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Test Boredom: Exploring a Neglected Emotion
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The emotion of boredom has sparked considerable interest in research on teaching and learning, but boredom
during tests and exams has not yet been examined. Based on the control-value theory of achievement emo-
tions, we hypothesized that students may experience significant levels of boredom during testing (“test bore-
dom”; H1) and that test boredom may be significantly related to theoretically hypothesized antecedents
(control and value appraisals; H2) and outcomes (performance; H3). We further hypothesized that test bore-
dom was more detrimental when students felt overchallenged during the test than when they felt underchal-
lenged (“abundance hypothesis”; H4). We tested these hypotheses in two studies (Study 1: N = 208 eighth
graders; 54% female; Study 2: N = 1,612 fifth to 10th graders, 47% female) using both trait and state mea-
sures of test boredom in mathematics and their proposed antecedents and outcomes. In support of H1, par-
ticipants reported statistically significant levels of boredom during tests. Furthermore, the relations of test
boredom with its control and value antecedents (i.e., being over- or underchallenged, facets of value)
were in line with our assumptions (H2). In support of H3, test boredom was significantly negatively related
to academic achievement (grades). In line with H4, test scores were negatively related to boredom due to
being overchallenged but unrelated, or even positively related, to boredom due to being underchallenged.
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Directions for future research on test boredom as well as practical implications are outlined.
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value of tests.

Educational Impact and Implications Statement

Our research shows that boredom occurs during achievement tests and that the level of test boredom can
be quite high. Primary causes of test boredom seem to be over- or underchallenge as well as perceived
low importance of the test. Furthermore, test boredom appears to have negative effects on academic out-
comes, particularly boredom that results from being overchallenged. Test boredom could be mitigated
by designing tests such that over- or underchallenge are reduced and by increasing the perceived intrinsic

Keywords: boredom, test, achievement, mathematics, control-value theory
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The last 15 years have seen a strong increase in studies on bore-
dom in the context of learning and achievement (Goetz et al.,
2019). A crucial reason for this increasing interest is the accumulat-
ing empirical evidence on its negative effects on learning and
achievement outcomes, including students’ motivation, learning
behavior, grades, and career aspirations (e.g., Pekrun et al., 2014;
for meta-analyses, see Camacho-Morles et al., 2021; Tze et al.,
2016). Due to these consistent negative effects, research on the
antecedents of boredom (e.g., being over- or underchallenged;
Daschmann et al., 2011) and on how to cope with it (e.g., by trying
to enhance the perceived value of the situation; e.g., Nett et al., 2010)
has been initiated. This research typically focuses on boredom expe-
rienced in class (e.g., in high schools and universities), during indi-
vidual learning situations (e.g., when preparing for an exam), and
while doing homework (Goetz et al., 2019). To this end, various
measures of boredom have been developed and published (see
Bieleke et al., 2021, and the review by Vodanovich & Watt, 2016).

Considering the high level of attention to academic boredom, it is
intriguing that no single study exists with an explicit focus on bore-
dom experienced in test situations, despite the high prevalence of
tests and exams in any academic context. A key reason for why
test boredom has been neglected might be that it is counterintuitive
to think of tests to ever be boring. This intuition is in line with the
propositions of Pekrun’s (2006, 2018, 2021) control-value theory
(CVT) of achievement emotions. First, tests are typically seen as
inherently high in value (Pekrun et al., 2004) which, according to
the CVT, should lead to reduced levels of boredom. Second, tests,
if well designed, should include tasks with a level of difficulty appro-
priate to the ability level of the individuals being tested (Wainer,
2000). According to the CVT, having an adequate level of control
should also preclude boredom (Pekrun et al., 2023; see also
Westgate & Wilson, 2018).

However, upon second view, one realizes that some tests may in
fact have rather low value for certain students. This might particu-
larly be true for low-stakes testing which has proliferated in recent
years. Thus, it can be assumed that the core antecedents of boredom,
namely, low value and inadequate levels of control, can also be pre-
sent during tests (Asseburg & Frey, 2013). In this study, we drew
upon these theoretical assumptions and investigated how strongly
boredom was experienced during a low-stakes test situation and
whether it was related in theoretically plausible ways to its assumed
antecedents. Furthermore, to show the potential practical importance
of test boredom, we investigated its negative relations with academic
achievement (i.e., test scores and grades) as proposed by CVT. We
examined these relations using both trait and state assessments to

capture both habitual (i.e., trait-like) and real-time (i.e., state) expe-
riences of test boredom and their links to corresponding trait and
state variables. Ultimately, we wanted to open a new field of research
into test boredom by offering initial evidence of the theoretical and
practical relevance of this construct.

Test Boredom—Definition

To conceptualize boredom, we use the component process model
of emotions (Scherer, 2000; Scherer & Moors, 2019), which sug-
gests that individuals’ emotions are best understood in terms of
their underlying processes. From this perspective, boredom can be
defined as a unique emotional process consisting of four compo-
nents: affective (unpleasant, aversive feeling), cognitive (altered per-
ceptions of time, mind wandering), motivational (desire to withdraw
from the current situation), and physiological/expressive (low
arousal, yawning, looking tired; Goetz et al., 2019; Pekrun et al.,
2010, 2014). The term “academic boredom” refers to boredom expe-
rienced in learning and achievement situations (Pekrun et al., 2002).
According to the specific learning context to which boredom is
related, academic boredom can be either class-related, learning-
related (including homework), or test-related. Thus, test boredom
is a subtype of academic boredom.

Similarly to other types of boredom, test boredom can be concep-
tualized as a trait or as a state. This distinction is in line with research
on test anxiety, which has traditionally distinguished between trait and
state test anxiety (Zeidner, 1998), as well as with previous research on
academic boredom. For example, in the Achievement Emotions
Questionnaire (AEQ), class- and learning-related boredom can be cap-
tured as trait or state constructs (Pekrun et al., 2011). Consistently with
the differentiation of trait and state boredom in the AEQ, trait test bore-
dom is defined as habitual boredom in test situations, that is, boredom
that recurs across test situations and over time. State test boredom, on
the other hand, is a current experience of boredom during a given test.
Regarding the relations of test boredom to other constructs, it makes
sense to analyze relations between trait test boredom and other trait
constructs as well as relations between state test boredom and other
state constructs (cf., Brunswik, 1952; see also Geiser et al., 2017).
Based on the relative universality assumptions of the CVT (Pekrun,
2006, 2018, 2021), similar structural relations with antecedents and
outcomes can be assumed for trait and state test boredom.

Apart from the specifics of testing situations, it can be assumed
that, from a phenomenological perspective, test boredom is quite
similar to the boredom experienced in other school situations (i.e.,
class- and learning-related boredom), with its unique nature
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stemming from the context of testing. There is a lack of empirical
studies investigating if test boredom can be empirically distin-
guished from classroom- and learning-related boredom. However,
because previous research has shown that other academic emotions
(e.g., enjoyment, pride, anger, anxiety) can be clearly delineated in
terms of the situation in which they are experienced (e.g., Pekrun
et al., 2011), this can also apply to boredom.

An important issue in defining test boredom is what a “test” actu-
ally is. Although there are widely varying definitions of the term
“test” in different fields of research, the Cambridge Dictionary
defines “test” as “a way of discovering, by questions or practical
activities, what someone knows, or what someone or something
can do or is like.” An important and commonly used differentiation
of tests is based on the direct personal consequences associated
with test scores (Barry et al., 2010). High-stakes test scores have
important personal consequences (e.g., achievement, admissions,
and placement tests), while low-stakes test scores have little to no
personal consequences (e.g., only average country test scores are
reported; e.g., in the Programme for International Student
Assessment  [PISA] studies; Organization for Economic
Cooperation and Development, 2019).

However, beyond these formal definitions, it is important to note that
whether a test is actually experienced as a low- or high-stakes test
depends on individuals’ judgment. For example, even tests that have
no consequences may be very important to some students with high
achievement motivation. Conversely, even objectively very important
tests can be rated as unimportant by individual students because they
do not see—or do not want to see—their relevance.

Another commonly used distinction is whether the assessments
are formative or summative. Formative assessments collect data to
improve student learning, whereas summative assessments use
data to assess how much a student knows or has retained at the
end of a learning sequence (American Educational Research
Association, American Psychological Association, & the National
Council on Measurement in Education, 2014).

In conceptualizing “test boredom,” we refer to all types of tests,
that is, low-stakes and high-stakes tests, as well as both formative
and summative assessments. This usage of the term is consistent
with the use of the term “test” in more than 50 years of research
on “test anxiety” (Mandler & Sarason, 1952), in which “tests”
have also been defined broadly (e.g., von der Embse et al., 2018;
Zeidner, 1998). In sum, we define “test boredom” as follows: Test
boredom is the experience of boredom in situations that are labeled
and/or experienced as tests.

Occurrence and Antecedents of Test Boredom
Occurrence

In a sample of sixth graders, Goetz et al. (2007) empirically iden-
tified levels of test boredom, although this construct was not in the
center of the study. State test boredom was assessed during a low-
stakes mathematics achievement test with a single-item measure.
Mean levels on two assessments during the test were M = 1.98
and 2.11 (SD = 1.25/1.36), respectively, on a scale ranging from 1
(strongly disagree) to 5 (strongly agree). There is a further study
by Raccanello et al. (2019), in which elementary students’ trait
test boredom in mathematics was assessed via a four-item scale
(adapted from the Achievement Emotions Questionnaire—

Elementary School [AEQ-ES], Lichtenfeld et al., 2012). In this
study, boredom was also not the focus of the investigation. The
mean of this scale was M = 1.96 (SD = 1.26), with an answer format
ranging from 1 (not at all) to 5 (very much). Although these findings
provide initial evidence on the occurrence of test boredom, attesting
to its manifestation during tests, these results are limited in scope
(e.g., silent about its antecedents and effects).

Antecedents

CVT is a key theory that can explain possible antecedents of test
boredom (and other academic emotions; Pekrun, 2006, 2018, 2021,
Pekrun et al., 2023). This theory posits that individuals’ perceptions
of their personal control and value concerning achievement activities
and outcomes represent the most important psychosocial anteced-
ents of boredom in achievement settings. Based on the relative uni-
versality assumptions of the CVT, the structural relations between
boredom and its antecedents in test situations (i.e., test boredom)
should generally be similar to those of boredom in other academic
settings (i.e., class- and learning-related boredom). Nevertheless,
test boredom has unique antecedents, namely features of the test.
In other words, the relations between boredom and its antecedents
can be assumed to be universal, with specific antecedents sometimes
being quite different and consequently leading to different levels of
boredom (i.e., relative universality). Thus, test boredom may differ
in magnitude from other types of boredom due to the specifics of
the situations (i.e., tests) in which it is experienced.

Perceived Control. Perceived control refers to individuals’ per-
ceived causal influence over actions and outcomes (Skinner, 1996).
CVT suggests that the relation between test boredom and perceived
control is curvilinear, with higher levels of boredom experienced
when perceived control is either very low or very high (Pekrun
et al., 2023). This is consistent with traditional approaches to bore-
dom, in which its occurrence is attributed to a lack of fit between per-
son and environment (Csikszentmihalyi, 1975/2000, 1990;
Westgate & Wilson, 2018). Here, the experience of test boredom
(and other types of boredom) differs from other emotions, which
are assumed to have linear rather than curvilinear relations with per-
ceived control (Pekrun & Goetz, in press).

