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Abstract
Self-control does not always work effectively. Whether this reflects the depletion of a global
self-control resource is subject to an ongoing debate. We turned to boredom as a potential
confounding variable to advance this debate. In a high-powered experiment (N = 719),
participants worked on a primary (transcription) tasks of varying self-control demands (low,
high) and length (2, 4, 8 minutes), followed by a secondary (Stroop) task with low and high self-
control demanding trials. In addition to trait boredom, we measured effort, difficulty, tiredness,
frustration, and boredom after the primary task and repeatedly during the secondary task.
Effort, difficulty, tiredness, and frustration increased with the demand and duration of the
primary task; however, without affecting performance in the secondary task. Importantly,
participants rated both the primary and the secondary task as boring, and higher boredom at
the state and the trait level was associated with lower effort and higher difficulty, tiredness,
and frustration. During the secondary task, boredom increased steadily but was generally lower
in more self-control demanding trials. Finally, boredom predicted performance in the secondary
task. These results show an intricate relationship between self-control and boredom that
research on these two constructs should carefully disentangle.
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Trajectories of Boredom in Self-Control Demanding Tasks

Goal attainment often hinges on self-control. For instance, self-control is required to
resist the temptation to eat unhealthy snacks when the goal is to lose weight or to stop
watching TV and go for a run when the goal is to be physically active. However, people
sometimes fail to summon the self-control that is necessary to attain a goal (Vohs & Heatherton,
2000) and might find themselves snacking in front of the TV. A prominent explanation for such
apparent self-control failures is provided by the strength model of self-control (Baumeister et
al., 1998), which asserts that self-control rests on the availability of a global, limited resource.
Any act of self-control is assumed to deplete this resource and because it is not immediately
replenished, subsequent goal striving is impaired when it draws on this resource as well (e.g., to
control attention and emotions). This state of temporarily exhausted self-control is referred to
as ego depletion (e.g., Baumeister et al., 1998). Returning to the initial example, after a
cognitively demanding day with repeated self-control exertions, people might just not have the
self-control resources that are required to resist temptations like delicious snacks or their
favorite TV show.

Experiments testing the assumptions of the strength model of self-control commonly
rely on the sequential task paradigm, which consists of a primary and a secondary task.
Performance in the primary task (e.g., transcribing a text) requires either little self-control (e.g.,
no special rules have to be observed; low-demand condition) or much self-control (e.g.,
frequently occurring letters like “e” have to be omitted; high-demand condition). This difference
in self-control demands is thought to result in ego depletion in the high-demand but not in the

low-demand condition. In the following secondary task (e.g., a Stroop task) all participants then
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have to apply self-control. The central prediction of the strength model of self-control is that,
due to ego depletion, participants in the high-demand condition perform worse in this
secondary task than participants in the low-demand condition. Numerous studies have tested
this prediction and found support for the ego depletion effect (meta-analysis by Hagger et al.,
2010). However, re-analyses of the available evidence suggest that the ego depletion effect
might have been overestimated, for instance, as a result of publication bias (Carter &
McCullough, 2013; Wolff et al., 2018). Moreover, there have been repeated failures to replicate
the ego depletion effect (e.g., Hagger et al., 2016). These inconsistencies provide the grounds
for an ongoing debate about whether or not the ego depletion effect actually exists.

Several ways of advancing this debate have been suggested. Some researchers pointed
to differences in the setup of the sequential task paradigm that might have inadvertently
introduced confounds (Lee et al., 2016). For instance, the idea of a depletable resource suggests
that the time participants spend working on the primary task is critical for the occurrence of the
ego depletion effect in the secondary task (Hagger et al., 2010). Failures to observe the effect
might thus be due to primary tasks being too short to induce ego depletion. Discouraging this
explanation, however, studies that have systematically varied the length of the primary task still
failed to observe ego depletion effects on performance (Wolff et al., 2019). Moreover, there
appears to be no robust link between the length of the primary task and the size of the ego
depletion effect across independent studies (Giboin & Wolff, 2019). Another explanation for the
inconsistencies in the literature on ego depletion might be the effect of unmeasured
confounding variables in studies relying on the sequential task paradigm. One such variable that

has attracted attention is the experience of boredom during the self-control demanding tasks
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(e.g., Milyavskaya et al., 2019; Wolff & Martarelli, 2020).

