involvement into the situation, have
attentional difficulties staying focused, but at the same time strongly want to
re-engage (Eastwood et al., 2012; Fromm, 1973; Leong & Schneller, 1993). When
being underchallenged, cognitive resources are available, which are lacking in the
case of being overchallenged (Sweller, 1988; Sweller, van Merrienboer, & Paas,
1998). As a consequence, bored and overchallenged students try to engage into
the situation, but at the same time want to reduce their cognitive demands; these
students show a preference for undemanding thoughts perceived as effortless, such
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as daydreaming about task-unrelated thoughts (Job, Dweck, & Walton, 2010;
Kahneman, 1973; Mann & Cadman, 2014; Smallwood & Schooler, 2006; West-
gate & Wilson, 2018). Importantly, overchallenged students lack the cognitive
resources to re-focus on the mathematical creativity tasks (Eastwood et al., 2012;
Fredrickson, 2001; Sweller, 1988; Sweller et al., 1998). On the other hand, bored
and underchallenged students want to re-engage as well, but also to increase
their demands; these students search for additional cognitive stimulation, which
can be found by a broadened attentional focus and combining different thoughts
(Bench & Lench, 2013; Csikszentmihalyi, 2014; Fredrickson, 2001; Kasof, 1997;
Mikulas & Vodanovich, 1993; Rowe, Hirsch, & Anderson, 2007; Westgate & Wil-
son, 2018). These students have the cognitive capacity to productively make
use of emerging new thoughts to find new and effective, hence, creative, solu-
tions to mathematical creativity tasks (Runco & Jaeger, 2012). Primarily based
on Sweller’s Cognitive Load Theory (1988) and Westgate and Wilson’s Mean-
ing and Attentional Components (MAC; 2018) model of boredom, we concluded
that boredom may set the mindset for cognitively stimulating and new creative
thoughts by broadening one’s attentional focus (Kasof, 1997; van Tilburg & Igou,
2012), but only if there are still cognitive resources available (Kahneman, 1973;
Sweller et al., 1998). Hence, this should be the case only in underchallenging,
but not in overchallenging situations.

Conclusion

Summarized shortly, Research Paper III showed support for the effects of stu-
dents’ boredom on their performance on the first mathematical creativity task
only when boredom occurred in combination with either over- or underchallenge.
Hence, the strength of the effect of boredom on creativity varied based on stu-
dents’ level of challenge. In line with our hypotheses, the results revealed a
negative interaction effect in case of overchallenge (thus, lower creativity in case
of higher levels of boredom combined with higher levels of overchallenge) and
a positive interaction effect in case of underchallenge (thus, higher creativity in
case of higher levels of boredom combined with higher levels of underchallenge).

General Discussion

The present dissertation closes the research gap regarding different effects of stu-
dents’ being bored in over- and underchallenging situations by involving three
different studies, each of which intensely examine this challenge-boredom link
in the classroom. Combined, results from the three presented studies answer
a broad range of research questions that are crucial in gaining a deeper under-
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standing of boredom in the classroom. For the first time, the concept of students’
challenge was clearly defined and conceptualized, which provides the basis for fu-
ture research related to this construct. Furthermore, and again for the first time,
frequencies of both over- and underchallenge in various school domains were pre-
sented, and the importance of both extremes for students’ boredom throughout
different school domains, age groups, classes, and schools was explored. Moreover,
two different lines of research shed light on previously unknown effects of first,
challenge and boredom on students’ career aspirations, and second, differential
effects of both constructs on students’ mathematical creativity. The results of
the three single research papers together with strengths and implications are dis-
cussed during the discussion sections of the chapters Research Paper I, Research
Paper II, and Research Paper III of this dissertation. The concluding section of
this synopsis focuses on an overall integration of the main findings and consider-
able new insights which could be gained from the three studies, discuss strengths
and further considerations from a broader perspective, and give an outlook on
promising avenues of future research and practical implications.

Prevalence of Students’ Being Over- or Underchallenged

The studies of Research Paper I and Research Paper II are the first studies to
provide insight into the prevalence of students being over- and underchallenged
during German, French, and mathematics classes. Descriptive results of Research
Paper II showed that in general, 10.7% of students reported being overchallenged
in German classes, 30.4% were overchallenged in French, and 42.4% in mathemat-
ics classes. On the other hand, 18.9% of students reported being underchallenged
in German, 10.0% in French, and 7.6% in mathematics classes. Consequently,
over 40% of students were not optimally challenged in French and mathematics
classes, and even in German classes, which had the lowest ratings of non-optimal
challenge, almost 30% of students reported non-optimal challenge. These num-
bers are remarkable, especially as they refer to students’ trait challenge, hence,
to the general evaluation of being over- or underchallenged in the domains of
German, French, and mathematics.

Research Paper I supports the high occurrence of being overchallenged in the
school domain of mathematics with 50.0% of students reporting trait overchal-
lenge. In this case, the occurrence of trait underchallenge in mathematics was
14.5%. Thus, both frequency patterns were comparable to the frequency pat-
tern of Research Paper II. In this case, we furthermore assessed students’ level
of state challenge as a situational rating of one’s challenge during several assess-
ment points of different mathematics classes. When looking at students’ mean
level of state challenge in mathematics, 22.6% of students reported being over-
challenged and 15.1% reported being underchallenged. As such, state and trait
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results were similar in the case of underchallenge, but much higher for trait over-
challenge compared to state overchallenge. Hence, students rated their general
level of overchallenge higher than their averaged situational state level of over-
challenge. As it is safe to assume that students’ experience of overchallenge is
more negatively than underchallenge, the higher discrepancy between state and
trait reports in the case of overchallenge can be explained by a negativity bias
when retrospectively looking at one’s experiences. This negativity dominance
has been frequently shown by previous research (Baumeister, Bratslavsky, Finke-
nauer, & Vohs, 2001; Ganzach & Yaor, 2018; Miron-Shatz, Stone, & Kahneman,
2009; Rozin & Royzman, 2001).

In sum, Research Paper I and Research Paper II were the first to explicitly
demonstrate that students frequently experience over- or underchallenge in the
domains of German, French, and mathematics, with a particularly high preva-
lence of being overchallenged in the domain of mathematics. These frequencies
were lower when looking at situational state challenge. Nevertheless, the high
prevalence of students being non-optimally challenged at school is a highly prob-
lematic finding in light of the negative effects on students’ career aspirations,
and also considering that the goal of our school system is to adequately educate
every single student and enable them to increase their learning (e.g., Abels, 2015;
Gröhlich, Scharenberg, & Bos, 2009; Helmke, Hornstein, & Terhart, 2000; Levy,
2008). The negative effects on career aspirations are discussed in more detail in
the next section, as well as more broadly in terms of practical implications.

Relations of Students’ Challenge, Boredom, and their Ca-
reer Aspirations

Research Paper I demonstrated that students’ level of overchallenge reduced their
career aspirations in the domain of mathematics. This result pattern appeared
when looking at state as well as at trait level of overchallenge. Hence, the more
the students rated themselves as being overchallenged in mathematics classes in
general and as a situational rating of their momentary overchallenge, the less they
wanted to go into math-related careers, as they may have appraised their abilities
in mathematics as insufficient for a later career (Kolvereid, 1996; Lent et al., 1994,
2010). Results of Research Paper II support this assumption, as being overchal-
lenged reduced students’ academic self-concept, and a reduced self-concept was
related to reduced career aspirations in all three investigated domains (German,
French, and mathematics). Indirect effects of overchallenge on career aspirations
via academic self-concept revealed negative mediating effects and the negative ef-
fect of being overchallenged on career aspirations was fully explained via students’
academic self-concept. Thus, the results strongly indicate that the motivational
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consequences of being overchallenged were clearly negative. Students’ overchal-
lenge has frequently been discussed as being subjective to their interpretation;
either as threatening, or functioning as an incentive to exert more effort (with
different behavioral consequences; e.g., Csikszentmihalyi, 1990; Strati, Schmidt,
& Maier, 2017). The students in the present study clearly perceived overchal-
lenge as a threat. This is a relevant finding considering students very frequently
experienced overchallenge, especially in mathematics. Furthermore, the results
from our study are in line with former results that support the importance of
students’ self-concept for career aspirations and choice (e.g., Guo et al., 2015;
Nagengast & Marsh, 2012; G. Nagy et al., 2008; Wigfield et al., 2002).

For students’ level of underchallenge a reversed result pattern appeared. Higher
levels of state and trait underchallenge enhanced students’ career aspirations in
mathematics (Research Paper I). Hence, being underchallenged in mathematics
classes, both in the form of momentary experience as well as a more stable general
self-perception, strengthened students’ motivation to start a mathematics-related
career. This result was supported by Research Paper II, which showed positive ef-
fects of students’ underchallenge on their domain-specific academic self-concepts
in all three investigated domains. Higher self-concept furthermore enhanced stu-
dents’ intentions to go into related fields. Whereas self-concept fully mediated
the effects of overchallenge on career aspirations, there remained significant di-
rect effects of underchallenge on career aspirations in the domains of French and
mathematics even when taking the effects of self-concept into account. Thus, ad-
ditional variables might mediate (or moderate) this direct effect in those domains.
One very prominent one is the strength and type of goal setting. For example,
a strong performance-goal approach may enhance the aspirations of students to
go into occupations in which they perceive high levels of underchallenge. On the
other hand, strong mastery-goals combined with high levels of underchallenge
may reduce these aspirations (Atkinson & Reitman, 1956; Elliot, 2005; Pekrun,
Elliot, & Maier, 2009). Furthermore, underchallenged students with high anxiety
levels presumable demonstrate a performance-avoidance approach (Atkinson &
Litwin, 1960; Elliot, 1999).

In addition to the result pattern displaying effects of students’ level of chal-
lenge on their career aspirations, results of Research Paper I and II also sup-
port the notion that boredom arises due to being under-, but also due to being
overchallenged. This is in line with previous theoretical considerations (Csik-
szentmihalyi, 1975/2000; Fahlman et al., 2013; Pekrun et al., 2010). As such,
earlier research focusing solely on the relations of boredom with underchallenge
has limited itself to one extreme of the challenge continuum (e.g., Kanevsky &
Keighley, 2003; Larson & Richards, 1991; van Tilburg & Igou, 2012). Research
Paper II additionally showed that students’ trait over- and underchallenge were
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positively related to students’ trait boredom. The same holds true for students’
state over- and underchallenge on the between-person (interindividual) as well as
on the within-person (intraindividual) level. This is a highly important finding
in light of the fact that most of the empirical psychological results are based
on interindividual rather than intraindividual analyses, whereas theoretical as-
sumptions mostly refer to considerations on a within-person level (e.g., Curran &
Bauer, 2011; Molenaar, 2004; Voelkle, Brose, Schmiedek, & Lindenberger, 2014).
In the case of boredom, different perspectives on the challenge-boredom link ex-
ist, either considering the within-person level focusing on effects of challenge on
situational state boredom (Csikszentmihalyi, 1975/2000; Fahlman et al., 2013),
as well as focusing on the between-person level averaging these relations across
persons (Acee et al., 2010; Daschmann et al., 2011; Goetz & Frenzel, 2010; Titz,
2001). Our findings support both notions.

Furthermore, the results of Research Paper I and II represent the first empir-
ical findings that support the assumption that students’ emotions, in our case,
students’ boredom, are important for their career aspirations (e.g., Wigfield et al.,
2002; Wigfield & Eccles, 2000). Students’ trait boredom in the domains of Ger-
man, French, and mathematics was negatively related to their career aspirations
(Research Paper I). The same was true for students’ trait boredom in Research
Paper II in the domain of mathematics. Furthermore, consistent throughout all
three school domains, trait boredom mediated the effects of over- and under-
challenge on career aspirations in Research Paper I (negative indirect effects; the
indirect effect in the domain of German was negative, but insignificant). Thus,
effects of over- and also underchallenge were negative via boredom. This pattern
of a negative indirect effect via trait boredom was replicated in Research Paper
II. When looking at students’ underchallenge, the negative indirect effect on ca-
reer aspirations via boredom was contradictory to the positive indirect effect via
academic self-concept (Research Paper I). In sum, results showed that student
experience of being generally bored in school domains was negatively connected
to their intention to choose an occupation related to the school domains in which
boredom occurred - even if they were highly underchallenged and therefore pre-
sumably would have the capability to go into these occupations. These findings
are in line with the broader research scope taking into account the relevance of
emotions for human judgment and decision-making processes (Baumeister, Vohs,
Nathan DeWall, & Zhang, 2007; Forgas, 2001; Fredrickson & Kahneman, 1993;
Gigerenzer & Selten, 2001; Gilovich, Griffin, & Kahneman, 2002; Mellers & Mc-
Graw, 2001; Peters et al., 2006; Schwarz, 2000).

In the case of students’ state boredom, Research Paper I showed neither a di-
rect effect on students’ career aspirations nor an indirect effect of students’ state
over- or underchallenge on these aspirations via state boredom (both, direct and
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indirect effects on career aspirations are between-person effects). Thus, whereas
trait boredom was negatively connected to those aspirations, state boredom was
not, which supports the assumption of higher predictive validity of trait emo-
tions for more distal outcomes and decision-making processes compared to state
emotions (e.g., Conner & Barrett, 2012; Levine et al., 2009; Wirtz et al., 2003).
One could conclude that trait boredom in school domains is a severe problem,
as it captures students’ beliefs of their boredom experiences, which can affect
career aspirations and presumably students’ later career choice. Furthermore,
trait assessments are still of relevance for outcomes that are strongly impacted
by the individuals’ expectations and beliefs, even if only state assessments en-
able us to ascertain students’ actual and fluctuating situational experiences (e.g.,
Amelang, Bartussek, Stemmler, & Hagemann, 2006; Bieg, Goetz, & Lipnevich,
2014; Robinson & Clore, 2002a; Robinson & Sedikides, 2009; Roos et al., 2015;
Schwarz, 2012; Zembylas & Schutz, 2016).

Summarizing the first research stream of this dissertation, students’ over- and
underchallenge play a pivotal role for their career aspirations. Both non-optimal
challenge situations were very frequently experienced by students, therefore en-
hancing their boredom. Academic trait boredom (a general tendency to be bored
in specific school domains), on the other hand, reduced these important aspi-
rations. These findings came from an overall sample of N =1,415 ninth to 11th

grade students from 78 different school classes from 28 schools in Germany and
Switzerland being investigated in different school domains (German, French, and
mathematics).

Differential Effects of Challenge and Boredom on Students’
Performance on Creativity Tasks

The second line of research focused on potential positive effects of boredom. Nu-
merous studies classify boredom as an aversive emotion with negative effects on
the use of learning strategies (for an overview see Goetz et al., 2019). However,
theoretical considerations support positive effects of boredom on creativity (e.g.,
Csikszentmihalyi, 1975/2000; Elpidorou, 2014; Vodanovich, 2003). Empirical re-
sults investigating the boredom-creativity link are scattered and contradictory,
with some studies showing positive, and others negative relationships between the
two constructs (e.g., Gasper & Middlewood, 2014; Haager et al., 2016; Larson,
1990; Mann & Cadman, 2014). Research Paper III indicates that the examina-
tion of effects of boredom on creativity clearly profits from the inclusion of over-
and underchallenge, which has not been explored beforehand. Results of this
study showed the need for this combined investigation as neither boredom, nor
over- or underchallenge alone impacted students’ creativity. However, we showed
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a negative interaction effect of students’ boredom with their level of overchallenge
in mathematics classes when predicting students’ performance on the first math-
ematical creativity tasks. On the other hand, the interaction effect of students’
boredom with their level of underchallenge on mathematical creativity was posi-
tive. This result pattern points at the varying strength of the effect of boredom
in mathematics classes on mathematical creativity dependent on students’ level
of over- and underchallenge, respectively.

The results of Research Paper III gave an indication that boredom in combina-
tion with overchallenge might function differently than combined with underchal-
lenge when looking at effects on mathematical creativity. As such, looking solely
at isolated effects of boredom on creativity might hamper our understanding of
this important link. Considering the fact that previous empirical and theoretical
research shows mixed findings, this is a highly promising result that points to
different attentional mechanisms in the case of boredom when accompanied by
either under- or overchallenge. Hence, our results coincide with Westgate and
Wilson’s (2018) theoretical Meaning and Attentional Component model of bore-
dom (MAC-model). Bored and overchallenged students aim to reduce cognitive
demands via task-unrelated thoughts perceived as effortless (e.g., daydreaming;
Klinger, 2009), and are not able to engage in creativity tasks (Eastwood et al.,
2012; Job et al., 2010; Mann & Cadman, 2014; Smallwood & Schooler, 2006;
Sweller et al., 1998; Westgate & Wilson, 2018). On the other hand, bored and
underchallenged students aim to increase demands by additional cognitive stim-
ulation (e.g., combining different thoughts; Bench & Lench, 2013; Csikszentmi-
halyi, 2014; Fredrickson, 2001; Kasof, 1997; Mikulas & Vodanovich, 1993; Rowe
et al., 2007; Westgate & Wilson, 2018), and are able to effectively make use of
these resources for the production of creative ideas (Runco & Jaeger, 2012).

The promising results of task one can be integrated into the broader work
on self-control of Baumeister and colleagues (1998) and Davies and Fortney’s
(2012) Menton theory of boredom. Both theoretical approaches support the
idea that engaging in the situation and self-regulation processes need “mental
energy”. Bored students’ energy, either in the case of over- or in the case of
underchallenging tasks, is inappropriate to fully engage into the situation. In
the case of our study, bored students would need self-regulation capacities to
re-engage into the mathematical creativity tasks. These self-regulation processes
again need energy (Baumeister et al., 1998; Baumeister & Vohs, 2007; Baumeister,
Vohs, & Tice, 2007; Inzlicht & Schmeichel, 2012), which is not available in the
case of overchallenge. Boredom in combination with underchallenge on the other
hand leads to an energy excess, hence, students are presumably motivated to find
new interesting solutions to the creativity tasks and have the resources to set one’s
attention back to the tasks. As such, boredom is per se connected to inappropriate
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(too high or too low) mental energy, and this accumulates by the self-regulation
processes to enable a re-engagement, which again need cognitive resources. Thus,
boredom and challenge interact when considering these approaches.

In sum, the second research stream of this dissertation focused on the topic of
potential positive effects of boredom at school on creativity. These hypothesized
positive effects are an understudied topic especially in educational research. In
Study III, we found differential effects of boredom in mathematics classes in
combination with being under- versus overchallenged on students’ performance
on one of three mathematical creativity tasks. Hence, boredom with higher levels
of overchallenge reduced creativity, whereas boredom with higher underchallenge
led to stronger performance on this creativity task.

Strengths and Limitations

Methodologically, this thesis has numerous strengths. One very prominent one is
the assessment of the observed constructs in real-life settings, namely at school
and during real classroom situations. Hence, all three research papers assessed
students’ being over- or underchallenged and their boredom in highly ecologically
valid situations. Furthermore, as both students’ challenge as well as boredom are
constructs involving person-environment interactions, an assessment in a natural
environment seems to be of particular relevance for the present research (see e.g.,
Pekrun et al., 2010; Schutz, Hong, Cross, & Osbon, 2006).

The three studies included a range of students from eighth to 11th grade,
and overall, an amount of N =1,544 students from 84 classes in 28 schools in
Germany and Switzerland. Furthermore, throughout all three presented pa-
pers, state-of-the art statistical (multilevel) structural equation models were used
with a full-information maximum-likelihood estimation procedure suggested by
Klein and Moosbrugger (2000). Thereby, all presented models were intensively
tested beforehand using absolute and incremental fit indices (e.g., Bollen & Long,
1993), error residuals were explicitly modeled (Bentler, 1980) whenever possible,
the nested data structure was taken into account to avoid biased estimations
of the standard errors (Muthén & Muthén, 1998-2017), an effect-coding proce-
dure was applied for all latent constructs to avoid a stronger impact of the first
items (Little, Rhemtulla, Gibson, & Schoemann, 2013; Little, Slegers, & Card,
2006), a maximum likelihood estimator that is robust to non-normality and non-
independence of the data (MLR; Muthén & Muthén, 1998-2017; Yuan & Bentler,
2000) was used, and missing data was handled with full information maximum
likelihood procedures (Arbuckle, 1996; Rubin, 1976).

In addition to these general methodological strengths, Research Paper I simul-
taneously assessed students’ challenge and boredom as state and trait constructs,
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which enabled us to investigate within and between effects together with the pos-
sibility to compare the predictive validity of state versus trait reports of challenge
and boredom for students’ career aspirations. Whereas numerous studies focused
either on the investigation of trait or state emotions, very few studies in the field
of emotion research have assessed trait and state emotions together, and to the
best of the author’s knowledge, no former study has considered trait and state
challenge (e.g., Goldin, 2014; Meyer & Turner, 2006; Pekrun & Bühner, 2014).

We accounted for the unique data structure, which included within and be-
tween measures of challenge and boredom and between-measures of career as-
pirations, by using a two-level general multilevel mediation modeling approach
(Preacher et al., 2010). Furthermore, the sample size for Research Paper I was ad-
equately large enough to provide a stable analysis with N =753 students. Research
Paper II also included a sufficient sample (N =662), which took into account
a broad range of three different school domains, namely German, French, and
mathematics. Research Paper II again used a sophisticated multivariate struc-
tural equation modeling procedure, which accounted for the clustered data struc-
ture via clustering and stratification options (Muthén & Muthén, 1998-2017).
Research Paper III examined students’ mathematical creativity with three dif-
ferent tasks that were extensively tested beforehand to ensure a reliable and
valid measurement of mathematical creativity (Balka, 1974; Mann, 2005). These
open-ended tasks enabled students to freely produce their answers (Mann, 2006),
did not test for specific mathematical content-knowledge, were rotated to avoid
an impact of the task-sequencing, and accounted for all three aspects of cre-
ative problem solving, namely, fluency, originality, and flexibility (e.g., Becker
& Shimada, 1997; Pehkonen, 1997). Furthermore, a random slope approach to
interaction modeling was used to enable the investigation of latent interactions
(Muthén & Asparouhov, 2003). Taken together, the research questions in all
three studies were answered on a very solid methodological basis.

Regarding theoretical implications, the first two research papers of this dis-
sertation are the first works that extensively investigated students’ challenge at
school in the three domains of German, French, and mathematics by combin-
ing two different theoretical streams of research. First, career choice theories
focus on numerous aspects of person-environment-fit, with challenge as ability-
difficulty-fit being one of them (Edwards et al., 1998; Holland, 1997; Walsh et
al., 2000). Second, boredom research takes both over- and underchallenge into
account when explaining the occurrence of this emotion (Eastwood et al., 2012;
Fahlman et al., 2013; Klapp, 1986; Pekrun, 2006; Prammer, 2013). The current
research innovatively combined these two research lines by investigating effects
of students’ challenge on boredom together with effects on students’ career as-
pirations, a very prominent motivational variable potentially guiding students’
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career choice (Schoon & Parsons, 2002; Trice & McClellan, 1993). By doing so,
Research Paper I and Research Paper II furthermore indicated the importance
of – particularly trait – boredom for students’ career aspirations. Thus, the rela-
tionship between trait boredom and students’ career aspirations was empirically
confirmed, providing further support for theoretical hypotheses regarding the im-
portance of emotions for career aspirations and students’ career choice (Bieg et
al., 2014; Eccles, 2011; Wigfield & Eccles, 2000). Furthermore, we provided initial
evidence for the importance of trait emotions (beliefs about emotions), exempli-
fied by boredom, and their relationships with students’ career aspirations, which
has not been explicitly tested so far (e.g., Bieg et al., 2014; Wigfield et al., 2002).
Although these results were correlational in nature, theoretical considerations
clearly support the interpretation of students’ boredom having an effect on their
career aspirations and not the other way round (e.g., Le et al., 2014; Peters et al.,
2006; Schuster & Martiny, 2017). The relationship between students’ challenge
and boredom is more complex, however, as it can be considered as highly fluc-
tuating. Students’ challenge interacts with students’ attentional problems and
disengagement, and could therefore either be a cause, a consequence of boredom,
or occur in parallel (see for example Eastwood et al., 2012 and Pekrun et al.,
2010 for considering boredom as a cause or a consequence of those attentional
problems). This is reviewed in more detail when discussing future research to be
derived from the current work.

In Study III, the theoretical strength of this work is in an innovative explo-
ration of the boredom-creativity-link by including students’ challenge to explain
previous contradictory results. By doing so, this research contributes to a conse-
quent investigation of cognition-emotion-interactions (e.g., Bower & Forgas, 2000;
Izard, Kagan, & Zajonc, 1985; Ochsner & Gross, 2005). The consideration that
boredom supports the development of creative ideas only in the case of available
cognitive capacities (i.e., in the case of underchallenge) has a strong theoretical
foundation grounded in attentional theories of boredom together with cognitive
load theory (Sweller, 1988; Sweller et al., 1998; van Tilburg & Igou, 2012; West-
gate & Wilson, 2018). Boredom is explained by attentional theories as a result of
failures of attentional control (Damrad-Frye & Laird, 1989; Eastwood et al., 2012;
Fisher, 1998; Hunter & Eastwood, 2018). Thus, bored students are not able to
successfully engage into the situation or the task at hand, have problems staying
focused (cognitive aspect), but at the same time strongly want to re-engage into
the situation looking for possibilities to do so (motivational aspect; e.g., East-
wood et al., 2012). In the case of being underchallenged, students have cognitive
resources at one’s disposal, which are lacking when being overchallenged (e.g.,
Sweller et al., 1998). Thus, bored and underchallenged students are searching for
additional cognitive stimulation (cognitive and motivational aspect; e.g., Bench



24 Synopsis

& Lench, 2013) through combining different thoughts and broadening one’s at-
tention (Fredrickson, 2001; Rowe et al., 2007), thus, enhancing creativity. On the
other hand, bored and overchallenged students want to re-engage as well, but do
not have enough cognitive resources to set one’s attention back to the creativity
tasks. This results in an “escape” into less demanding activities, such as day-
dreaming (e.g., Kahneman, 1973; Mann & Cadman, 2014; Smallwood & Schooler,
2006; Yu, Chang, & Kanai, 2019). Based on this theoretical foundation, it is safe
to assume that the cognitive and motivational component of boredom may play
a relevant role when looking at differential effects of boredom and challenge on
creativity. Therefore, a broadened scope of research focusing on the underlying
components of boredom, together with a differentiated investigation of boredom
in over- or underchallenging situations, is of high relevance. These ideas are fur-
ther developed in the next section, which outlines potential and promising future
research.

Implications for Future Research

There are several avenues for future research which can be directly deduced from
the three present research studies and others broadening the scope of this re-
search. The next section elaborates on potential future studies on the challenge-
boredom link, implications for the investigation of students’ career aspirations
and career choice, and promising research related to the construct of creativity.