The proposed link between levels of control and boredom has
found partial support in studies on learning- and class-related bore-
dom. Rather than the predicted curvilinear relation, perceived control
was commonly found to negatively relate to boredom (e.g., Forsblom
et al., 2022; Pekrun et al., 2010, 2014, 2023; see also Goetz & Hall,
2020). This could be due to the fact that tasks in schools and univer-
sities are designed to present challenges that facilitate learning. As
such, typical tasks are not extremely easy to solve, so that a very
high level of control rarely occurs (e.g., Dicintio & Gee, 1999;
Goetz et al., 2006, 2012). However, a recent experimental study
showed that boredom in fact occurred in situations characterized by
very high as well as very low perceived control (Struk et al., 2021).

Such nonoptimal (i.e., very high or very low) levels of control may
occur when there is a lack of fit between task demands and individu-
als’ task-related abilities. It is important to note that there may be var-
ious indicators for such nonoptimal challenge. For example, when
task demands exceed students’ ability, low perceived control, over-
challenge, and low task-related self-efficacy (see Marsh et al., 2019)
may be identified. On the other hand, when one’s abilities exceed
task demands, high perceived control, underchallenge, and high self-
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efficacy may be reported. A more objective indicator would be, for
example, the difference between the difficulty of a given task and esti-
mates for a person’s ability. Such a difference could be calculated in
tests that are scaled using Rasch modeling (Rasch, 1980). The differ-
ence should also be related to the constructs described above (i.e., per-
ceived control, overchallenge, underchallenge, self-efficacy). Thus,
various indicators of very low and very high levels of perceived con-
trol during tests can be used to assess antecedents of test boredom.

Perceived Value. Perceived value concerns the relevance of
actions and outcomes for an individual (Pekrun, 2006). CVT posits
anegative relation between perceived value and test boredom. In this
respect, the experience of test boredom (and other types of boredom)
differs from other emotions that are assumed to have a positive rela-
tion with perceived value (Pekrun & Goetz, in press). It is important
to note that different facets of value can be distinguished, including
intrinsic value (e.g., interest) and extrinsic value (e.g., grades), pro-
fessional utility (e.g., career aspirations), and general utility for life
(e.g., using math competences in daily life; Gaspard et al., 2015).
Test boredom can be assumed to relate negatively to all facets of
value. In line with this assumption, empirical studies have consis-
tently reported negative correlations of learning- and class-related
boredom with different types of subjective value (e.g., Goetz
et al.,, 2006; Pekrun et al., 2010, 2011). However, these studies
have mainly examined a single value facet, which does not allow
for a systematic comparison of potentially variable relations between
boredom and different types of values. To date, the extent to which
different value facets differ in their relation to boredom is largely an
open question (Pekrun & Goetz, in press). In our study, we focus on
the traditional distinction between intrinsic and extrinsic value.
Intrinsic value implies that the task is an end in itself (e.g., enjoy-
ment of working on the task; Gaspard et al., 2015) and is therefore
related to the constructs of intrinsic motivation (Ryan & Deci,
2009) and individual interest (Pintrich, 2003). In contrast, extrinsic
value is instrumental in nature (e.g., related to achieving good grades
or a professional position) and is closely related to extrinsic motiva-
tion (Ryan & Deci, 2009). For test boredom, it can be assumed that
high-stakes and low-stakes tests will have different effects on the
subjective experience of extrinsic value, with extrinsic value likely
to be higher in high-stakes tests and, consequently, boredom being
lower during these tests (Barry et al., 2010).

On the basis of propositions of the CVT and in light of empirical
evidence for academic boredom beyond testing situations (i.e.,
learning- and class-related boredom), strong arguments for the
occurrence of test boredom can be derived: (a) For diagnostic rea-
sons, tasks within a test typically cover a variety of difficulty levels.
Thus, during tests a number of situations may occur, in which stu-
dents would experience nonoptimal levels of control (Wainer,
2000). These situations may give rise to the experience of test bore-
dom. (b) Itis plausible that students may perceive many tests as hav-
ing low intrinsic (i.e., lack of interest in the topic) and/or extrinsic
value, which provides another route to the experience of test bore-
dom (Pekrun et al., 2023; Westgate & Wilson, 2018).

Effects of Test Boredom on Achievement
Assumptions Based on Control-Value Theory

The CVT (Pekrun, 2006) explains the possible effects of aca-
demic emotions on achievement outcomes. Following the relative

universality assumptions of CVT, relations with outcomes should
be similar for test boredom and boredom in other academic situations
(Pekrun & Goetz, in press). Test boredom can be assumed to deplete
cognitive resources due to mind wandering, to reduce motivation to
work on tasks and exert effort, to lead to the use of superficial strat-
egies (e.g., no deep thinking), and to undermine flexible adaptation
of strategy use to the specific demands of the test, all of which should
reduce test performance.

Existing studies in fact suggested that higher levels of boredom
corresponded with poorer achievement (e.g., Camacho-Morles
et al., 2021; Daniels et al., 2009; Goetz et al., 2010; Pekrun et al.,
2010, 2011, 2014). Moreover, longitudinal studies indicated that
boredom and achievement were linked by reciprocal effects over
time, with boredom having consistently negative effects on later per-
formance which, in turn, contributed to subsequent higher levels of
boredom (e.g., Pekrun et al., 2014, 2017).

In their meta-analysis that included 29 studies involving 19,025
students, Tze et al. (2016) found that boredom had a consistent neg-
ative relation with academic outcomes (¥ = —.24). In a subsequent
meta-analysis of 66 studies (Camacho-Morles et al., 2021; total
N =28,410), the disattenuated correlation corrected for measure-
ment error was p = —.25. Observed correlations between boredom
and academic performance of around r= —.25 are on a similar
level as correlations between other positive and negative emotions
and performance (Goetz & Hall, 2020). Most studies examined
test anxiety and found that typical correlations with achievement
outcomes were between r = —.20 and —.25 (Goetz & Hall, 2020).
In sum, the correlations between boredom and achievement are on
a similar level as those of other academic emotions. They are sizable
relative to typical effect sizes in the educational and psychological
literature (Gignac & Szodorai, 2016).

There exists only one study that has examined the relations
between test boredom and achievement. Raccanello et al. (2019)
investigated relations between trait test boredom and achievement
(grades) in the language domain (native language) and mathematics
in elementary school students in Italy. No significant relations
between test boredom and grades were found in the language
domain but significant negative relations in mathematics were
revealed (r = —.26; p <.001).

In general, test boredom seems to be a promising construct
to examine relations between boredom and achievement, because
a performance measure to which test boredom relates is directly
available. Performance measures of boredom in the classroom and
in learning (e.g., subsequent performance outcomes) tend to be
less directly related to the situation in which boredom occurs.

Abundance Hypothesis

With respect to the effects of test boredom on test performance, it
may be important to consider whether boredom results from over- or
underchallenge. Over- and underchallenge are two types of nonoptimal
challenge (i.e., a lack of fit between a person’s ability and task
demands; see Csikszentmihalyi, 1975/2000, 1990; Pekrun, 2006,
2018, 2021). Both over- and underchallenge have been shown to be
associated with higher levels of boredom in the classroom (Krannich
et al., 2019). Thus, it can be assumed that test boredom also arises
from these qualitatively different types of nonoptimal challenge.

In principle, test boredom should be expected to have a negative
impact on mediators of boredom-achievement relations as noted
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earlier (e.g., reduced cognitive resources, low motivation; Pekrun,
2006), regardless of whether boredom results from over- or under-
challenge. However, when working on easy tasks (i.e., being under-
challenged), the negative effects of boredom are likely to be
relatively small because even significantly reduced resources may
still be sufficient to solve the task. In other words, resources may
be abundant to simultaneously process the emotion and perform
the task. In contrast, a reduction in resources due to boredom during
difficult tasks (i.e., being overchallenged) should have stronger
adverse effects on achievement outcomes. For difficult tasks, all
resources would need to be allotted to solve the task, but are only
partially available because they are consumed by boredom, thus
reducing performance. In situations of severe overchallenge, almost
all cognitive resources are likely to be devoted to boredom process-
ing (and, depending on the situation, to other emotions, such as anx-
iety), and the student may even stop working on the tasks because he
or she sees no chance of solving them anyway. In this way, boredom
differs from anxiety, which can also occur in situations of being
overchallenged, but is usually associated with high value (Pekrun,
2006) and therefore is more likely to keep one engaged in the
task. Based on these considerations, we hypothesized that test bore-
dom would be more detrimental when students feel overchallenged
during the test than when they feel underchallenged (“‘abundance
hypothesis,” H4). To the best of our knowledge, the abundance
hypothesis for boredom has not yet been proposed or tested.

An important implication in case of the empirical support for the
abundance hypothesis would be that the potential strength of the
relations between test boredom and performance would be underes-
timated if boredom due to overchallenge and underchallenge were
not analyzed separately. In other words, potentially strong negative
effects of test boredom on performance due to overchallenge would
not be detected if the antecedents of overchallenge and underchal-
lenge were not separated in the analyses.

Aims and Hypotheses of the Present Research

To the best of our knowledge, there is no research on the occur-
rence of test boredom, its antecedents, and its effects. In the current
research, we aimed to fill this gap. Based on key propositions of the
CVT (Pekrun, 2006), test boredom should occur because many test
situations should give rise to the antecedents as outlined in this the-
ory, namely nonoptimal levels of control and low levels of value.
Furthermore, from a theoretical perspective and in line with earlier
findings (Raccanello et al., 2019), test boredom should have negative
effects on achievement outcomes. We also tested the assumption that
test boredom would be more harmful when learners were overchal-
lenged during a test than when they were underchallenged, as they
should largely have sufficient resources for task completion in the
case of underchallenge but not in the case of overchallenge (abun-
dance hypothesis).

We conducted two studies testing these hypotheses. As boredom
in education has been shown to be domain-specific (Goetz et al.,
2007), in both studies we focused on one domain, namely, mathe-
matics. We chose mathematics because it is a core school subject
and is often studied in the context of STEM education research
(i.e., science, technology, engineering, and mathematics; e.g., Li
et al., 2020). Furthermore, the perceived value of this domain is typ-
ically rather high (Goetz et al., 2014; Haag & Goetz, 2012), presum-
ably resulting in a relatively low level of test boredom compared to

other domains. By choosing to investigate test boredom in mathe-
matics, we opted for a rather conservative test of the hypothesis
that test boredom occurs. However, based on the relative universality
assumptions of the CVT (Pekrun, 2006, 2018, 2021), structural rela-
tions between test boredom and its antecedents and effects should be
quite similar across academic domains.