Boredom is an aversive experience that emerges when people fail to successfully engage
in satisfying activities (Eastwood et al., 2012). More specifically, theoretic accounts of the
determinants of boredom (e.g., control-value theory, Pekrun, 2006; meaning and attention
model; Westgate & Wilson, 2018; see also Csikszentmihalyi, 2000) postulate that people feel
bored in situations that are characterized by (1) low meaning (i.e., an uninteresting and non-
rewarding task) and/or by (2) a mismatch between task demands and cognitive resources (i.e.,
being under- or over-challenged). Each one of these two characteristics is sufficient to induce
boredom, making it a regular experience for most people across various situations (Chin et al.,
2017). Of particular relevance for the present paper, current conceptual work points toward a
strong link between boredom and self-control, which suggests that boredom is likely to play a
role in ego depletion studies too (Wolff & Martarelli, 2020). This argument is based on the
observation that tasks that are used in ego depletion research to impose varying levels of self-
control demands are sometimes also used in boredom research to induce boredom. Indeed,
within the propositions of the MAC model, many of the frequently used self-control tasks also
have properties that are likely to render them very boring. First, tasks like transcribing a text or
categorizing stimuli that are presented on a computer screen are likely to be perceived as rather
meaningless because they are not intrinsically interesting and participants only complete them
to receive a (mostly performance-independent) reimbursement afterward (Wolff et al., 2019;
Wolff & Martarelli, 2020). Second, the attempt to vary self-control demands could inadvertently
lead to under-challenge in low-demand conditions and over-challenge in high-demand

conditions. Importantly, due to learning, the self-control demands of any given task are likely to
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change as a function of task duration. Thus, a task that was initially boring because it was over-
challenging might be not boring for a while, before becoming boring again due to under-
challenge. Taken together, this suggests that participants might feel bored when working on
self-control demanding tasks.

Further, it is plausible that boredom does not merely occur in self-control demanding
tasks but that it is also systematically associated with self-control and performance in these
tasks. For instance, the shifting priorities model of self-control (Inzlicht & Schmeichel, 2012)
suggests that engaging in a primary self-control demanding task initiates motivational and
attentional processes that affect performance in a secondary task (e.g., reduced motivation to
exert control, increased attention to rewards). Motivational processes are a key constituent of
the experience of boredom (e.g., Pekrun et al., 2010). According to functional accounts of
boredom (e.g., Bench & Lench, 2019), boredom signals that an ongoing activity might not be
worth being pursued and that alternative, potentially more rewarding activities should be
pursued instead. Accordingly, boredom motivates people to avoid or escape the aversive
experience of boredom. This implies a devaluation of the ongoing activity, which should amplify
the costs associated with its maintenance and thereby reduce the effort people invest in it. In
this sense, boredom constitutes a relevant self-control demand that people have to deal with on
top of the demands inflicted by performing the task itself (e.g., Bieleke et al., 2021; Wolff et al.,
2020). Moreover, by making alternative, potentially more rewarding activities salient, boredom
also creates an urge to change one’s behavior (Geana et al., 2016; Gomez-Ramirez & Costa,
2017). Accordingly, boredom is not an affectively neutral state of amotivation or disinterest;

rather, it creates a motivation to explore the environment beyond the task at hand (Bieleke &
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Wolff, in press). This is supported by the finding that boredom increases reward sensitivity
(Milyavskaya et al., 2019), which might prompt people to rush through self-control tasks rather
carelessly in order to get ready for new activities .