Assessment of Students’ Challenge

Throughout Research Paper I and Research Paper II, we clearly defined and
conceptualized students’ challenge as their perceived fit between task difficulty
and ability (e.g., Kristof-Brown, Zimmerman, & Johnson, 2005; Ostroff & Zhan,
2012). Based on social cognitive theory (Bandura, 1986a, 1986b), we therefore
assessed students’ self-perception of challenge when focusing on students’ ca-
reer aspirations as a distal outcome. Those self-assessments and especially task
perceptions (Eccles & Wigfield, 2002; Wigfield, Eccles, & Pintrich, 1996) are as-
sumed to be influenced by the persons’ belief system, which plays a major role
when explaining people’s behavior, their performance, aspirations, and choices
(e.g., Bandura, 1986a; Lent et al., 2000). Furthermore, self-reports remain a
strong and useful resource as they are not only relatively easily applicable in the
context of field studies, but also provide profound, nuanced, and rich data that
sheds light on otherwise mostly hidden constructs and detailed aspects of differ-
ent constructs (for example students’ challenge and boredom are both concepts
which are not directly available and visible through observation). In addition, the
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different components of boredom can all be assessed through self-report, whereas
peripheral physiological measures, for instance, only have access to the arousal-
component (Pekrun & Bühner, 2014; Shuman & Scherer, 2014). When looking
at the more direct outcome of students’ performance on mathematical creativity
tasks (Research Paper III), we additionally included students’ grade on their last
mathematics exam as a more objective ability measure. However, grades might
only function as an additional proxy of students’ over- and underchallenge as
especially in case of excellent grades, it is unknown if these good grades indicate
underchallenge or optimal challenge. Focusing on the challenge-boredom link,
theoretical considerations referring to boredom as an emotion arising in over-
or underchallenging situations do not explicitly report if they relate their hy-
potheses to perceived or actual challenge (e.g., Csikszentmihalyi, 1990; Fahlman
et al., 2013; Lohrmann, 2008; Pekrun, 2006; Pekrun et al., 2010). As a result,
studies investigating the impact and the predictive validity of both self-perceived
and actual (objective) challenge on students’ boredom would be of high inter-
est. Such studies would call for standardized competence testing, which enables
an estimation of the individual’s ability score (person parameter) together with
a difficulty score of individual tasks (item parameter; e.g., Embretson & Reise,
2000; Hambleton, Swaminathan, & Rogers, 1991; Rasch, 1980). In such a way,
an objective challenge-score could be constructed combining the difficulty and
ability estimations. However, the implementation of such a procedure may prove
difficult during in situ school lessons.

Additionally, future research could benefit from differentiating between stu-
dents’ actual, objective challenge, students’ perceived situational challenge, as
well as students’ more stable, habitual trait challenge, and additionally the inclu-
sion of students’ academic self-concept. Doing so could provide further insights
regarding to what extent trait assessments of challenge are more strongly biased
due to subjective beliefs than state assessments of challenge, and if this bias might
be explained by academic self-concept (Bieg, Goetz, & Hubbard, 2013; Bieg et al.,
2014; Robinson & Barrett, 2010). Results from a study by Preckel, Goetz, and
Frenzel (2010) showed that gifted students more frequently reported boredom due
to being overchallenged and less frequently due to being underchallenged after a
transition from regular classes to specialized classes. This result pattern might
be due a more biased perception of challenge caused by the changed reference
category (as these students compare themselves to other gifted students after the
transition), but it is also plausible that the general level of task difficulty was in
fact higher in the specialized than in the regular classes. Studies combining per-
ceived and objective challenge-assessments might clarify this and related research
questions.
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Underlying Processes of the Challenge-Boredom Link

In regards to the challenge-boredom link, the current studies support relations
between these variables in the domains of German, French, and mathematics.
What remains unknown from the presented studies are the specific mechanisms
underlying this relationship. As a further step, these mechanisms should be
investigated in experimental studies focusing on situational state challenge and
state boredom.

One promising underlying aspect might be the students’ attentional control
and their ability to self-regulate their attention (Bandura, 1989; Barnett & Kl-
itzing, 2006; Gollwitzer & Moskowitz, 1996; Macklem, 2015; Mercer-Lynn, Bar,
& Eastwood, 2014). The underchallenged student is lacking stimulation by the
environment caused by a low demand of the task and experiences boredom. In
this case, attentional problems will likely occur, as the task itself does not force
the student to fully focus attention on solving it (Macklem, 2015). Thus, the
student has to “build” attention-stimulating aspects of or thoughts about the
task to stay focused. On the other hand, the overchallenged student experiences
too much stimulation due to very high task demands, and also boredom. In this
case, the student is not able to engage into the task even if he or she tries to
focus attention on it, as this student is simply lacking the cognitive capacities
(Malkovsky, Merrifield, Goldberg, & Danckert, 2012; Sweller, 1988). The forced
focus on the task additionally requires cognitive resources. Hence, in both cases,
various other stimulations either from the environment (e.g., other students, oc-
currences outside the classroom when looking outside the window) or from the
students’ internal thoughts (e.g., daydreaming and mind-wandering; Eastwood,
Cavaliere, Fahlman, & Eastwood, 2007; Smallwood & Schooler, 2006) easily at-
tracts the student’s attention. Therefore, students’ attentional control and their
ability to self-regulate their attentional processes may underlie the connection
between students’ challenge and boredom (Barnett & Klitzing, 2006; Carriere et
al., 2008; Malkovsky et al., 2012; Smallwood & Schooler, 2006). Experimental
studies manipulating students’ situational challenge and investigating the impact
on the different components of boredom (with a focus on the cognitive compo-
nent) could give insights of the mechanism behind the challenge-boredom link.
This could support the notion that state boredom functions as a signal to inten-
sify one’ self-regulation processes to enhance, instead of reduce attention (e.g.,
Forgas, 2013; Mugon et al., 2019). Furthermore, these studies could profit from
the inclusion of physiological measures to additionally investigate effects of exper-
imentally manipulated over- or underchallenge on the physiological component of
boredom. It is safe to assume that the ongoing debate surrounding the arousal di-
mension of boredom (Danckert et al., 2018; Eastwood et al., 2012), in which some
researchers associating boredom with high arousal (e.g., Jang et al., 2015; Lon-
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don, Schubert, & Washburn, 1972; Merrifield & Danckert, 2014), whereas others
characterize boredom as a state of low arousal (e.g., Mikulas & Vodanovich, 1993;
Pattyn, Neyt, Henderickx, & Soetens, 2008; Russell, 1980), will benefit from such
an approach.

Causal Sequence of Challenge and Boredom

Experimental studies are additionally needed to give detailed insights into the
temporal process in the connection between challenge and boredom, as the se-
quence of these concepts is still unknown. On one hand, students’ challenge
is considered as an antecedent of boredom (e.g., Daschmann et al., 2011, 2014;
Goetz & Frenzel, 2010; Mikulas & Vodanovich, 1993). On the other hand, some
researchers state that boredom makes people experience (under-)challenge (e.g.,
van Tilburg & Igou, 2012). Sometimes, boredom is considered as being inter-
twined with challenge, which suggests it may function in parallel, rather than as
a causal mechanism in over- or underchallenging situations (e.g., Acee et al., 2010;
Lohrmann, 2008). In fact, boredom functions as a signal that something should
be changed (Bench & Lench, 2013), resulting in enhanced effort to re-engage into
the environment (Mugon et al., 2019). This attempt to re-engage might again
impact students’ challenge. Imagine an underchallenged student experiencing
boredom, but who is successful in re-engaging, for example by focusing on inter-
esting aspects of the task. This student might then be less underchallenged. On
the other hand, imagine an overchallenged student experiencing boredom who is
not successful in re-engaging. As a consequence, this might result in even more
overchallenge as a drift-off to irrelevant thoughts occurs (e.g., Kahneman, 1973;
Mann & Cadman, 2014; Smallwood & Schooler, 2006). Thus, reciprocal effects
of challenge and boredom are plausible (see also Pekrun et al., 2002a, for an ex-
planation of the general hypothesis of reciprocal relations of academic emotions,
their antecedents, and effects).

Experimental research manipulating students’ challenge and investigating the
impact on boredom might give support to the hypothesis of challenge as an an-
tecedent of boredom. Investigating the reverse effect of boredom on challenge
might prove more difficult, as most experimental methods of manipulating bore-
dom are directly intertwined with environmental aspects, considering the aspect
of task difficulty is a constituent of students’ challenge. For example, completing
very repetitive, monotonous tasks (for example copying Wikipedia-entrances or
rotating icons of pegs via mouse click; Markey, Chin, Vanepps, & Loewenstein,
2014; van Tilburg & Igou, 2017) is quite certainly linked with being underchal-
lenged. The same holds true for watching a video of men hanging laundry (e.g.,
Danckert et al., 2018; Merrifield & Danckert, 2014). Even such a boredom ma-
nipulation as suggested by London and Monello (1974), which involves inducing
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boredom due a manipulation of the experience of time by using a rigged clock,
does not seem to be suitable as task difficulty is as well dependent on a temporal
aspect being manipulated.

Thus, quasi-experimental longitudinal studies are needed to first, manipu-
late the level of students’ challenge and test effects on boredom and second, to
track the development of challenge and boredom during subsequent measurement
points. When looking at real-time situations during a relatively short-time frame
(as we have done it in Research Paper III of this dissertation), it seems plausible
that both constructs occur in parallel, with constantly alternating reciprocal in-
terferences between boredom and challenge (hence, interactions). Testing such a
hypothesis would call for a very fine-grained assessment of challenge and boredom
within time-frames of seconds. This might be possible with constant assessments
such as physiological data and cortical brain activity (Harley, 2015). However,
even if there are studies tapping into the physiological aspects of boredom (e.g.,
Danckert et al., 2018; Merrifield & Danckert, 2014), it is still very difficult to dif-
ferentiate the physiological patterns of different emotions, making this hypothesis
one that has to be answered in the upcoming future.

Differentiating between the Different Components of Bore-
dom

An investigation of over- and underchallenge with the different boredom compo-
nents still is lacking and presumably promising. When it comes to the affective
component, the relations of being both over- and underchallenged should be sim-
ilar as in both situations, boredom is experienced as an unpleasant feeling. On
the other hand, when considering the cognitive, physiological, and motivational
components, one might cautiously speculate that being underchallenged might
elicit a form of mind-wandering, which should increase task demands, for ex-
ample by combining different thoughts (e.g., Bench & Lench, 2013; Vodanovich,
2003; Zuckerman, 1979), goes ahed with low physiological arousal due to very
high control experiences (e.g., Fisher, 1993; Mikulas & Vodanovich, 1993; Pattyn
et al., 2008; Russell, 1980), and a strong motivation to re-engage, presumably
going along with approach tendencies (e.g., Elliot, 1999; Goetz, Sticca, Pekrun,
Murayama, & Elliot, 2016; Pekrun et al., 2002a). On the other hand, the cogni-
tions of overchallenged students presumably are only focused on task-irrelevant
thinking or potential negative results of being overchallenged (comparable to
worry-cognitions when looking at test anxiety; Zeidner, 2007). Additionally,
arousal might be rather high (e.g., Berlyne, 1960; Jang et al., 2015; London et
al., 1972; Merrifield & Danckert, 2014; Scerbo, 1998), and the motivational ten-
dencies might be clearly characterized by avoidance-tendencies. Studies taking
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the different boredom components into account could additionally benefit from
physiological measures to assess the physiological component and think-aloud
protocols to gain further insights into the differentiated relations of challenge
with physiological, cognitive, and motivational components of boredom.

Longitudinal Studies Investigating the Effects on Students’
Career Aspirations and their Actual Career Choice

The investigation of effects of students’ challenge and boredom on career aspi-
rations would profit from first, longitudinal analyses to enable causal inferences
(Little, Preacher, Selig, & Card, 2007; Pearl, 2009). Even if theoretically, it seems
plausible that students’ perceived challenge and their boredom experiences im-
pact their career aspirations, and not the other way around (e.g., Eccles et al.,
1983; Lauermann, Tsai, & Eccles, 2017; Le et al., 2014; Lent et al., 1987; Niles,
1993; Schuster & Martiny, 2017), longitudinal studies would be able to finally
provide empirical support for this assumption. Second, longitudinal educational
trajectory data including an assessment of students’ actual career choice would
be of high interest to compare effects of boredom on students’ career aspirations
as we assessed it at grade nine to eleven with effects on their aspirations after
having received their final school degree and then again with their actual ca-
reer choice after school. Such comparisons would be of particular importance
considering emotion research supports the importance of emotions for behavior
(see e.g., Baumeister, Vohs, Nathan DeWall, & Zhang, 2007), and results from
motivational psychology literature show that a certain goal to achieve something
does not necessarily coincide with the subsequent behavior actually leading to
goal attainment (e.g., Gollwitzer, 1993; Gollwitzer & Oettingen, 2011; H. Heck-
hausen, 1987; J. Heckhausen & Heckhausen, 1991). On the contrary, correlations
between intentions and behavior are of moderate size (e.g., Gollwitzer, 1999).

Along the path from goal setting to goal achievement, students have to over-
come various obstacles; they must “seize opportunities to act, ward off distrac-
tions, flexibly step up efforts in the face of difficulties, by-pass barriers, com-
pensate for failures and shortcomings, and negotiate conflicts between goals”
(Oettingen & Gollwitzer, 2001, p. 339). As such, numerous intertwined variables
come into play in hampering or supporting goal achievement. Examples include
the nature of the goal itself (e.g., short-term vs. long-term goals), mind-sets, and
self-regulation strategies (Gollwitzer & Moskowitz, 1996). Realizing goals come
along with different steps described by the model of action phases (Gollwitzer,
1990) including both the process of goal setting, together with the subsequent
behavior of goal striving. First, wishes and goals should be set dependent on
their feasibility and desirability. This is in line with models explaining the occur-
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rence of career aspirations and career choice (Lauermann et al., 2017; Wigfield
et al., 2002; Wigfield & Eccles, 2000) that are based on – most importantly –
expectancy of success (feasibility) and value (desirability). Then, goal-directed
behavior is planned, implemented, monitored, and evaluated. The evaluation
then leads to either a successful goal termination, the need for further actions, or
to a dismissal of the former goal (e.g., Gollwitzer, 1990; J. Heckhausen & Heck-
hausen, 1991; Oettingen & Gollwitzer, 2001). When it comes to students’ career
aspirations, the related occupation can be considered as the goal (e.g., one aspires
to have an occupation being related to foreign languages and sets oneself the goal
to become a translator). This goal must withstand all of the stages of the action
phases to actually end in the career choice. Therefore, research broadening the
scope of Research Paper I and Research Paper II by looking at these aspirations,
but also at the actual career choices dependent on students’ perceived challenge,
their domain-specific self-concepts, and their boredom experiences that presum-
ably impact both aspirations and choices, is needed.

Working Memory Capacity as a Potential Mediator of Re-
lations of Challenge and Boredom on Creativity

Looking at the relationships between boredom, challenge and creativity, future
studies might profit from investigating additional variables moderating or me-
diating the impact of boredom on creativity. One of the most important ones
might be working memory capacity, which could function as a further moderat-
ing variable when looking at differential effects of boredom in combination with
either over- or underchallenge on creativity. Not surprisingly, research has shown
that students with higher working memory capacity have increased capabilities to
stay focused and experience less mind-wandering during highly challenging tasks
(Kane et al., 2007).

Furthermore, a wandering mind occurs when people do not have to consciously
supervise the current task – this state of mind-wandering is even considered as the
psychological default network (Mason et al., 2007). When attention is needed for
successful completion of tasks, students are able to suppress unrelated thoughts
and stimuli (Gollwitzer, Martiny-Huenger, & Oettingen, 2014; Kane et al., 2007;
Macklem, 2015). On the other hand, working memory capacity can enhance
mind-wandering in the case of easy, undemanding tasks (Carriere et al., 2008).
As boredom comes along with attentional deficits and presumably higher mind-
wandering (Eastwood et al., 2012; Kane & McVay, 2012) overchallenged students
are then not able to re-engage to the task, whereas underchallenged students are
(Sweller et al., 1998; Westgate & Wilson, 2018). Therefore, working memory
capacity might be an additional important moderator for effects of boredom on
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creativity. Studies directly building on Research Paper III of this dissertation
might profit from an inclusion of students’ working memory capacity and think-
aloud protocols in order to get access to the kinds of wandering thoughts the
students experience. Nevertheless, we already included students’ grade in their
last mathematics exam and controlled for students’ grade on their last report card
in our study (with performance measured by grade presumably being linked to
working memory capacity especially in the domain of mathematics; e.g., Friso-van
den Bos, van der Ven, Kroesbergen, & van Luit, 2013). Hence, such an inclusion
might not impair but expand the presented results.

Practical Implications

The results of Research Paper I and Research Paper II consistently showed a rel-
atively high frequency of non-optimal challenge during classes, which is a highly
relevant finding for educational practitioners. Students being overchallenged in
class have a lowered academic self-concept and reduced career aspirations in do-
mains in which overchallenge occurred. High frequencies of overchallenge, and
therefore reduced intentions to go into related fields, occurred particularly in the
domain of mathematics. Furthermore, overchallenge and boredom had additional
negative effects on students’ performance on creative tasks again in mathematics.
With simultaneous consideration of numbers showing a shortage of skilled labour
in MINT-occupations, especially in machine technology, software development,
parts of engineering, and energy management (Bundesagentur für Arbeit [Fed-
eral Employment Agency], September 2018), these findings are of direct practical
relevance. Together with the rising level of boredom also when being underchal-
lenged having detrimental effects for example on students’ information processing,
choice of learning strategies, performance (Goetz et al., 2019), and on their ca-
reer aspirations, a reduction of non-optimal challenge during classes is urgently
needed.

Different methods may support the avoidance of high levels of non-optimal
challenge. First, teachers need excellent diagnostic competencies to adequately
match their lessons and task difficulties to the needs of students (Ohle & McEl-
vany, 2015). Nevertheless, an increasingly heterogeneous student body makes the
notion of optimal challenge at all times difficult to achieve even for teachers with
excellent diagnostic skills. Therefore, students should be encouraged to actively
help themselves avoid non-optimal challenge and boredom for example by cog-
nitive or behavioral approach-strategies (e.g., focusing on the importance of the
topic or asking the teacher for another task; Nett et al., 2010, 2011). Such student
behavior must be accompanied by the teachers supporting their students to be
engaged in the classroom by fostering a positive and open learning environment,
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where students are encouraged to ask questions and actively involve themselves
in the lessons (Reeve, 2002). One step further, learning by teaching might im-
prove students’ demands-ability-fit and enables them to choose between different
instructional strategies themselves (Heemsoth, 2018; Pekrun et al., 2010; Renkl,
1997). In general, classrooms call for a consequent assessment of students’ prior
knowledge before lessons start, followed by instructional environments which al-
low the students to choose between different tasks. More generally speaking,
open classroom environments with dynamic and individualized adaptation of in-
structional strategies throughout the learning process are needed (e.g., Haag &
Streber, 2014; Hoffman, 2016; Kalyuga, 2007). Thereby, the use of self-regulated
learning approaches and a consistent integration of e-learning or blended learn-
ing elements into the classroom, are beneficial and maximize individual learning
processes being adapted to the students’ needs (e.g., Cavanaugh, Sessums, &
Drexler, 2015; Vaughan, 2014).

Furthermore, detrimental effects of students’ domain-specific academic self-
concepts on their aspirations are in line with numerous studies indicating detri-
mental impacts of low self-concept (or positive effects in case of a high self-
concept) on various educational outcomes (e.g., Marsh & Craven, 1997, 2006).
Hence, the developed interventions to enhance students’ self-concepts do matter
(for an overview see O’Mara, Marsh, Craven, & Debus, 2006). Taken together,
the three studies show that boredom consistently reduces students’ career aspira-
tions and might be positively related to creativity in combination with underchal-
lenge. However, long-term effects on career aspirations seem to be detrimental
also in the case of students being underchallenged. Furthermore, Research Pa-
per III elaborates on the difficulty to guarantee a combination of boredom with
underchallenge in the classroom. Together with various other negative effects
of boredom stemming from previous research, is it safe to suggest that reduc-
ing boredom at school proves to be beneficial for students. However, whereas
self-enhancement interventions and programs which aim at reducing anxiety and
improving social emotions (for example, emotions connected to student-teacher
relations) already exist (Brackett & Rivers, 2014; Spielberger, 2013), intervention
approaches focusing on the reduction of students’ boredom are still lacking and
urgently needed. In this context, strategies aiming to re-activate engagement in
classroom activities via cognitive approach (e.g., reappraising the situation as
valuable) have already proven to be effective (Nett et al., 2010, 2011). As a next
step, intervention programs incorporating cognitive approach strategies into the
metacognitive self-regulation strategy of Mental Contrasting with Implementa-
tion Intentions (MCII; Duckworth, Kirby, Gollwitzer, & Oettingen, 2013; Oettin-
gen, 2012) are considered as highly promising when it comes to the reduction of
students’ boredom at school.
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Overall Conclusion

Starting with a general introduction defining boredom at school, underpinning
the prevalence and importance of this emotion, and moving to a more specific fo-
cus of boredom in under- and overchallenging situations, the present dissertation
makes a fundamental contribution to boredom research and adds to contem-
porary developments in the field of educational psychology by underlining the
relevance of emotions and links between emotions and cognition. Throughout
the three studies, a clear definition and conceptualization of students’ challenge
as a fundamental aspect of person-environment-fit at school was introduced, the
close link between both extremes of non-optimal challenge, being over- and un-
derchallenged, and students’ boredom on a within- and between-person level was
supported, and the predictive validity of students’ trait boredom on career as-
pirations was confirmed. Furthermore, a new approach looking at the boredom-
creativity link by including students’ over- and underchallenge was introduced,
emphasizing the importance of a differentiated look at students’ boredom for
future research.

Taken together, the results of the present dissertation advance our under-
standing of and provide novel insights into the complex emotion of boredom,
displaying its significance for not only educational researchers, and practitioners,
but also for cognitive and motivational psychologists, alike.
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Abstract

This study focused on students’ perceived challenge in mathematics,
its direct links to mathematics-related career aspiration along with
indirect links to these aspirations via boredom. We thereby extended
previous findings by differentiating between state and trait assess-
ments of challenge and boredom. Whereas being overchallenged de-
creases students’ career aspirations in the respective domain, boredom
occurs due to being over- as well as being underchallenged. In turn,
boredom decreases students’ career aspirations. When investigating
these effects, we proposed a stronger influence of students’ trait chal-
lenge and boredom on those aspirations as compared to the respective
state reports. The hypotheses were tested in mathematics classes in a
sample of N =753 high-school students (M age=15.72, grade 9 and 10)
from 43 classes by combining a questionnaire (trait reports) and an
experience-sampling approach (state reports) to assess math-related
challenge, boredom, and career aspirations. Multilevel SEM analyses
were conducted investigating direct and indirect effects of challenge on
career aspirations. Results showed that a rising level of overchallenge
reduced students’ career aspirations; this direct effect was equally
strong for trait and state reports. Furthermore, the indirect effect
of trait non-optimal challenge (being over- or underchallenged) was
negative, indicating a decrease in career aspirations via trait boredom.
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Introduction

Every classroom includes students of heterogeneous ability and therefore calls for
differentiated tasks. It is already known that non-optimal alignments between
person factors and environmental factors adversely impact students’ outcomes, for
example, their wellbeing, depression, performance, and persistence (e.g., Pekrun
et al., 2014; Richards, 1993; Spokane, Meir, & Catalano, 2000). In a classroom,
“student challenge”, operationalized as the match between students’ abilities and
task is of particular salience (Krannich et al., 2019). Despite indications that non-
optimal alignments of abilities and task demands may have long-term negative
effects on students’ career aspirations (Le et al., 2014; Niles, 1993), there is to
date limited research examining the link of non-optimal challenge with these
aspirations. In fact, most of the previous studies examining challenge did not
explicitly focus on this link, but rather on a more general concept of person-
environment fit (for a meta-analysis see Kristof-Brown et al., 2005).

Furthermore, existing investigations did not differentiate the direction of non-
optimal challenge (with an exception of Krannich et al., 2019). Theoretically, one
can construe non-optimal challenge as falling into different extremes on a con-
tinuum: being overchallenged when task demands exceed personal capabilities,
and being underchallenged when task demands are lower than personal capa-
bilities (Pekrun et al., 2010). Non-optimal challenge in the direction of being
overchallenged should be negatively linked to students’ career aspirations. More
specifically, students interpret their perceived overchallenge as the domain being
too difficult for their individual abilities and, hence, lower their expectations for
success and avoid going into the corresponding field (Kolvereid, 1996; Lent et al.,
1994, 2010).

Beyond expectations for success, students’ emotions are also assumed to play
a role in the mechanism between challenge and career aspirations: During in-
structional episodes wherein students experience non-optimal challenge in both
directions (over- and underchallenge) they respond emotionally. These emotional
experiences along with students’ momentary perceptions of challenge accumu-
late over time and exert long-term influence on their outcome expectations and,
consequently, career aspirations (Epstein, 1983; Nett et al., 2017; Pekrun, 2006).
Boredom is hereby of particular relevance as experiences of non-optimal chal-
lenge – both over- and underchallenge – have been shown to be key antecedents
of this academic emotion (Daschmann et al., 2014; Goetz et al., 2019; Ringmar,
2017). However, neither did earlier research consider the underlying links among
challenge, boredom, and career aspirations in combination, nor systematically
differentiate between over- and underchallenge. Hence, we will explore the di-
rect effect of non-optimal challenge (being over- or underchallenged) on students’
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career aspirations together with the indirect effect on these aspirations via bore-
dom.

In addition to the paucity of research examining non-optimal challenge in rela-
tion to students’ boredom and career aspirations, studies comparing the impact of
situational versus global perceptions of challenge and boredom are lacking. That
is, students’ challenge as the fit between abilities and task demands can either
be conceptualized and assessed as a situational state of being challenged (state
assessment) during a specific task, or as a general tendency to be challenged in
specific school domain (trait assessment) over a longer period of time (Chaplin,
John, & Goldberg, 1988). The same is true for boredom, which can also be
conceptualized as state and trait boredom. In the domain of emotions, previous
studies have shown that trait emotions could be considered as more predictive
for future expectations compared to state emotions (e.g., Levine et al., 2009;
Robinson & Clore, 2002a, 2002b; Wirtz et al., 2003). To date and with regards
to students’ career aspirations, prior studies did not systematically differentiate
between state and trait challenge and boredom to disentangle their respective
predictive power with regards to aspirations.

In sum, our study focuses on two important precursors to career aspirations,
namely, students’ perceived challenge and boredom. Thereby the present study
contributes to research by examining the interrelations of these variables with
students’ career aspirations while taking into account both trait and state assess-
ments.

Definition of Students’ Challenge

In the literature, the concept of challenge has multiple meanings (Kanevsky &
Keighley, 2003). Students’ challenge at school is described by students’ (per-
ceived) fit between task difficulty and their ability (e.g., Kristof-Brown et al.,
2005; Ostroff & Zhan, 2012). According to this definition, students’ non-optimal
challenge arises if students experience a poor fit between the difficulty level of
the tasks and their ability. This non-optimal challenge can arise independently
of the direction of non-fit; hence, in the case of students’ being over- or being
underchallenged. We label this type of non-fit undirected non-optimal challenge
[UC| ←→ |OC]. On the other hand, students’ challenge can additionally be
conceptualized as dependent on the direction of non-fit. Hence, one can have a
look at students’ level of challenge as a continuum ranging from students’ being
extremely underchallenged (via optimal challenge) to being extremely overchal-
lenged. We label this type directed non-optimal challenge [UC → OC] (for a
graphical depiction of students’ challenge as undirected non-optimal challenge
and directed non-optimal challenge see Figure 1).
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These two conceptualizations of challenge as either independent of the direc-
tion of non-fit (undirected non-optimal challenge, UC| ←→ |OC) or dependent
upon this direction (directed non-optimal challenge, UC → OC), provide us with
the opportunity to investigate whether the direction of non-fit differentially im-
pacts students’ behavior (Cable & DeRue, 2002; Park, Beehr, Han, & Grebner,
2012).

Undirected non-optimal challenge: 
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Figure 1. Graphical depiction of students’ undirected non-optimal challenge
[UC| ←→ |OC] and directed non-optimal challenge [UC → OC].