Study 1 focused on the occurrence, antecedents, and effects of
trait and state test boredom as experienced during a low-stakes
test. Trait (i.e., habitual) test boredom was assessed 1-3 weeks
before state boredom. State boredom (i.e., real-time boredom) was
assessed several times during a difficult and an easy part of a math
achievement test inducing over- and underchallenge, respectively.
Study 2 differed from Study 1 in the following respects: First, in
this study, we focused more specifically on the occurrence and
effects of state test boredom. Second, to improve the generalizability
of results, we analyzed data from a larger sample. Third, to improve
ecological validity we used a valid standardized math test aligned
with the course curriculum, during which state test boredom was
assessed several times. Fourth, to vary the operationalization of non-
optimal challenge we used a different indicator of over- and under-
challenge in Study 2 than in Study 1. Finally, to further increase the
generalizability of our results, we used a different statistical approach
to test the abundance hypothesis, namely the latent moderated struc-
tural equations (LMS) method.

Across the two studies and based on the theoretical propositions of
the CVT, we aimed to test the following hypotheses:

Hypothesis 1: Students report levels of test boredom that are stat-
istically significantly different from not being bored at all.

Hypothesis 2: Test boredom shows significant relations with
core antecedents: positive relations with nonoptimal control
and negative relations with both intrinsic and extrinsic value.

Hypothesis 3: Test boredom shows negative relations with core
achievement indicators, including achievement test scores and
grades.

Hypothesis 4: Test boredom has a stronger negative effect on test
performance when students feel overchallenged during the test
than when they feel underchallenged (“abundance hypothesis™).

Transparency and Openness

In line with the openness and transparency standards of the
Journal of Educational Psychology (Kendeou, 2021), we describe
the sample and procedure and report all data exclusions in detail.
All data, measures, and analysis codes are available at [link will
be provided here]. Data were analyzed using Mplus 8.6 (Muthén
& Muthén, 1998-2017). Study 1 was not preregistered. The analysis
of Study 2 consists of a secondary data analysis of the Project for the
Analysis of Learning and Achievement in Mathematics (PALMA)
study, which was not preregistered.

Study 1

Study 1 explored the intensity of (a) mathematics trait test bore-
dom and (b) state test boredom during a low-stakes mathematics
achievement test. The achievement test consisted of two sections
with easy and difficult tasks, respectively. With this test design,
we aimed to induce boredom due to nonoptimal levels of control
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(i.e., being under- or overchallenged). Relations of both trait and
state boredom to its proposed antecedents (control, value) and
effects (achievement) were analyzed.

Method
Participants

The sample consisted of 208 students (54% female; Mz = 13.73
years, SD =0.44, Min=12.65, Max =15.55) from ninth- to
eighth-grade math classes. These classes came from four different
schools in the high-achieving track of the three-track German sec-
ondary school system (i.e., Gymnasium; approximately 40% of
the total student cohort attend this track; Federal Statistical Office
[Statistisches Bundesamt], 2020). The reason for focusing on one
grade level and one school track was that this allowed us to use
the same math test for all students in our sample.

Procedure

The study was part of a larger project (Goetz et al., 2017) inves-
tigating students’ emotions in testing situations. The study was con-
ducted in compliance with the ethical standards described in the
WMA Declaration of Helsinki. It has been approved by the
Institutional Review Board of the first author’s institution, with all
study procedures have been deemed appropriate. For the sake of con-
ciseness, we focus on those procedures that pertain to the present
research questions.

Trait Assessment, Assessment of Grades, and Demographic
Data. In each classroom, the study started with an assessment of
trait variables, achievement outcomes, and demographic data during
aregular math class. We assessed trait test boredom related to math-
ematics tests as well as trait antecedents of trait test boredom (i.e.,
trait nonoptimal levels of control and trait value during mathematics
tests). Achievement outcomes were assessed as self-reported math-
ematics grades. We used a paper-and-pencil questionnaire to
gauge these variables. One class (n = 23) did not participate in the
trait assessment, so our sample size was 185 students in the analyses
involving these data. Students were informed that they would partic-
ipate in a second assessment, which would mainly be a mathematics
achievement test.

State Assessment, Mathematics Test. One to three weeks after
the trait assessment, participants worked on the mathematics
achievement test (paper-and-pencil version) during their regular
math classes. To make the test subjectively relevant and encourage
students to perform well, the test was described as a preparatory
test (i.e., practice test) for the upcoming state-wide comparison
tests (VERA-8 [VERgleichsArbeiten], grade level 8; Graf et al.,
2016; for a detailed description of the test see below). The task mate-
rial also stated that it was a test. Additionally, we awarded a prize of
€250 to the class with the best average test performance. Our test was
a low-stakes test. Students received no feedback on their test score
and their score was not counted toward their grades. As tests typi-
cally comprise tasks of different difficulty levels, students worked
on one part with several relatively easy tasks and one part with sev-
eral relatively difficult tasks. By splitting the test into a block of dif-
ficult tasks and a block of easy tasks, we aimed to elicit a different
suboptimal level of control in each block (i.e., being over- or under-
challenged). We fully counterbalanced within classrooms whether
students started with the easy or with the difficult part.

State test boredom was assessed 5 times, using each a single-item
rating scale and a multi-item scale: (a) once before each part of the
test (two concurrent assessments, measuring boredom as experi-
enced in this moment), (b) once after each part (two assessments
related to the preceding part, that is, two retrospective reports of
boredom as experienced while working on the math tasks), and (c)
once after the test (one concurrent assessment, measuring state test
boredom as experienced in this moment). State perceived value
(intrinsic and extrinsic; each assessed with a single item) was also
assessed 5 times: (a) once before each part (two concurrent assess-
ments, measuring value as perceived in this moment), (b) once
after each part (two assessments related to the preceding part, that
is, two retrospective reports of value as perceived while working
on the math tasks), and (c) once after the test (retrospective assess-
ment, value as perceived with respect to the whole math test, i.e.,
both parts). State nonoptimal control (levels of being over- or under-
challenged) was assessed 3 times: (a) once after each part (two ret-
rospective assessments, measuring being over-/underchallenged as
perceived in this part), and (b) once after the test (retrospective
assessment, being over-/underchallenged as perceived with respect
to the whole math test, i.e., both parts). All these assessments were
embedded in the test booklets (i.e., they also had a paper-and-pencil
format).

Students were allotted 45 min for working on the math test.
Additional 5 min were given for completing the self-report questions
about boredom and its antecedents integrated into the test. Thus, the
total administration time was 50 min.

Missing Data

A total of 3.21% of data were missing, stemming from 89 incom-
plete records. The percentage of missing values across the 102 var-
iables ranged from 0.00% to 15.38%. Full information maximum
likelihood (FIML) was used to deal with the missing data (see
Enders, 2010).

Measures

Our strategy for constructing and selecting self-report measures of
boredom, nonoptimal control, and value was guided by the follow-
ing considerations. (a) We aimed to assess boredom both in the trait
and state assessment by using a multi-item scale reflecting the differ-
ent components of boredom. (b) In addition to using the multi-item
scales, we aimed to assess test boredom with a single item in both the
trait and state assessments. The reason for using a single item addi-
tionally to the multi-item scale was that the mean level of the single
item (e.g., “How strongly do you typically experience boredom dur-
ing math exams?”) is much easier to interpret than a score aggregat-
ing answers from a multi-item scale. (c) Given the extensive
assessment of state boredom, we decided to use a single item for
all other self-report assessments both in the trait and state assess-
ments to limit administration time (Gogol et al., 2014). (d) To
make trait and state assessments as comparable as possible, we
used parallel versions of trait and state items and scales.

Test Boredom—Trait. The wording of the single item was
“How strongly do you typically experience boredom during math
exams?” Participants responded using a 5-point rating scale ranging
from 1 (not at all) to 5 (very strongly). Response alternatives 2, 3,
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and 4 were not specified. The wording of the item and the answer
format were based on the study by Krannich et al. (2019).

The multi-item scale measuring trait test boredom (Test Boredom
Scale-Trait [TBS-Trait]) was constructed by modifying items from
the class- and learning-related boredom scales of the Academic
Emotions Questionnaire (AEQ; Pekrun et al., 2011). Similar to the
AEQ scales, the TBS-Trait comprised four subscales each represent-
ing a different component of boredom. In the TBS-Trait, each com-
ponent was assessed with three items, including the affective
component (e.g., “I'm bored during math exams”), the cognitive
component (e.g., “I'm so bored during math exams that I find myself
daydreaming”), the motivational component (e.g., “I’m so bored that
I would prefer not to start the math exams at all”’), and the physiolog-
ical/expressive component (e.g., “I'm so bored that I get tired”).
Answers were provided on a 5-point response scale ranging from
1 (not at all true), 2 (slightly true), 3 (partly true), 4 (mostly true),
to 5 (completely true). Reliability was oo = .86 for the overall score
comprising all four components. An overview of all test boredom
trait items is provided in Appendix A (Table Al).

Test Boredom—State. The wording of the single item was
“How strongly do you experience boredom at the moment?” (con-
current) and “How strongly did you experience boredom while
working on the math tasks?” (retrospective). Participants responded
using a 5-point rating scale ranging from 1 (not at all) to 5 (very
strongly). Response alternatives 2, 3, and 4 were not specified.
The wording of the item and the response format were based on a
study by Goetz et al. (2007).

The multi-item state test boredom scale (Test Boredom
Scale-State [TBS-State]) was also based on the AEQ (Pekrun
et al., 2011). The wording was parallel to the TBS-Trait. It com-
prised four subscales representing the different components of bore-
dom with three items each, namely the affective component (e.g.,
concurrent: “I’'m bored,” retrospective: “I was bored”), the cognitive
component (e.g., concurrent: “I’'m so bored that I find myself day-
dreaming,” retrospective: “I was so bored that I found myself day-
dreaming”), the motivational component (e.g., concurrent: “I’'m so
bored that I would prefer not to start the math tasks at all,” retrospec-
tive: “I was so bored that I would have preferred not to start at all with
the math tasks”), and the physiological/expressive component (e.g.,
concurrent: “I’m so bored that I am tired,” retrospective: “I was so
bored that I was tired”). Answers were provided on a 5-point
response scale ranging from 1 (not at all true), 2 (slightly true), 3
(partly true), 4 (mostly true), to 5 (completely true). Across the
five assessments, coefficient o ranged from .83 to .94 for the overall
score comprising all four components. An overview of all state test
boredom items is provided in Appendix A (Table A2).

Nonoptimal Control—Trait and State. We measured stu-
dents’ nonoptimal experiences of control in terms of perceived
over- and underchallenge using items developed by Krannich
et al. (2020). The items in the trait assessment were ‘“During math
exams I feel overchallenged” and “During math exams I feel under-
challenged.” In the state assessment, the items were “I am feeling
overchallenged [underchallenged]” (concurrent) and “I felt over-
challenged [underchallenged]” (retrospective). For both the trait
and state assessments, participants responded using a 5-point rating
scale ranging from 1 (not at all true) to 5 (completely true).