Besides its motivational properties, boredom also has downstream consequences for
attention (Eastwood et al., 2012). Specifically, people struggle with staying mentally engaged in
a boring task because their attention turns to alternative tasks (Westgate & Wilson, 2018). This
dilutes the attentional resources that are deployed in the ongoing activity (Hunter & Eastwood,
2018). As attentional resources are critically important for effective self-control (Schmeichel &
Baumeister, 2010), boredom is likely to adversely affect self-control performance. Taken
together, the experience of boredom is accompanied by motivational and attentional processes
that are relevant in self-control demanding tasks (Inzlicht & Schmeichel, 2012). At the same
time, boredom can be distinguished from other potentially relevant motivational processes
especially due to its aversiveness (e.g., lack of motivation, disinterest in the task). As such,
boredom has been identified as a promising concept for advancing the understanding of
inconsistencies in the ego depletion literature.

Present Research

Mechanistic theories of boredom suggest that people are likely to feel bored in self-
control demanding tasks. Moreover, this experience of boredom could be systematically
associated with subjective perceptions of self-control (effort, difficulty, frustration, and
tiredness) and performance. As such, studying the trajectories of boredom in the sequential
task paradigms used to examine the ego depletion effect is a timely and promising step to

understanding inconsistent findings in the ego depletion literature. We conducted a high-
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powered experiment in which we measured experiences of boredom at critical points of the
sequential task paradigm: once immediately after the primary task and repeatedly during the
secondary task. Also, we measured stable individual differences in the propensity to experience
boredom (i.e., trait boredom). We then examined associations of boredom at the state and trait
level with effort, difficulty, frustration, and tiredness during the secondary task. Moreover, we
investigated the predictive role of (state and trait) boredom for secondary task performance.

Based on the literature reviewed above, boredom should emerge in both the primary
and the secondary tasks, and higher levels of boredom should be associated with reduced effort
and with increased difficulty, frustration, and tiredness. Specifically, boredom should instigate a
drive to engage in different activities, which requires self-control to be regulated and makes it
less worthwhile to invest further effort. An analogous pattern of associations with effort,
difficulty, frustration, tiredness can be expected for trait boredom. We also examined the idea
that boredom might vary as a function of characteristics of the primary and the secondary task,
in particular the self-control demands imposed by these tasks and their length. Finally,
differences in boredom on the group or individual level after the primary task should be
associated with performance in the secondary task.

Methods

We employed a sequential task paradigm consisting of a primary transcription task and a
secondary Stroop task, varying the time participants had to work on the transcription task (i.e.,
2, 4, or 8 minutes; see Wolff et al., 2019, for a similar procedure). The Stroop task provides two
guantitative and traceable measures of performance (i.e., response times and error rates).

Moreover, we could vary the self-control demands of the Stroop task by using modified task
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instructions, allowing us to assess the effect of added self-control demands on self-controlled
performance and the sensation of boredom.
Design and Participants

We established six conditions by varying the Demand (low, high) and the Time (2, 4, 8
minutes) of the transcription task between participants. In the Stroop task, we implemented
three within-participant factors: We established trials in which the semantic meaning and the
font color of the word were congruent versus incongruent (Congruency), varied whether
participants received the standard instruction to classify the color of the font versus the
modified instruction to classify the meaning of the word (Instruction), and distributed these
different trials randomly across five subsequent blocks (Block). Detecting small-to-medium
effects (f = .175) with 95% power requiring at least 500 participants. We recruited 719
participants via Amazon MTurk who completed the experiment (323 females, 47.4%, age: M =
37.4 years, SD = 11.5). Participants were randomly assigned to conditions (min = 115, max =
121). There were no differences between conditions with regard to demographic characteristics
(age, gender, education, employment, ethnicity) or trait boredom, p > .07. For the analysis of
the Stroop task, data from 674 participants were available after excluding outliers. Further
details about participant recruitment, demographic characteristics, and data exclusions are
provided in the supplementary materials (e.g., Table S1). All participants gave informed consent
before the experiment.
Materials and Procedure

All materials used in the present research can be accessed from the OSF

https://osf.io/m4fgp/). Participants first worked on the transcription task for 2, 4, or 8 minutes
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and then on the Stroop task for 10 minutes. Once after completing the transcription task and
every 2 minutes during the Stroop task they reported their effort, difficulty, frustration, and
tiredness as well as their experienced boredom. The experiment concluded with a final
guestionnaire measuring trait boredom and demographics.