Challenge and Students’ Career Aspirations

Students’ perception of challenge1 plays an important role for future outcomes
and choices (Bandura, 1986b) and, hence, should also impact students’ career
aspirations. In a school context, these aspirations represent one of the most im-
portant outcomes of students’ academic career directly influencing their future
occupational choices (Schoon & Parsons, 2002; Trice & McClellan, 1993). Links
between perceived challenge and career aspirations can be explained by social
cognitive theory which states that students’ performance and their choices are
not only dependent on their actual skills, but also on their self-beliefs about their

1Referring to the aforementioned definition of challenge, this concept is similar, but not
identical to the students’ perceived competence. Whereas the former is defined as the per-
ceived ability-difficulty fit, the latter is a broader concept referring to the general “potential for
effective action” (Heckhausen, 2005, p. 240). Students’ perceived competence in mathematics
could therefore be considered as a concept leading to either perceived over- or underchallenge
(J. Heckhausen, 2005).
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ability and performance (Bandura, 1986b; Lent et al., 2000). That is, student be-
liefs about their own performance are incorporated into their ratings of challenge
as a (non-) optimal fit between their perceived abilities and task demands (Lent
et al., 1994). Therefore, students’ perceived challenge functions as a cognitive
appraisal of fit that directs individuals’ estimation of the expected outcome on
future tasks (Lent et al., 1994). Whenever students interpret their abilities as
being below task difficulty they experience overchallenge, and, consequently, a
low expected probability to successfully manage upcoming demands of a future
career (Buckert, Meyer, & Schmalt, 1979; Kolvereid, 1996; Nauta, Epperson, &
Kahn, 1998). A rising level of overchallenge (hence, a rising directed non-optimal
challenge) in a specific school domain might therefore negatively impact students’
respective career aspirations (Le et al., 2014) due to low outcome expectations
(Lent et al., 1994, 2010). Conversely, according to our definition of the directed
non-optimal challenge, a rising level of underchallenge should be positively related
to these aspirations due to high outcome expectations (see Figure 2).
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directed non-optimal 
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Figure 2. Graphical depiction of the effect of students’ directed non-optimal challenge
[UC → OC] on their career aspirations.

To the best of our knowledge, links between students’ perceived challenge
in the classroom and their career aspirations differentiating between over- and
underchallenge have only been investigated by Krannich et al. (2019). The re-
searchers operationalized students’ challenge by two dummy-variables assessing
overchallenge and underchallenge separately, with optimal challenge as the ref-
erence category. Therefore, they were unable to disentangle specific effects of
non-optimal challenge on career aspirations as dependent on and independent of
the direction of non-fit. Other studies examined person-environment fit and its
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impact on career choice, and job satisfaction without explicitly focusing on non-
optimal challenge. For example, Kristof-Brown, Zimmerman, and Johnson (2005)
conducted a meta-analysis investigating the ability-demand fit in specific occupa-
tions and its impact on applicants’ job satisfaction. They included studies assess-
ing this fit through various methods, but all of them focused on how well personal
(ability) and environmental (job demands) characteristics were matched (for de-
tailed descriptions of the inclusion criteria and operationalizations of aspects
of the person-environment fit of single studies see Kristof-Brown et al., 2005).
Overall, the data revealed relatively strong correlations of .48 between ability-
demands fit and job satisfaction (Kristof-Brown et al., 2005). Furthermore, a
range of older studies investigating Holland’s (1973; 1997) person-environment
theory of vocational behavior support the impact of person-environment con-
gruence on vocational satisfaction, stability, and achievement (for meta-analytic
results see Assouline & Meir, 1987; Spokane, 1985). Nevertheless, the vast ma-
jority of existing studies neither explicitly focused on students’ career aspirations
nor differentiated the direction of non-optimal challenge, both of which represent
a clear limitation in light of the aforementioned theoretical considerations.

In sum, theoretical considerations support the assumption that students with
perceived overchallenge in specific school domains are unlikely to choose occupa-
tions related to these domains due to low levels of outcome expectations. There
is a gap in the literature exploring the effects of non-optimal challenge dependent
from its direction, in other words, differentiating between students’ being over-
or underchallenged, and in this study we will attempt to provide initial evidence
toward closing it.

Challenge and Students’ Boredom Experiences

Students’ challenge as ability-difficulty fit also impacts affective experiences. In
a school context, over- or underchallenge is a key antecedent of students’ bore-
dom (Daschmann et al., 2014; Fisher, 1993; Goetz & Frenzel, 2010; Ringmar,
2017). Boredom is a unique emotional reaction considered to be unpleasant
and aversive (Harris, 2000; Mikulas & Vodanovich, 1993; van Tilburg & Igou,
2012) and characterized by one’s perception of time passing slowly (Vodanovich
& Watt, 2016), specific physical expressions (van Tilburg & Igou, 2012), and dis-
engagement (Eastwood et al., 2012). Many theories of boredom use the person-
environment-fit framework and show that boredom is highly sensitive to non-fit
(Csikszentmihalyi, 1975/2000). According to the control-value theory (CVT;
Pekrun et al., 2010), boredom arises when students perceive tasks to be under-
challenging due to task demands being below students’ perceived ability (very
high control) or, conversely, when students are overchallenged due to task de-
mands being above individuals’ perceived ability level (very low control; Acee
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et al., 2010; Daschmann et al., 2011). Hence, non-optimal challenge in both
directions should enhance boredom (see Figure 3).
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Figure 3. Graphical depiction of the effect of students’ undirected non-optimal chal-
lenge [UC| ←→ |OC] on boredom.

Empirical evidence supports the fact that both types of non-optimal challenge
(being either over- or underchallenged) can lead to higher levels of boredom. In
an interview study, Kanevsky and Keighley (2003) explored gifted students’ bore-
dom experiences related to homework and found that very easy tasks, a lot of
repetitions, and lack of challenge were construed by students as antecedents of
their boredom and skipping homework. Similarly, Larson and Richards (1991)
found that high ability was positively correlated with boredom experiences in
a sample of fifth to eighth graders in the U.S., suggesting underchallenge as an
antecedent of student boredom experiences. Van Tilburg and Igou (2012) also
found a positive link between boredom and perceived underchallenge in three
different studies. In addition to these results, several studies support the no-
tion that overchallenge also leads to increased boredom experiences. Acee et al.
(2010) investigated students’ academic boredom in either over- or underchalleng-
ing situations detecting a general boredom factor in underchallenging situations
in addition to a self-focused (for example characterized by frustration) and a
task-focused (for example characterized by a perceived tediousness of the task)
boredom factor in overchallenging situations. Furthermore, Daschmann, Goetz,
and Stupnisky (2011) tested the precursors to boredom scale with 1,380 German
students (M age=12.56 years) showing both extremes of challenge as important
antecedents of boredom. Finally, Asseburg and Frey (2013) directly investigated
the objective ability-difficulty fit of mathematics tasks in a sample of N = 9,425
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German ninth-graders and observed a negative linear relation between the fit and
students’ boredom experiences.

Boredom and Students’ Career Aspirations

Boredom in school settings is experienced as an unpleasant emotional state (e.g.,
Goetz et al., 2019; van Tilburg & Igou, 2012). Not being able to engage in satisfy-
ing activities and attributing this disengagement to our environment (Eastwood
et al., 2012), it seems logical that students who constantly experience high lev-
els of boredom in school domains would not want to start a career in a domain
being closely connected to the boredom-inducing school subject. Surprisingly,
whereas numerous studies investigated students’ boredom experiences and their
negative effects on various outcomes, such as academic achievement and motiva-
tional variables (e.g., Tze, Daniels, & Klassen, 2016), only one study examined
links between boredom and students’ career aspirations in a sample of N =662
Swiss 11th grade high-school students in the domains of German, French, and
mathematics (Krannich et al., 2019). The results revealed negative relations for
all domains. Research into decision making supports the assumption that bore-
dom as an unpleasant emotion negatively impacts individuals’ career choices.
That is, decision-making processes and the formation of future aspirations are
guided by one’s past momentary affective experiences (e.g., Fredrickson, 2000;
Peters et al., 2006). More specifically, frequent boredom experiences in specific
school subjects may be negatively connected to students’ career aspirations (i.e.,
to their desire to work in related occupations later due to emotion-related memo-
ries and cognitions; Baumeister, Vohs, Nathan DeWall, & Zhang, 2007; Rusting,
1998).

Overall, it seems plausible that directed non-optimal challenge in the direc-
tion of overchallenge could be, on the one hand, directly connected to students’
career aspirations based on the expected probability of success or failure in the
future occupations. On the other hand, students’ perceived non-optimal chal-
lenge should not only impact student behavior directly, but indirectly influence
these aspirations due to emotional experiences – with boredom arising from both
types of non-optimal challenge (i.e., being over- or underchallenged).

Trait versus State Challenge and Boredom: Con-

nection to Students’ Career Aspirations

Students’ challenge and their boredom experiences in specific school domains
could be either conceptualized as a general tendency of a person to feel chal-
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lenged or bored in specific domains (trait concept; e.g., Nett et al., 2017; Pekrun
et al., 2011) or as a situational state of feeling challenged or bored in specific
situations (state concept; e.g., Ahmed et al., 2010; Nett et al., 2011). When
it comes to students’ career aspirations, more stable trait challenge and bore-
dom should be more predictive of these aspirations than in-situ state challenge
and boredom. The accessibility model of emotional self-report by Robinson and
Clore (2002a) describes trait assessments of emotions as individuals’ general eval-
uation of boredom (or other emotions) to be influenced by their judgment of self.
Trait assessments of emotions gauge generalized self-views (i.e., beliefs about
oneself) retrieved from semantic memory networks (Kihlstrom, Beer, & Klein,
2003; Robinson & Clore, 2002a, 2002b; Robinson & Sedikides, 2009) and are
more predictive of future outcomes (Amelang et al., 2006; Bieg et al., 2013). Stu-
dents’ career aspirations are a distal outcome based on expectations regarding
the future and should therefore more strongly depend on the students’ self-beliefs
about their boredom experiences than on the actual situational state (Robinson
& Sedikides, 2009). We propose that the mechanism described by the accessibil-
ity model of emotional self-report could also be applied to students’ challenge as
this construct could also be assessed either as a general perceived level of chal-
lenge in specific school domains (trait assessment), or as a situational state of
feeling challenged (state assessment) by a specific task. Therefore, and similar to
students’ boredom, students’ career aspirations should more strongly depend on
their general perceived level of challenge, compared to a state challenge.

When it comes to the actual methods of assessment of trait and state variables,
traits are usually assessed via questionnaires asking students about their general
tendency to experience different constructs (e.g., Bieg et al., 2014; Goetz et al.,
2013; Schutz & Davis, 2000). States, on the other hand, are typically assessed
via ambulatory assessment methods or diary studies (Larson & Csikszentmihalyi,
1983; Linnenbrink-Garcia & Pekrun, 2011; Trull & Ebner-Priemer, 2009). In
the light of the aforementioned considerations, this seems to be an important
additional differentiation being included into our study as - to the best of our
knowledge - there is no former research incorporating both of these assessment
methods when looking at the effects of students’ challenge in the classroom.

The Present Study

The current study conceptualized students’ perceived challenge in two different
ways. On the one hand, we defined challenge as (1) students’ undirected non-
optimal challenge in both directions (i.e., being over- or underchallenged) and (2)
on the other hand as students’ directed non-optimal challenge on the continuum
ranging from extreme underchallenge to extreme overchallenge (and including an
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optimal level of challenge). Furthermore, we examined the impact of both op-
erationalizations on students’ career aspirations and their boredom experiences.
Based on theoretical considerations from person-environment fit, social cognitive,
and appraisal theories as well as existing empirical results, we hypothesize that
(H1) a higher level of directed non-optimal challenge is negatively linked to stu-
dents’ career aspirations due to their interpretation of the domain as being too
difficult. We do not have an explicit assumption about links between students’
non-optimal challenge and their career aspirations, even though empirical results
show a tendency that these constructs might be negatively connected. (H2a)
We hypothesize that a higher level of undirected non-optimal challenge, on the
other hand, would function as an antecedent of students’ boredom experiences,
so that higher levels of either over- or underchallenge should be positively related
to students’ boredom. This should not be the case, when considering correlations
between students’ directed level of non-optimal challenge and boredom. (H2b)
We also expected boredom to be negatively related to students’ mathematics-
related career aspirations, and (H3) we hypothesized an indirect effect of undi-
rected non-optimal challenge on students’ career aspirations via boredom; this
should not hold true in case of the directed non-optimal challenge. Addition-
ally, we hypothesized (H4) that the expected relation of directed non-optimal
challenge with career aspirations and the connection of boredom with these aspi-
rations (Hypothesis 1 and 2b) as well as the proposed indirect effect (Hypothesis
3) should be stronger in case of trait assessments as compared to state assess-
ments of challenge and boredom (for a graphical depiction of the hypotheses see
Figure 4).

Methods

Ethical Statement

Data collection, data protection, and ethical issues of the present study were
handled according to the guidelines of the German Association for Psychology
(DGPs, 2016) and the American Psychological Association (APA, 2010). Student
participation was voluntarily, parents provided an informed consent, and data
analyses were conducted on anonymous data.

Sample and Procedure

The sample consisted of N =753 German students from 43 classes in 21 schools
with a mean age of 15.72 years (SD=0.89). 55.4% of the students of the final
sample were female. Students were in the ninth and tenth grade of the highest
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Figure 4. Graphical depiction of the proposed hypotheses: Relations of directed non-
optimal challenge, undirected non-optimal challenge, boredom, and students’ career
aspirations.

track of the German school system (i.e., Gymnasium; around one third of the Ger-
man students attend this school track; Federal Statistical Office, 2018). Perceived
trait challenge, trait boredom, students’ career aspirations, and demographic data
were assessed in mathematics classes using a standardized questionnaire at the
beginning of the study, followed by the assessment of state challenge and state
boredom after each mathematics lesson for three consecutive weeks. Students’
state challenge and state boredom were assessed via a personal diary, designed
as a short questionnaire to be filled out by each student after each mathematics
lesson. Only students with at least three diary entries were included in the final
analyses, which resulted in N =4,374 state assessments with an average of 6.02
(SD=2.49; range: 3-14) diary entries per student.

Study Measures

Perceived trait and state challenge

To measure perceived trait as well as state challenge in mathematics, single items
were used. These were constructed and tested in a qualitative as well as a quan-
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titative study (Haag & Götz, 2012; Schnell, 2009). Previous research suggested
that single items are sufficient for measuring subjective experiences that are gen-
erally unambiguous (see Ainley & Patrick, 2006; Gogol et al., 2014; M. S. Nagy,
2002; Robins, Hendin, & Trzesniewski, 2001). The trait challenge item gauged
students’ perceived general difficulty level in mathematics (Math classes are usu-
ally... for me.) on a 5-point Likert scale, ranging from 1 (too easy) to 5 (too
difficult) with a middle category of 3 (optimal). The item wording of the state
item was constructed parallel to the trait item (This math class was... for me.).
As such, students answering the question with 1 or 2 (too easy, a little bit too
easy) were labeled as “being underchallenged”, whereas students answering the
question with 4 or 5 (too difficult, a little bit too difficult) were labeled as “being
overchallenged”.

Trait and state boredom

For the assessment of trait boredom two items were used, respectively. These
items were developed for a study that analyzed learning and achievement in
mathematics (PALMA; Goetz, 2004, “In my mathematics classes, I feel bored.”
and “I usually experience boredom in mathematics classes.”). For the state as-
sessment two parallel items (“In this mathematics lesson, I felt bored.” and “In
this mathematics lesson, I experienced boredom.”) were administered. A five-
point Likert scale was used for both boredom types ranging from 1 (strongly
disagree) to 5 (strongly agree).

Students’ career aspirations

To measure students’ career aspirations in mathematics, items were constructed
based on items from the TIMSS 2011 (Mullis, Martin, Foy, & Arora, 2012) and
PISA 2006 (Prenzel et al., 2007) studies. The final scale consisted of four items
(e.g., “I can imagine having a job that requires a lot of math skills.”) reported
on a Likert scale that ranged from 1 (strongly disagree) to 5 (strongly agree) with
a Cronbach’s alpha of .93.

Data Analyses

All analyses were conducted with Mplus 7.11 (Muthén & Muthén, 1998-2017).
Structural equation modeling procedures were conducted to test direct and indi-
rect effects of students’ challenge on career aspirations. The model parameters
were estimated by the MLR estimator, which is a maximum likelihood estimator
robust to non-normality and non-independence of observations (Yuan & Bentler,
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2000) and in the case of the latent constructs, we applied an effect-coding proce-
dure to circumvent a stronger impact of the first item (Little et al., 2013, 2006).
Model fit was determined by using the Comparative Fit Index (CFI; Bentler,
1990), the Tucker-Lewis Index (TLI), and the Root Mean Square Error of Ap-
proximation (RMSEA). In case of CFI and TLI, values greater than .95 or .90
were classified as excellent or acceptable fit of the data (Hu & Bentler, 1999), and
RMSEA values lower than .06 or .08 were considered as additional indicators of
good or acceptable model fit.

Multilevel modeling approach and operationalization of students’ chal-
lenge

Multilevel structural equation modeling was used to adequately test our hypothe-
ses including trait and state measures of challenge and boredom as well as the
measure of students’ career aspirations. The tested model included linear as well
as quadratic effects of the variable measuring students’ challenge. This proce-
dure enabled us to investigate effects of directed non-optimal challenge (linear
effect ranging from underchallenge via optimal challenge to overchallenge) and
undirected non-optimal challenge in both directions (curvilinear, quadratic effect
ranging from optimal challenge to strong non-fit – either over- or underchal-
lenge) on students’ boredom experiences and their career aspirations. This is
especially important as we expect a higher level of boredom in the case of stu-
dents’ undirected non-optimal challenge (being over- or being underchallenged),
but lower career aspirations only in the case of a higher level of overchallenge
(hence, positive relations of the directed non-optimal challenge and students’ ca-
reer aspirations). As such, we recoded Likert-scaled variables measuring trait
and state challenge. Hence, the original variables ranging from 1 (being un-
derchallenged) to 5 (being overchallenged) were recoded into -2, -1 (being un-
derchallenged), 0 (optimal challenged), and 1, 2 (being overchallenged; directed
non-optimal challenge). These recoded variables were included into the model
together with the same variables with exponentiated values resulting in a coding
scheme of 0 (perfectly challenged), 1 (slight non-fit), 4 (strong non-fit; quadratic
effect: undirected non-optimal challenge; for a graphical depiction see Figure 5).
All resulting recoded variables (linear trait challenge, quadratic trait challenge,
linear state challenge, quadratic trait challenge) were directly included into the
model as manifest variables.

Hierarchical data structure

Our dataset had a nested data structure with measurement points (M =6.31,
SD=2.35) nested within students (N =753) within classes (N =43). We used the
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Figure 5. Operationalization of students’ challenge as directed non-optimal challenge
[UC → OC] and undirected non-optimal challenge [UC| ←→ |OC].

“type is complex” option of Mplus to correctly estimate standard errors consid-
ering that students were nested within classes and then implemented a two-level
general multilevel mediation modeling approach suggested by Preacher, Zyphur,
and Zhang (2010) accounting for the special data structure (within and between
measures of challenge and boredom, predicting between measures of career aspira-
tions). As such, the effects of both types of state challenge (linear and quadratic)
on state boredom were modeled on the within and between levels. On the other
hand, the direct paths of state as well as trait challenge (linear and quadratic)
and state and trait boredom on students’ career aspirations were modeled on
the between level, together with the indirect effects. This was due to the assess-
ment of students’ career aspirations only as a trait, hence, as the between-level
construct, which enables us to compare state (between) effects with trait (be-
tween) effects of challenge and boredom on students’ career aspirations. Since we
wanted to compare the relations of both trait and state data with the outcome
variable, we tested the hypothesized intercorrelations in one model including the
trait as well as state data. We z -standardized all variables beforehand, and used
the “model indirect” option to calculate standardized indirect effects for the trait
variables (Muthén & Muthén, 1998-2017). Furthermore, we calculated additional
coefficients by multiplying the regression coefficients of challenge on boredom and
boredom on career aspirations of the state data to obtain indirect effects of the
state variables.
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Results

Preliminary Analyses

Analyses of frequencies of students’ perceived over- and underchallenge as a sit-
uational state revealed that 15.1% of students felt underchallenged, 22.6% were
overchallenged, and 60.2% reported an optimal level of challenge. For trait chal-
lenge, 14.5% of the students reported being underchallenged, 50% being over-
challenged, and 32.1% reported an optimal level of challenge (see Figure 6). De-
scriptive statistics revealed a manifest mean score of 2.32 (SD=1.10) for state
boredom and 2.59 (SD=0.99) for trait boredom with a missing rate of 1.1% and
6.7%, respectively. On average, students experienced a medium level of boredom
in mathematics. Intra-class correlations of the two state boredom items were
ICC =.400 and ICC =.386, respectively. Cronbach’s alpha for the state boredom
scale was α=.88 across all measurement points and α=.85 for trait boredom. The
manifest mean score for the students’ math-related career aspirations was 2.31
(SD=1.20) with a missing rate of 8.6%. Cronbach’s alpha for the career aspira-
tions scale was α=.94. Manifest inter-correlations of the study variables on the
between and within level are presented in Table 1.
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Figure 6. Frequencies of students being overchallenged, underchallenged, or optimally
challenged.
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Multilevel Model

Our final multilevel model showed acceptable fit with CFI=.97, TLI=.95, and
RMSEA=.03 (Hu & Bentler, 1999); 32.4% of variance in students’ career aspira-
tions was explained in the respective model. For an overview of coefficients see
Figures 7 and 8.
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Figure 8. Standardized regression coefficients of the final multilevel model including
the direct effects of students‘ undirected non-optimal challenge [UC| ←→ |OC].

Consistent with hypothesis 1, we found negative direct effects of directed
non-optimal challenge on students’ career aspirations for both state and trait
assessments of challenge (βlinState = -.34, p < .001; βlinTrait = -.32, p < .001).
Furthermore, there was no significant effect of undirected non-optimal challenge
on career aspirations for the state assessment (βquadState = -.09, p=.256). Sur-
prisingly, our data shows a positive effect of undirected non-optimal challenge on
career aspirations for trait assessment (βquadTrait = .10, p < .01).

In line with hypothesis 2a, there were no linear effects of students’ directed
non-optimal challenge on boredom for either state or trait assessments
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(βlinStateWithin = -.01, p=.833; βlinStateBetween = .10, p=.208; βlinTrait = .08,
p=.056). When it comes to the quadratic effects, a higher undirected non-optimal
challenge (being over- or underchallenged) significantly enhanced state and trait
boredom for both state and trait challenge assessments
(βquadStateWithin = .17, p < .001; βquadStateBetween = .40, p < .001; βquadTrait =
.33, p < .001). Overall and in line with our expectations, non-optimal challenge
(independently from the direction of non-fit) significantly increased the amount
of boredom for both assessment methods on the within as well as on the between
level. In other words, students’ undirected non-optimal challenge enhanced their
boredom on an interindividual level (between students) as well as on an intrain-
dividual level (within students).

Examining the effects of boredom in mathematics on students’ career aspi-
rations, we found no significant (between) effect of state boredom on these as-
pirations (βState = .08,p=.266), but trait boredom was significantly negatively
connected to their career aspirations (βTrait = -.22, p < .001) supporting hypoth-
esis 2b.

When it comes to the proposed indirect effect of students’ undirected non-
optimal challenge on students’ career aspirations via state boredom, it was in-
significant for state assessments (βquadStateBetween ind = .03, p=.252). This was
also true for indirect effects of students’ directed non-optimal challenge on ca-
reer aspirations via state boredom (βlinStateBetween ind = .01, p=.435). The results
were different for trait assessment. In line with hypothesis 3, we could show a
significant negative indirect effect for students’ undirected non-optimal challenge
(βquadTrait ind = -.07, p < .001). Again, there was no significant indirect effect for
directed non-optimal challenge (βlinTrait ind = -.02, p=.067). Thus, only a higher
level of non-optimal trait challenge was indirectly and negatively connected to
students’ career aspirations via trait boredom.

With respect to the differentiation of state and trait assessment of chal-
lenge and boredom (Hypothesis 4), there was no indirect effect of the quadratic
state challenge variable (state undirected non-optimal challenge) on students’
career aspirations via state boredom (as already described in the section above;
βquadStateBetween ind = .03, p=.252), but a significant indirect effect of the quadratic
trait challenge variable (trait undirected non-optimal challenge) on career aspi-
rations via trait boredom (βquadTrait ind = -.07, p < .001). Furthermore, the
regression coefficient of state boredom on students’ career aspirations was not
significant (βState = .08, p=.266), whereas for trait boredom it was significant
(βTrait = -.22, p < .001). This is consistent with our hypothesis that trait emo-
tions (i.e., boredom) are more important for career aspirations than situational,
that is state boredom experiences. This pattern was not found with respect to
state and trait challenge: The effect of state directed non-optimal challenge on
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career aspirations (βlinState = -.34, p < .001) was similar in size to the effect of
trait directed non-optimal challenge on career aspirations (βlinTrait = -.32, p <
.01). Hence, our results supported the hypothesis of a greater impact of trait
compared to state reports on career aspirations in the case of students’ boredom,
but not for students’ challenge.

Discussion

This study sheds light on students’ perceived challenge as an important and
complex construct at school and its effect on students’ boredom and their career
aspirations with the help of a differentiated operationalization of students’ chal-
lenge, combined with trait and state assessments of the investigated variables.
This is of high relevance given the vital discussion about achieving as optimal as
possible alignments of the classroom environment to students’ individual needs.
In more detail, the results of our study support the key role of students’ perceived
challenge in predicting their career aspirations. Further, the study attests to the
prominent role of boredom arising from non-optimal challenge for career aspi-
rations and demonstrates higher predictive power of trait as compared to state
boredom (Schuster, Bieg, & Hubbard, 2016; Wirtz et al., 2003). We thereby took
into consideration students’ non-optimal challenge which could be either opera-
tionalized as a linear construct (directed non-optimal challenge) ranging from the
one extreme (underchallenge) to the other (overchallenge) as well as a quadratic
construct conceptualizing non-optimal challenge independently from the direc-
tion of non-fit (undirected non-optimal challenge). Whereas students’ undirected
non-optimal challenge was related to higher boredom experiences in both state
and trait assessments, the effect of boredom on students’ career aspirations was
only significant and negative in case of the trait boredom.