Perceived Value—Trait and State. Previous studies have
shown that boredom might be differentially related to different
types of value (e.g., Goetz et al., 2006). Hence, we focused on two

traditionally assessed value types, namely intrinsic and extrinsic
value (see Gaspard et al., 2015). We adapted two items for the trait
and state assessments of intrinsic and extrinsic values, respectively,
which were each based on an item of the corresponding scales of
the PALMA (Pekrun et al., 2007). The trait items were “Math is
very important to me regardless of the grade I get” (intrinsic value)
and “It is very important for me to get a good grade in math” (extrinsic
value). The state items for concurrent assessments were “The math
tasks are important to me regardless of the result” (intrinsic value)
and “In this math tasks it is important to me to achieve a good result”
(extrinsic value). The state items for retrospective assessments were
“The math tasks were important to me regardless of the result” (intrin-
sic value) and “In this math tasks it was important to me to achieve a
good result” (extrinsic value). Answers were provided on a 5-point rat-
ing scale ranging from 1 (not at all true) to 5 (completely true).

Mathematics Test/Test Achievement Measure. A mathemat-
ics test was developed to match the study design (i.e., test sections
of varying difficulty). The test represented the performance measure
in the study. The math tasks were adapted from the database of a
nationwide written mathematics test (VERA 8, grade level §; see
Graf et al,, 2016) taken by students in the eighth grade of the
German school system as a standardized achievement test (developed
by the Institute for Educational Quality Improvement [IQB], Berlin,
Germany). The tasks covered four different content areas (i.e., num-
bers, measurement, space and form, and functional relationships)
and are classified by the IQB as easy or difficult based on solution fre-
quencies in independent nationwide representative studies. There
were multiple-choice tasks as well as tasks requesting short open
answers (e.g., calculations, writing down the solution). Relying on
these tasks allowed us to create a relatively authentic and ecologically
valid test situation that nevertheless, unlike an actual exam, made it
possible to experimentally vary the difficulty of the tasks in full accor-
dance with ethical considerations (i.e., there was no disadvantage from
taking the exam because the result did not count toward students’
grades). A Grade 8 mathematics teacher was consulted to select
easy and difficult tasks in line with the regular curricula of the four
participating schools. This resulted in a pool of 22 tasks for the
easy part and 10 tasks for the difficult part of the test. We chose
fewer difficult than easy tasks as they take more time to work on.
Results of the item analysis showed low item-total correlations for
four easy and three hard items, which were subsequently excluded
from the math score. Thus, we used 20 easy and seven difficult
tasks. Coefficient o for the math score was .74.

Academic Achievement. Academic achievement was opera-
tionalized as students’ last midterm grade in mathematics, which
is typically based on scores for written exams combined with scores
for course-specific oral exams in German schools. Grades range
from 1 (very good) to 6 (insufficient). For ease of interpretation,
we inverted grade scores so that higher numbers indicated better
performance.

Analytic Strategy

Hypothesis 1: Occurrence of Test Boredom. To test HI, we
ran one-sample 7 tests using Bonferroni correction to test whether the
mean value was different from 1. We did this for each single item
assessing trait and state test boredom (i.e., not at all on the Likert
scale). For the overall scale scores, confirmatory factor analysis
(CFA) was conducted to estimate separate hierarchical measurement
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models for trait and state test boredom. Each of the two models (i.e.,
state and trait) included the four test boredom components (i.e., affec-
tive, cognitive, motivational, physiological) as primary factors and
overall test boredom as a secondary factor. This is consistent with
our definition of test boredom as a construct that is composed of
four components. Based on the CFA models, we tested whether the
latent means for trait and state boredom were different from 1 (i.e.,
not at all true on the Likert scale). Means different from 1 indicate
that test boredom did in fact occur as reported by students.

Hypotheses 2—-4: Antecedents (H2) and Effects (H3, H4) of
Test Boredom. To test H2 and H3, we again estimated hierarchi-
cal measurement models for trait and state test boredom using CFA,
with boredom as a secondary factor. For state test boredom, we con-
ducted a multilevel CFA to take the hierarchical data structure into
account (i.e., the nestedness of state measures of boredom within stu-
dents). Latent correlations with other variables were based on this
multilevel CFA.

We investigated correlations among trait and state test boredom
and their proposed antecedents (H2; being over- and underchal-
lenged, intrinsic and extrinsic value) and outcomes (H3; math
score, academic achievement). To test the abundance hypothesis
(H4), we investigated the relations between state test boredom and
test scores (i.e., the results of the math test) separately for the two dif-
ferent parts of the test (i.e., difficult vs. easy part), which were
designed to induce overchallenge in the difficult part and underchal-
lenge in the easy part.

For the analyses of the state data, multilevel models were esti-
mated, with state test boredom and antecedent variables at Level
1, and persons at Level 2. An exception is the analyses testing H4
that used scores related to the two parts of the test. As only one
assessment of state test boredom was available for each of the two
parts, we did not use multilevel analysis for testing H4.

All analyses (trait and state) were run on the between-person level
based on latent variables. We did not run within-person analyses due
to the low number of assessments within students for the antecedent
and outcome variables of test boredom (e.g., only two state assess-
ments for being over- and underchallenged—one assessment after
each part of the test).

Models were estimated with Mplus 8.6 (Muthén & Muthén, 1998—
2017) using the robust maximum likelihood estimator (MLR).
Cluster-robust standard errors were used to take the nonindependence
of observations due to the hierarchical data structure (i.e., students
nested in classrooms) into account. Model fit of each of the measure-
ment models was evaluated using the comparative fit index (CFI), the
Tucker-Lewis index (TLI), the root-mean-square error of approxima-
tion (RMSEA), and the standardized root-mean-square residual
(SRMR). We considered typical cutoff scores reflecting good fit to
the data, that is, CFI and TLI close to or higher than .90,
RMSEA < .08, and SRMR < .08 (see Brown, 2015). All analyses
were conducted based on a statistical significance level of o= .05.
The analysis scripts are accessible via OSF (https:/osf.io/ftrdg/?
view_only=beac4ca87987492294aeac4albb96c86).

Results
Descriptive Statistics and Measurement Models

Means and standard deviations of all manifest antecedent and out-
come variables, as well as their intercorrelations are presented in

Table 1. Means and standard deviations of the boredom measures
are shown in Table 2 (see next section for details and statistical tests).

CFA showed a good fit for the second-order factor measure-
ment model for trait test boredom using the four components of
boredom as primary factors, x*(50) = 79.04, p = .006, CFI = .946,
TLI=0.929, RMSEA =0.057, and SRMR =0.050. Multilevel
CFA also showed a good fit for the state test boredom second-
order factor measurement model, xz(l 11) =249.53, p<.001,
CFI = .962, TLI=0.955, RMSEA = 0.035, SRMR i, = 0.044,
and SRMRg.ween = 0.062.

The single-item measure for trait test boredom showed a high
positive correlation with the overall trait test boredom scale
(r = .66), indicating that the single item was substantially associated
with the multi-item scale. In line with this finding, for the state test
boredom single item also had a high positive correlation with the
overall state test boredom scale (r = .87). To examine the relations
between trait and state test boredom, we additionally conducted
a CFA that included all trait and state measures. The model
fit was as follows: x2(344) =820.65, CFI=.921, TLI=0.907
RMSEA =0.037, SRMRwjwmin =0.051, SRMRgeiween = 0.065.
The correlation between trait and state boredom was r=.50
(p <.001) for the multi-item scales and r=.21 (p =.002) for the
single items (the reduced strength of the latter correlation may be
due to low reliability of single-item assessments; Gogol et al., 2014).

Table 1
Correlations Among Antecedent and Outcome Variables—Study 1
Variable 1 2 3 4 5 6

Trait

1. Overchallenge

2. —.14

Underchallenge

3. Intrinsic value —.27 23

4. Extrinsic value —.01 .07 24

5. Math score —-.30 .26 .10 .00

6. Academic —.44 24 .20 20 44
achievement
(grades)
M (SD) 2.34 1.71 3.10 4.02 45.53 3.40
0.97) (0.81) (1.13) (0.86) (13.66) (0.91)
State ®
1. Overchallenge
2. —.05
Underchallenge
3. Intrinsic value —.21 20
4. Extrinsic value —.19 .07 .56
5. Math score -.30 44 18 .04
6. Academic -.22 23 .14 .14 46
achievement
(grades)
M (SD) 2.50 1.88 2.50 2.96 46.66 343
(0.70) (0.56) (0.861) (1.01) (14.51) (0.92)
Note. N =180 students for trait boredom (due to one whole class not

participating in the trait assessment and missing data from five students)
and N =208 students for state boredom. For the assessment of challenge
and value participants responded using a 5-point rating scale ranging from
1 (not at all true) to 5 (completely true). Grades ranged from 1 (very good)
to 6 (insufficient). For ease of interpretation, we inverted grade scores so
that higher numbers indicated better performance. Bold coefficients: p < .05.
2 Single-level modeling. ® Multilevel modeling (measures within persons for
overchallenge, underchallenge, intrinsic value, extrinsic value).
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Table 2

Means, SDs, and Cohen’s d for Test Boredom Measures—Study 1

Single item Scale—overall score
M SD d M SD Latent d

Trait boredom 1.48 0.78 0.61 1.44 0.50 0.89
State boredom

Before easy part (current) 2.02 1.06 0.96 1.49 0.48 1.04

After easy part (retrospective) 1.62 0.95 0.65 1.32 0.48 0.67

Before difficult part (current) 1.80 1.10 0.73 1.47 0.63 0.75

After difficult part (retrospective) 1.99 1.26 0.78 1.63 0.84 0.75

End of study (current) 2.10 1.33 0.83 1.73 0.90 0.81

Note.

N = 180 for trait test boredom (due to one whole class not participating in the trait assessment and missing data from five

students) and N = 208 for state test boredom. Participants responded using a 5-point rating scale ranging from 1 (not at all) to 5
(very strongly). Model fit for trait boredom scale: Xz(SO) =79.04, CFI = .946, TLI = 0.929, RMSEA = 0.057, SRMR = 0.050;
model fit for state boredom scale: x*(1,520) = 2,856.14, CFI = .849, TLI = 0.824, RMSEA = 0.065, SRMR = 0.066. CFI =
comparative fit index; TLI = Tucker—Lewis index; RMSEA = root-mean-square error of approximation; SRMR = standardized

root-mean-square residual.

Hypothesis 1: Occurrence of Test Boredom

For trait test boredom, the means of the single item and the overall
score were statistically different from 1 (with 1 on the Likert scale
indicating no boredom experience; ps <.001). Effect sizes were
0.61 for the single item (Cohen’s d for one-sample ¢ tests; Cohen,
1988, p. 46) and 0.89 (latent d; Hancock, 2001) for the overall
score of the scale (Table 2).

Results of the one-sample ¢ tests revealed that state test boredom
measured with single-item or overall scores were all also not equal to
1 throughout all parts of the test (adjusted p values using Bonferroni
correction for multiple testing were all <.001), with effect sizes
ranging from d = 0.65 to 1.04. The mean score across all state single
items on test boredom was M =191 (SD=1.14) and the mean
score across all state scale scores on boredom was M =1.53
(8D =0.67). For a graphical illustration, mean values and violin
plots for all trait and state boredom measures are shown in
Figure 1. Mean values were relatively low. Nevertheless, the violin
plots show that the scores were distributed across a wide range, with
some students even reaching the highest possible score.