Primary Task: Transcription (Time and Demand)

Participants transcribed a neutral text for 2, 4, or 8 minutes. In the high-demand
condition, they were instructed to leave out the letter “e/E” and space characters, which
requires self-control to override dominant writing habits (Wolff et al., 2019). In the low-demand
condition, participants had not to omit any letters.

Secondary Task: Stroop (Congruency, Instruction, and Block)

The Stroop task comprised a randomized series of color words that participants
classified by pressing buttons on the keyboard. The semantic meaning of the words either
matched their font color (congruent stimuli; e.g., the word "red" displayed in red) or not
(incongruent stimuli; e.g., the word "red" displayed in green) with equal probability. In 80% of
the trials, participants had to classify the font color (standard instructions), which requires self-
control to suppress the dominant tendency to process the semantic meaning of words. In the
remaining 20% of the trials, participants had to classify the semantic meaning of the word
(modified instructions), which requires additional self-control to switch to an uncommon
instruction. The Stroop task was divided into a sequence of five blocks, each lasting two
minutes. In each block congruent/incongruent trials and standard/modified instructions were
presented in random order. Participants reported effort, difficulty, frustration, tiredness, and

boredom separately for trials under standard and modified instructions. Performance was



BOREDOM AND SELF-CONTROL 11

measured in terms of response times and errors.
Task Perceptions

We used four single items to measure effort ("l put a lot of effort in the [task]"), difficulty
("I think the [task] was very difficult"), tiredness ("l feel very tired after the [task]"), frustration
("I felt very frustrated while doing the [task]"), as these variables are commonly assessed as
manipulation checks in ego-depletion research (Hagger et al., 2016). Additionally, we measured
state boredom ("l think the [task] was very boring"). Answers were provided on Likert scales (1 =
totally disagree, 7 = totally agree).
Final Questionnaire

We measured trait boredom with the short version of the boredom proneness scale
(Struk et al., 2017), which consists of 8 items to be answered on a 7-point Likert scale (1 =
strongly disagree, 7 = strongly agree). Example items include “It takes more stimulation to get
me going than most people,” “l often find myself at ‘loose ends, not knowing what to do,” and
“1 find it hard to entertain myself” The scale showed very good internal consistency, a =.90. We
also assessed demographic information.
Analytic Approach

The analysis scripts and all data can be accessed from the OSF (https://osf.io/m4fgp/). In
the transcription and the Stroop task, we subjected task perceptions (effort, difficulty,
frustration, tiredness, boredom) and performance measures (response times, error rates) to
ANOVAs to analyze the effects of our experimental manipulations (between-factors: Demand,
Time; within-factors in the Stroop task: Instruction, Block, and Stimulus). We further

investigated whether performance in the Stroop task was predicted by boredom after the
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transcription task and/or trait boredom using two (generalized) mixed-effects regression models
for response times and errors. Also, we estimated a set of latent parameters that characterize
the information processing style that led to the observed performance (Lin et al., 2020) using
drift-diffusion models (Wagenmakers et al., 2007). These latent parameters include the speed of
processing (“drift rate parameter”), the degree to which accuracy is sacrificed for speed
(“boundary parameter”), and the duration of preparing and implementing the decision (“non-
decisional parameter”). As for response times and errors, we ran a mixed-effects regression for
each parameter with boredom after the transcription task and trait boredom as predictors. See
supplementary materials for details.
Results

Perception of the Transcription Task

Descriptive statistics and intercorrelations of effort, difficulty, frustration, tiredness, and
boredom in the transcription task are provided in the supplementary materials (Table S2 (upper
part) and Table S3).! Most importantly, participants who perceived the transcription task as
more boring (state) or were generally more inclined to experience boredom (trait) invested less
effort in the task and perceived it as more difficult, frustrating, and tiresome. These associations
were small to medium, indicating that the experience of boredom and the experience of
applying self-control are related but distinguishable.