More specifically, our study showed that directed state and trait non-optimal
challenge is a negative predictor of students’ career aspirations. Hence, both
an increased level of situational (i.e., state) overchallenge over a series of math-
ematics lessons as well as students’ more general perceptions of overchallenge
(i.e., trait) in the domain of mathematics reduced their career aspirations. As
we assessed the construct of challenge as a self-evaluation of the fit between the
students’ perceived abilities and the imposed demands of the mathematics les-
son (Malmberg & Little, 2007; Nicholls, 1984), it seems quite logical that those
students’ who evaluated their level of overchallenge in mathematics as relatively
high did not want to go into mathematics-related domains as they presumably
cognitively appraised their abilities in these fields as insufficient (e.g., Lent et al.,
1994).
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Furthermore, the situational as well as habitual directed non-optimal chal-
lenge was not significantly related to students’ boredom experiences, but the
level of undirected non-optimal challenge was. Therefore, our results showed that
a mismatch between environmental demands and students’ abilities in both direc-
tions (i.e., over- or underchallenge), lead to the detrimental emotion of boredom
in mathematics classes. Students with a higher level of undirected non-optimal
challenge reported higher levels of boredom. This holds true for the situational
undirected non-optimal challenge leading to higher situational boredom on the
within-person as well as on the between-person level and also in case of a more
stable, habitual undirected non-optimal challenge leading in all three cases to
higher habitual mathematics-related boredom experiences. These findings are
consistent with research that viewed non-optimal challenge as an antecedent of
both situational state boredom (e.g., Csikszentmihalyi, 1975/2000; Fahlman et
al., 2013) or of a more stable trait boredom (e.g., Acee et al., 2010; Daschmann
et al., 2011; Goetz & Frenzel, 2010; Titz, 2001). Furthermore, we demonstrated
that habitual boredom negatively predicted students’ career aspirations in math-
ematics. The effects of boredom on these aspirations remained significant even
after controlling for the direct effect of students’ perceived challenge on career
aspirations. As such, the results of this study support prior findings that showed
that boredom as a negative habitual emotion could influence students’ career
aspirations (Krannich et al., 2019).

In addition, our study did not reveal any structural differences between the
trait and state assessments, but the results of our study support the assumption
that trait boredom has a stronger relation to students’ future career choices than
situational state boredom. This result is consistent with earlier studies indicat-
ing higher predictive power of trait assessments for future behavior and choices
compared to state assessments (e.g., Levine et al., 2009; Wirtz et al., 2003). Al-
though trait assessments do not capture students’ actual momentary (emotional)
experiences and situational fluctuations and do not account for intra-individual
variability (e.g., Bieg et al., 2014; Schwarz, 2012), these assessments are of key
importance for students’ career aspirations and, presumably, other outcomes that
are based on individuals’ expectations and beliefs about themselves (e.g., Ame-
lang et al., 2006; Robinson & Sedikides, 2009). Interestingly, we did not find
a greater role of trait assessments compared to state assessments for challenge
in predicting math-related career aspirations. However, this result might be ex-
plained by considering situational state challenge as a cognitive variable that
might be more stable than situational state boredom. That is, semantic memo-
ries and situation-specific beliefs about their own abilities come into play while
the students rated their perceived situational challenge (Robinson & Clore, 2001,
2002a). On the contrary, for situational state assessment of emotional states
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(i.e., boredom) students should be able to directly access their situational bore-
dom experiences via current and experiential information and episodic memory
(Robinson & Clore, 2002b).

A surprising result of our study was the slightly positive effect of undirected
non-optimal challenge on students’ career aspirations for trait assessments, which
means that a higher general ability-difficulty non-fit in the domain of mathemat-
ics could enhance students’ aspirations in related domains. This goes contrary
to theoretical considerations offered by the person-environment fit theory (e.g.,
Edwards & Shipp, 2007; Holland, 1997; Spokane et al., 2000). However, this
effect has to be interpreted together with the linear positive effect of challenge
on these aspirations. On a strictly methodological level, both constructs – di-
rected non-optimal challenge and undirected non-optimal challenge – were based
on the same manifest variable assessing students’ challenge and only reflect a lin-
ear and a quadratic effect of challenge on students’ career aspirations. Therefore,
we graphically displayed the curve of the students’ career aspirations dependent
on these two predictor variables (and included the mediational effect of state
and trait boredom). Careful examination of this trajectory reveals the impact
of undirected non-optimal challenge that seems to be quite weak (see Figure 9).
Therefore, we conclude that a higher level of overchallenge leads to a decrease
in students’ career aspirations (or, conversely, a higher level of underchallenge
leads to an increase in students’ career aspirations). The additional slight in-
crease in career aspirations, when being strongly overchallenged should not be
over-interpreted, but needs further investigation before attempting to establish
the practical meaning of this effect.

Beyond the scope of our hypotheses but worthy of being reported, we com-
pared student reported situational and habitual frequencies of their over-, under-,
or optimal challenge in mathematics classes. The data revealed higher levels of
overchallenge and lower levels of optimal challenge for the habitual trait chal-
lenge compared to the situational state challenge. Therefore, around 20% of
the students reported state overchallenge, compared to 50% reporting trait over-
challenge. Similarly, over 60% of students reported being perfectly challenged
as a situational state assessment, and only about 30% reported their optimal
challenge in the trait assessment. Only for being underchallenged the reports
were almost identical for both state and trait assessments. One could cautiously
speculate that being overchallenged was more negatively experienced than being
underchallenged resulting in a larger memory-experience gap. This is in line with
results from Miron-Shatz, Stone, and Kahneman (2009) and Ganzach and Yaor
(2018) showing that a discrepancy between situational and retrospective posi-
tive versus negative experiences reveals a degree of negativity dominance (e.g.,
Baumeister et al., 2001; Rozin & Royzman, 2001). Further studies emphasize
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the impact of self-concept on this memory-experience gap (e.g., Bieg et al., 2014;
Robinson & Barrett, 2010) which could help explain the results of our study.

Figure 9. Students’ career aspirations dependent on students’ trait level of chal-
lenge (combined effects of students’ undirected non-optimal challenge and directed
non-optimal challenge). The depicted effects are based on standardized coefficients.
The highest level of career aspirations clearly occurs in case of being highly underchal-
lenged and the lowest level of aspirations in case of being quite strongly overchallenged.
Nevertheless, there exists a very flat increase of career aspirations if the students’ re-
ported a very high level of overchallenge being almost around two (strongly agree with
being generally overchallenged in mathematics) explaining the significant positive effect
of undirected non-optimal challenge on students’ career aspirations. Additionally, we
did not find such a positive effect of undirected non-optimal challenge in case of the
situational state assessment.

Limitations of the Study and Future Directions

Important limitations of this study are the cross-sectional character of the data
when it comes to the trait assessment and the restricted focus on the domain of
mathematics. Theoretically, it seems reasonable to presume that students’ career
aspirations are impacted by their level of challenge and their academic boredom
(e.g., Le et al., 2014; Peters et al., 2006; Schuster & Martiny, 2017). Nevertheless,
the inclusion of longitudinal data to corroborate correlational patterns of trait
challenge and boredom with students’ career aspirations is needed. The focus on
mathematics allows us to draw conclusions related to this field as a very relevant
STEM-domain (e.g., English, 2016; Milaturrahmah, Mardiyana, & Pramudya,
2017): The more overchallenged the students’ were in mathematics classes, the
less they wanted to go into related fields. The question remains if students’ per-
ceived overchallenge reflects their actual overchallenge. As this result pattern
occurred in case of the state and the trait assessment of students’ level of chal-
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lenge, it seems reasonable that the correlation is based on realistic evaluations
of the students’ level of ability representing their “true” challenge (e.g., Goetz et
al., 2013), although the state assessment still was a self-reported measure. Inves-
tigating students’ level of challenge objectively via IRT-based scaling methods
(e.g., Embretson & Reise, 2000) in addition to self-reports would be a fruitful
avenue of research. This way, studies are able to compare the impact of students’
challenge (perceived trait and state measure as well as an objective measure) on
students’ academic boredom experiences.

Practical Implications

Our study demonstrated that students’ non-optimal challenge is frequently expe-
rienced at school. In addition to the strong relevance of this variable for students’
situational and habitual boredom (e.g., Goetz et al., 2019), we showed the neg-
ative influence of overchallenge on students’ career aspirations. This negative
effect of overchallenge also occurred in case of situational state challenge. This is
a highly relevant finding when it comes to how students choose their future oc-
cupation (e.g., Schoon & Parsons, 2002; Trice & McClellan, 1993) as it suggests,
that students’ challenge in specific school domains as well as students’ situa-
tional challenge have long-term impact on career decision. As students’ boredom
was also negatively linked to student career aspirations, this aversive emotion
should be prevented or reduced, for instance by teaching students to reappraise
the boring situation as valuable. This technique has been proven to be an ef-
fective cognitive approach strategy for the reduction of boredom (Daniels, Tze,
& Goetz, 2015; Nett et al., 2011). In addition, fostering students’ individual
needs and avoiding non-optimal fit between students’ abilities and task demands,
particularly in the direction of overchallenge, seems to be a difficult, but a vital
responsibility of teachers and educational practitioners (Rogalla & Vogt, 2008).

There are three ways that help to avoid high levels of over-, and underchal-
lenge. First, teachers require excellent diagnostic competencies to recognize the
needs of students (Ohle & McElvany, 2015) and consequently adapt their instruc-
tion and learning tasks to avoid over- or underchallenge. Second, supporting stu-
dents to be actively involved in the classroom by fostering a positive and open
learning environment, where students have to actively think about the lesson and
are encouraged to ask questions (Reeve, 2002). Third, on a more structural level,
using self-regulated learning approaches and consistently integrate e-learning or
blended learning elements into the classroom are helpful (e.g., Cavanaugh, Ses-
sums, & Drexler, 2015; Vaughan, 2014) as they allow to optimally support each
student individually based on his or her needs and thereby avoid negative effects
on their career aspirations via academic boredom.
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Abstract

The current study investigated links between students’ level of per-
ceived challenge (being over- or underchallenged) and students’ career
aspirations. We hypothesized indirect effects of over- and underchal-
lenge on career aspirations via academic self-concept and academic
trait boredom and tested our hypotheses in a sample of N =662 Swiss
eleventh grade students in the domains of German, French, and math-
ematics. Our results were consistent across all three domains and
showed that being overchallenged had a negative impact on academic
self-concept. Lower academic self-concept, in turn, was associated
with decreased career aspirations. Being underchallenged enhanced
academic self-concept, which was positively related to students’ career
aspirations. Further, both being over- and underchallenged enhanced
students’ domain-specific boredom experiences resulting in a decrease
in their career aspirations. As such, the effect of being underchal-
lenged was of particular importance as its influence on career aspira-
tions via academic trait boredom was negative, whereas via academic
self-concept there was a positive indirect effect.
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Introduction

One of the major challenges of modern classrooms is to provide learning oppor-
tunities for every single student in such a way that the demands of a classroom
setting adequately match the needs of individual students (e.g., Abels, 2015;
Levy, 2008). This goal is certainly laudable but not easily achievable. In the
vast majority of school situations teachers have to deal with heterogeneous class-
rooms in terms of students’ cognitive capabilities and prior knowledge. In lessons,
in which the use of purely individualized instruction and student-specific lesson
plans is restricted, some students will inevitably feel overchallenged whereas oth-
ers will feel underchallenged. Consequences of less than optimal challenge may
influence a range of important educational outcomes. In this study, we investi-
gated the frequency of students reported over- or underchallenge in three different
domains, namely, German, French, and mathematics. Furthermore, we investi-
gated the effect of students’ level of challenge on their career aspirations, which
are known to drive students’ later career choice and, hence, represent an impor-
tant variable for students’ academic and life success (Fend, 2003). We examined
two domain-specific motivational and emotional mechanisms that underlie this
contingency. Being over- or underchallenged is related to students’ academic
ability self-concepts (Marsh & Craven, 2002; Wigfield & Eccles, 2000) as well as
to their experience of academic boredom (Acee et al., 2010; Daschmann et al.,
2011; Fahlman et al., 2013), which, in turn, may have an impact on career aspira-
tions (Durik, Vida, & Eccles, 2006; Eccles, 2009; Schwarz, 2000). More precisely,
we examined whether being overchallenged related to a lower domain-specific
academic self-concept leading to a decrease in career aspirations, and whether
being underchallenged may be linked to a higher domain-specific academic self-
concept, which may enhance students’ career aspirations. Furthermore, we inves-
tigated whether being both over- and underchallenged enhanced domain-specific
academic trait boredom, which may lower students’ career aspirations. There-
fore, we hypothesized that academic self-concept and academic boredom should
mediate the proposed link between students’ level of challenge and their career
aspirations. In the case of being underchallenged we expected the indirect effect
via boredom to be the opposite of the indirect effect via academic self-concept.

Being Over- or Underchallenged -

Definition and Empirical Findings

In a typical school situation students are confronted with more or less challenge
depending on their cognitive capabilities as well as the difficulty of the task at
hand. In the literature, the term “challenge” is not clearly defined (e.g., Kanevsky
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& Keighley, 2003). Generally speaking, the concept of challenge incorporates on
the one hand, individual ability as a person factor (Malmberg & Little, 2007;
Nicholls, 1984) and on the other hand, task difficulty as a situational factor
(J. Heckhausen & Heckhausen, 1991; Malmberg & Little, 2007; Nicholls, 1984).
Due to the fact that students differ in their cognitive abilities, the exact same
school situation could result in students’ being either over- or underchallenged.
That is, when task demands are above their perceived abilities, students may
feel overchallenged, whereas when task demands are below their abilities, stu-
dents may feel underchallenged (Pekrun et al., 2010). In both cases, there is a
non-optimal alignment (or lack thereof) between environmental stimulation and
students’ individual needs.

Surprisingly, hardly any empirical studies have investigated either the fre-
quency of situations, in which students feel over- or underchallenged, or the po-
tential consequences of less than optimal challenge. One reason behind it could be
that an objective measure of challenge would call for a standardized competence
test, for example based on item response theory which allows for an estimation
of the ability of an individual person (person parameter) together with an esti-
mation of the difficulty of an individual item (item parameter; e.g., Embretson &
Reise, 2000). This way, students’ ability along with the difficulty of a specific task
could be assessed (e.g., Tymms, 2010), thus making it possible to gauge individ-
uals’ actual challenge, indexed through the estimated fit between the difficulty of
the task and the individual ability of the student. However, such an assessment
may prove difficult in an in situ school environment.

The problem of challenge assessment can be addressed through the lens of
Bandura’s (1986b) social cognitive theory that suggests that students take ac-
tions depending on their self-referent thinking processes and their beliefs. Such
subjective measure of challenge should be influenced by internal processes of stu-
dents evaluating their individual ability and their perception of the task difficulty
(Malmberg & Little, 2007; Nicholls, 1984; Preckel et al., 2010). Hence, perceived
challenge resulting from these evaluations of ability and difficulty would there-
fore be of special importance when it comes to the students’ subsequent behaviors
(e.g., Abelson, 1979; Pajares, 1996) This makes self-report measures of challenge
a good or – depending on the question researchers are trying to answer – even
a better alternative to the measurement of the actual challenge. As a result, we
use the term “challenge” to describe individuals’ perception of their level of being
over- or underchallenged depending on their self-evaluation of abilities and task
difficulty.

Concerning students’ perceived level of challenge, studies examining this con-
struct are scarce. In a study by Malmberg and Little (2007) students from the
fifth and sixth grade reported their school-related beliefs about perceived task
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difficulty, ability, and effort. The constructs were assessed with Likert scale items
that gauged perceived difficulty, ability, and effort. Sample items included: “Do
you think that learning something new at school is hard to do” (for perceived
difficulty), “When it comes to learning something new at school, are you smart
enough to do it?” (for ability) and “When it comes to figuring out a new lesson,
can you put enough effort into it?” (for effort). The researchers found different
profile groups with one group of students characterized by high ability, high ef-
fort, and low difficulty profile (Agentic group; being probably underchallenged)
and another group characterized by low ability, low effort, and high difficulty
profile (Challenged group; being probably overchallenged), with more students
falling into the Agentic group (n=67) than into the Challenged group (n=29).

To our knowledge, only few studies have explicitly assessed students’ level of
perceived challenge at school. For example, Moneta and Csikszentmihalyi (1996)
investigated 14- to 17-year old students’ level of challenge across different school
situations. The researchers asked students about their current level of challenge
referring to the momentary situation (“Rate the challenges of the activity” on a
scale ranging from 0 = low challenge to 9 = high challenge, reporting a mean
level of M =3.50 with a standard deviation of SD=3.00). The study has a few
notable limitations as the data were collected only at two schools and during the
academic year of 1984/1985. Furthermore, no distribution of students’ level of
challenge was reported, but the mean level of challenge below 4.5, which is the
theoretical mid-point of the scale representing an optimal challenge, shows a slight
tendency for the students to feel underchallenged. Additionally, a very recent
study by Strati, Schmidt, and Maier (2017) investigated nine to twelve graders
and their academic engagement as predicted by – among others – their perceived
challenge. The authors assessed perceived challenge via the experience-sampling
method, with one item asking how challenged the participating students felt
(responses ranged from ”not at all” to ”very much”). The researchers reported
that students, recruited from a single American high school were, on average,
only “a little” challenged in the investigated science domains. Further, initial
evidence from a study exploring German students’ and teachers’ emotions in
mathematics suggested that 52.3% of ninth- and 10th-grade students reported
feeling overchallenged, and 14.1% reported being underchallenged (Becker, Keller,
Bieg, & Staub, 2017). In sum, it is still unclear how often and how intensely
students feel over- or underchallenged in different school domains. Our study will
close this gap by examining both groups of non-optimally challenged students
in the domains of German, French, and mathematics. In addition, our study
links students’ perceived challenge to their career aspirations. According to our
definition of challenge, this construct incorporates students’ ability (as a personal
characteristic) as well as perceived task difficulty (as a characteristic of the school
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environment). Further, an essential mechanism behind individuals’ development
of career aspirations includes an ongoing comparison of person-level variables,
such as ability, with the demands of potential (occupational) environment, such
as task difficulty (Hackett et al., 1991; Holland, 1997). A mismatch between these
factors could be directly and negatively connected to students’ career aspirations
(Hackett et al., 1991). Furthermore, we investigated two potential mechanisms
underlying this contingency, which we describe in more detail in the following
section.

Being Over- or Underchallenged from a Motivational Per-
spective: Relations with Domain-Specific Academic Self-
Concept

Looking at the level of challenge from a motivational perspective, being over- and
underchallenged may be closely related to the individuals’ expectancy of success
(e.g., Wigfield & Eccles, 2000). Being over- or underchallenged results from indi-
viduals’ perceived fit between their abilities and task difficulties. In the case of a
perfect fit students’ feel optimally challenged, whereas low ability combined with
high task difficulty may lead to the feeling of overchallenge, and the opposite
combination to the feeling of underchallenge. Expectancy of success is defined
as task-specific beliefs about the probability of future success on the related task
(Eccles et al., 1983) and should therefore be closely related to the students’ per-
ceived challenge. In the case of expectancy of success, the related beliefs build on
the probability of success of solving tasks in the future, whereas perceived chal-
lenge is generated based on past experiences. Furthermore, empirical evidence
shows that expectancy of success is not clearly distinguishable from and could be
operationalized by self-concept of ability (i.e., the individuals’ beliefs about their
own abilities; Eccles, 2009; Guo et al., 2015; Marsh & Martin, 2011).

Drawing upon these definitions of challenge and expectancy of success, oper-
ationalized through academic ability self-concept (Eccles, 2009; Guo et al., 2015;
Schunk & Pajares, 2005), our study links students’ reported over- or underchal-
lenge to their domain-specific academic self-concepts. More specifically, being
overchallenged in a specific domain should have a negative relation with stu-
dents’ domain-specific academic self-concepts, and being underchallenged should
be positively related to these academic self-concepts due to a higher expectation
of success (e.g., Marsh & Craven, 2002).
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Being Over- or Underchallenged from the Perspective of
Emotions: Relations with Domain-Specific Academic Bore-
dom

At school, boredom is an important emotion, particularly due to its omnipresence
in the educational context (e.g., Goetz & Hall, 2014). This emotion is defined as
an unpleasant and aversive state (affective component; Harris, 2000; Mikulas &
Vodanovich, 1993; Scherer, 2000a), characterized by an altered perception of time
(cognitive component), and the desire to avoid or modify the situation (motiva-
tional component; Goetz & Hall, 2014). When it comes to the latter component,
the motivational consequences of boredom could result in both approach (e.g.,
asking the teacher for more engaging tasks or devising extensions to a task at
hand; Gasper & Middlewood, 2014; Nett et al., 2010) and avoidance (e.g., day-
dreaming or engaging in different, unrelated activities; Nett et al., 2010; Pekrun
et al., 2014) strategies. Boredom is associated with specific facial, vocal, and pos-
tural reactions (expressive component; Goetz & Hall, 2014) and is distinct from
other negative affective experiences that include sadness and frustration (van
Tilburg & Igou, 2012, 2017). When it comes to the physiological component of
boredom, there is an ongoing debate of whether boredom is a low arousal-emotion
(e.g., Mikulas & Vodanovich, 1993) or a relatively high arousal-emotion (e.g., Lon-
don et al., 1972; Pekrun et al., 2010). Furthermore, it is also important to note
that boredom should not be conceptualized as the absence of positive emotions
or lacking interest (Pekrun et al., 2010), as it comprises a unique combination of
affective, cognitive, motivational, physiological, and expressive components and
is provoked by specific stimulus conditions (Fisher, 1993).2

The most common antecedents of boredom include individuals’ states of be-
ing over- and underchallenged (e.g., Acee et al., 2010; Daschmann et al., 2011;
Fahlman et al., 2013; Lohrmann, 2008) resulting from a mismatch between the
need for arousal and environmental stimulation (Eastwood et al., 2012; Fahlman
et al., 2013). In a school setting, boredom often results from a discrepancy be-
tween individuals’ ability and task demands (Daschmann et al., 2011), defined as
the concept of challenge. More specifically, according to Pekrun’s control-value
theory, boredom at school occurs when students view tasks as unimportant and
when these tasks are either insufficiently challenging due to task demands being
below individuals’ abilities (high control) or due to task demands being above
one’s abilities (low control; Pekrun et al., 2010). As such, the occurrence of
boredom can be explained by a combination of various aspects of students’ indi-

2For example, it is possible to lack enjoyment without being bored (Pekrun et al., 2010).
Similarly, a lack of situational interest (Hidi & Renninger, 2006) may potentially lead to bore-
dom experiences but is not identical to boredom as the former is an affectively neutral state
whereas the latter is affectively aversive (Goetz & Hall, 2014).



66 Research Paper II

vidual needs and environmental stimulation emphasizing that both being under-
and overchallenged are important antecedents of achievement boredom (Acee et
al., 2010; Daschmann et al., 2011; Lohrmann, 2008). Consequently, the inten-
sity of boredom should be higher for students who are over- or underchallenged
compared to students who experience an optimal level of challenge in classroom
situations.

Several studies support the aforementioned contingency. In doing so, Ahmed,
van der Werf, Minnaert, and Kuyper (2010) did not explicitly focus on challenge,
but on the broader concept of competence appraisals and reported a negative link
between seventh graders’ competence appraisals on today’s mathematics lessons
topic and their momentary boredom experiences. A study by Titz (2001) found
that university students who retrospectively reported experiences of boredom
during general learning situations and specific university courses reported both
low and high judgments of their corresponding competencies. These judgments
were captured by open-ended questions explicitly asking students about their per-
ception of challenge, expectancy of success, and performance during the learning
situation or the university course and while being bored. Interestingly, in this
study students only reported overchallenge while being bored (Titz, 2001). Goetz
and Frenzel (2010) examined these links more closely and investigated students’
tendency to feel bored in the domain of mathematics caused by over- and under-
challenging subject matter (e.g., “When I’m bored in mathematics class it is be-
cause the subject matter in math is too difficult for me.”). The researchers showed
that in a sample of German students with a mean age of M =13.55 girls showed
more mathematics-related boredom experiences due to being overchallenged as
compared to boys who were more likely to generally feel bored in mathematics due
to being underchallenged. Finally, Lohrmann (2008) demonstrated that a sample
of primary school students tended to experience domain-specific boredom (in the
domains of German and mathematics) especially when being in underchalleng-
ing, but also due to overchallenging classroom situations. Nevertheless, empirical
investigations focusing on the influence of being over- and underchallenged on
students’ boredom experiences are relatively scarce. Therefore, we would like to
gather additional empirical evidence of the proposed link between challenge and
boredom.

The Impact of Academic Self-Concept and Bore-

dom on Students’ Career Aspirations

In an educational context, career aspirations develop through the continuous in-
tegration of the individual students’ abilities, motivations, and emotional experi-
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ences (e.g., Gottfredson, 2003; Hackett et al., 1991; Holland, 1997). As academic
self-concept and boredom are important variables in academic contexts and their
effects on student academic achievement are well-investigated (e.g., Marsh et al.,
2015; Tze et al., 2016) linking them to more distal outcomes such as students’
career aspirations seems to be meaningful.

A number of recent studies has revealed positive links between students’ aca-
demic self-concepts and their subject-choice, coursework selection, career choice,
and career aspirations (e.g., Durik et al., 2006; Guo et al., 2015; Watt et al., 2016;
Wigfield & Eccles, 2000). One has to mention, that the majority of these investi-
gations were limited to the domains of mathematics and science (e.g., Nagengast
& Marsh, 2012; Simpkins, Davis-Kean, & Eccles, 2006; Wang, 2012; Watt et al.,
2016).

Extending research findings that link emotions with career aspirations (e.g.,
Wigfield et al., 2002; Wigfield & Eccles, 2000), we were interested in the degree of
perceived boredom, defined as one’s general tendency to feel bored in particular
school domains – often referred to as academic ”trait” boredom (Goetz et al.,
2013; Pekrun et al., 2014). Thereby, we define trait not as a general predispo-
sition or an individual characteristic, but as a response tendency (Porter et al.,
2000; Snow, Corno, & Jackson, 1996). Thus, it captures individuals’ tendency to
frequently and repeatedly experience situations in the respective school domains
as boring (Bieg et al., 2014; Schutz & Davis, 2000). Academic trait boredom
might be strongly influenced by subjective beliefs and should therefore serve as
effective predictor of career aspirations (e.g., Robinson & Clore, 2002a; Schuster
et al., 2016). We surmised that individuals’ tendency to feel bored in an academic
domain should reduce career aspirations regarding occupational fields that are re-
lated to the respective domain. This effect is particularly important because of
the prevalence of this kind of boredom in the classroom (e.g., Larson & Richards,
1991). Surprisingly, the influence of emotions in general and of domain-specific
academic trait boredom in particular on students’ career aspirations is relatively
understudied (e.g., Hartung, 2011). We are going to redress this deficiency and
investigate links between the level of challenge and student career aspirations via
academic self-concept and academic trait boredom.3

The Present Study and Hypotheses

The current study investigated the frequency of students’ reported over- or un-
derchallenge and its influence on their career aspirations via domain-specific aca-

3In the following, when we use the term “(academic) trait boredom” or “boredom” we are
always referring to the domain-specific tendencies of the students’ to feel bored in particular
domains as outlined above.
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demic self-concept and academic trait boredom in the school domains of German,
French, and mathematics. In bringing the two research approaches together, we
attempted to untangle the complex relations among these constructs. Drawing
upon the existing theory and empirical results, we hypothesized that (1a) being
overchallenged lowered students’ domain-specific academic self-concept whereas
(1b) being underchallenged enhanced students’ academic self-concept. (1c) Aca-
demic self-concept should have a positive effect on students’ career aspirations.
As such, (1d) academic self-concept should mediate the influence of being over-
and underchallenged on career aspirations. Furthermore, we hypothesized that
both being (2a) over- as well as (2b) underchallenged enhanced domain-specific
trait boredom. We propose that (2c) boredom due to being over- and under-
challenged negatively predicts career aspirations. Hence, (2d) boredom should
also mediate the effects of being under- and overchallenged on students’ career
aspirations. Taken together, we propose negative indirect effects via academic
self-concept and academic trait boredom on students’ career aspirations for the
overchallenged students. The indirect effects via academic self-concept and bore-
dom should be two-fold for the underchallenged students: We predicted them to
be positive in the case of domain-specific academic self-concept, but negative in
the case of domain-specific trait boredom. The proposed relations are graphically
displayed in Figure 10.