Hypothesis 2: Antecedents of Test Boredom

Latent correlations between the overall (i.e., multi-item) trait
and state boredom scores and antecedents are presented in
Table 3. For state boredom, the coefficients represent latent
between-person correlations at Level 2 derived from the multilevel
CFA model. For both the trait and state assessments, the boredom
scores showed positive correlations with both overchallenge and
underchallenge. In addition, for the trait and state assessments,
the boredom score was negatively related to both intrinsic and
extrinsic values. Thus, supporting H2, all correlations for the
trait and state assessments were significant and in the expected
directions.

Hypotheses 3 and 4: Relations of Test Boredom With
Achievement

Correlation coefficients among the trait and state multi-item
boredom scores and achievement outcomes are presented in
Table 4.

No significant relations between boredom and the score in the
math test were found. However, both for the trait and state assess-
ments, the overall boredom score showed negative correlations
with math grades. Thus, with respect to H3, all significant correla-
tions both for the trait and state assessments were in the expected
directions.

Table 4 also shows the results for the abundance hypothesis test-
ing (H4). Correlations between state boredom experiences during the
easy part of the test as well as during the difficult part of the test with
corresponding test achievement (i.e., achievement in the easy and
difficult part) are shown separately.

In terms of being over- and underchallenged, students reported
state levels for the easy and difficult parts of the test. For the easy
part, the mean level of being underchallenged was M =2.17
(8D =1.12) and of being overchallenged M =2.03 (SD = 0.97).
For the difficult part, the mean level of being underchallenged was
M=145 (SD=0.70) and of being overchallenged M =2.96
(SD=1.09). In the easy part of the test, underchallenge scores
were significantly higher, #(204) =8.83, p <.001, Cohen’s d=
0.61, and overchallenge scores were significantly lower, #(201) =
—11.76, p <.001, Cohen’s d = —0.83, than in the difficult part of
the test, suggesting that students actually experienced the easy part
as less challenging than the difficult part.

In line with the abundance hypothesis (H4), we found a significant
negative correlation between state boredom and the test score for the
difficult part of the test (r = —.22). In contrast, the correlation for the
easy part of the test was not significant (r =.09). As there was no
overlap in the confidence intervals of the two correlations, they
were significantly different.

Discussion

In line with our assumptions (H1), we found that both trait and
state test boredom occur at a statistically significant level. Also in
line with our assumptions (H2), both trait and state test boredom
were related to their proposed antecedents, namely nonoptimal con-
trol (over- or underchallenge), intrinsic value, and extrinsic value.
Both being over- and underchallenged showed significant positive
relations with test boredom. In addition, largely in line with our
assumptions (H3), test boredom showed significant relations with
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Figure 1

Mean Values and Violin Plots for Trait and State Test Boredom—Study 1
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Violin plots show a rotated density plot on each side smoothed by a kernel density estimator (Hintze & Nelson, 1998).

academic achievement. Both trait and state test boredom showed
negative relations with students’ math grades.

Finally, we also found support for our abundance hypothesis
(H4): Boredom was negatively related to test scores in the difficult
part of the test, and not significantly related to the scores in the

easy part of the test. Thus, when students are underchallenged, test
boredom seems to be merely a side effect of working on tasks, with-
out affecting test performance—likely because students have suffi-
cient resources, motivation, and strategies to succeed on easy tasks
even when being bored. However, when students feel
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AQ1
1181 Table 3 1240
1182 Correlations Between Multi-Item Boredom Measures, Control, and Value—Study 1 1241
1183 R 1242
Nonoptimal control Value
1184 1243
1185 Variable Overchallenge Underchallenge Intrinsic value Extrinsic value 1244
1186 Trait 1245
1187 Trait test boredom .17 [0.07, 0.31] .27 [0.09, 0.49] —.18 [-0.33, —0.03] —.23[—-0.36, —0.08] 1246
1188 State 1247
1189 State test boredom .44 [0.16, 0.67] .25[0.01, 0.42] —.17 [-0.31, —0.04] —.29[-0.41, —0.14] 1248
1190 Note. Analyses of trait and state data are based on multilevel modeling (state: measures nested within persons). For both the trait and the state data, 1249
1191 between-person correlations are shown. N = 180 students for trait boredom (due to one whole class not participating in the trait assessment and missing data 1250
1192 from five students) and N = 208 students for state boredom. Model fit for the trait assessment: x*(92) = 142.61, CFI = .937, TLI = 0.918, RMSEA = 0.055, 1251
SRMR = 0.055; model fit for state assessment: x2(202) =429.51, CFI = .953, TLI = 0.944, RMSEA = 0.033, SRMRw;in = 0.057, SRMRgiween = 0.065.
1193 Bold coefficients: p <.05. 95% confidence intervals are shown in brackets. CFI=comparative fit index; TLI= Tucker—Lewis index; RMSEA = 1252
1194 root-mean-square error of approximation; SRMR = standardized root-mean-square residual. 1253
1195 1254
1196 1255
1197 . . . .. 1256
1198 overchallenged, boredom can be expected to have a negative effect expectations to be able to solve math problems (i.e., anticipatory 1257
119 on performance because it is likely to consume resources that challenge). 1258
1200 would actually be needed to complete the task. This study further explored the occurrence of mathematics state 125
1201 However, Study 1 also had limitations. The sample was relatively test boredom (H1) as well as the relations of state test boredom 1260
1202 small, and we used a nonstandardized mathematics test that was with test performance (H3), including the abundance hypothesis 1261
1203 divided into an easy and a difficult part, which is not what happens (H4). As an indicator of being over- versus underchallenged during 162
1204 in natural testing situations. Awarding a prize of €250 to the class the test, students’ self-efficacy expectations were assessed, which 1263
with the best average test performance to make the test subjectively reflect anticipatory challenge. According to the abundance hypoth-
1205 . . 1264
1206 relevant and encourage students to perform well also does not reflect esis, test boredom should be negatively related to test performance 1265
1207 a typical test situation in school. Furthermore, the abundance at low but not high levels of self-efficacy. As such, we assumed 1266
1208 hypothesis was investigated for the first time in this study. To test an interaction effect of test boredom and self-efficacy on test 1267
1200 the generalizability of the findings, a conceptual replication using performance. 1268
a different approach to measuring over- and underchallenge is
1210 . 1269
needed. Study 2 addresses these issues.
1211 Method 1270
1212 1271
1213 Study 2 Participants 1272
1214 . . . 1273
15 Study 2 used a data set that is based on a large sample and a classic The sample consisted of 1,612 students (Grades 5-10; 46.84% 1274
standardized mathematics test. We also used a different indicator of female; M. = 13.75 years, SD = 1.86) from 70 classrooms in 19
1216 . . . . . 1275
217 being over- versus underchallenged, namely, students’ self-efficacy different schools in the state of Bavaria, Germany. The sample 1276
1218 1277
1219 1278
1220 Table 4 1279
1221 Correlations Between Multi-Item Boredom Measures and Achievement—Study 1 1280
1222 Variable Math test Math grades 1281
1223 1282
1224 Trait test boredom * .01 [-0.11, 0.13] —.22 [—0.40, —0.03] 1283
State test boredom ° —.08 [-0.23, 0.07] —.29 [-0.48, —0.08]
1225 State test boredom—easy part © .09 [—0.08, 0.25] 1284
1226 State test boredom—difficult part © —.22[-0.30, —0.14] 1285
1227 1286
Note. All coefficients are between-person correlations. Bold coefficients: p <.05. 95% confidence
1228 intervals are shown in brackets. Model fit for trait test boredom/math test: x2(59) =77.33, CFI=.971, 1287
1229 TLI = 0.961, RMSEA = 0.039, SRMR = 0.051; model fit for trait test boredom/math grades: ¥*(59) = 1288
1230 79.72, CF1=.967, TLI=0.956, RMSEA = 0.044, SRMR = 0.051; model fit for state test boredom/ 1289
1931 math test: x*(121)=272.60, CFI=.961, TLI=0.954, RMSEA =0.035, SRMRwinin = 0.043, 1990
123 SRMREgetween = 0.059; model fit for state test boredom/math grades: x2(121):266.16, CFI = .962, 1291
TLI=0.955, RMSEA = 0.034, SRMRw;nin = 0.043, SRMRgween = 0.059; model fit for state test
1233 boredom—easy part/math test: x*(61) = 112.23, CFI = .944, TLI = 0.929, RMSEA = 0.064, SRMR = 1292
1234 0.044; model fit for state test boredom—difficult part/math test: x*(61) = 133.99, CFI=.923, TLI= 1293
1235 0.902, RMSEA =0.076, SRMR =0.037. CFI = comparative fit index; TLI= Tucker-Lewis index; 1294
1236 RMSEA = root-mean-square error of approximation; SRMR = standardized root-mean-square residual. 1295
a . . b . N
Analyses are based on single-level modeling. ° Analyses are based on multilevel modeling (measures
1237 nested within persons); the coefficients are Level 2 correlations. © Analyses are based on single-level 1296
1238 modeling; there was only one state assessment of boredom for each part of the test. Correlations between 1297
1239 state test boredom and the corresponding math score in each part (easy vs. difficult part) are shown. 1298
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comprised students from a wide range of socioeconomic back-
grounds, including both rural and urban areas, and from all three
school tracks of the public school system in this state.

Procedure

The study is a secondary analysis of an existing data set from a
cross-sectional study (grade levels 5-10) that was part of the
PALMA project (see, e.g., Marsh et al., 2019; Murayama et al.,
2013; Pekrun et al., 2007, 2019), namely the PALMA Pilot Study
2. Findings for the present data set have been published by Pekrun
et al. (2019). However, findings from this study for the state data
(i.e., the assessments during the mathematics test) and for boredom
(trait and state) have not yet been published. The studies of the
PALMA project received Institutional Review Board approval
from the Bavarian State Ministry for Education, Science, and the
Arts (reference I11/5-S4200/4-6/68 908). Stratified sampling in the
state of Bavaria was provided by the Data Processing and
Research Center of the International Association for the
Evaluation of Educational Achievement (IEA-DPC, Hamburg,
Germany). Schools were recruited so that the resulting student sam-
ple was representative in terms of students’ living in urban versus
rural areas, socioeconomic status of parents, and school type within
the three-tier school system in Bavaria. All instruments in this study
were administered by the DPC’s trained external test administrators
in students’ classrooms. Parental consent was obtained, and
students’ responses were kept confidential.

Students worked on a low-stakes mathematics achievement test
(paper-and-pencil version) during their regular math classes. The
mathematics tasks were verbally explicitly referred to as a test, and
the term “test” was also used in the task material. The results of
the test did not count toward students’ grades, so it was a low-stakes
test. State boredom was assessed at the beginning of the test (i.e.,
before starting to work on the tasks; current experience of boredom),
after Part 1 and Part 2 of the test (also current experiences), and after
Part 3 of the test (retrospective judgment of boredom during the test),
resulting in four assessments of state test boredom. As a measure of
over- versus underchallenge, self-efficacy was assessed once directly
before the first task on the math test. Students were allotted 90 min
for working on the math test and the state assessments.

Missing Data

A total of 5.22% of data were missing, stemming from 467 incom-
plete records. The percentage of missing values across the nine var-
iables ranged from 0.56% to 16.19%. FIML was used to deal with
the missing data (see Enders, 2010).