We subjected ratings of effort, difficulty, frustration, tiredness, and state boredom to

! Note that theoretical accounts of boredom propose a quadratic relationship between difficulty and
boredom, for which we found some evidence in our data (see supplementary materials for details).
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ANOVAs with Demand (low, high) and Time (2, 4, 8 minutes) as between-participant factors
(Table S4). Participants in the high-demand condition perceived the task as more difficult,

frustrating, and tiresome than participants in the low-demand condition, F(1, 713) > 16.03, p

2
<.001,Mg =.022. The difference was similar for effort but not significant, F(1, 713) = 3.09, p
= .O79,né =.004. Further, longer transcription tasks evoked more effort and were perceived as

2
more difficult and tiresome, F(2,713) >3.91, p £.020,Ms =.011. No interactions emerged

between Demand and Time, p 2 .266. Finally, state boredom was not influenced by Demand,
Time, or their interaction, suggesting that more demanding or longer versions of the
transcription task did not induce different levels of boredom.
Perceptions in the Stroop Task

Descriptive statistics and intercorrelations of effort, difficulty, frustration, tiredness, and
boredom in the Stroop task are provided in the supplementary materials (Table S2 (lower part)
and Tables S5 and S6). Analogous to the transcription task, participants who perceived the
Stroop task as more boring (state) or were generally more inclined to experience boredom
(trait) invested less effort in the task and perceived it as more difficult, frustrating, and
tiresome.

We subjected ratings of effort, difficulty, frustration, tiredness, and boredom to ANOVAs
with Demand (low, high) and Time (2, 4, 8 minutes) as between-participant factors and Block (1,
2, 3,4, 5) and Instruction (standard, reversed) as within-participant factors. Perceptions during
the Stroop task were almost exclusively influenced by the effects of Instruction, Block, and their

interaction (Table S7, Figure 1). The main effects of Block indicated that participants reduced
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their effort and experienced increasing frustration, tiredness, and boredom over time, F(4,

2644) > 16.38, p < .001, né > .006. The main effects of Instruction suggest that participants

experienced modified Stroop trials as more difficult, frustrating, and tiresome but also as less

boring than standard Stroop trials, F(1, 661) >25.99, p < .OlS,ﬂé > .0002. Interactions of Block

and Instruction revealed that these differences decreased over time with regard to effort,

2
difficulty, frustration, and tiredness, F(4, 2644) > 2.70, p <.035,1s >.0001, but not with regard

to boredom, F(4, 2644) = 1.69, p = .157,M¢ < .001.

Performance in the Stroop Task

Descriptive statistics of Stroop task performance are provided in Tables S8 and S9. We
subjected response times and error rates to ANOVAs with Demand (low, high) and Time (2, 4, 8
minutes) as between-participant factors and Block (1, 2, 3, 4, 5), Instruction (standard,
reversed), and Stimulus (congruent, incongruent) as within-participant factors. Stroop
performance was primarily influenced by Instruction, Stimulus, Block, and interactions between
them (see Table S10, Figure 2). Importantly, the demand of the transcription task was not
involved in any significant effect.

Regarding response times, we found main effects of Block, Instruction, and Stimulus, as

well as their two-way interactions, F(1/4, 650/2600) > 6.74, p < .OOl,ﬂé >.0004. These effects

suggest that participants became faster over time, and responded generally faster under
standard versus modified Stroop instructions and in congruent versus incongruent trials. The
difference between Stroop instructions was less pronounced for congruent compared to

incongruent stimuli and it decreased over time, as did the difference between congruent and
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incongruent stimuli. Regarding error rates, we found main effects of Block, Instruction, and

Stimulus, as well as their two- and three-way interactions, F(1/4, 650/2600) > 23.69, p < .001,