Overchallenged
Underchallenged Career Aspirations

Self-conceptH 1a Ov : -
H 1b Un : +

Boredom

H 1c: +

H 2a Ov : +
H 2b Un: +

H 2c: -

H 1d

H 2d

Figure 10. Proposed relations of being over- and underchallenged, self-concept, bore-
dom, and career aspirations.
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Method

Sample and Procedure

The sample consisted of N =662 Swiss students from 35 different classes and
seven schools in the German-speaking part of Switzerland. Students were in
the eleventh grade and attended the highest track of the Swiss school system
(M age=17.69 years, SD=0.75; 54.1% female). 90.4% of the students reported to
have been born in Switzerland, 3.7% in Germany, 0.9% in Liechtenstein, 0.5% in
Austria, and 4.6% in other, non-German speaking countries. German was a native
language of 88.6% of the students (11.4% of the students reported other languages
as native tongues, with only 0.9% reporting French as their first language). As
for parents’ educational level, 23.9% of the students’ mothers and 30.7% of the
students’ fathers had the Swiss qualification to university entrance (comparable
to a high-school diploma; used as an indicator for high SES), whereas 9.6% of
the students’ mothers and 7.5% of the students’ fathers had the lowest possible
educational level.4

The procedure of the study complied with ethical principles for research in-
volving human subjects of the WMA Declaration of Helsinki and was approved
by the Ethics Committee (institutional review board, IRB) of the University of
Konstanz. All student participants and their parents were informed about the
objectives and the procedure of the study and provided their written consent to
participate. Furthermore, heads of schools as well as respective teachers approved
the study protocol. Students’ participation in the current study was voluntary
and confidential, and no connection from the participants to the data was pos-
sible. The reported study was part of a larger research project that aimed at
investigating students’ cognitions, motivation, and emotions, conducted in the
school years of 2014 and 2015. Domain-specific perceived challenge, academic
self-concept, emotions, demographic data, and other variables were assessed in
German, French, and mathematics classes using a standardized questionnaire at
the beginning of the study. Another questionnaire was submitted after a two-
week period to assess students’ domain-specific career aspirations. All constructs
were gauged separately in the three school domains.

4The frequency of missing data was quite high, with 35.0% of non-valid data points for
mothers’ education and with 35.5% for fathers’ educational level.
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Study Measures

Assessment of perceived challenge

Domain-specific challenge was assessed by asking how students perceived the dif-
ficulty level in the respective domain (“The difficulty level in [subject] classes
usually is. . . for me” with the domains being German, French, and mathemat-
ics) with responses ranging from 1 (too easy) to 5 (too difficult) on a bipolar
rating scale. Previous research suggested that single items could be sufficient for
measuring subjective experiences that are generally unambiguous (see Ainley &
Patrick, 2006; Gogol et al., 2014; M. S. Nagy, 2002; Robins et al., 2001). Because
we were interested in the differences between underchallenged and overchallenged
students, the items were dummy-coded in such a way that students answering
the question with 1 or 2 (too easy, a little bit too easy) were labeled as “being
underchallenged”, whereas students answering the question with 4 or 5 (a little
bit too difficult, too difficult) were labeled as “being overchallenged”. Both cate-
gories were compared to a dummy variable indexing optimal challenge (students
answering the question with 3 “just right”).

Assessment of domain-specific academic self-concept

German, French, and mathematics self-concept was assessed with three items
per domain (e.g., “I am generally good at math.”). They were modified from
the German adaptation (Schwanzer, Trautwein, Lüdtke, & Sydow, 2005) of the
Self-Description Questionnaire III (Marsh, 1992). The responses were bounded
by 1 (completely disagree) to 5 (completely agree).

Assessment of domain-specific academic trait boredom

We assessed domain-specific academic trait boredom with two items (e.g., “I’m
generally bored during math classes.”) that were taken from the Achievement
Emotions Questionnaire (AEQ; see Pekrun et al., 2011). Items were rated on a
five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Assessment of domain-specific career aspirations

To measure students’ domain-specific career aspirations we revised TIMSS 2011
(Mullis et al., 2012) and PISA 2006 (OECD, 2009) items. Similar items were
also used in a study by Schuster, Bieg, and Hubbard (2016). The items had been
previously pilot tested and showed appropriate psychometric qualities. The final
set of domain-specific items consisted of six items in the domains of German and
mathematics and seven items in domain of French, and included several reversed
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items (e.g., “I would like to have a job in which I get to use my French language
skills”, item in the domain of French; “I would rather not have a job that would
require strong math skills”, reversed item in the domain of mathematics) rated on
a five-point Likert scale from 1 (completely disagree) to 5 (completely agree). For
the final analyses the inverted items were recoded and the unidimensionality of
the scales for each domain as well as their reliabilities were tested on an item-level
basis.

Data Analysis

Our analyses focused simultaneously on domain-specific challenge, academic self-
concept, and boredom and their relations with career aspirations. Hence, multi-
variate methods were employed. We investigated our hypotheses in separate mod-
els for German, French, and mathematics. Structural equation modeling (SEM)
was conducted in Mplus 7.11 (Muthén & Muthén, 1998-2017) with confirmatory
factor analyses (CFA) estimating the latent constructs of academic self-concept,
boredom, and career aspirations. In regards to the scale scores assessing students’
career aspirations, we used a balancing approach averaging the original items to
build item parcels (also called factorial approach; see Little et al., 2013; Rogers
& Schmitt, 2004). This procedure was used to reduce item non-normalities and
the number of estimated parameters to stabilize the measurement models (Little
et al., 2013). Three parcels per domain were built each out of two items5 based
on the factorial structure of the original items (for a description of the procedure
see Landis, Beal, & Tesluk, 2000; Little et al., 2013). The resulting three parcels
per domain where then included in the structural part of the final models to
estimate students’ career aspirations in German, French, and mathematics on a
latent level. The dummy variables assessing over- and underchallenge were di-
rectly included into the models in a manifest way, as previous studies did not
allow for an adequate a priori estimation of the proportion of variance that was
due to measurement error (Kline, 2011).

We first had a separate look at all main effects and at mediation models
only including one of the mediators (academic self-concept or boredom). All of
these models and the respective coefficients can be found in the Table A1 of the
Appendix.

All measurement models were identified by an effect-coding procedure to avoid
a stronger influence of one specific item (Little et al., 2006) and were estimated
by using the MLR-estimator to account for possible non-normality problems
(Muthén & Muthén, 1998-2017). In the final models, which were used to an-

5For the domain of French in which career aspirations were assessed via seven items, the
balancing approach resulted in one parcel built out of three items.
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swer our hypotheses, we tested the following propositions in the structural part
of the models: 1) the main effect of challenge on career aspirations, 2) the effect
of the dummy variables assessing perceived over- and underchallenge (with opti-
mal challenge as the reference variable) on academic self-concept and academic
trait boredom, 3) the effect of academic self-concept on career aspirations, 4) the
effect of boredom on career aspirations, as well as 5) the effects of challenge on
career aspirations mediated by academic self-concept and boredom.

Hierarchical data structure and missing data

The data set has a nested structure with students nested within classes. We
accounted for this clustered data structure by using the “type is complex” proce-
dure in Mplus together with the “cluster” and “stratification options” to adjust
the standard errors. For all indirect effects, we used the “model indirect” and
“cinterval” option of Mplus to calculate unstandardized and standardized effects
obtaining confidence intervals and Bayes credibility intervals (Muthén & Muthén,
1998-2017). Missing data were handled with full information maximum likelihood
procedures (Arbuckle, 1996; Rubin, 1976).

Model fit indices

Determining the fit of the domain-specific SEM models we used the comparative
fit index (CFI; Bentler, 1990), the Tucker-Lewis Index (TLI), and the root mean
square error of approximation (RMSEA). According to Hu and Bentler (1999)
values greater than .95 or .90 were considered as excellent or acceptable fit of the
data when it comes to CFI and TLI; RMSEA values lower than .06 or .08 were
considered as good or acceptable fit.

Results

Preliminary Analysis

Table 2 and 3 show the reliability, missing rates, and intercorrelations for all key
variables. The reliabilities of all scales were acceptable ranging from Cronbach’s
α=.74 for boredom in mathematics classes to α=.95 for the assessment of ca-
reer aspirations again in mathematics. Item-specific missing rates were low for
the assessment of domain-specific boredom, relatively low for the assessment of
domain-specific challenge and academic self-concept and rising to a higher level
for the assessment of students’ career aspirations.
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Table 2. Measures of internal consistencies (Cronbach’s alpha) of item scales and
frequencies of missing data (in percent) of key study variables separated by subjects
 

 

 
 German  French  Mathematics 

Measure  Cronbach’s α Missing data  Cronbach’s α Missing data  Cronbach’s α Missing data 

Challenge 

 
- 6.3 % 

 
- 7.1 % 

 
- 5.9 % 

Self-Concept 

 
.87 6.0 % 

 
.90 6.6 % 

 
.90 5.6 % 

Boredom 

 
.87 2.1 % 

 
.90 2.9 % 

 
.74 1.8 % 

Career Aspirations 

 
.85 12.8 % 

 
.92 13.1 % 

 
.95 12.4 % 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Intercorrelations of academic self-concept, trait boredom, and career aspira-
tions separated by subjects 

 

Variable 1 2 3 4 5 6 7 8 9 

German          

1. Self-concept -         

2. Boredom -.11** -        

3. Career Aspirations .61** -.19** -       

French          

4. Self-concept .23** -.04 .16** -      

5. Boredom .06 .35** -.11* -.18** -     

6. Career Aspirations .16** -.11** .22** .62** -.36** -    

Mathematics          

7. Self-concept -.23** -.01 -.30** -.03 -.06 -.12** -   

8. Boredom .08 .39** .06 -.06 .30** -.05 -.27** -  

9. Career Aspirations -.30** .07 -.25** -.28** -.03 -.20** .63** -.31** - 

Note. Reported coefficients are product-moment correlations based on manifest scale scores; *p < .05; **p < .01; ***p < .001. 

 

 

Studies showing the frequencies of students’ reported over- or underchallenge
are scarce. Hence, the analyses of frequencies of perceived challenge seem to be
of special importance: These analyses (see Figure 11) revealed that 10.7% of stu-
dents felt overchallenged in German, 30.4% in French, and 42.4% in mathematics
classes. Conversely, 18.9% of students felt underchallenged in German classes,
10.0% in French, and 7.6% in mathematics classes. As such, a relatively high
proportion of students, especially in the domain of mathematics, reported being
overchallenged. For German, the proportion of optimally challenged students
was the highest (64.0%) compared to 52.6% of optimally challenged students in
French and 44.1% in mathematics. Consequently, over 40% of students were not
optimally challenged in French and mathematics classes.
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Figure 2. Graphical depiction of students’ frequencies (in percent) of being overchallenged, 

perfectly challenged, or underchallenged in the domains of German, French, and 

mathematics.
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Figure 11. Graphical depiction of students’ frequencies (in percent) of being over-
challenged, perfectly challenged, or underchallenged in the domains of German, French,
and mathematics.

Mean scores for academic self-concepts were 3.25 (SD=.97) for German, 2.90
(SD=1.12) for French and 3.00 (SD=1.14) for mathematics, respectively, and for
academic boredom 2.76 (SD=1.17) in German, 2.86 (SD=1.10) in French classes,
and 2.53 (SD=1.50) in mathematics. To get a more precise picture of the data
concerning our hypotheses, we also examined means for academic self-concept and
boredom as crossed with students’ perceived challenge (see Table 4). The mean
scores for academic self-concept in German for students who felt overchallenged
were 2.31 (SD=0.77) and 3.77 (SD=0.88) for the ones who felt underchallenged.
In French classes overchallenged students reported a mean of 1.97 (SD=0.70)
and underchallenged students a mean of 3.93 (SD=0.94) in French classes. In
mathematics classes the mean academic self-concept was 2.30 (SD=0.87) for the
overchallenged students and 4.29 (SD=0.77) for the underchallenged ones. Across
academic domains, means for students who reported being overchallenged were
significantly different from the means for those who felt underchallenged (Ger-
man: t(194) = 11.71, p < .001; French: t(263) = 15.41, p < .001; mathematics:
t(325) = 5.19, p < .001). The mean scores of the reported boredom in German
for students who reported being overchallenged were 3.35 (SD=1.15) and 3.38
(SD=1.18) for the underchallenged ones; overchallenged students in French re-
ported a mean trait boredom of 3.26 (SD=1.11) and underchallenged a mean of
3.38 (SD=1.03); for mathematics the means were 2.85 (SD=1.09) for the over-
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challenged and 2.82 (SD=1.11) for the underchallenged students. There were no
statistically significant differences in boredom experiences for over- and under-
challenged students in any of the three academic domains (German: t(174) =
-0.23, p < n.s.; French: t(237) = 0.71, p < n.s.; mathematics: t(288) = 0.13,
p < n.s.). Descriptive statistics for the career aspirations revealed the mean
scores of 3.43 (SD=0.82) for the German-specific items, 2.83 (SD=0.99) for the
French-specific items, and 2.99 (SD=1.14) for the mathematics-related items.

Table 4. Descriptive statistics of key study variables separated by subjects and being
overchallenged, underchallenged, or perfectly challenged

 

  

 German  French  Mathematics 

 Ov  Un  Perf  Ov  Un  Perf  Ov  Un  Perf 

Measure M SD  M SD  M SD  M SD  M SD  M SD  M SD  M SD  M SD 

SC 2.31 0.77  3.77 0.88  3.26 0.91  1.97 0.70  3.93 0.94  3.24 0.97  2.30 0.87  4.29 0.77  3.48 0.95 

BO 3.35 1.15  3.38 1.18  2.55 1.07  3.26 1.11  3.38 1.03  2.60 1.01  2.85 1.09  2.82 1.11  2.26 0.87 

CA 2.67 0.84  3.72 0.80  3.46 0.77  2.14 0.85  3.58 0.78  3.07 0.87  2.52 1.04  3.97 0.80  3.30 1.06 

Note. SC = academic self-concept; BO = academic trait boredom; CA = career aspirations; Ov = overchallenged; Un = underchallenged; 

Perf = perfectly challenged; means and standard deviations were based on manifest variables. 

 

SEM: Interrelations of Domain-Specific Challenge, Aca-
demic Self-Concept, Trait Boredom, and Career Aspira-
tions

To test the proposed hypotheses, we looked at three different structural equation
models for the domains of German, French, and mathematics (see Figure 12 to
14). The proposed models fitted the data well and the explained variance for the
outcome variable of career aspirations was relatively high in all academic domains
(CFIGerman = .985, TLIGerman = .978, RMSEAGerman = .041, R2

German = .49;
CFIFrench = .981, TLIFrench = .971, RMSEAFrench = .058, R2

French = .54; CFIMath

= .975, TLIMath = .962, RMSEAMath = .067, R2
Math = .46; see also Table 5).

All reported regression effects were standardized unless indicated otherwise and
all effects have to be interpreted as dependent on all other variables included in
the models. For an overview of all relations of the final models, as well as direct,
indirect, and total effects and the respective regression coefficients see Table 6.6

6We additionally estimated all models without building parcels, as there is an ongoing debate
about the advantages and disadvantages of item parcels (e.g., Little et al., 2013; Marsh, Lüdtke,
Nagengast, Morin, & Von Davier, 2013). Comparing the models and effects of both procedures,
the pattern of results as well as the respective coefficients remained stable in all models.
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Table 5. Fit indices and explained variance of proposed models separated by subjects
Table 4 

Fit indices and explained variance of proposed models separated by subjects 

      Fit indices         R²   

      Chi² (df) CFI TLI RMSEA  CA SC BO 

German  59.8 (29) .985 .978 .041  .491 .191 .157 

French  88.6 (29) .981 .971 .058  .540 .423 .138 

Mathematics 109.5 (29) .975 .962 .067  .462 .418 .141 

Note. n German = 619; n French = 615; n Math = 623; SC = academic self-concept; BO = academic trait boredom; CA = career aspirations. 

 

Career 
Aspirations

Self-concept
-.338***
.223***

Boredom

.643***

.290***

.328***
- .094*          

- .085

.038

Overchallenged
Underchallenged

bindirect Ov SC = -.217*** , bindirect Un SC = .143***
bindirect Ov BO = -.027† , bindirect Un BO = -.031*

R² career aspirations =  .491

Figure 3. Standardized regression coefficients and R² of the structural equation model in German.Figure 12. Standardized regression coefficients and R2 of the structural equation
model in German.

Hypotheses 1 (a-d) – Effects of being over- and underchallenged on
academic self-concept, of academic self-concept on career aspirations,
and indirect effect via academic self-concept

Our results revealed that being overchallenged significantly reduced students’
academic self-concept, as compared to the reference category of being optimally
challenged, in all three investigated academic domains (βGerman = -.34, p < .001;
βFrench = -.58, p < .001; βMath = -.56, p < .001).7 This result supports Hypoth-
esis 1a. When it comes to Hypothesis 1b, analyses showed the opposite effect,
with students’ who felt underchallenged reporting higher academic self-concepts
(βGerman = .22, p < .001; βFrench = .19, p < .001; βMath = .20, p < .001) com-
pared to their optimally challenged counterparts. Furthermore, as proposed in

7Due to the specific way, in which we operationalized challenge, all effects of students’ being
over- or underchallenged in this and the following section have to be interpreted in comparison
to the optimally challenged reference group.
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Career 
Aspirations

Self-concept
- .579***

.188***

Boredom

.564***

.343***

.248***
-.298***          

- .038

.130***

Overchallenged
Underchallenged

bindirect Ov SC  = -.326*** , bindirect Un SC = .106***
bindirect Ov BO = -.102*** , bindirect Un BO = -.074***

R² career aspirations = .540

Figure 4. Standardized regression coefficients and R² of the structural equation model in French.Figure 13. Standardized regression coefficients and R2 of the structural equation
model in French.

Career 
Aspirations

Self-concept
- .562***

.203***

Boredom

.615***

.370***

.215***
-.240***

.068

.089*

Overchallenged
Underchallenged

bindirect Ov SC = -.346*** , bindirect Un SC = .125***
bindirect Ov BO = -.089*** , bindirect Un BO = -.052**

R² career aspirations = .462

Figure 5. Standardized regression coefficients and R² of the structural equation model in mathematics.Figure 14. Standardized regression coefficients and R2 of the structural equation
model in mathematics.

Hypothesis 1c, the effects of academic self-concept on career aspirations were
positive for all academic domains (βGerman = .64, p < .001; βFrench = .56, p <
.001; βMath = .62, p < .001). Analyses also showed a negative indirect effect of
being overchallenged on career aspirations via academic self-concept for German
(βindirect = -.22, p < .001), whereas the indirect effect of being underchallenged
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on career aspirations mediated by academic self-concept was positive (βindirect =
.14, p < .001). The same result pattern was revealed for French (being over-
challenged: βindirect = -.33, p < .001; being underchallenged: βindirect = .11, p <
.001) and mathematics (being overchallenged: βindirect = -.35, p < .001; being
underchallenged: βindirect = .13, p < .001). Additionally, the direct effects of
being overchallenged were non-significant in all three domains, whereas for being
underchallenged there were significant direct effects in French (βdirect = .13, p <
.001) and mathematics (βdirect = .09, p < .05), but not in German (βdirect = .04,
p = .447).

Hypothesis 2 (a-d) – Effects of being over- and underchallenged on
academic trait boredom, of boredom on career aspirations, and indirect
effect via boredom

The mediation models revealed significant positive effects of being overchallenged
on academic trait boredom (βGerman = .29, p < .001; βFrench = .34, p < .001; βMath

= .37, p < .001) as well as significant positive effects of being underchallenged
on boredom (βGerman = .33, p < .001; βFrench = .25, p < .001; βMath = .22, p
< .001) in all three academic domains, thus supporting Hypothesis 2a and 2b.
Examining the effects of boredom on domain-specific career aspirations we could
show negative effects in German (βGerman = -.09, p < .05), in French (βFrench =
-.30, p < .001) and mathematics classes (βMath = -.24, p < .001), supporting
Hypothesis 2c. To test Hypothesis 2c and the mediating effect of boredom on
career aspirations we considered the indirect effects of being over- and underchal-
lenged on career aspirations via domain-specific boredom. For all three academic
domains, the resulting pattern showed negative indirect effects for the students
being overchallenged with the effect in German being non-significant (German:
βindirect = -.03, p = .051; French: βindirect = -.10, p < .001; mathematics: βindirect

= -.09, p < .001). For the students who reported feeling underchallenged this in-
direct effects were also negative in all three academic domains (German: βindirect

= -.03, p < .05; French: βindirect = -.07, p < .001; mathematics: βindirect = -.05,
p < .01). Results additionally revealed negative total effects of overchallenge on
students’ career aspirations in all three domains (German: βtotal = -.33, p < .001;
French: βtotal = -.47, p < .001; mathematics: βtotal = -.37, p < .001), whereas
the total effects of underchallenge on students’ career aspirations were positive,
again, in all three domains (German: βtotal = .15, p < .01; French: βtotal = .16,
p < .001; mathematics: βtotal = .16, p < .001).
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Discussion

Focusing on students’ different achievement levels and dealing with heteroge-
neous classrooms represents a central issue that teachers and school systems are
confronted with (Gröhlich et al., 2009). Our study focused on students’ being
over- or underchallenged as an aspect of heterogeneity, specifically considering
influences on students’ career aspirations. Thereby, we examined two key moti-
vational and emotional variables – academic self-concept and boredom – mediat-
ing this important effect. As such, we investigated the complex interrelations of
domain-specific challenge, academic self-concept, and boredom, and considered
mechanisms through which these variables, alone and in constellation, may pre-
dict students’ career aspirations. The proposed relations were studied in three
different school domains, namely, German, French, and mathematics to enhance
the generalizability and validity of the results. Furthermore, students’ career aspi-
rations were assessed two weeks after the assessment of domain-specific challenge,
academic self-concept, and academic trait boredom to reduce possible response
biases on these aspirations due to the data collection beforehand.

Across the three school domains, the results of our study were consistent,
with a relatively high proportion of students reporting feelings of non-adequate
challenge. This high proportion of non-adequately challenged students seems to
be of special relevance not only for our study but also to student engagement and
achievement at school in general (Alexander, Entwisle, & Horsey, 1997; Fredricks,
Blumenfeld, & Paris, 2004; Strati et al., 2017). We could show that the highest
reported frequency of overchallenge arose in the domain of mathematics (42.4%),
and we found the highest reported level of underchallenge in the domain of Ger-
man (18.9%). Consequently, in our study more students reported feelings of
overchallenge compared to underchallenge, especially in the domain of mathe-
matics, which is generally experienced as a relatively difficult domain (Haag &
Goetz, 2012). This very high frequency of overchallenged students, especially in
mathematics, is somehow alarming as we could additionally show the negative
consequences on students’ academic self-concept and their boredom experiences.
In line with these frequencies, we found that academic boredom was prevalent
among the underchallenged students in German (M =3.38, SD=1.18) and French
(M =3.38, SD=1.03) classes, whereas the level of boredom experiences for the
overchallenged students in mathematics was relatively low (M =2.82, SD=1.09).

The effects of being underchallenged were shown to be more complex: Whereas
the indirect effect of perceived underchallenge on career aspirations via academic
self-concept (accounting for academic trait boredom) was a positive one, the
indirect effect on career aspirations via boredom (accounting for academic self-
concept) was negative. That is, underchallenged students had a higher academic
self-concept, which may have resulted in an increased intention to start a career in
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a related field. On the other hand, these underchallenged students reported more
academic boredom, which reduced their intention to make occupational choices
in corresponding domains. Thus, the influence of boredom significantly reduced
career aspirations for the underchallenged students, although the total effect of
students’ perceived underchallenge was still slightly positive due to the strong
influence of students’ academic self-concepts. It appears that academic trait
boredom has a crucial additional effect on students’ career aspirations, which, in
the case of the underchallenged students, runs contrary to the effect of academic
self-concept. As such, this influence may be of special importance for gifted stu-
dents as they probably feel underchallenged more frequently (e.g., Rogers, 2007)
and their resulting boredom experiences due to being underchallenged are higher
in frequency and intensity than those due to being overchallenged (Preckel et al.,
2010). These students are not able to optimally utilize their cognitive resources,
and as a result experience negative emotional experiences that often go unnoticed
(Preckel et al., 2010). Despite the fact that underchallenge may result in a higher
academic self-concept, gifted students may not go into specific occupational fields
driven by avoidance motivation and in an attempt to avoid feeling perpetually
bored (e.g., Atkinson, 1957; Covington & Beery, 1976; Elliot, 1999; Goetz & Hall,
2014; Pekrun et al., 2010).

In addition to revealing evidence that supported our main hypotheses, our
findings demonstrated a substantial direct link between being underchallenged
and students’ respective career aspirations in the domains of French and mathe-
matics, even after taking academic self-concept and boredom into account. These
results suggest that there could be additional moderating or mediating variables
explaining the positive relation between students’ reported underchallenge and
their career aspirations. For example, motive strength (Gollwitzer, 1990) could
moderate the link between being underchallenged and career aspirations inde-
pendently from one’s academic self-concept and the feeling of being bored in the
respective field (Braver et al., 2014). Additionally, achievement goals may ex-
plain the link between the level of challenge and career aspirations. Students
who report feeling underchallenged and who have performance-approach goal
orientation may have a strong aspiration to go into related fields, whereas under-
challenged students who have a strong mastery-approach orientation may prefer
more challenging career paths (Elliot, 2005; Pekrun et al., 2009). Furthermore,
these different goal structures could influence the perception of challenge itself
(Darnon, Butera, Mugny, Quiamzade, & Hulleman, 2009; Tanaka & Murayama,
2014). As a result, it seems worthwhile to examine these additional moderators
in future studies. At the same time, due to the fact that French and mathematics
are generally experienced as very difficult school domains (Graham, 2002; Haag
& Götz, 2012), it also seems plausible that there remains, in fact, a direct effect
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of being underchallenged on career aspirations related to French and mathemat-
ics. A career in a relatively difficult, but highly prestigious field – especially in
a math-related domain – could be considered as desirable for cognitively under-
challenged students independently from their level of domain-specific academic
self-concept and their general tendencies to feel bored in the respective domain.

Our study demonstrated the critical effect of students’ being over- and under-
challenged on their respective career aspirations, and examined motivational and
affective variables that may mediate these contingencies. Feeling overchallenged
in a specific domain produced a negative effect on students’ career aspirations
via academic self-concept, and the tendency to feel bored due to overchallenge
strengthened this negative indirect link. The effect of being underchallenged is
important also as it lowers students’ career aspirations due to the detrimental
effect of perpetual boredom – despite its positive effects on students’ academic
self-concept. In sum, the experience of perpetual boredom in school settings plays
an important role for students’ career aspirations in both groups of students’ –
the under- and the overchallenged ones. This is an important result as, quite
sadly, boredom is one of the most frequently experienced emotions in academic
settings (Goetz & Hall, 2014).