Measures

State Test Boredom. In the three current assessments (once
before and after Parts 1 and 2 of the test), students were asked
“How do you feel at this moment.” Boredom was assessed with
the single item “I am bored.” After Part 3 of the test, students
were asked “How did you feel when you worked on the math
tasks,” and boredom was assessed with the single item “I was
bored.” Participants responded on a 5-point rating scale ranging
from 1 (not at all true), 2 (slightly true), 3 (partly true), 4 (mostly
true), to 5 (completely true).

Self-Efficacy. Self-efficacy was assessed using the approach pro-
posed by Pajares and Graham (1999), which is aligned with Bandura’s
originally definition of task-related self-efficacy (Marsh et al., 2019).
Students were offered the following instructions: “Imagine that you
were asked to solve the following mathematics tasks. For each task,
please indicate how confident you are that you can solve it correctly.
So, you don’t have to solve the following three tasks; only estimate
whether you think you could solve them.” Subsequently, three tasks
of different difficulty (easy, medium, difficult) were shown. The
tasks were adapted to fit the competency levels of participants from
different grade levels and school tracks. The selection of the tasks
was based on pilot studies (Goetz, 2004). After each of the three
tasks, students were asked: “How confident are you that you could
solve this task?” Students used an 8-point Likert scale ranging from
1 (not confident at all) to 8 (completely confident) to rate their confi-
dence. The reliability of the three-item scale was oo = .71. An example
of the three tasks used for grade five students can be found in the
online supplemental material (S1). In all grades and school tracks, stu-
dents were required to factually complete the three tasks at a later time
during the test. Thus, they were ecologically valid with respect to the
content of the test.

Mathematics Test. The PALMA Mathematical Achievement
Test (Murayama et al., 2013; Pekrun et al., 2007) was used to mea-
sure students’ current achievement. The PALMA test is a standard-
ized test assessing competencies in arithmetic, algebra, and
geometry across a wide range of ability. The test included both
multiple-choice items and short-answer items (e.g., calculations,
writing down the answer; see also in the online supplemental mate-
rial [S1] for sample self-efficacy assessment items). The reliability of
the test was oo = .87.

Analytic Strategy

Hypothesis 1: Occurrence of Test Boredom. To test H1, we
ran a series of one-sample ¢ tests using Bonferroni correction to
test if mean state test boredom scores were different from 1 (i.e.,
not at all true on the Likert scale). Means different from 1 indicate
the occurrence of test boredom as reported by students.

Hypotheses 3 and 4: Relations of Test Boredom With
Achievement. We investigated correlations between state test
boredom and test achievement (H3). To test the abundance hypoth-
esis (H4), we examined the relations between test boredom and test
achievement as a function of self-efficacy. As noted, the hypothesis
implies that boredom should show stronger negative effects on
achievement for students with low self-efficacy (i.e., students for
whom the test can be assumed to be overchallenging), than for stu-
dents with high self-efficacy (i.e., students for whom the test can be
assumed to be underchallenging). To test this hypothesis, we probed
the latent interaction of boredom and self-efficacy using the LMS
method (Klein & Moosbrugger, 2000). The analysis was based on
a CFA measurement model for self-efficacy and the mean-centered
boredom scores. Test scores were used as the outcome variable. The
model was estimated with Mplus 8.6 (Muthén & Muthén, 1998-
2017) using the robust MLR. Cluster-robust standard errors were
used to consider the nonindependence of observations due to the
hierarchical data structure (i.e., students nested in classrooms). The
model was saturated. The analysis scripts are accessible via OSF
(https:/osf.io/ftrdg/Tview_only=beac4ca87987492294aeac4al bb9
6c86).
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Results
Hypothesis 1: Occurrence of Test Boredom

Descriptive statistics (M, SD) for state test boredom, one-sample ¢
tests, and the corresponding Cohen’s d are presented in Table 5.
Results of the one-sample ¢ tests showed that all state test boredom
scores were different from 1, with effect sizes ranging from d =
0.69 to 0.76. The distributions of state test boredom scores are
shown in Figure 2. Despite the relatively low mean values, the bore-
dom scores were distributed across a wide range of values, with even
the highest possible values reported by the participants.

Hypotheses 3 and 4: Relations of Test Boredom With
Achievement

Correlations between state test boredom and math test scores are
presented in Table 6. We found no statistically significant correlation
between state test boredom and the scores on the math test, which is
not in line with our hypothesis (H3).

Table 7 shows the results for the abundance hypothesis test (H4).
The effect of the latent interaction of state test boredom and self-
efficacy on test scores was positive and significant (f=0.38).
Thus, in support of the abundance hypothesis, the strength of the
effect of test boredom on the test score differs depending on the
level of self-efficacy.

Figure 3 depicts the Johnson—Neyman plot for the interaction. The
plot shows that the slope for boredom is significantly negative when
the self-efficacy score is lower than 4.49 and becomes significantly
positive when the self-efficacy score is higher than 5.96. Within the
self-efficacy score interval from 4.49 to 5.96, in which the mean self-
efficacy score was located (M = 5.58; SD = 1.34), the slope is not
significant. Our findings are in line with the abundance hypothesis:
Test boredom shows a negative effect on the test score for students
with low self-efficacy, that is, for students for whom the test can
be assumed to be overchallenging. For students with high self-
efficacy, that is, for whom the test can be assumed to be underchal-
lenging, we found less negative and even positive effects of test
boredom on the test score.

Discussion

In a large sample (N = 1,613 fifth to eighth graders), we found
significant levels of boredom during a standardized low-stakes
math test (H1). Test boredom was not related to test achievement,
which is not in line with H3. However, in line with the abundance
hypothesis (H4), test boredom was significantly negatively related
to test achievement for students with low mathematics self-efficacy

Table 5
Means and SDs: State Test Boredom—Study 2

Boredom score n M 95% CI SD p?* Cohen’sd

Beginning of the test 1,586 1.74 [1.68,1.79] 1.06 <.001 0.69
After Part 1 1,556 1.77 [1.71,1.82] 1.12 <.001 0.69
After Part 2 1,351 1.95 [1.88,2.02] 1.28 <.001 0.75
After Part 3 1,574 190 [1.84,1.96] 1.19 <.001 0.76

Note. Participants responded using a 5-point rating scale ranging from 1
(not at all) to 5 (very strongly). CI = confidence interval.
* Adjusted p values using Bonferroni correction for multiple testing.

Figure 2
Mean Values for State Test Boredom—Study 2
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Note. Circles represent individual values, where the sizes of the circles are
relative to the number of observations. Filled triangles represent mean
values.

(i.e., for students who were likely to feel overchallenged). A plausi-
ble explanation is that overchallenged students need all their cogni-
tive resources to complete complex or difficult tasks and that
boredom due to overchallenge consumes cognitive resources, such
that the remaining resources are not sufficient to successfully com-
plete the tasks. Although we assumed that boredom would have
had less of a negative effect on performance for underchallenged stu-
dents (i.e., students with high self-efficacy) because these students
had sufficient resources available, we actually found significantly
positive associations between boredom and test performance for
these students. The reason for those positive correlations may be

Table 6
Latent Correlations Between Study Variables—Study 2

Variable 1. 2. 3.

1. Test boredom
2. Self-efficacy
3. Test scores
M (SD)

—.02 [-0.10, 0.07]
.03 [-0.04, 0.10]
1.81 (0.89)

.33 [0.26, 0.40]

5.58 (1.34) 0.00 (0.99)

Note. For test boredom, M and SD across the four single-item ratings of
state test boredom are shown (answer format: 5-point rating scale from
1 =not at all true to 5 = completely true). For self-efficacy M and SD are
reported for the three-item scale (answer format: 8-point Likert scale
ranging from 1 = not confident at all to 8 = completely confident). The test
score is based on a standardized mathematics test. XZ(IS) = 87.96,
CFI=.974, TLI=0.960, RMSEA=0.049, SRMR=0.020. Bold
coefficients: p < .05. 95% confidence intervals are shown in brackets. CFl =
comparative fit index; TLI= Tucker-Lewis index; RMSEA = root-mean-
square error of approximation; SRMR = standardized root-mean-square
residual.
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Table 7
Math Test Scores Predicted by Test Boredom and Self-Efficacy—
Study 2

Test score
Unstandardized Standardized
effect 95% CI effect
Boredom 0.12 [—0.09, 0.33] 0.04
Self-efficacy 0.33 [0.25, 0.38] 0.32
Boredom x Self-efficacy 0.38 [0.19, 0.58] 0.13

Note. Fixed factor variance approach was used for model identification of
the measurement model for the predictor self-efficacy, that is, the conditional
effect of boredom is tested at the average level of the predictor self-efficacy;
predictor boredom was centered at the mean. Bold coefficients: p < .05.95%
confidence intervals (CI) are shown in brackets.

that perceptions of underchallenge (i.e., high levels of self-efficacy)
may strengthen students’ confidence and motivation (see Krannich
et al., 2019), which can, in turn, enhance their test achievement
(see below for this point). Without including self-efficacy as a mod-
erator of the relations between test boredom and test performance,
the relations between both variables were not significant. The reason
for this could be the opposing effects of test boredom on test perfor-
mance, which were dependent on the level of self-efficacy as found
in our study.

General Discussion

Although research on academic boredom has proliferated in the
past 15 years, research on boredom during tests is largely lacking.

Figure 3
Johnson—Neyman Plot: Slope of the Effect of Boredom on Test
Achievement as a Function of Self-Efficacy—Study 2

0.50
045
040
0.35
0.30
025
020
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-020
-0.25
-0.30
-0.35
-0.40
-0.45
-0.50
-0.55
-0.60
-0.65
-0.70

Slope for the Predictor Boredom

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Self-Efficacy

Note. The dashed lines represent the lower and upper bounds of the 95%
confidence bands. The dark gray areas represent the regions of statistical sig-
nificance for the effects of boredom at oo = .05. The mean of the self-efficacy
score is M = 5.58 (SD = 1.34, Min = 2.37, Max = 7.89). The slope for low
self-efficacy (—1 SD) can be seen at self-efficacy = 4.24, and the slope for
high self-efficacy (4-1 SD) can be seen at self-efficacy = 6.92.

We aimed to close this chasm. The main goal of our research was
to investigate the occurrence of test boredom and its links with
important antecedents and outcomes. Based on the CVT, we hypoth-
esized that students experienced significant levels of boredom dur-
ing testing (H1), and that test boredom was significantly related to
theoretically hypothesized control-value antecedents (H2) and per-
formance outcomes (H3). In addition, we proposed the abundance
hypothesis (H4), which stated that test boredom was more detrimen-
tal when students felt overchallenged during the test compared to
when they felt underchallenged.

Occurrence of Test Boredom (H1)

The results on the occurrence of test boredom were consistent
across the two studies and supported H1. We found that test boredom
occurred on a significant level both measured as a trait (Study 1) and
as a state (Studies 1 and 2). Importantly, reports on test boredom on
the trait level indicated that test boredom was not an experience spe-
cific to the test situation we created in our study (i.e., as a state), but
was also prevalent in other testing situations.