2
Ne 2.003. These effects suggest that faster responses were generally accompanied by higher

error rates (i.e., a speed-accuracy tradeoff) with one exception: error rates in incongruent trials
under modified Stroop instructions improved over time.
Boredom and Stroop Performance

More errors in the Stroop task were associated with higher trait boredom, = 0.070, SE
= 0.035, p =.048, but not with state boredom after the transcription task, f = 0.029, SE = 0.023,
p =.211. Conversely, response times were associated with state boredom after the transcription
task, B =-0.010, SE = 0.005, p =.045, but not with trait boredom, B =-0.012, SE = 0.007, p
=.103. The diffusion model analysis showed that higher state boredom after the transcription
task was associated with a smaller threshold parameter in the Stroop task, f = -0.014, SE =
0.005, p = .007, indicating that participants prioritized speed over accuracy. The same finding
emerged for trait boredom, B = -0.017, SE = 0.008, p = .038. Other effects were not significant, p
> .10. For details, see Table S11.2

Discussion

We examined the trajectories of boredom in self-control demanding tasks and

investigated whether boredom might explain inconsistencies in ego depletion research. To this

end, we conducted a high-powered experiment based on the sequential task paradigm, in

2 We performed analogous analyses with state boredom during the Stroop task and trait boredom as
predictor of performance, which yielded comparable results (see Table S12).
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which we measured state boredom along with effort, difficulty, frustration, and tiredness once
after the primary (transcription) self-control task and then repeatedly during the secondary
(Stroop) self-control task. We also assessed individual differences in general boredom proneness
(trait boredom). To establish varying degrees of perceived depletion (Wolff et al., 2019), we
varied the self-control demands (low, high) and the time (2, 4, 8 minutes) of the primary task.

Our results replicated earlier studies showing that more self-control demanding and
longer versions of the primary task induce higher levels of effort, difficulty, frustration, and
tiredness (Wolff et al., 2019). This affected neither the perceived depletion nor the performance
in the secondary task, except higher error rates among participants who had worked longer on
the transcription task at the beginning of the Stroop task and for incongruent stimuli.
Importantly, these effects of time were independent of the self-control demands of the
transcription task, which turned out to be inconsequential for the Stroop task perception and
performance. Thus, we did not establish an ego depletion effect in our study. Rather, perceived
depletion and performance and the secondary task varied almost exclusively as a function of
the characteristics of the Stroop task itself. In line with current theorizing on boredom and ego
depletion (Westgate & Wilson, 2018; Wolff et al., 2020), however, working on the primary and
the secondary task induced substantial levels of boredom.
Boredom and Performance in the Secondary Task
The Role of Concurrent Boredom

Boredom increased steadily during the Stroop task along with decreasing levels of effort
and increasing levels of difficulty, frustration, and tiredness. The correlations between boredom

and these variables were small-to-medium, suggesting that these constructs are tightly linked
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but still distinct experiences during self-control demanding tasks. On a behavioral level, higher
boredom was generally accompanied by a decrease in response times and an increase in error
rates. Such a pattern of performance indicates that participants became less and less willing to
work diligently on the task, sacrificing accuracy for speed. This is compatible with the assertion
that boredom creates an urge to switch to alternative activities, while the perceived costs of
self-control are assumed to create an urge to invest less effort in the task (Wolff & Martarelli,
2020): Participants who are bored and feel depleted by a task can be assumed to try to get over
it as quickly as possible, to get ready for new and potentially more rewarding activities.
Teasing apart the genuine roles of boredom and perceived depletion for performance
requires situations that participants perceive as depleting but not as boring (or the other way
around). In our experiment, this constellation emerged in the infrequent trials with modified
Stroop instructions. These trials were much more demanding than the majority of standard
trials when the stimulus was incongruent, which becomes evident from stronger perceptions of
depletion and slow and error-prone responses. Intriguingly, however, participants reported
being less bored in these trials. It is conceivable that participants found trials with incongruent
stimuli and modified instructions more engaging because they occurred rarely and were
challenging. Interestingly, and contrary to the general pattern of performance, we observed
unambiguously improving performance (i.e., shortening response times and decreasing error
rates) in incongruent trials under modified instructions. This points to boredom as the more
significant driving force behind behavior in self-control demanding tasks, with low boredom
prompting people to improve their performance and high boredom encouraging them to

sacrifice accuracy for speed.
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The Predictive Role of Boredom