Limitations of the Study, Implications, and Fu-

ture Directions

In our study, domain-specific challenge was measured by a single item indexing
students’ perceived difficulty in German, French, and mathematics classes and
being over- and underchallenged, in turn, was operationalized with two dummy-
coded items. Although this approach has been proven effective in past research
(e.g., Cohen, 1968; Hardy & Reynolds, 2009), such operationalization is limited.
Specifically, this manifest approach includes score unreliability, and the respective
measurement errors are not explicitly represented (Kline, 2011). Hence, future
studies should assess domain specific challenge in a more elaborate way. First of
all, a full scale with several indicators should be included to enable separation of
the true score and the error variance and thus, probably improving the reliability
of the measure. Second, assessments should include measures of students’ actual
and perceived cognitive capabilities as well as their perceived and actual task
difficulty. This way, a comparison of subjective as well as objective measures and
the investigation of their respective benefit as predictors for motivational and
other constructs would be possible. Due to the fact that the latter approach may
prove difficult to utilize in a classroom, including more items to gauge students’
perceptions of challenge would be a more straightforward solution.
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We assessed all of the study variables via a questionnaire-based trait assess-
ment asking students about their general evaluation of domain-specific challenge,
academic self-concept, and academic boredom experiences. Future studies could
include state assessments – as momentary in-situation measurements – to get
information of the actual situational condition of the subjects, for example, via
experience sampling methods (e.g., Bieg et al., 2014; Larson & Csikszentmihalyi,
1983; Trull & Ebner-Priemer, 2009). In particular, research focusing simultane-
ously on students’ cognitive capabilities, their momentary state of challenge as
well as their perceived task difficulty would be a boon to all researchers and educa-
tors alike. Furthermore, due to the fact that emotions could also differ on a more
situational level (e.g., Buehler & McFarland, 2001) and boredom as a construct
is often viewed as a transient state (e.g., Eastwood et al., 2012), future studies
would benefit from situational state assessments of boredom. These assessments
should more closely reflect the actual momentary emotional experiences (e.g.,
Eid, Schneider, & Schwenkmezger, 1999) in comparison to the investigation of
general, habitual trait-assessments of emotions, influenced by subjective beliefs
(e.g., Robinson & Clore, 2002a).

The proposed relations of challenge, academic self-concept, academic trait
boredom, and career aspirations were tested with one sample of Swiss high school
students from the eleventh grade. As such, the results are not generalizable to
younger students and across different countries. The effects have to be tested
in additional studies with samples differing in age and with samples from other
countries. Nevertheless, we could show stable correlations across three different
school domains indicating a relatively stable pattern of results. One notable
exception was the missing indirect effect via boredom in German classes, which
could be explained by the relatively weak effect of boredom on students’ career
aspirations in this domain. Studies with different age groups but in German-
speaking countries are needed to further investigate this effect in German classes.

Additionally, our hypotheses were tested with a cross-sectional data set that
does not allow for causal interpretations of the proposed relationships. Hence,
a sufficient testing of the proposed mediation was not possible. However, we
assessed students’ career aspirations two weeks after the assessment of domain-
specific challenge, academic trait boredom, and academic self-concept, and thus
can very cautiously speculate about the level of challenge, academic self-concept,
and boredom influencing student career aspirations (Acee et al., 2010; Durik
et al., 2006; Schunk & Pajares, 2005; Wigfield et al., 2002). Future research
may investigate complex interrelations of domain-specific challenge, academic
self-concept, boredom, and career aspirations with longitudinal data, which will
allow for directional conclusions. This way, investigating long-term influences of
students’ perceived challenge on their future career choice could also be possible.
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Students’ perceived degree of challenge, academic self-concept, and emotional
experiences are – at least to a certain degree – malleable. Intervention studies
aiming at enhancing students’ self-concepts already exist (for an overview see
O’Mara et al., 2006), but programs reducing students’ boredom experiences in
classroom settings are still lacking and are urgently needed. Our study revealed a
negative influence of domain-specific boredom experiences in school on students’
career aspirations. Hence, it is safe to speculate that there could also be a neg-
ative influence of academic boredom on students’ future career choice (Bandura,
Barbaranelli, Caprara, & Pastorelli, 2001). Teaching students how to cope ef-
fectively with their boredom experiences (Nett et al., 2010) to circumvent the
negative consequences of this emotion would be of great practical significance.
Additionally, intervention studies informing students about differences regarding
task demands in school domains or academic domains in general versus task de-
mands in later occupations could be of use. This kind of intervention could be
of special importance for gifted students experiencing a high level of boredom at
school in specific domains. These students should be advised that experiences of
boredom, for example, in French classes does not mean that all occupations that
require French language competencies would be equally boring.

Finally, in a classically structured teacher-oriented instructional setting, the
perfect fit between the difficulty level of a learning task and every student’s ability
level would be virtually impossible to attain (Goetz & Hall, 2014). This is proba-
bly one of the reasons why boredom in the classroom is one of the most frequently
experienced emotions in an academic setting, occurring across different ages, sub-
jects, and countries (e.g., Csikszentmihalyi & Larson, 1984; Goetz & Hall, 2014;
Larson & Richards, 1991). To overcome this problem, more adaptive classroom
environments that allow students to modify tasks depending on their actual and
perceived ability levels along with more self-regulated learning approaches should
be devised. Fostering open classroom environments through the application of
didactic concepts shaped by a more constructivist view on learning along with a
more consistent integration of flexible e-learning elements could prevent negative
influences of non-adequate challenges for students who feel frequently under- or
overchallenged. This, in turn, will help with adequate development of students’
career aspirations (e.g., Green & Gredler, 2002; Huang, 2002). After all, career
aspirations and subsequent career choice play a crucial role not only from purely
educational, but also from an economical perspective. Our study suggests that
heterogeneity aspects in the classroom could have an important influence on such
aspirations via students’ academic self-concepts and their experience of academic
boredom.
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Table 6. Total, direct, and indirect effects of proposed models separated by subjects

 

Table 5  

Total, direct, and indirect effects of proposed models separated by subjects 

    Subject    

 German French Mathematics  

Overchallenged    
 

Total CA on Ov -.33*** (.04) -.47*** (.03) -.37*** (.04)  

Total Indirect CA on Ov -.25*** (.04) -.43*** (.03) -.44*** (.04)  

Indirect CA on Ov via SC -.22*** (.03) -.33*** (.02) -.35*** (.04)  

Indirect CA on Ov via BO -.03      (.01) -.10*** (.02) -.09*** (.02)  

Direct SC on Ov -.34*** (.04) -.58*** (.03) -.56*** (.04)  

Direct BO on Ov .29*** (.05) .34*** (.05) .37*** (.05)  

Direct CA on Ov -.09    (.05) -.04    (.04) .07    (.04)  

Underchallenged     

Total CA on Un .15**   (.05) .16*** (.04) .16*** (.04)  

Total Indirect CA on Un .11*** (.03) .03    (.03) .07**   (.03)  

Indirect CA on Un via SC .14*** (.03) .11*** (.03) .13*** (.02)  

Indirect CA on Un via BO -.03*     (.02) -.07*** (.02) -.05**   (.02)  

Direct SC on Un .22*** (.04) .19*** (.04) .20*** (.03)  

Direct BO on Un .33*** (.06) .25*** (.05) .22*** (.05)  

Direct CA on Un .04    (.05) .13*** (.04) .09*     (.04)  

Self-concept     

Direct CA on SC .64*** (.04) .56*** (.04) .62*** (.04)  

Boredom     

Direct CA on BO -.09*     (.05) -.30*** (.05) -.24*** (.05)  

Note. n German = 619; n French = 615; n Mathematics = 623; all regression coefficients are standardized; 

Ov = overchallenged; Un = underchallenged; SC = academic self-concept; BO = academic trait 

boredom; CA = career aspirations; standard errors of measurement are displayed in brackets 

*p < .05; **p < .01; ***p < .001. 
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Abstract

In this study, we aimed at examining the boredom-creativity link by
including students’ level of over- and underchallenge. Based on the
meaning and attentional components (MAC) model of Westgate and
Wilson (2018) and Sweller’s (1988) Cognitive Load Theory (CLT) we
proposed negative effects of students’ boredom in combination with
being overchallenged on creativity, whereas boredom in combination
with being underchallenged might enhance creativity. We examined
this hypothesis in mathematics classes in a sample of N =119 German
high-school students (M age=13.86, grade 8). Students’ boredom and
their level of challenge were assessed in mathematics, together with
three mathematics-related creativity tasks. A random slope approach
to interaction modeling in Mplus was used to investigate interaction
effects of boredom and overchallenge and boredom and underchal-
lenge. Results revealed significant interaction effects in the postulated
directions and no conditional effects neither of boredom nor of over-
or underchallenge on the first creativity task. Hence, higher levels
of boredom combined with higher underchallenge was related to in-
creased mathematical creativity, whereas higher boredom combined
with higher overchallenge reduced creativity on the first task, but
not on task two and three. Potential reasons for differential findings,
along with practical and theoretical implications are discussed.
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Introduction

Boredom is one of the most frequently reported emotions in the classroom with
numerous detrimental effects on learning and achievement (e.g., Pekrun et al.,
2010). However, theoretical considerations exist that view boredom as being
positively related to performance in creative tasks due to students’ attempts to
seek stimulation in boring situations (e.g., Elpidorou, 2014). Empirical evidence
for the positive link between boredom and creativity is contradictory, with some
results supporting a positive connection (Gasper & Middlewood, 2014; Mann &
Cadman, 2014; Schubert, 1977, 1978), whereas others (Haager et al., 2016; Larson,
1990) rejecting this link or even supporting negative correlations between the two
constructs.

We aim at contributing to this research by focusing not only on boredom, but
on boredom in combination with either over- or underchallenge and performance
on creative tasks as being over- and underchallenged can be assumed to play a
pivotal role for the boredom-creativity link. We thereby investigate creativity
and boredom in the context of mathematics classrooms. In mathematics classes,
students frequently experience boredom (e.g., Pekrun et al., 2002a) which is char-
acterized by an aversive experience of “dissatisfaction with the available stimuli”
(Fenichel, 1951, p. 349) provided by the environment. Thus, bored students may
want to engage in satisfying tasks but do not have the ability to do so (Eastwood
et al., 2012). This dissatisfaction during mathematics classes occurs either in case
of cognitively very demanding or cognitively very undemanding situations (i.e.,
over- or underchallenge; Acee et al., 2010; Fenichel, 1951) with presumably differ-
ent consequences on performance on mathematical creativity tasks (van Tilburg
& Igou, 2012). The underlying mechanisms may vary. When bored and under-
challenged during mathematics classes, students seek cognitive stimulation by
combining different thoughts related to the task or thinking outside the box.
On the other hand, when bored and overchallenged, students escape in less de-
manding thoughts being unrelated to mathematics, and cognitive resources to
set one’s attentional focus back to the mathematical creativity tasks are lack-
ing (Westgate & Wilson, 2018). Thus, boredom in the domain of mathematics
might set the stage for new creative thoughts by broadening one’s attentional
focus (Kasof, 1997; van Tilburg & Igou, 2012), but only if there are cognitive
resources available (Kahneman, 1973; Sweller et al., 1998). Hence, boredom may
evoke creativity in underchallenging, but not in overchallenging situations. To
our knowledge, this is the first study looking at boredom-creativity contingencies
while taking into account students’ level of challenge.
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Boredom at School

Boredom at school is an achievement emotion (Pekrun, 2006) that comprises a
unique combination of affective (experienced as negative and aversive), cognitive
(dilatation of time), motivational (desire to escape from or modify the situation),
physiological (mostly reduced arousal), and expressive components (Fisher, 1993;
Harris, 2000; Mikulas & Vodanovich, 1993; Scherer, 2000b; Vodanovich & Watt,
2016). Attentional theories state that boredom is closely linked to attentional
difficulties (e.g., Danckert et al., 2018; Eastwood et al., 2012) and occurs in sit-
uations of a mismatch between cognitive demands or environmental stimulation
and available mental resources, that is, student over- and underchallenge (Car-
riere et al., 2008; Danckert & Merrifield, 2016; Daschmann et al., 2011; Eastwood
et al., 2012; Westgate & Wilson, 2018).

In a school context, studies have shown that boredom is domain-specific
(Goetz et al., 2006) and one of the most frequently experienced emotion over-
all, being particularly high in mathematics classes (Goetz et al., 2014; Pekrun,
Goetz, Titz, & Perry, 2002b). Boredom has negative consequences on numerous
outcomes such as achievement, stress, and higher drop-out rates (for an overview
see Goetz et al., 2019), but theoretical considerations lead to the assumption that
boredom might also be connected to stimulation seeking and enhanced creativity
under specific circumstances (Brissett & Snow, 1993; Toohey, 2011; Vodanovich,
2003).

Mathematical Creativity

Creativity is a complex construct that has a plethora of definitions (e.g., Collard
& Looney, 2014; Davis, 2009; Isen, 1999; Kozbelt, Beghetto, & Runco, 2010).
The core element of all these definitions is generation of new ideas (Amabile,
1996; Davis, 2009; Runco & Chand, 1995). Thereby, the creative problem-solving
process includes three different aspects: fluency in the production of ideas, orig-
inality and uniqueness of these ideas, as well as flexibility in this idea generation
(Davis, 2009; Leikin & Lev, 2013; Runco & Acar, 2012, see also the definition of
mathematical creativity of Livne, 1999 and Wagner & Zimmermann, 1987).

Mathematical creativity can be considered as a domain-specific concept (e.g.,
Haylock, 1987; Kattou, Christou, & Pitta-Pantazi, 2015; Lee, Hwang, & Seo,
2003; Silver, 1997), which lies in the heart of advanced mathematics and is there-
fore a very important ability (e.g., Bennevall, 2016; Sriraman, 2009). In a broad
sense, mathematical creativity is defined as the ability of divergent and origi-
nal thinking in the field of mathematics (e.g., perceiving original patterns and
relationships; Wagner & Zimmermann, 1986). More specifically, mathematical
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creativity is defined as the individuals’ specific ability to generate mathematics-
related ideas, solutions or insights that are both new and original and effective
(Kaufman, 2009; Runco & Jaeger, 2012, for the original conceptualization see
Barron, 1955; Stein, 1953). The latter aspect refers to the worthiness, appro-
priateness, and the inherent value for problem-solving and is frequently ignored
when intuitively thinking about mathematical creativity.

Links between Boredom and Creativity

Theoretical considerations and empirical results regarding the connection be-
tween boredom and creativity are ambiguous. Theoretically, positive effects of
boredom on performance on creative tasks are postulated in the literature (e.g.,
Csikszentmihalyi, 1975/2000; Elpidorou, 2014; Schubert, 1977, 1978; Vodanovich,
2003). This assumption is primarily based on the fact that in boring situations
a shift of attention from the current situation to new stimuli may take place,
accompanied by one’s search for meaning (Eastwood et al., 2012; van Tilburg &
Igou, 2012; Vodanovich, 2003). In the absence of external stimuli, attention is
focused on internal processes and thoughts (Mann & Cadman, 2014), thus gen-
erating new ideas (e.g., Belton & Priyadharshini, 2007; Sio & Ormerod, 2009).
Empirical results of an experimental study by Mann and Cadman (2014) showed
that subjects who were induced to be bored during a writing task produced a
higher number of creative solutions in the subsequent divergent problem-solving
task. In addition to this result, Gasper and Middlewood (2014) showed posi-
tive correlations of experimentally induced boredom with associative thoughts in
three experiments that used different instruments to measure individuals’ ability
to produce associative and novel thoughts.

Contrasting these results, other research provided initial evidence demonstrat-
ing that boredom at school is a clearly negative, aversive emotion (e.g., Pekrun
et al., 2010) and therefore should not be positively related to enhanced creativity.
This is in line with the broaden-and-build theory of positive emotions (Fredrick-
son, 2001; Fredrickson & Branigan, 2005) supporting the superiority of positive
emotions compared to negative emotions such as boredom when it comes to
the production of creative responses (e.g., Grawitch, Munz, Elliott, & Mathis,
2003; Hirt, Devers, & McCrea, 2008; for a meta-analysis see Baas, De Dreu, &
Nijstad, 2008). Consistent with these results, Larson (1990) assessed students’
self-perceived boredom during an essay-writing task and found negative relations
of boredom with the originality of and overall performance on the writing task.
Additionally, Haager, Kuhbandner, and Pekrun (2016) investigated relations be-
tween boredom and performance on several consecutive semantic generation tasks
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revealing a clearly negative relation between boredom and the fluency of creative
task performance when accounting for task practice.

Summarizing theoretical and empirical findings when it comes to links be-
tween boredom and creativity the results are inconsistent and often contradic-
tory. We suggest to have a closer look at boredom in mathematics in combination
with either over- or underchallenge: Both have been shown to be closely inter-
twined with boredom, and it is safe to assume that the resulting boredom will
differentially relate to performance on mathematical creativity tasks.

Underchallenged students have cognitive resources at one’s disposal and these
resources can be considered as a necessary, but not sufficient prerequisite of the
production of creative thoughts (Groborz & Necka, 2003; Zabelina & Robinson,
2010). Importantly, cognitive resources alone can be used in various way, but in
combination with boredom, might result in an active increase in broadened atten-
tion and individuals’ search for cognitive stimulation through creative thoughts
(e.g., Bench & Lench, 2013; Fredrickson, 2001; Rowe et al., 2007). In this case,
the motivational consequence of boredom results in the attempt to re-engage
into the momentary situation for example by combining different task-related
thoughts (e.g., Carriere et al., 2008; Eastwood et al., 2012; Nett et al., 2010).
On the other hand, when students are overchallenged, cognitive resources are
depleted and motivational consequence of boredom can be a complete cognitive
drift-off to less stimulating cognitively undemanding thoughts without the possi-
bility to re-engage and set the attentional focus back to the task (e.g., Kahneman,
1973; Mann & Cadman, 2014; Smallwood & Schooler, 2006). Hence, boredom is
connected to attentional problems and it prompts students to re-engage with the
actual task, but this reengagement in case of being overchallenged fails due to
lacking cognitive resources (Carriere et al., 2008; Sweller, 1988). Importantly, the
undemanding thoughts themselves (e.g., thinking about what one could eat for
lunch) in case of being overchallenged are not useful for enhancing performance
on the mathematical creativity tasks, as new creative thoughts have to be, by
definition, not only original, but also effective (for a detailed discussion of this
two-fold aspect of creativity see Runco & Jaeger, 2012). In sum, the combination
of boredom and overchallenge might result in negative effects on performance on
mathematical creativity tasks and the opposite pattern may be true for combined
boredom and underchallenge.

This is in line with the meaning and attentional components (MAC) model of
boredom from Westgate and Wilson (2018), which shows that overstimulation in
combination with boredom leads to individuals’ attempts to decrease demands,
and understimulation, combined with boredom may result in an intended increase
in demands. Similarly, the cognitive load theory (CLT; Sweller, 1988) further
supports this assumption. Under the condition of overchallenge task demands
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impose a very high working memory load, with the opposite being the case when
students feel underchallenged (Sweller, 1988; Sweller et al., 1998). It therefore
seems plausible that bored students experiencing a mental overload in mathemat-
ics classes should have fewer resources to work on mathematical creativity tasks.
On the other hand, when underchallenged in mathematics classes, students will
have enough cognitive resources left to utilize toward finding creative solutions to
mathematical problems. Importantly, underchallenged students do not necessar-
ily make use of these concomitant cognitive resources, but the combination with
boredom induces the search for meaningfulness and a state of equilibrium through
additional cognitive stimulation by a broadened way of thinking. Therefore, un-
derchallenge combined with boredom might enhance cognitive associative and
creative thoughts (Csikszentmihalyi, 2014; Eastwood et al., 2012; Kasof, 1997;
Mikulas & Vodanovich, 1993; Westgate & Wilson, 2018).

Summarizing these theoretical contentions, we suggest differential effects of
boredom in mathematics on mathematical creativity when being combined with
over- or underchallenge due to different cognitive load, which has been ignored so
far. Our study attempted to fill this gap and examined links among boredom and
creativity in mathematics classes of students being over- and underchallenged.

The Present Study and Hypotheses

The current study investigated students’ boredom in mathematics classes as well
as performance on mathematical creativity tasks. We attempted to reconcile ex-
isting inconsistent findings by including students’ challenge – a variable that is
closely and differentially related to students’ boredom. Primarily based on West-
gate and Wilson’s (2018) MAC-model of boredom together with Sweller’s (1988)
Cognitive Load Theory, we hypothesized that a higher level of mathematics-
related boredom in combination with a higher level of overchallenge is negatively
connected to performance on mathematical creativity tasks, whereas boredom
in combination with a higher level of underchallenge is positively connected to
performance on mathematical creativity tasks.

Method

Sample and Procedure

The sample consisted of N =119 German students from six different classes and
three schools. Students were in eighth grade, had a mean age of M =13.86 years
(SD=.55) and attended the highest track of the German school system (i.e.,
Gymnasium; over 40% of the total student cohort in Germany attend this track;
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Federal Statistical Office, 2018). 42% of the students were female and 88.2%
reported their nationality as being German. All of the students participated in
the study on a voluntary and confidential basis. Boredom in mathematics and
over- and underchallenge together with mathematical creativity and demographic
data were assessed during a mathematics class via a standardized questionnaire
and students were asked to complete three mathematical creativity tasks. At
the beginning of the mathematics class, students first reported their grades in
mathematics. During mathematics classes students reported their momentary
boredom and challenge followed by further performance indicators together with
demographic data. At the very end of the class, three different mathematical
creativity tasks were presented to the participants. To avoid any influence of
the sequencing of the tasks, we rotated the order of presenting the tasks and the
students were randomly assigned to one of the six resulted testlets. The students
worked for 15 minutes on these tasks and completed all of them in an open-ended
format to enable them to freely produce every possible answer to the three given
problems.

Study Measures

Assessment of academic boredom

Boredom in mathematics was assessed with six items from the Achievement Emo-
tions Questionnaire (AEQ; Pekrun et al., 2011), covering the different components
of boredom (e.g., affective: “I think the mathematics class is boring”, motiva-
tional: “I’m so bored that I feel like leaving the classroom”, physiological: “I
feel restless cause I’m waiting for the mathematics class to end”, and cognitive:
“My mind repeatedly begins to wander”; Scherer, 2000b). Items were rated on a
five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Assessment of mathematics-related over- and underchallenge

Subject-specific over- and underchallenge was assessed with two items asking
how students perceived the demands of their mathematics classes on a five-point
Likert scale bounded by 1 (completely disagree) to 5 (completely agree; “I feel
underchallenged in mathematics classes” and “I feel overchallenged in mathe-
matics classes”, respectively). We furthermore assessed students’ grade on their
last mathematics exam on a scale bounded by 1 (the best possible grade in the
German school system) to 6 (the worst possible grade in the German school sys-
tem). Level of overchallenge was then represented by students’ self-perceived
overchallenge and their last grade with higher values indicating poorer perfor-
mance, hence, higher overchallenge. On the contrary, higher underchallenge was
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represented by students’ self-perceived underchallenge and again their last grade,
but in this case being recoded. This procedure was chosen, as first, numerous
studies showed self-assessments of challenge and ability as being highly prone to
biases, especially in the direction of overestimation of one’s performance (e.g.,
Ackerman & Wolman, 2007; Brown, 2012; Gonyea, 2005; Sedikides & Strube,
1997). As such, we did not want to solely rely our analyses on self-perceived
measures of challenge. Second, the assessment of grade alone was not sufficient
to gauge students’ level of underchallenge as a very good grade might also be an
indicator of optimal challenge.

Assessment of mathematical creativity

We included three different mathematics-related creativity tasks into our study
(see Figures A1-A3 of the Appendix). The tasks were adapted and translated
from Balka’s (1974) Creative Ability in Mathematics Test (CAMT), which is the
only instrument we found that included all three aspects of the creative process
(i.e., fluency, originality, and flexibility) and additionally extensively discussed
reliability and validity problems (Mann, 2005). All three tasks were open-ended
and had a reference to mathematics, but did not test for specific mathematical
knowledge (e.g., stochastic theory or linear functions/equation systems). In Task
1, the participating students had to list as many things as possible that could
happen when the number of sides of a polygon increases; in Task 2, they had
to produce ideas about geometrical shapes if they were to be drawn on curved
surfaces; and in Task 3, two hidden geometric figures had to be found by sug-
gesting as many problems as possible, which had to be solved in order to identify
these figures. Hence, all three tasks are in some way embedded into a geometry
context, but did not require specific geometric or other mathematical knowledge.

Scoring procedure of the mathematical creativity task. Before analyzing
our research question, we had to score the mathematical creativity measure. We
first coded the answers of the creativity tasks into the three aspects of fluency,
originality, and flexibility. For the fluency-aspect, we simply counted all cor-
rect given answers to get one fluency-score per person per task. When it comes
to the originality-aspect, only answers from different categories were counted,
which means that students giving answers on different categories received a higher
originality-score than students providing a lot of relevant answers, but all of them
coming from a single category. The different categories included here were, for ex-
ample, “Polygon acquires shape of a circle, rounded”, “Radius changes”, “Center
point appears”, or “Drawing altitude to triangle or figure increases, doubles num-
ber of shapes, triangles” (Balka, 1974, see also Figure A4 of the Appendix). For
the scoring of the flexibility-aspect, three weighting categories were used based
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on the respective sample. Zero was assigned for every category mentioned by
more than 5% of the students. A weight of one was assigned for every category
that 5 to 2% of the students mentioned, and the highest weight was assigned for
every category mentioned by less than 2% of the students. As such, the flexibil-
ity score was based on answers with a weight of one and two and a sum score
of all weighted answers was calculated for each student. The standardized score
of all three aspects was used to develop a latent mathematical creativity scale
measuring the overall performance per task consisting of an originality, fluency,
and flexibility score.

Data Analysis

Before the final analyses, the self-reported level of over- and underchallenge and
students’ grade on their mathematics exam as a more objective ability measure
were standardized to convert them to the same metric (e.g., Wen, Marsh, &
Hau, 2010). Students’ level of overchallenge was then assessed combining their
perceived level of overchallenge (ranging from no overchallenge to very strong
overchallenge) and their standardized grade score (ranging from a very low to a
very high score indicating a decreasing performance, hence, increasing overchal-
lenge). Students’ underchallenge, on the other hand, was assessed combining their
perceived level of underchallenge (ranging from no underchallenge to very strong
underchallenge) and their recoded standardized grade score (ranging from a very
high to a very low score indicating an increasing performance, hence, increasing
underchallenge).8

In terms of the creativity measure, we investigated the internal reliabilities
of the three categories, fluency, flexibility, and originality, separated by the three

8As described earlier, we assumed that students’ perceived measures of over- and underchal-
lenge can be biased. Descriptive data showed, for example, over 25% of students having scores
of overchallenge > 1 (at least some overchallenge) and grades on their last mathematics exam
of 1 (excellent) or 2 (good). Hence, we combined the perceived measures of challenge with a
more objective one – students’ grade on their last mathematics exam – to enhance validity of
the construct of over-, or underchallenge, respectively (Messick, 1980). However, this resulted
in two measures which to some degree relied on different underlying constructs and did not
meet the condition of essential tau-equivalence as a precondition of reliability measures such
as Cronbach’s alpha (Graham, 2006; Raykov, 2001; Trizano-Hermosilla & Alvarado, 2016). We
therefore tested the measurement model estimating a latent factor “level of overchallenge” by
the two variables of perceived overchallenge and grade. This model revealed a highly significant
factor loading of λOv=.68*** (when fixing the loading of grade to 1) justifying the combina-
tion of the two variables to build a construct “level of overchallenge”. Testing the measurement
model estimating a latent factor “level of underchallenge” by the two variables, perceived under-
challenge and grade, the model revealed a factor loading of λUn=.35* (when fixing the loading
of grade to 1). Thus, the factor loading of perceived underchallenge was satisfactory. Hence,
the combination of perceived underchallenge and the recoded grade was also legitimatized.
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tasks. In a second step, a confirmatory factor analysis was used to investigate
if the three tasks measured one construct, mathematical creativity, which would
make it possible to merge all three tasks investigating our main hypotheses.