To judge levels of test boredom, mean scores on single items can
be used. The mean score across all state single items on test boredom
was M = 1.91/1.84 in Studies 1 and 2, respectively, on a Likert scale
ranging from 1 to 5. This result is in line with the findings of a study
by Goetz et al. (2007), in which state test boredom was assessed with
a single item twice during a low-stakes mathematics achievement
test and yielded means of M =1.98 and 2.11 using a similar
response scale as the present research. Thus, the evidence on the
occurrence of test boredom is consistent across these studies. As
compared to other negative emotions during low-stakes tests, the
level of boredom found in our study was relatively high. For exam-
ple, in the study by Goetz et al. (2007), the values for the two assess-
ments (each single item) during a low-stakes math test were M =
1.44/1.57 for anger and M = 1.32/1.31 for anxiety. Roos et al.
(2021) found levels of anxiety during a low-stakes math test of
M =1.24to M = 1.60 (Mdn: 1.47; single items, retrospective assess-
ments after each of the six parts of the test, 6-point Likert ranging
from O = no anxiety at all to 5 = very strong anxiety).

The score of the trait single item (Study 1) was M = 1.48 (SD =
0.78). Thus, the mean score for the trait assessment was below the
mean score for the state assessment. It is important to note that
these scores can be directly compared due to the use of fully parallel
items. If state levels are seen as “real” due to being directly measured
in the situation of interest, it might be that trait-like assessments
underestimate students’ levels of boredom during tests. One main
reason for underestimating levels of a construct in trait assessments
is subjective beliefs (e.g., Goetz et al., 2013; Robinson & Clore,
2002). In the case of test boredom, students might feel that taking
a test cannot be boring, which could lead to their underestimation
of levels of test boredom in the trait assessment. In addition, it is
important to note that our trait assessment of test boredom was
related to math exams, which are usually graded and therefore are
of great personal importance to students. However, in our studies,
we assessed state test boredom as experienced in low-stakes tests.
Given the likely relatively low extrinsic value of such tests, the
level of state test boredom may have been higher than if we had mea-
sured state boredom during high-stakes tests.

We have focused on boredom during mathematics tests. It is impor-
tant to note that the perceived value of achievement in this domain is
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typically rather high as compared to other domains (Goetz et al., 2014;
Haag & Goetz, 2012). Given that value reduces boredom, test bore-
dom might be relatively rare in mathematics and more frequent in
other domains. As such, the current estimates of test boredom may
be conservative given that they were derived from assessments
during math tests. In other words, if test boredom can be found in
mathematics, it seems likely that it should also be experienced in
other domains.

Antecedents of Test Boredom (H2)—Study 1
Nonoptimal Levels of Control

Both for the trait and state assessments, the findings are in line
with our hypotheses on the relations between boredom and non-
optimal levels of control. The trait and state boredom scores
were each positively correlated with both perceived over- and under-
challenge during the test. These results are in line with findings by
Krannich et al. (2019) who examined trait boredom as experienced
during typical lessons (high school). In all three academic domains
investigated in their study (mathematics, German, French), class-
related boredom was positively related to both being over- and
underchallenged. Our study extends this finding to testing situations.

Intrinsic and Extrinsic Values

For both the trait and state assessments, the hypothesis about
negative relations between perceived value and test boredom
was supported. Students’ trait and state boredom scores were nega-
tively correlated with both intrinsic and extrinsic values during
the test. Our results are in line with previous studies examining bore-
dom experienced in other academic settings, which also show neg-
ative correlations between boredom and facets of perceived value
(e.g., Forsblom et al., 2022; Goetz et al., 2006; Pekrun et al.,
2010, 2011).

Low levels of extrinsic value and, consequently, high levels of
boredom might be of particular relevance in low-stakes testing. In
recent years, low-stakes testing was used more frequently. This
trend may continue due to enhanced demands for accountability
and evidence-based policy making, which typically rely on stan-
dardized low-stakes tests (a growing number of countries participate
in low-stakes large-scale assessments; see, e.g., Organization for
Economic Cooperation and Development, 2017). Prime examples
are international student assessments such as the Organization
for Economic Cooperation and Development PISA, the Trends in
International Mathematics and Science Study (TIMSS), the
Progress in International Reading Literacy Study (PIRLS), the
Programme for the International Assessment of Adult
Competencies (PIAAC), and the Early Grade Reading Assessment
(EGRA). There are also high numbers of low-stakes tests that are
often not labeled as such. Examples are homework assignments,
preparation tests (e.g., for the Test of English as a Foreign
Language [TOEFLY]), voluntary intelligence tests, clinical develop-
ment tests for children, self-assessments (e.g., “quick quizzes” in
self-help books), and different formative assessment techniques,
such as clicker questions (e.g., with Kahoot) and two-stage assess-
ments (e.g., receiving feedback on an essay which will then be
graded in a second step). Test boredom may play an important role
in all of these types of low-stakes assessments.

Test Boredom and Achievement Outcomes (H3, H4)—
Studies 1 and 2

Math Test

Consistent with our abundance hypothesis (H4), we found that test
boredom was differentially related to test achievement depending on
boredom due to being over- versus underchallenged. Test boredom
was negatively related to achievement on the math test when students
worked on difficult tasks. In contrast, boredom and achievement were
unrelated (Study 1) or even positively related (Study 2) when students
work on easy tasks. Boredom during easy, underchallenging tasks
may have less or even no effect on achievement because students
have sufficient cognitive and motivational resources to complete the
tasks anyway. However, when working on difficult tasks, students
may be overchallenged, and some of their cognitive resources,
which would be needed to successfully complete the task, would be
consumed by experiencing boredom. In both of our studies, we
found evidence to support this assumption. These findings are also
in line with theory (e.g., Eysenck & Calvo, 1992; Eysenck et al.,
2007) and empirical findings (Ashcraft, 2002) on test anxiety, show-
ing that anxiety is more detrimental for achievement when learners are
working on complex and attention-demanding tasks.

An intriguing result of Study 2 was that boredom was positively
related to test achievement for students with high levels of self-
efficacy. The results of Study 1 also point to this pattern; we
found a positive, though not significant, correlation between test
boredom and test performance in the underchallenge situation in
Study 1. This positive relation was unexpected but makes sense,
as being underchallenged in mathematics can be assumed to be asso-
ciated with a positive math self-concept. In fact, in their study with
Swiss 11th graders, Krannich et al. (2019) found positive correla-
tions between underchallenge and academic self-concept in the
domains of English, French, and mathematics, whereas the reported
correlations between overchallenge and self-concept were negative.
Boredom due to being underchallenged could be interpreted by stu-
dents as an indicator of high competence (feeling as information;
Schwarz & Clore, 1983), which may strengthen their self-confidence
and thus contribute to the beneficial effects of self-concept on
achievement (Marsh et al., 2018; Niepel et al., 2022). Such plausible
mechanisms might be investigated in future studies.

Our results suggest that the strength of the relation between state
test boredom and achievement would be underestimated if boredom
due to over- or underchallenge were not considered separately in the
analysis. Relatively strong negative effects of boredom due to over-
challenge on achievement scores would not be detected. In fact, in
Study 2, probably due to the opposing effects of test boredom due
to over- and underchallenge on test performance, we found no sig-
nificant overall relation between test boredom and test performance
(i.e., when not accounting for different levels of challenge).

We found no significant relation between trait test boredom and
achievement on the math test (Study 1). This result suggests that
test boredom may be situation-specific and, consequently, that gen-
eralized trait assessments may be relatively weak predictors of
achievement on a specific single test.

Math Grades

Consistent with our hypotheses, we found significant negative
correlations with students’ math grades in Study 1. The relation
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between math grades and trait/state test boredom was r=
—.22/—.29. This result is in line with the findings of the meta-
analyses of Tze et al. (2016) and Camacho-Morles et al. (2021), in
which mean correlations of 7 = —.24 and p = —.25 between bore-
dom and academic outcomes were reported.

Although the present correlations between test boredom and aca-
demic achievement (i.e., test scores and grades) were not very high,
it is important to note that students work on numerous tests during
their academic career, which may entail strong cumulative effects
over longer periods of time. This assumption is supported by evi-
dence on reciprocal relations between boredom and academic
achievement (e.g., Pekrun et al., 2014, 2017), which can result in
vicious cycles of boredom and poor achievement. Thus, our results
contribute to existing findings on boredom and achievement show-
ing that the relations between both constructs as demonstrated in pre-
vious studies can be extended to test boredom.

Presumably because of the opposing effects of test boredom due to
over- or underchallenge on test achievement, we found no significant
relations between boredom and overall test performance in either
study when not differentiating levels of challenge. However, this
begs the question of why test boredom related negatively to math
grades without such differentiation (Study 1). For trait test boredom,
one explanation may be that math exams in school are, on average,
more likely to be over- than underchallenging, leading to lower grades
according to the abundance hypothesis. This interpretation is sup-
ported by the results from Study 1, in which students reported
much higher levels of over- than underchallenge. It is also supported
by a study by Krannich et al. (2019) which found significantly higher
levels of overchallenge than underchallenge in mathematics classes.
The negative relation between state test boredom and grades could
be explained in a similar way, as students also reported higher levels
of overchallenge compared to underchallenge when taking our test.
Thus, our test may have reflected the average math test performance
level in school which tends to be overchallenging for students. The
high prevalence of overchallenging situations at school may also be
the reason for the overall negative relations between boredom and
achievement found in the meta-analyses cited earlier.

Integrating Test Boredom Into Research on Academic
Boredom/Academic Emotions

In summary, our results show that test boredom occurs at
significant levels. Furthermore, like other types of boredom (i.e.,
class- and learning-related boredom; Pekrun et al., 2010), test bore-
dom has clear links with theoretically hypothesized antecedents and
effects according to the findings. Thus, it is reasonable to include test
boredom in the domain of academic boredom. Our results suggest
that test boredom is quite similar to other types of boredom in
terms of its component structure and its relations to antecedent
and outcome variables. This does not mean, however, that it is not
important to evaluate it as a separate construct. On the contrary,
test boredom deserves specific attention, given that testing situations
are very common and that test scores seem to be influenced by
boredom.

Whether the abundance hypothesis, which has been confirmed for
test boredom in the present research, also holds for other types of bore-
dom is an open research question. Test boredom could differ more or
less from other types of boredom in its effects on performance. In
general, considering test boredom may broaden the perspective on

boredom in academia, but also outside of school (e.g., in sports,
arts, business; see Bieleke et al., in press). From a broader perspective,
future studies could consider test boredom along with other test emo-
tions to identify similarities and differences (e.g., test-related anxiety,
anger, hopelessness, joy, and pride; Pekrun et al., 2011). This could
also be done at the component level of test emotions (e.g., Lange &
Zickfeld, 2021). Based on the results of our research, it can be hypoth-
esized that test boredom shows similar relations with other test-related
emotions as class- and learning-related boredom show with other
emotions during classes and learning.

Limitations

Some limitations of the present study should be noted and can be
used to derive directions for future research. First, concerning the
assessment of test boredom and its appraisals antecedents, we relied
on self-report data, which may have resulted in common method bias
(Podsakoff et al., 2003). Although we used a real-time assessment
method for the state assessment, it was still a self-report. To control
for possible biases, future studies may add more objective assess-
ments of boredom or at least of its components (e.g., physiological
assessments of reduced arousal; see Pekrun, 2023; Roos et al.,
2021).