We assessed state boredom immediately after the primary task as well as trait boredom,
which allowed us to examine the predictive role of boredom for performance in the sequential
task paradigm. On the group level, boredom did not vary as a function of self-control demands
or the length of the primary task. Our data, therefore, provides limited information about
possible effects of boredom on performance on the group level. At least we can conclude that
the lack of differences between conditions regarding boredom after the primary task and
performance in the secondary task does not conflict with the idea that boredom affects
performance. This is in contrast with the observation that group differences in effort, difficulty,
frustration, and tiredness after the primary task were not accompanied by differences in Stroop
performance, which clearly discourages explanations based on the depletion of self-control
resources.

Yet, more direct evidence for the predictive role of boredom comes from our analyses
on the individual level. We found that participants’ state boredom after the transcription task
and their trait boredom predicted faster responses and more errors in the Stroop task,
respectively. Following up on the cognitive processes underlying these behavioral findings
revealed that the more bored participants were after the transcription task, the more they
prioritized speed over accuracy in the Stroop task. The same result emerged for trait boredom.
It is noteworthy that state boredom after the transcription task and trait boredom were not
correlated and that their effects on performance emerged when controlling for each other.
Accordingly, boredom affects self-control performance independently as a state and as a trait.

New Impulses for Research on Ego Depletion
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We found that versions of the primary transcription task that differed in terms of self-
control demands and length did not induce different levels of boredom, while they did induce
different levels of effort, difficulty, frustration, and tiredness. This points to a desirable
specificity of the transcription task in creating the conditions that are necessary for investigating
ego depletion effects without confounding them with boredom. However, it is difficult to
generalize this observation across a variety of tasks that are used as primary tasks. For instance,
we found pronounced differences in boredom in the Stroop task depending on its length and,
importantly, also concerning its self-control demands. It is thus conceivable that using the
Stroop task as a primary task might induce not only self-control specific levels of effort,
difficulty, frustration, tiredness but also differential levels of boredom. This suggests that tasks
typically used as primary tasks in ego depletion research should be systematically compared
concerning their effects on boredom.

At first glance, it may not seem intuitive to assume that some tasks induce different
levels of boredom while others do not. However, according to functional models of boredom
(Westgate & Wilson, 2018), boredom requires the situation to be either meaningless or to be
characterized by a mismatch between demands and abilities. Concerning meaning, it seems
unlikely that variations of the same task in terms of self-control demands or length are
perceived as differentially meaningful (as argued, for instance, by Wolff & Martarelli, 2020).
However, it is plausible that tasks differ in their overall difficulty (e.g., transcribing a text might
be perceived as generally easier than performing a Stroop task) and that the manipulation of
self-control demands with each task additionally taps into the difficulty of the primary task.

Both the overall level of difficulty and the difference in difficulty between low and high self-



BOREDOM AND SELF-CONTROL 20

control demanding conditions matter for the experience of boredom. On the one hand, people
can enjoy easy tasks and find interest in difficult tasks without experiencing any boredom (the
“goldilocks” zone of difficulty; Danckert & Eastwood, 2020; Westgate & Wilson, 2018). Only
when easy tasks become too easy (i.e., under-challenging) or when difficult tasks become too
difficult (i.e., over-challenging) boredom might arise from a mismatch between demands and
abilities, which can lead to different levels of boredom. For instance, participants could enjoy
working on the easy task in the low-demand condition, while those in the high-demand
condition might feel over-challenged by the difficult task. Then, more boredom is expected in
the high-demand compared to the low-demand condition. To complicate matters further, the
difficulty could decrease over time such that an initially easy and enjoyable task becomes dull
and boring, whereas an initially over-challenging and boring task could become manageable and
interesting. If that was the case, boredom should vary as a function of the general difficulty, the
specific self-control demands, and the length of the primary task.