Structural equation modeling (SEM) was conducted in Mplus 8.1 (Muthén
& Muthén, 1998-2017). As a first step, measurement models were constructed
estimating the latent constructs of students’ level of overchallenge in mathemat-
ics (combined perceived overchallenge and their grade on the last mathematics
exam), students’ level of underchallenge in mathematics (combined perceived un-
derchallenge and their recoded grade on the last mathematics exam), together
with students’ mathematics-related boredom (including all six manifest boredom
variables covering the four different components of boredom) and performance
on mathematical creativity in task one, two, and three (including the manifest
fluency, flexibility, and originality scores each). Finally, two structural models
were estimated via a random slope approach to interaction modeling (Muthén
& Asparouhov, 2003) with a full-information maximum likelihood estimation
procedure suggested by Klein and Moosbrugger (2000) and by using the MLR-
estimator to account for possible non-normality problems (Muthén & Muthén,
1998-2017). All variables were standardized before entering them into the models,
but unstandardized beta weights were reported according to recommendations of
Kline (2011) and Preacher, Curran, and Bauer (2006). Model 1 resulted in an es-
timation of the conditional effects of boredom and level of overchallenge together
with the interaction effect of boredom with the level of overchallenge on students’
performance on mathematics creativity tasks. Model 2 estimated identical effects
by substituting over- with underchallenge. Missing data were handled with full
information maximum likelihood procedures (Arbuckle, 1996; Rubin, 1976). Due
to the fact that achievement in mathematics in general is a very strong predictor
of performance on mathematical creativity tasks (e.g., Bahar & Maker, 2011) and
can presumably explain a relevant part of variance, we additionally controlled for
students’ mathematics grade on their last report card. As we wanted to ex-
clude possible influences of gender, age, and the rotation of the creativity tasks,
these variables were furthermore included into all of our analyses together with
a variable accounting for the nested data structure (students within classes).

Results

Preliminary Analyses

Descriptive statistics revealed a mean of M =1.97 (SD=1.05) in case of students’
perceived under- and M =2.03 (SD=.88) in case of perceived overchallenge with
24.3% of students reporting scores ≥ three in case of being under- and 25.1% in



96 Research Paper III

case of being overchallenged. The average students’ grade in the last mathemat-
ics exam as an objective challenge measure was M =2.64 (SD=.94). Looking at
boredom, 92.4% of students reported a boredom score ≥ three (hence, they were
at least slightly bored) with 2.5% reporting a score of five (very strong boredom)
and 19.2% of four (strong boredom), with an overall mean of M =2.6 (SD=.92),
which means students experienced overall moderate boredom. Internal reliabili-
ties for boredom and the three investigated categories of fluency, flexibility, and
originality of the creativity tasks showed acceptable reliabilities (see Table 7 and 8
for descriptives, reliability measures, and intercorrelations of key study variables).
Confirmatory factor analysis including all three tasks consisting of the three cat-
egories, each showed no satisfactory model fit (RMSEA = .09; TLI = .94) and
(very) low correlations between the tasks (r 1with2 = .013, r 1with3 = .082, r 2with3 =
.298). Hence, it was not possible to build one factor “mathematical creativity”
consisting of all three tasks. As a result, we investigated the postulated effects in
our main analyses separately for the three mathematical creativity tasks and ap-
plied measurement models for all three tasks including the standardized fluency,
flexibility, and originality score of the three tasks.

Table 7. Reliability measures of boredom and creativity, item discriminations of the
three creativity categories fluency, flexibility, and originality, and descriptives of key
study variables

 

  

Measure Cronbach’s α Guttman’s λ2  rit Fluency rit Flexibility rit  Originality M SD 

Perceived Overchallenge - - - - - 2.03 0.88 

Perceived Underchallenge - - - - - 1.97 1.05 

Grade last Math Exam - - - - - 2.64 0.94 

Boredom .88 .88 - - - 2.60 0.92 

Creativity Task 1 .89 .84 .73 .86 .73 6.39 4.46 

Creativity Task 2 .75 .76 .61 .75 .62 4.50 3.28 

Creativity Task 3 .79 .82 .76 .78 .76 7.66 5.03 

Note. M and SD are based on manifest variables (in case of over-, underchallenge, and grade) or sumscores of manifest variables (in 

case of boredom and the creativity tasks). 

 

 

 

 

 

 

 

 

 

Main Analyses

Model 1 (for a graphical illustration see Figure 15) investigating the influence of
students’ boredom, level of overchallenge, and potential interactions of student
boredom with level of overchallenge revealed no significant (conditional) effects
neither of boredom (bBo = 1.66, p=.100) nor of students’ level of overchallenge
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Table 8. Intercorrelations of key study variables (over- and underchallenge, boredom,
and creativity) 

 

Measure 1 2 3 4 5 6 7 8 9 10 11 

1.   OC -           

2.   UC -.31** -          

3.   GRADE .38** -.31** -         

4.   BO_1 .16 -.15 .15 -        

5.   BO_2 .25** -.24* .33** .42** -       

6.   BO_3 .26** -.15 .23* .54** .59** -      

7.   BO_4 .30** -.24** .25** .58** .57** .74** -     

8.   BO_5 .23* -.15 .16 .34** .47** .59** .68** -    

9.   BO_6 .38** -.11 .28** .32** .49** .62** .59** .48** -   

10. CREA_1 -.06 .17 -.38** -.02 -.13 -.13 -.09 -.09 -.17 -  

11. CREA_2 -.13 .04 -.23* -.06 -.08 -.08 -.11 -.01 -.12 .12 - 

12. CREA_3 -.06 -.03 -.13 -.09 -.07 -.08 -.08 -.13 -.05 .07 .28** 

Note. OC = Perceived Overchallenge; UC = Perceived Underchallenge; GRADE = students’ grade on their last mathematics exam bounded by 1 

(highest possible grade) to 6 (lowest possible grade); BO = Boredom; CREA = Creativity; reported coefficients are product-moment correlations 

based on manifest variables 
*p < .05; **p < .01. 

 

  

(bOv = -0.23, p=.720) on mathematical creativity measured by task one. The
latent interaction of students’ boredom experiences with their level of overchal-
lenge revealed a significant interaction effect on mathematical creativity in task
one (bBoXOv = -0.40, p < .05). As such, the strength of the effect of boredom
varied depending on students’ level of overchallenge. More precisely, the slope of
the regression of mathematical creativity predicted by boredom was reduced by
.40 when students’ overchallenge increased by one unit. Model 2 (for a graphical
illustration see Figure 16) revealed an identical result pattern when looking at
the conditional effects, with non-significant conditional effects in case of bore-
dom (bBo = 1.60, p=.113) and students’ level of underchallenge (bUn = 0.25,
p=.679) on mathematical creativity measured by task one. In case of the latent
interaction of students’ boredom experiences with their level of underchallenge
we showed again a significant interaction effect (bBoXUn = 0.38, p < .05). As
such, the strength of the effect of boredom varied depending on students’ level
of underchallenge. The interaction effect was positive (whereas in case of over-
challenge a negative interaction effect occurred), the slope of the mathematical
creativity predicted by boredom was increased by .38 with an increasing level
of underchallenge. When looking at the same analyses for the creativity task
two and three, we could not find any significant results. This also holds true
when combining task two and three (which showed stronger intercorrelations)
constructing a higher order model9.

9We furthermore estimated an additional model including a Dummy-variable of challenge
with an assigned value of zero when perceived underchallenge was > 1 and grade was < 3 and
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Boredom

Overchallenge

Boredom
X

Overchallenge

Creativity

bBo = 1.66, p = .100

bBoXOv = -0.40*

bOv = -0.23, p = .720

Figure 15. Graphical depiction of model 1; unstandardized regression coefficients b;
Ov = Overchallenge; Bo = Boredom
*p < .05; ** p < .01; *** p < .001.

Underchallenge

Boredom

Boredom
X

Underchallenge

Creativity

bBo = 1.60, p = .113

bBoXUn = 0.38*

bUn = 0.25, p = .679

Figure 16. Graphical depiction of model 2; unstandardized regression coefficients b;
Un = Underchallenge; Bo = Boredom
*p < .05; ** p < .01; *** p < .001.

an assigned value of one when perceived overchallenge was > 1 and grade was > 3. For the
creativity task one, this model resulted in non-significant conditional effects of boredom (bBo

= 0.49, p=.114) and challenge (as a Dummy-variable; bChallenge = -0.35, p=.862). We showed
again a significant interaction effect of boredom x challenge (bBoXChallenge = -0.85, p < .05)
indicating lower creativity when students’ level of boredom increases in combination with over-
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Discussion

In this study we investigated the effects of boredom and students being over-
or underchallenged, separately and in interaction, on student performance on
mathematics creativity tasks. By doing so, we were especially interested in the
combined effects of students’ boredom with either over- or underchallenge postu-
lating differential effects that have not been previously explored. Consistent with
our hypothesis, the interaction effect of boredom combined with overchallenge
was the opposite of the interaction effect of boredom combined with underchal-
lenge in the first creativity task. Whereas higher levels of boredom with higher
levels of overchallenge significantly decreased students’ mathematical creativity
(as compared to boredom in combination with lower overchallenge), higher bore-
dom with higher underchallenge (as compared to lower underchallenge) enhanced
this construct (Becker & Shimada, 1997; Kaufman, 2009; Livne, 1999; Pehkonen,
1997).

As such, boredom in combination with overchallenge seems to function differ-
ently from boredom combined with underchallenge when it comes to creativity,
which is a very important finding especially in light of the mixed theoretical and
empirical considerations in regards to the boredom-creativity link. This finding
indicates differential attentional mechanisms connected to boredom with either
over- or understimulation. Generally, boredom provides the basis for either an
attentional drift off to irrelevant thoughts or a broadened attentional focus to
thoughts, which are considered as “irrelevant” for very closed tasks, but helpful
for unconventional, creative thinking (Kasof, 1997). When this state of mind
occurs when students are underchallenged, hence, freeing up their cognitive re-
sources, boredom enables a new combination of thoughts and a broadened way
of thinking. Conversely, boredom with high overchallenge does not have positive
effects on performance on creativity tasks due to lacking resources for original
and effective thoughts. Hence, when bored and overchallenged, students may
engage in task-irrelevant thinking (e.g., what they could do after school; Kah-
neman, 1973) showing a clear preference for undemanding thoughts perceived as
effortless (Job et al., 2010; Westgate & Wilson, 2018). In this case boredom may
function as a deactivating (e.g., Acee et al., 2010; Gasper & Middlewood, 2014;
Sharp, Sharp, & Young, 2018) avoidance-oriented emotion (e.g., Nett et al., 2010;
Pekrun et al., 2010). This is in line with results from Nett, Goetz, and Krannich
(2019) that showed a negative link of boredom with cognitive-avoidance coping
strategies under the overchallenged condition, but not in case of boredom when
being underchallenged. It is safe to suggest that “overchallenged and underchal-

challenge (and higher creativity in case of higher boredom in combination with underchallenge).
Thus, this result in case of a dummy-coding procedure additionally supported our hypotheses.
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lenged boredom” may be considered a useful dichotomy of boredom with different
attentional consequences for various meaningful outcomes (Berlyne, 1960; Goetz
et al., 2014; Merrifield & Danckert, 2014; Mikulas & Vodanovich, 1993; Westgate
& Wilson, 2018).10

Supporting the assumptions by the MAC-model from a cognitive load per-
spective our findings suggest that bored people need working memory capacity
to produce novel and effective thoughts when already schematized information
from long-term memory is no longer sufficient for problem-solving (Sweller, 2009;
Sweller & Sweller, 2006). As such, overchallenged students are simply not able
to invest more resources into producing creative answers to the mathematical
creativity tasks. In combination with boredom, a disengagement from the situa-
tion may occur, hindering fluent information processing (Winkielman, Schwarz,
& Nowak, 2002) together with attentional disinvolvement (Eastwood et al., 2012)
from the creativity tasks (Nakamura & Csikszentmihalyi, 2002) resulting in a de-
crease in creativity. On the other hand, underchallenged students do possess this
capacity and may experience information-processing fluency (Winkielman et al.,
2002), but these cognitive resources alone are not sufficient to enhance creative
thinking, as only in combination with boredom students find themselves in an
attentional state actively searching for engagement (Hamilton et al., 1984). This
state is resolved by students’ attempts to find cognitive stimulation through novel
thoughts (Gasper & Middlewood, 2014), whereas overchallenged students fail to
invest capacities into the creativity tasks due to depleted cognitive resources.

However, we did not find interaction effects in task two and three. Neverthe-
less, task one was the most reliable of the three tasks with a Cronbach’s alpha
of .89 and a Guttman’s lambda two of .84 and tasks two and three showed lower
internal consistencies compared to task one (Cronbach, 1951; Guttman, 1945).
Hence, it is reasonable to assume that tasks two and three did not measure cre-
ativity with its underlying aspects of fluency, flexibility, and originality very well,
which might explain the insignificant findings. One additional potential expla-
nation for the non-significant findings might be that the students simply did
not understand these tasks well as they did task one as task one was the only

10These attentional failures (e.g., Carriere et al., 2008) are for example plausibly strongly
connected to students’ arousal (Eastwood et al., 2012; Freeman, Mikulka, Scerbo, & Scott,
2004): In case of cognitive demands exceeding mental resources (i.e., arising overchallenge)
arousal might be higher than in case of cognitive demands falling behind the available mental
resources (i.e., arising underchallenge; e.g., Freeman et al., 2004; Pekrun et al., 2010), while
in both cases boredom occurs (Daschmann et al., 2011; Fahlman et al., 2013; Pekrun et al.,
2010). With that said, ongoing debate when it comes to the arousal dimension of boredom
(Danckert et al., 2018; Eastwood et al., 2012) with researchers associating boredom with high
arousal (e.g., Jang et al., 2015; London et al., 1972; Merrifield & Danckert, 2014), whereas others
characterize boredom as a state of low arousal (e.g., Mikulas & Vodanovich, 1993; Pattyn et al.,
2008; Russell, 1980) might additionally benefit from the postulated differentiation of boredom.
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one with a pictorial representation. Furthermore, both task two and three are
even more openly phrased in comparison to task one. Although, creativity tasks
are meant to be constructed as open-ended tasks allowing the problem-solver to
give flexible and open answers (Becker & Shimada, 1997; Mann, 2005; Pehkonen,
1997), it is important that students comprehend the concept behind these tasks
enabling them to produce novel, but also effective thoughts (e.g., Barron, 1955;
Runco & Jaeger, 2012; Stein, 1953). This might only have been the case for task
one. In retrospect we had the impression that students appeared to have asked
the study supervisors more often about task two and three, compared to task
one. However, this assumption is only based on memory as no quantitative or
qualitative data are available.

In addition to the reported interaction, we found that students’ challenge had
no effect on their performance on all three creativity tasks (under the assumption
of boredom being zero). As such, students’ mathematical creativity was not im-
pacted by their level of challenge – neither in the case of under- nor overchallenge.
The same pattern was true for boredom controlling for students’ level of chal-
lenge in both directions. This non-significant pattern of results across the three
tasks does not contradict considerations that postulate positive consequences of
boredom (Brissett & Snow, 1993; Toohey, 2011; Vodanovich, 2003) or those that
classify boredom as aversive (e.g., Fisher, 1993; Goetz et al., 2019; Mikulas &
Vodanovich, 1993; Pekrun et al., 2010). The interaction effects occurring in task
one indicate the need for a differentiated look at the boredom-creativity link that
includes students’ challenge.

Strengths of the Study, Limitations, and Impli-

cations

Our study assessed students’ boredom, challenge, and mathematical creativity
during mathematics classes in a sample of eighth graders from six different classes.
As such, the proposed relations were investigated in a natural school environ-
ment in typical school situations. We examined combined effects of two naturally
emerging groups, namely, students who were bored and overchallenged in mathe-
matics classes and students who were bored and underchallenged in mathematics
classes on three different mathematical creativity tasks. By doing so, the results
of our study are highly ecologically valid (e.g., Mehl & Conner, 2012). Hence, the
significant result for task one can be considered as very encouraging. Further-
more, on a methodological level, two arguments underline the promising effect
of task one. First, the detection of interaction effects especially in natural non-
experimental settings is extremely difficult (Guo et al., 2016) and these effects are
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considered as being generally small (Nagengast et al., 2011). Second, caused by
the ecologically strong research design, we did not experimentally manipulate the
selection of students to the group of over- or underchallenge resulting in a non-
normal distribution of these variables, which, again, might have hampered the
detection of possible interactions. Thus, school studies with a bigger sample size
and a quasi-experimental manipulation of over- and underchallenge are needed
to corroborate the findings of this study. In addition, future studies should as-
sess students’ actual over- and underchallenge in an even more objective way.
We indexed students’ level of over- and underchallenge by combining a perceived
measure with a measure of students’ grade in their last exam. Investigation of the
boredom-creativity link may benefit from an actual testing of students’ momen-
tary over- or underchallenge via standardized competence tests assessing individ-
uals’ ability along with item difficulties (e.g., Embretson & Reise, 2000; Tymms,
2010). Furthermore, looking at different types of mathematical creativity tasks
might be promising to examine a potential differential impact by students’ bore-
dom and challenge as suggested by our study. Following this promising avenue of
research, these studies could additionally make an important contribution to our
understanding of the underlying (cognitive) mechanisms leading to the complex
result pattern of the boredom-creativity link.

Our results suggest that high levels of boredom at school should be prevented
when occurring in combination with high levels of overchallenge. The significant
negative interaction effect of boredom and overchallenge on creativity in the first
task underlines potential detrimental effects of this emotion at school arising from
non-optimal fit in the direction of being overchallenged (Krannich et al., 2019;
Sparfeldt, Buch, Kolender, & Rost, 2011).This combination might inhibit the rise
of creative mathematical thoughts and therefore, in the long run, potentially pre-
venting the development of innovative mathematical ideas (Elsbach & Hargadon,
2006). When looking at the combined effect of boredom and underchallenge,
and considering the results of the first task, one could cautiously speculate that
boredom together with higher levels of underchallenge may enhance mathemat-
ical creative thinking in special cases as the effect of underchallenge alone was
non-significant and therefore not sufficient to enhance mathematical creativity
(Plucker & Renzulli, 1999; Sweller et al., 1998). Nevertheless, future studies to
further explore this assumption are needed. In this context, the inclusion of stu-
dents’ enjoyment seems to be a highly promising avenue of research. Studies could
examine whether a combination of underchallenge and enjoyment might further
enhance performance on mathematical creativity tasks lowering the attentional
difficulties arising from boredom (Danckert & Merrifield, 2016; Eastwood et al.,
2012; Westgate & Wilson, 2018). From a practical point of view, we can conclude
that boredom at school should be avoided. In general, preventing overchallenge
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may be difficult to accomplish. First, teachers have to deal with a heterogeneous
student body, which makes the notion of optimal challenge at all times almost im-
possible. Second, if overchallenge occurs, this would call for a correct estimation
of students’ level of boredom to avoid negative effects on creative thinking. Dur-
ing class, such an in-time and precise estimation of students’ boredom is a highly
complex task for teachers (e.g., Warwas, Kärner, & Golyszny, 2015). Studies have
already shown that teachers’ diagnostic competencies are error-prone especially
in case of affective variables (e.g., Südkamp, Kaiser, & Möller, 2012; Urhahne et
al., 2010). Therefore, a complete elimination of boredom in combination with
overchallenge is difficult to accomplish.

In sum, the current research sheds light on the interaction between students’
level of challenge and their boredom during mathematics class investigating its
impact on mathematical creativity tasks. By doing so, this study further sup-
ports cognition-emotion interactions for learning and creative behavior (Dalgleish
& Power, 1999; Ledoux, 1989; Meyer & Turner, 2006; Pekrun & Linnenbrink-
Garcia, 2012) and stresses the need for a more detailed investigation of students’
boredom in combination with either being over- versus underchallenged to bet-
ter understand the underlying attentional and motivational consequences of this
widespread academic emotion (Goetz & Hall, 2014). It is our hope that in the
future this line of research will further enable students to optimally deal with
boredom and utilize it to foster students’ creativity, a broadened way of think-
ing, and supporting learners to develop their potentials (e.g., Baas et al., 2008;
Burnard, 2006).
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entielle Psychologie und Persönlichkeitspsychologie [Differential psychology



106 References

and personality psychology]. Stuttgart, Germany: Kohlhammer.
APA. (2010). Publication manual of the American Psychological Association

(Vol. 6th ed.). Washington, DC: American Psychological Association.
Arbuckle, J. L. (1996). Full information estimation in the presence of incomplete

data. In G. A. Marcoulides & R. E. Schumacker (Eds.), Advanced struc-
tural equation modeling: Issues and techniques (p. 243-277). Mahwah, NJ:
Erlbaum.

Asseburg, R., & Frey, A. (2013). Too hard, too easy, or just right? The relation-
ship between effort or boredom and ability-difficulty fit. Psychological Test
and Assessment Modeling , 55 (1), 92-104.

Assouline, M., & Meir, E. I. (1987). Meta-analysis of the relationship between
congruence and well-being measures. Journal of Vocational Behavior , 31 ,
319-332. doi: 10.1016/0001-8791(87)90046-7

Atkinson, J. W. (1957). Motivational determinants of risk-taking behavior. Psy-
chological Review , 64 , 359-372. doi: 10.1037/h0043445

Atkinson, J. W., & Litwin, G. H. (1960). Achievement motive and test anx-
iety conceived as motive to approach success and motive to avoid fail-
ure. The Journal of Abnormal and Social Psychology , 60 , 52. doi:
10.1037/h0041119

Atkinson, J. W., & Reitman, W. R. (1956). Performance as a function of motive
strength and expectancy of goal-attainment. The Journal of Abnormal and
Social Psychology , 53 , 361. doi: 10.1037/h0043477

Baas, M., De Dreu, C. K., & Nijstad, B. A. (2008). A meta-analysis of 25 years
of mood-creativity research: Hedonic tone, activation, or regulatory focus?
Psychological Bulletin, 134 , 779-806. doi: 10.1037/a0012815

Bahar, A. K., & Maker, C. J. (2011). Exploring the relationship between mathe-
matical creativity and mathematical achievement. Asia Pacific Journal of
Gifted and Talented Education, 3 (1), 33-48.

Balka, D. S. (1974). Creative ability in mathematics. Arithmetic Teacher , 21 (7),
633-636.

Bandura, A. (1986a). From thought to action: Mechanisms of personal agency.
New Zealand Journal of Psychology , 15 (1), 223-244.

Bandura, A. (1986b). Prentice-Hall series in social learning theory. Social foun-
dations of thought and action: A social cognitive theory. Englewood Cliffs,
NJ: Prentice-Hall.

Bandura, A. (1989). Self-regulation of motivation and action through inter-
nal standards and goal systems. In L. A. Pervin (Ed.), Goal concepts in
personality and social psychology (p. 19-85). Hillsdale, NJ: Erlbaum.

Bandura, A., Barbaranelli, C., Caprara, G. V., & Pastorelli, C. (2001). Self-
efficacy beliefs as shapers of children’s aspirations and career trajectories.



References 107

Child Development , 72 , 187-206. doi: 10.1111/1467-8624.00273
Barnett, L. A., & Klitzing, S. W. (2006). Boredom in free time: Relation-

ships with personality, affect, and motivation for different gender, racial
and ethnic student groups. Leisure Sciences , 28 , 223-244. doi: 10.1080/
01490400600598053

Barron, F. (1955). The disposition toward originality. The Journal of Abnormal
and Social Psychology , 51 , 478-485. doi: 10.1037/h0048073

Baumeister, R. F., Bratslavsky, E., Finkenauer, C., & Vohs, K. D. (2001). Bad
is stronger than good. Review of General Psychology , 5 , 323-370. doi:
10.1037/1089-2680.5.4.323

Baumeister, R. F., Bratslavsky, E., Muraven, M., & Tice, D. M. (1998). Ego
depletion: Is the active self a limited resource? Journal of Personality and
Social Psychology , 74 , 1252-1265. doi: 10.1037/0022-3514.74.5.1252

Baumeister, R. F., & Vohs, K. D. (2007). Self-regulation, ego depletion, and
motivation. Social and Personality Psychology Compass , 1 , 115-128. doi:
10.1111/j.1751-9004.2007.00001.x

Baumeister, R. F., Vohs, K. D., Nathan DeWall, C., & Zhang, L. (2007). How
emotion shapes behavior: Feedback, anticipation, and reflection, rather
than direct causation. Personality and Social Psychology Review , 11 , 167-
203. doi: 10.1177/1088868307301033

Baumeister, R. F., Vohs, K. D., & Tice, D. M. (2007). The strength model of
self-control. Current Directions in Psychological Science, 16 , 351-355. doi:
10.1111/j.1467-8721.2007.00534.x

Bearden, L. J., Spencer, W. A., & Moracco, J. C. (1989). A study of high
school dropouts. The School Counselor , 37 (2), 113-120. Retrieved from
https://www.jstor.org/stable/23901595

Becker, E. S., Keller, M. M., Bieg, M., & Staub, F. (2017). Heterogeneity in
competence and situational interest of students relates to classroom emo-
tions. Paper presented at the 17th biennial EARLI conference for research
on learning and instruction, Tampere, Finland.

Becker, J. P., & Shimada, S. (1997). The open-ended approach: A new proposal
for teaching mathematics. Reston, VA: National Council of Teachers of
Mathematics.

Belton, T., & Priyadharshini, E. (2007). Boredom and schooling: A cross-
disciplinary exploration. Cambridge Journal of Education, 37 , 579-595.
doi: 10.1080/03057640701706227

Bench, S. W., & Lench, H. C. (2013). On the function of boredom. Behavioral
Sciences , 3 , 459-472. doi: 10.3390/bs3030459

Bennevall, M. (2016). Cultivating creativity in the mathematics classroom us-
ing open-ended tasks – A systematic review (Doctoral dissertation). Re-

https://www.jstor.org/stable/23901595


108 References

trieved from http://www.diva-portal.org/smash/get/diva2:909145/

FULLTEXT01.pdf

Bentler, P. M. (1980). Multivariate analysis with latent variables: Causal
modeling. Annual Review of Psychology , 31 , 419-456. doi: 10.1146/
annurev.ps.31.020180.002223

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological
Bulletin, 107 , 238-246. doi: 10.1037/0033-2909.107.2.238

Berlyne, D. E. (1960). Conflict, arousal, and curiosity. New York, NY: McGraw-
Hill Book Company. doi: 10.1037/11164-000

Bieg, M., Goetz, T., & Hubbard, K. (2013). Can I master it and does it matter?
An intraindividual analysis on control–value antecedents of trait and state
academic emotions. Learning and Individual Differences , 28 , 102-108. doi:
10.1016/j.lindif.2013.09.006

Bieg, M., Goetz, T., & Lipnevich, A. A. (2014). What students think they feel
differs from what they really feel – Academic self-concept moderates the
discrepancy between students’ trait and state emotional self-reports. PloS
One, 9 , 102-108. doi: 10.1371/journal.pone.0092563

Bollen, K. A., & Long, J. S. (1993). Testing structural equation models. Newbury
Park, London, New Delhi: Sage.

Bornstein, R. F., Kale, A. R., & Cornell, K. R. (1990). Boredom as a limiting
condition on the mere exposure effect. Journal of Personality and Social
Psychology , 58 , 791-800. doi: 10.1037/0022-3514.58.5.791

Bower, G. H., & Forgas, J. P. (2000). Affect, memory, and social cognition.
In E. Eich, J. F. Kihlstrom, G. H. Bower, J. P. Forgas, & P. M. Nieden-
thal (Eds.), Cognition and emotion (p. 87-168). New York, NY: Oxford
University Press.