Second, because we focused exclusively on test boredom, we can-
not draw conclusions about how test boredom differs in its magni-
tude, component structure, antecedents, and effects from other
types of academic boredom, such as class- and learning-related bore-
dom. Future studies could analyze the structure of different types of
academic boredom (i.e., test-related, class-related, and learning-
related boredom) to explore to what extent test boredom differs
from other types of boredom. This should also be done for different
types of testing situations, some of which are relatively similar to
class or learning situations (i.e., low-stakes tests as addressed in
the present research). In this regard, the scales developed in our
study (TBS-Trait, TBS-State) could be used in combination with
the class- and learning-related boredom scales of the AEQ (Pekrun
et al., 2011).

Third, although our research used different indicators of nonopti-
mal challenge (i.e., subjective experiences of over- and underchal-
lenge, self-efficacy), which is a strength of this research, future
studies could analyze how these different assessments might differ
in terms of predicting the effects of test boredom. Future studies
could also consider other theories on the antecedents and effects
of boredom (e.g., Eastwood et al., 2012) and include related vari-
ables in their studies (e.g., attention problems, creativity).

Fourth, in our study, we could not directly assess whether optimal
challenge was associated with very low or even no boredom experi-
ences (Study 1 did not include medium difficulty tasks, whereas
Study 2 included them but did not measure boredom related to dif-
ferent task difficulty). Future studies could address this issue.

Fifth, our approach does not allow for conclusions on the causal
ordering of variables. Future studies in this field may combine
assessment of short-term dynamics with developments over longer
time periods (e.g., by using measurement-burst designs; Sliwinski,
2008) to model growth processes and their causal antecedents and
effects. In this context, future studies should also examine within-
person relations between test boredom and its antecedents and out-
comes. Multilevel structural equation modeling could be used for
simultaneous analyses of between- and within-person relations.
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Finally, we have focused on a single academic domain, namely,
mathematics. As mentioned earlier, we decided to focus on this
domain because it typically has high subjective value and thus it per-
mitted us to test the occurrence of test boredom in a conservative
way. Furthermore, mathematics is a core area of STEM subjects,
and test boredom and its impact on performance outcomes can
have a strong influence on educational and career choices, as well
as on motivation for lifelong learning in these subjects (Wigfield
et al., 2002). However, future studies may also focus on other aca-
demic domains, such as languages, history, arts, and sports.

Implications for Research and Practice

Our study has several implications for research on boredom in
academic settings and for educational practice. First, our results sug-
gest that promoting students’ competence beliefs (e.g., through
appropriate types of feedback; Goetz et al., 2018) and increasing
their perceptions of the value of tests may reduce their experiences
of test boredom. However, it is important to note that enhancing
extrinsic value can increase other negative emotions, such as anxi-
ety, anger, and hopelessness (Pekrun, 2006). Thus, including tasks
with high intrinsic value may be helpful to reduce boredom without
giving rise to other negative emotions. To help educators reduce
their students’ test boredom, future studies may build upon our
work by exploring additional ways to reduce or avoid boredom in
testing situations. A challenge for such future studies may be to
find ways to avoid including tasks that are too easy or too difficult
without compromising the diagnostic properties of the test. For
example, computerized adaptive (tailored) testing (CAT; e.g.,
Asseburg & Frey, 2013; Wainer, 2000) may be helpful to reduce sit-
uations of nonoptimal challenge during tests. In CAT, items are indi-
vidually selected depending on the test takers’ previously shown
responses. Thus, having given a wrong answer prompts the selection
of an easier item to be presented next, and vice versa.

Second, to understand the cognitive mechanisms generating the
effects on performance as explained by the abundance hypothesis,
future studies could refer to cognitive load theory (Sweller, 2011).
Such studies could incorporate measures of cognitive load (e.g.,
intrinsic and extrinsic cognitive load) in addition to measures of non-
optimal challenge and test boredom.

Third, our multi-item test boredom scales (i.e., TBS-Trait,
TBS-State) could easily be adapted to investigate the role of bore-
dom in academic domains other than mathematics (e.g., Goetz
et al., 2007). Although single-item measures of test boredom are
likely to be the best choice for studying test boredom in the vast
majority of cases, multi-item scales can be useful when the research
question relates to components of test boredom, for example (for
related research on components of test anxiety, see Roos et al.,
2021, 2023).

Fourth, future studies could examine boredom in different testing
situations (i.e., low-stakes vs. high-stakes testing). In high-stakes
tests, assessing boredom and other constructs while students are
working on a test could be problematic, as boredom assessments
could compromise test outcomes for some students. However, test
boredom assessments could be administered immediately after the
test. For high-stakes tests in particular, it might be helpful to also
include an assessment of anxiety to analyze the relations between
boredom and test anxiety, as well as examine possible joint effects
of both constructs on achievement outcomes.

Fifth, test boredom may be assessed above and beyond academic
contexts, for example, at work, in sports, and in the performing arts.
For instance, it is plausible that sport activities and competitions can
be characterized by individuals’ nonoptimal experiences of control
in a way similar to test situations at school, potentially giving rise
to test boredom and impairing performance (e.g., Velasco &
Jorda, 2020). In line with this argument, there have been recent
calls to investigate boredom in the context of physical activity and
sports as well as initial evidence for its relevance (Wolff et al., 2021).

Sixth, our newly formulated abundance hypothesis may be further
investigated in future studies. Our finding that being over- versus
underchallenged may moderate the effects of boredom should be
taken into account when designing studies on boredom. Also, meta-
analyses of the relations between boredom and achievement may
consider over- and underchallenge as moderators of this relation.

Finally, our research on test boredom completes the picture on the
overall negative relations of academic boredom with achievement
outcomes (see Camacho-Morles et al., 2021; Tze et al., 2016).
Educators, parents, and students should be informed about these
findings, especially in light of the empirically unfounded but fre-
quently communicated argument that boredom in school has its
good sides (see Vodanovich, 2003). Boredom, especially related
to tests, is often viewed as a nonexistent or “silent” emotion
(Pekrun et al., 2010). Our research has shown that it is anything
but “silent” in terms of its occurrence and effects, so we invite
researchers and practitioners to be mindful of it when designing
their studies and instructional activities.
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Appendix A

Test Boredom Scales

See Tables Al and A2.

Table Al
Test Boredom Scale-Trait (TBS-Trait)

Nr. English German
1 (a) I’'m bored in math exams. In Mathearbeiten bin ich gelangweilt.
2 (a) In math exams everything seems monotonous and dull to me In Mathearbeiten erscheint mir vor Langeweile alles eintonig und grau.
due to boredom.
3 (a) T’m bored to death in math exams. In Mathearbeiten langweile ich mich zu Tode.
4 (c) I’'m so bored during math exams that I find myself daydreaming. In Mathearbeiten bin ich so gelangweilt, dass ich mich beim Tagtraumen
ertappe.
5(c) I find my mind wandering in math exams. In Mathearbeiten bin ich mit den Gedanken woanders.
6 (c) I can’t concentrate in math exams because I’'m so bored. In Mathearbeiten kann ich mich nicht konzentrieren, weil ich so
gelangweilt bin.
7 (m)  I'm so bored that I would prefer not to start the math exams at all. ~ In Mathearbeiten wiirde ich vor lauter Langeweile am liebsten gar nicht
erst anfangen.
8 (m)  In math exams I frequently look at my watch because time does In Mathearbeiten schaue ich stindig auf die Uhr, weil die Zeit nicht vergeht.
not pass.
9 (m) In math exams I would like to leave the classroom out In Mathearbeiten wiirde ich aus Langeweile das Klassenzimmer am liebsten
of boredom. verlassen.
10 (p) I start yawning in math exams because I'm so bored. In Mathearbeiten muss ich vor Langeweile gihnen.
11 (p) I get so bored in math exams that I get tired. In Mathearbeiten langweile ich mich so, dass ich ganz matt werde.
12 (p) I get so bored I have problems staying alert in math exams. In Mathearbeiten kann ich mich vor Langeweile kaum noch wachhalten.
Note. (a) Affective, (c) cognitive, (m) motivational, (p) physiological component of boredom.
Table A2
Test Boredom Scale-State (TBS-State)
Nr. English German
Concurrent assessment
1 (a) I'm bored. Ich bin gelangweilt.
2 (a) Everything seems monotonous and dull to me due to boredom. Vor Langeweile erscheint mir alles eintonig und grau.
3 (a) I’'m bored to death. Ich langweile mich zu Tode.
4 (c) I’'m so bored that I find myself daydreaming. Ich bin so gelangweilt, dass ich mich beim Tagtraumen ertappe.
5(c) My mind is wandering. Ich bin mit den Gedanken woanders.
6 (c) I can’t concentrate because I'm so bored. Ich kann mich nicht konzentrieren, weil ich so gelangweilt bin.
7 (m) T'm so bored that I would prefer not to the math exams at all. Vor lauter Langeweile wiirde ich am liebsten gar nicht erst mit den
Matheaufgaben anfangen.
8 (m) Ifrequently look at my watch because time does not pass. Ich schaue stindig auf die Uhr, weil die Zeit nicht vergeht.
9 (m) I would like to leave the classroom out of boredom. Aus Langeweile wiirde ich das Klassenzimmer am liebsten verlassen.
10 (p) I'm yawning because I'm so bored. Vor Langeweile muss ich gihnen.
11 (p) I'm so bored that I am tired. Ich langweile mich so, dass ich ganz matt werde.
12 (p) Iam so bored I have problems staying alert. Vor Langeweile kann ich mich kaum noch wachhalten.

Retrospective assessment

1 (a) T was bored. Ich war gelangweilt.

2 (a) The math tasks seemed monotonous and dull to me from boredom.  Vor Langeweile erschienen mir die Matheaufgaben eintonig und grau.

3 (a) The math tasks bored me to death. Die Matheaufgaben haben mich zu Tode gelangweilt.

4 (c) I was so bored that I found myself daydreaming. Ich habe mich so gelangweilt, dass ich mich beim Tagtraumen ertappt habe.

5(c) My mind was wandering. Ich war mit den Gedanken woanders.

6 (c) I couldn’t focus on the math tasks because I was so bored. Ich konnte mich nicht auf die Matheaufgaben konzentrieren, weil ich so

gelangweilt war.

7 (m) I would have preferred not to start at all with the math tasks Vor lauter Langeweile hitte ich am liebsten gar nicht erst mit den
because of boredom. Matheaufgaben.

8 (m) Iconstantly looked at my watch because time did not pass. Ich habe stindig auf die Uhr geschaut, weil die Zeit nicht verging.

9 (m) I would have liked to leave the classroom out of boredom. Aus Langeweile hiitte ich die Klassenarbeit am liebsten verlassen.

10 (p) I was yawning because I was so bored. Vor Langeweile musste ich gidhnen.

11 (p) I was so bored that I was tired. Ich langweilte mich so, dass ich ganz matt wiirde.

12 (p) I could hardly keep awake because of boredom. Vor Langeweile konnte ich mich kaum wach halten.

Note. (a) Affective, (c) cognitive, (m) motivational, (p) physiological component of boredom.
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