Brackett, M. A., & Rivers, S. E. (2014). Transforming students’ lives with social
and emotional learning. In R. Pekrun & L. Linnenbrink-Garcia (Eds.),
International handbook of emotions in education (p. 368-388). New York,
NY: Routledge/Taylor Francis Group.

Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., Clement,
N. J., & Cools, R. (2014). Mechanisms of motivation-cognition interac-
tion: Challenges and opportunities. Cognitive, Affective, and Behavioral
Neuroscience, 14 , 443-472. doi: 10.3758/s13415-014-0300-0

Brissett, D., & Snow, R. P. (1993). Boredom: Where the future isn’t. Symbolic
Interaction, 16 , 237-256. doi: 10.1525/si.1993.16.3.237

Brodsky, J. (2000). Der sterbliche Dichter [The mortal poet]. Frankfurt, Germany:
Fischer.

Brown, J. D. (2012). Understanding the better than average effect: Motives
(still) matter. Personality and Social Psychology Bulletin, 38 , 209-219.

http://www.diva-portal.org/smash/get/diva2:909145/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:909145/FULLTEXT01.pdf


References 109

doi: 10.1177/0146167211432763
Buckert, U., Meyer, W.-U., & Schmalt, H.-D. (1979). Effects of difficulty and

diagnosticity on choice among tasks in relation to achievement motivation
and perceived ability. Journal of Personality and Social Psychology , 37 ,
1172-1178. doi: 10.1037/0022-3514.37.7.1172

Buehler, R., & McFarland, C. (2001). Intensity bias in affective forecasting:
The role of temporal focus. Personality and Social Psychology Bulletin,
27 , 1480-1493. doi: 10.1177/01461672012711009

Bundesagentur für Arbeit [Federal Employment Agency]. (September 2018).
Blickpunkt Arbeitsmarkt - MINT-Berufe [On focus - MINT-occupations]
(Tech. Rep.). Retrieved from https://statistik.arbeitsagentur.de/

Statischer-Content/Arbeitsmarktberichte/Berufe/generische

-Publikationen/Broschuere-MINT.pdf

Burnard, P. (2006). Reflecting on the creativity agenda in education. Cambridge
Journal of Education, 36 , 313-318. doi: 10.1080/03057640600865801

Burton, R. (1621/1995). Die Anatomie der Melancholie [The anatomy of melan-
choly]. Mainz, Germany: DVB.

Cable, D. M., & DeRue, D. S. (2002). The convergent and discriminant validity
of subjective fit perceptions. Journal of Applied Psychology , 87 , 875-884.
doi: 10.1037//0021-9010.87.5.875

Carriere, J. S. A., Cheyne, J. A., & Smilek, D. (2008). Everyday attention
lapses and memory failures: The affective consequences of mindlessness.
Consciousness and Cognition, 17 , 835-847. doi: 10.1016/j.concog.2007.04
.008

Cassady, J. C. (2004). The influence of cognitive test anxiety across the
learning-testing cycle. Learning and Instruction, 14 , 569-592. doi: 10.1016/
j.learninstruc.2004.09.002

Cavanaugh, C., Sessums, C., & Drexler, W. (2015). A call to action for research
in digital learning: Learning without limits of time, place, path, pace. . . or
evidence. Journal of Online Learning Research, 1 (1), 9-15. Retrieved from
https://www.learntechlib.org/primary/p/149851/

Chaplin, W. F., John, O. P., & Goldberg, L. R. (1988). Conceptions of states
and traits: Dimensional attributes with ideals as prototypes. Journal of
Personality and Social Psychology , 54 , 541-557. doi: 10.1037/0022-3514.54
.4.541

Chin, A., Markey, A., Bhargava, S., Kassam, K. S., & Loewenstein, G. (2017).
Bored in the USA: Experience sampling and boredom in everyday life. Emo-
tion, 17 , 359-368. doi: 10.1037/emo0000232

Cohen, J. (1968). Multiple regression as a general data analytic system. Psycho-
logical Bulletin, 70 , 426-443. doi: 10.1037/h0026714

https://statistik.arbeitsagentur.de/Statischer-Content/Arbeitsmarktberichte/Berufe/generische-Publikationen/Broschuere-MINT.pdf
https://statistik.arbeitsagentur.de/Statischer-Content/Arbeitsmarktberichte/Berufe/generische-Publikationen/Broschuere-MINT.pdf
https://statistik.arbeitsagentur.de/Statischer-Content/Arbeitsmarktberichte/Berufe/generische-Publikationen/Broschuere-MINT.pdf
https://www.learntechlib.org/primary/p/149851/


110 References

Collard, P., & Looney, J. (2014). Nurturing creativity in education. European
Journal of Education, 49 , 348-364. doi: 10.1111/ejed.12090

Conner, T. S., & Barrett, L. F. (2012). Trends in ambulatory self-report: The
role of momentary experience in psychosomatic medicine. Psychosomatic
Medicine, 74 , 327–337. doi: 10.1097/PSY.0b013e3182546f18

Covington, M., & Beery, R. (1976). Self-worth and school learning. New York,
NY: Holt, Rinehart, and Winston.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests.
Psychometrika, 16 , 297-334. doi: 10.1007/bf02310555

Csikszentmihalyi, M. (1975/2000). Beyond boredom and anxiety. San Francisco,
CA: Jossey-Bass.

Csikszentmihalyi, M. (1990). Flow: The psychology of optimal experience. New
York, NY: Harper Perennial.

Csikszentmihalyi, M. (2014). Attention and the holistic approach to behavior.
In M. Csikszentmihalyi (Ed.), Flow and the foundations of positive psychol-
ogy: The collected works of Mihaly Csikszentmihalyi (p. 1-20). Dordrecht,
Netherlands: Springer. doi: 10.1007/978-94-017-9088-8 1

Csikszentmihalyi, M., & Larson, R. W. (1984). Being adolescent: Conflict and
growth in the teenage years. New York, NY: Basic Books.

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and
between-person effects in longitudinal models of change. Annual Review of
Psychology , 62 , 583–619. doi: 0.1146/annurev.psych.093008.100356

Dalgleish, T., & Power, M. J. (1999). Handbook of cognition and emotion. New
York, NY: Wiley.

Damrad-Frye, R., & Laird, J. D. (1989). The experience of boredom: The
role of the self-perception of attention. Journal of Personality and Social
Psychology , 57 , 315-320. doi: 10.1037/0022-3514.57.2.315

Danckert, J., Hammerschmidt, T., Marty-Dugas, J., & Smilek, D. (2018). Bore-
dom: Under-aroused and restless. Consciousness and Cognition, 61 , 24-37.
doi: 10.1016/j.concog.2018.03.014

Danckert, J., & Merrifield, C. (2016). Boredom, sustained attention and the
default mode network. Experimental Brain Research, 236 , 2507-2518. doi:
10.1007/s00221-016-4617-5

Daniels, L. M., Stupnisky, R. H., Pekrun, R., Haynes, T. L., Perry, R. P., &
Newall, N. E. (2009). A longitudinal analysis of achievement goals: From
affective antecedents to emotional effects and achievement outcomes. Jour-
nal of Educational Psychology , 101 , 948. doi: 10.1037/a0016096

Daniels, L. M., Tze, V. M., & Goetz, T. (2015). Examining boredom: Different
causes for different coping profiles. Learning and Individual Differences ,
37 , 255-261. doi: 10.1016/j.lindif.2014.11.004



References 111

Darnon, C., Butera, F., Mugny, G., Quiamzade, A., & Hulleman, C. S. (2009).
”Too complex for me!” Why do performance-approach and performance-
avoidance goals predict exam performance? European Journal of Psychol-
ogy of Education, 24 , 423-434. doi: 10:1007/BF03178758

Daschmann, E. C., Goetz, T., & Stupnisky, R. H. (2011). Testing the predictors
of boredom at school: Development and validation of the precursors to
boredom scales. British Journal of Educational Psychology , 81 , 421-440.
doi: 10.1348/000709910X526038

Daschmann, E. C., Goetz, T., & Stupnisky, R. H. (2014). Exploring the an-
tecedents of boredom: Do teachers know why students are bored? Teaching
and Teacher Education, 39 , 22-30. doi: 10.1016/j.tate.2013.11.009

Davies, J., & Fortney, M. (2012). The menton theory of engagement and boredom.
Poster presented at the 1st Annual Conference on Advances in Cognitive
Systems, Palo Alto, CA. Retrieved from http://www.cogsys.org/2012

Davis, M. A. (2009). Understanding the relationship between mood and cre-
ativity: A meta-analysis. Organizational Behavior and Human Decision
Processes , 108 , 25-38. doi: 10.1016/j.obhdp.2008.04.001

DGPs. (2016). Richtlinien zur Manuskriptgestaltung [Guidelines for research
manuscripts] (6th ed.). Göttingen, Germany: Hogrefe. doi: 10.1026/02763
-000

Duckworth, A. L., Kirby, T., Gollwitzer, A., & Oettingen, G. (2013). From fan-
tasy to action: Mental Contrasting with Implementation Intentions (MCII)
improves academic performance in children. Social Psychological and Per-
sonality Science, 4 , 745-753. doi: 10.1177/1948550613476307

Durik, A. M., Vida, M., & Eccles, J. S. (2006). Task values and ability beliefs as
predictors of high school literacy choices: A developmental analysis. Journal
of Educational Psychology , 98 , 382-393. doi: 10.1037/0022-0663.98.2.382

Eastwood, J. D., Cavaliere, C., Fahlman, S. A., & Eastwood, A. E. (2007). A
desire for desires: Boredom and its relation to alexithymia. Personality and
Individual Differences , 42 , 1035-1045. doi: 10.1016/j.paid.2006.08.027

Eastwood, J. D., Frischen, A., Fenske, M. J., & Smilek, D. (2012). The un-
engaged mind: Defining boredom in terms of attention. Perspectives on
Psychological Science, 7 , 482-495. doi: 10.1177/1745691612456044

Eccles, J. S. (2009). Who am I and what am I going to do with my life? Personal
and collective identities as motivators of action. Educational Psychologist ,
44 , 78-89. doi: 10.1080/00461520902832368

Eccles, J. S. (2011). Gendered educational and occupational choices: Applying
the Eccles et al. model of achievement-related choices. International Journal
of Behavioral Development , 35 , 195–201. doi: 10.1177/0165025411398185

Eccles, J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala, C. M., Meece,

http://www.cogsys.org/2012


112 References

J. L., & Midgley, C. (1983). Expectancies, values, and academic behaviors.
In J. T. Spence (Ed.), Achievement and achievement motivation (p. 75-
146). San Francisco, CA: Freeman.

Eccles, J. S., & Wigfield, A. (2002). Motivational beliefs, values, and goals.
Annual Review of Psychology , 53 , 109–132. doi: 10.1146/annurev.psych.53
.100901.135153

Edwards, J. R., Caplan, R. D., & Harrison, R. V. (1998). Person-environment
fit theory: Conceptual foundations, empirical evidence, and directions for
future research. In C. L. Cooper (Ed.), Theories of organizational stress
(p. 28-67). Oxford, UK: Oxford University Press.

Edwards, J. R., & Shipp, A. I. (2007). The relationship between person-
environment fit and outcomes: An integrative theoretical framework. In
C. Ostroff & T. A. Judge (Eds.), Perspectives on organizational fit (p. 209-
258). Mahwah, NJ: Erlbaum.

Eid, M., Schneider, C., & Schwenkmezger, P. (1999). Do you feel better or
worse? The validity of perceived deviations of mood states from mood
traits. European Journal of Personality , 13 , 283-306. doi: 10.1002/(SICI)
1099-0984(199907/08)13:4$〈$283::AID-PER341$〉$3.0.CO;2-0

Elliot, A. J. (1999). Approach and avoidance motivation and achievement goals.
Educational Psychologist , 34 , 169-189. doi: 10.1207/s15326985ep3403 3

Elliot, A. J. (2005). A conceptual history of the achievement goal construct. In
A. J. Elliot & C. S. Dweck (Eds.), Handbook of competence and motivation
(p. 52-72). New York, NY: Guilford Publications.

Elpidorou, A. (2014). The bright side of boredom. Frontiers in Psychology , 5 ,
1-4. doi: 10.3389/fpsyg.2014.01245

Elsbach, K., & Hargadon, A. (2006). Enhancing creativity through ”mindless”
work: A framework of workday design. Organization Science, 17 , 470-483.
doi: 10.1287/orsc.1060.0193

Embretson, S. E., & Reise, S. P. (2000). Item response theory for psychologists.
Mahwah, NJ: Erlbaum.

English, L. D. (2016). Advancing mathematics education research within a STEM
environment. In K. Makar, S. Dole, J. Visnovska, M. Goos, A. Bennison, &
K. Fry (Eds.), Research in mathematics education in Australasia 2012-2015
(p. 353-371). Singapore: Springer. doi: 10.1007/978-981-10-1419-2 17

Epstein, S. (1983). Aggregation and beyond: Some basic issues on the prediction
of behavior. Journal of Personality , 51 , 360-392. doi: 10.1111/j.1467-6494
.1983.tb00338.x

Fahlman, S. A., Mercer-Lynn, K. B., Flora, D. B., & Eastwood, J. D. (2013).
Development and validation of the multidimensional state boredom scale.
Assessment , 20 , 68-85. doi: 10.1177/1073191111421303



References 113

Farmer, R., & Sundberg, N. D. (1986). Boredom proneness - The development
and correlates of a new scale. Jounal of Personality Assessment , 50 (1),
4-17.

Farrell, E., Peguero, G., Lindsey, R., & White, R. (1988). Giving voice to
high school students: Pressure and boredom, ya know what I’m sayin’?
American Educational Research Journal , 25 , 489-502. doi: 10.3102/
00028312025004489

Federal Statistical Office. (2018). Preliminary results of general and vo-
cational school students: 2017-18 academic year. Retrieved from
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung

-Forschung-Kultur/Schulen/Publikationen/Downloads-Schulen/

schnellmeldung-schueler-5211003188005.html

Fend, H. (2003). Entwicklungspsychologie des Jugendalters [Developmental Psy-
chology of Adolescence]. Opladen, Germany: Leske and Budrich.

Fenichel, O. (1951). On the psychology of boredom. In D. Rapaport (Ed.),
Organization and pathology of thought: Selected sources (p. 349-361). New
York, NY: Columbia University Press. doi: 10.1037/10584-018

Fisher, C. D. (1993). Boredom at work: A neglected concept. Human Relations ,
46 , 395-417. doi: 10.1177/001872679304600305

Fisher, C. D. (1998). Effects of external and internal interruptions on boredom at
work: Two studies. Journal of Organizational Behavior: The International
Journal of Industrial, Occupational and Organizational Psychology and Be-
havior , 19 , 503-522. Retrieved from https://www.jstor.org/stable/

3100240

Forgas, J. P. (2001). Feeling and thinking: The role of affect in social cognition.
Cambridge, UK: Cambridge University Press.

Forgas, J. P. (2013). Don’t worry, be sad! On the cognitive, motivational, and
interpersonal benefits of negative mood. Current Directions in Psychological
Science, 22 , 225-232. doi: 10.1177/0963721412474458

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement:
Potential of the concept, state of the evidence. Review of Educational Re-
search, 74 , 59-109. doi: 10.3102/00346543074001059

Fredrickson, B. L. (2000). Extracting meaning from past affective experiences:
The importance of peaks, ends, and specific emotions. Cognition and Emo-
tion, 14 , 577-606. doi: 10.1080/026999300402808

Fredrickson, B. L. (2001). The role of positive emotions in positive psychol-
ogy. The broaden-and-build theory of positive emotions. The American
Psychologist , 56 , 218-226. doi: 10.1037/0003-066X.56.3.218

Fredrickson, B. L., & Branigan, C. (2005). Positive emotions broaden the scope
of attention and thought-action repertoires. Cognition and Emotion, 19 ,

https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Schulen/Publikationen/Downloads-Schulen/schnellmeldung-schueler-5211003188005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Schulen/Publikationen/Downloads-Schulen/schnellmeldung-schueler-5211003188005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Schulen/Publikationen/Downloads-Schulen/schnellmeldung-schueler-5211003188005.html
https://www.jstor.org/stable/3100240
https://www.jstor.org/stable/3100240


114 References

313-332. doi: 10.1080/02699930441000238
Fredrickson, B. L., & Kahneman, D. (1993). Duration neglect in retrospective

evaluations of affective episodes. Journal of Personality and Social Psy-
chology , 65 , 45-55. doi: 10.1037/0022-3514.65.1.45

Freeman, F. G., Mikulka, P. J., Scerbo, M. W., & Scott, L. (2004). An eval-
uation of an adaptive automation system using a cognitive vigilance task.
Biological Psychology , 67 , 283-297. doi: 10.1016/j.biopsycho.2004.01.002

Friso-van den Bos, I., van der Ven, S. H. G., Kroesbergen, E. H., & van Luit,
J. E. H. (2013). Working memory and mathematics in primary school
children: A meta-analysis. Educational Research Review , 10 , 29–44. doi:
10.1016/j.edurev.2013.05.003

Fromm, E. (1973). The anatomy of human destructiveness. New York, NY: Holt
McDougal.

Ganzach, Y., & Yaor, E. (2018). The retrospective evaluation of positive and
negative affect. Personality and Social Psychology Bulletin, 45 , 93-104. doi:
10.1177/0146167218780695

Gasper, K., & Middlewood, B. L. (2014). Approaching novel thoughts: Under-
standing why elation and boredom promote associative thought more than
distress and relaxation. Journal of Experimental Social Psychology , 52 ,
50-57. doi: 10.1016/j.jesp.2013.12.007

Gaylin, W. (1979). Feeling bored. In W. Gaylin (Ed.), Feelings: Our vital signs
(p. 113-129). New York, NY: Harper and Row.

Gigerenzer, G., & Selten, R. (2001). Rethinking rationality. In G. Gigerenzer
(Ed.), Bounded rationality: The adaptive toolbox: Dahlem workshop report
(p. 1-12). Cambridge, MA: MIT Press.

Gilovich, T., Griffin, D., & Kahneman, D. (2002). Heuristics and biases: The
psychology of intuitive judgment. New York, NY: Cambridge University
Press.

Goetz, T. (2004). Emotionales Erleben und selbstreguliertes Lernen bei Schülern
im Fach Mathematik [Students’ emotional experience and self-regulated
learning in mathematics lessons]. München, Germany: Herbert Utz Verlag.
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Gröhlich, C., Scharenberg, K., & Bos, W. (2009). Wirkt sich Leistungshetero-
genität in Schulklassen auf den individuellen Lernerfolg in der Sekun-
darstufe aus? [Has achievement heterogeneity an impact on the individual
learning success?]. Journal for Educational Research Online, 1 , 86-105. Re-
trieved from http://www.j-e-r-o.com/index.php/jero/article/view/

62/50

Groborz, M., & Necka, E. (2003). Creativity and cognitive control: Explorations
of generation and evaluation skills. Creativity Research Journal , 15 , 183-
197. doi: 10.1207/S15326934CRJ152&3 09

Guo, J., Nagengast, B., Marsh, H. W., Kelava, A., Gaspard, H., Brandt, H., . . .
Trautwein, U. (2016). Probing the unique contributions of self-concept, task
values, and their interactions using multiple value facets and multiple aca-
demic outcomes. AERA Open, 2 , 1-20. doi: 10.1177/2332858415626884

Guo, J., Parker, P. D., Marsh, H. W., & Morin, A. J. (2015). Achievement,
motivation, and educational choices: A longitudinal study of expectancy
and value using a multiplicative perspective. Developmental Psychology ,
51 , 1163-1176. doi: 10.1037/a0039440

Guttman, L. (1945). A basis for analyzing test-retest reliability. Psychometrika,

http://www.j-e-r-o.com/index.php/jero/article/view/62/50
http://www.j-e-r-o.com/index.php/jero/article/view/62/50


References 117

10 , 255-282. doi: 10.1007/bf02288892
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Theorie und Praxis [Individual learning support. A theoretical and practical
introduction]. Weinheim, Basel, Germany: Beltz.

Haager, J. S., Kuhbandner, C., & Pekrun, R. (2016). To be bored or not to be
bored — How task-related boredom influences creative performance. The
Journal of Creative Behavior , 52 , 297-304. doi: 10.1002/jocb.154

Hackett, G., Lent, R. W., & Greenhaus, J. H. (1991). Advances in vocational the-
ory and research: A 20-year retrospective. Journal of Vocational Behavior ,
38 , 3-38. doi: 10.1016/0001-8791(91)90015-E

Hambleton, R. K., Swaminathan, H., & Rogers, H. J. (1991). Fundamentals of
item response theory. Thousand Oaks, CA: Sage.

Hamilton, J. A., Haier, R. J., & Buchsbaum, M. S. (1984). Intrinsic enjoyment
and boredom coping scales: Validation with personality, evoked potential
and attention measures. Personality and Individual Differences , 5 , 183-193.
doi: 10.1016/0191-8869(84)90050-3

Hardy, M. A., & Reynolds, J. (2009). Incorporating categorical information into
regression models: The utility of dummy variables. In M. A. Hardy &
A. Bryman (Eds.), The handbook of data analysis (p. 209-236). London,
UK: Sage.

Harley, J. M. (2015). Measuring emotions: A survey of cutting-edge methodolo-
gies used in computer-based learning environment research. In S. Tettegah
& M. Gartmeier (Eds.), Emotions, technology, design, and learning (p. 89-
114). London, UK: Academic Press, Elsevier.

Harris, M. B. (2000). Correlates and characteristics of boredom proneness and
boredom. Journal of Applied Social Psychology , 30 , 576-598. doi: 10.1111/
j.1559-1816.2000.tb02497.x

Hartung, P. J. (2011). Barrier or benefit? Emotion in life-career design. Journal
of Career Assessment , 19 , 296-305. doi: 10.1177/1069072710395536

Haylock, D. W. (1987). A framework for assessing mathematical creativity
in schoolchildren. Educational Studies in Mathematics , 18 , 59-74. doi:
jstor.org/stable/3482505

Hebb, D. O. (2009). The organization of behavior: A neuropsychological theory.
Mahwah, London: Taylor & Francis.

Heckhausen, H. (1987). Wünschen—Wählen—Wollen [Wishing-Choosing-



118 References

Wanting]. In H. Heckhausen, P. M. Gollwitzer, & F. E. Weinert (Eds.),
Jenseits des Rubikon [Beyond the rubikon] (p. 3-9). Heidelberg, Germany:
Springer.

Heckhausen, J. (2005). Competence and motivation in adulthood and old age:
Making the most of changing capacities and resources. In A. J. Elliot &
C. S. Dweck (Eds.), Handbook of competence and motivation (p. 240-256).
New York, NY: Guilford Publications.

Heckhausen, J., & Heckhausen, H. (1991). Motivation and action. Heidelberg,
Germany: Springer.

Heemsoth, T. (2018). Lernpotenziale beim Lernen durch Lehren nutzen [Making
use of learning potentials of learning by teaching]. In J. Wibowo & I. Bähr
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Figure A.1. Creativity Task 1
Task 1 

Below are pictures of various polygons with all the possible diagonals drawn (dotted lines) from each 
vertex of the polygon.  

List as many things as you can of what happens when you increase the number of sides of the polygon.  
 
For example: The number of diagonals increases. The number of triangles formed 
by the number of diagonals increases. 

 

 

1.__________________________________________________________________________ 

2.__________________________________________________________________________ 

3.__________________________________________________________________________ 

4.__________________________________________________________________________ 

5.__________________________________________________________________________ 

6.__________________________________________________________________________ 

7.__________________________________________________________________________ 

8.__________________________________________________________________________ 

9.__________________________________________________________________________ 

10._________________________________________________________________________ 

11._________________________________________________________________________ 

12._________________________________________________________________________ 

13._________________________________________________________________________ 
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Figure A.2. Creativity Task 2
Task 2 

Suppose the chalkboard in your classroom is broken and there is no paper available. Consequently, you 
and your teacher could not draw any plane geometry figures such as lines, triangles, squares, polygons, 
or any others. The only object remaining in the room that you could draw on is a large ball or globe used 
for geography.  

List as many things as you can which could happen as a result of doing your geometry on this ball. Let 
your mind go wild thinking up ideas.  
 
For example: If we start drawing a straight line on the ball, we will eventually end up where we started.  
 

1.__________________________________________________________________________ 

2.__________________________________________________________________________ 

3.__________________________________________________________________________ 

4.__________________________________________________________________________ 

5.__________________________________________________________________________ 

6.__________________________________________________________________________ 

7.__________________________________________________________________________ 

8.__________________________________________________________________________ 

9.__________________________________________________________________________ 

10._________________________________________________________________________ 

11._________________________________________________________________________ 

12._________________________________________________________________________ 

13._________________________________________________________________________ 

14._________________________________________________________________________ 

15._________________________________________________________________________ 
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Figure A.3. Creativity Task 3
Task 3 

Suppose you are given the general problem of determining the names or identities of two hidden 
geometric figures, and you are told that the two figures were related in some manner.  

List as many problems as you can which must be solved in order to determine the names of the figures.  
 
For example: Are they solid figures such as a ball, a box, or a pyramid? Are they plane figures such as a 
square, a triangle, or a parallelogram?  
 

1.__________________________________________________________________________ 

2.__________________________________________________________________________ 

3.__________________________________________________________________________ 

4.__________________________________________________________________________ 

5.__________________________________________________________________________ 

6.__________________________________________________________________________ 

7.__________________________________________________________________________ 

8.__________________________________________________________________________ 

9.__________________________________________________________________________ 

10._________________________________________________________________________ 

11._________________________________________________________________________ 

12._________________________________________________________________________ 

13._________________________________________________________________________ 

14._________________________________________________________________________ 

15._________________________________________________________________________ 
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Figure A.4. Scoring Procedure of Task 1
Appendix 2 

Scoring example for Task 1 

Fluency: One point for each correct response 

Flexibility: One point for each expressed category 

Originality: Zero, one, or two points for each category expressed weighted by the following scheduled categories 

Category Expressed           Percent of Subjects  Weight 

Number of shapes, kinds of shapes, designs increases    56.2      0  

Number of lines, line segments, folds       32.8      0                  

Number of vertices or corners        30.8      0 

Number of points of intersection or crosses      27.0      0 

Size, area of shapes formed in interior change     24.2      0 

Polygon becomes denser with diagonal lines, becomes black  17.4      0 

Number of angles formed by diagonals increases     7.4      0 

Number of angles formed by sides of polygons increases   6.4      0 

Lengths of sides, line segments, lines changes     6.0      0 

Distance (diameter) across polygon changes      4.8      1 

Name of polygon changes         3.4      1 

Types, kinds of triangles change        3.4      1 

Number of planes, half-planes increases      3.4      1 

Number of diagonals from each vertex increases     3.2      1 

Polygon acquires shape of circle, rounded      3.0      1 

Parallel diagonals, lines appear        2.4      1 

Perimeter of figure probably increases       1.8      2 

Size of interior angles of polygons        1.8      2 

Symmetry            1.0      2 

Kinds, types of angles formed        1.0      2 

Drawing altitude to triangle or figure increases, 

doubles number of shapes, triangles       0.8      2 

Center point appears          0.8      2 

Total degree measure increases        0.4      2 

Types of lines, horizontal, vertical        0.4      2 

Size of angles formed by diagonals       0.2      2 

Number of three-dimensional figures increases     0.2      2 

Number of intersecting planes        0.2      2 

Equations of lines           0.2      2 

Radius changes           0.2      2 
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