The argument that different primary tasks might induce different levels of boredom is
particularly relevant because performance in the Stroop task in our study was susceptible to
lingering state boredom induced by the primary task on the individual level, as well as to
individual differences in trait boredom. As a consequence, it can be assumed that group
differences in boredom after the primary task could systematically distort performance in the
secondary task, and these effects could be falsely interpreted as evidence either in favor of or
against the ego depletion effect.

Limitations and Further Considerations

Our study has methodological limitations that should be taken into account. First, future
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research might use different self-control demanding tasks to examine the robustness of our
findings. For instance, tasks other than the transcription task might give rise to levels of
boredom that vary as a function of task demands. Similarly, it would be interesting to
investigate the role of boredom in versions of the Stroop task with higher motivational or
emotional intensity (e.g., using affective rather than lexical stimuli). Second, our sample
consisted of Mturk workers, which raises the question of whether our results generalize to
other samples as well. Third, we focused on measuring boredom along with common
manipulation checks of self-control (i.e., effort, difficulty, frustration, and tiredness). In future
research, boredom should be measured along with additional motivational (e.g., amotivation,
disinterest) and attentional processes (e.g., distraction, mind-wandering) to better tease apart
the unique contributions boredom makes in the domain of self-control performance. Moreover,
to investigate the determinants of boredom arising in self-control tasks, not only the perceived
difficulty but also the perceived meaning of the task should be assessed (Pekrun et al., 2010;
Westgate & Wilson, 2018). Finally, boredom might be delineated from task-related emotions
(e.g., enjoyment, anger; Pekrun, 2006) and experiences (e.g., mind-wandering; Martarelli et al.,
2020) that might affect performance.
Conclusion

Taken together, the present research provides empirical evidence for the notion that a)
traditional ego depletion research designs are likely to induce boredom, that b) boredom affects
performance in self-control tasks, and that c) experimental manipulations that are designed to
vary the self-control demands they impose can also induce different levels of boredom, thereby

acting as a potential confound to conclusions drawn from ego depletion studies. Also, this
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highlights the close link between self-control and boredom, not only on the trait level (Bieleke
et al.,, 2021; Struk et al., 2016; Wolff et al., 2020) but also on the state level (Wolff & Martarelli,
2020). We believe our findings are important for self-control and boredom researchers alike
because it suggests that boredom can affect the results of self-control research and perceptions

of depletion might likewise affect results from boredom research.
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Figure 1

The Effects of Block and Instruction on the Perception of the Stroop Task
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Figure 2

The Effects of Block, Instruction, and Stimulus on Performance in the Stroop task
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Trajectories of Boredom in Self-Control Demanding Tasks

Supplementary Materials

Details on participant recruitment, demographic characteristics, and data exclusions

Atotal of 1,224 respondents were initially recruited via Amazon MTurk (eligibility criteria:
US citizenship, approval rate = 90%, track record = 100 HITs, Buhrmester et al., 2011) and
Turk Prime (Litman et al., 2017), 187 (15.3%) of whom dropped out during the initial
instructions. Of the remaining 1,037 participants, we excluded 82 (7.9%) because they
participated twice in the transcription task and another 48 (4.6%) because of color-
blindness, leaving 907 participants eligible for the Stroop task. Of these, 188 (20.7%)
participants dropped out at the transition between the transcription and the Stroop task.
This dropout was evenly distributed across the six conditions, x*(2, N =907) = 1.86, p =.395,
and does therefore not interfere with our analyses. The resulting final sample included 719
participants. They received between $2.00 and $2.60 depending on the duration of the
transcription task. Most participants indicated a bachelor’s degree (37.8%) as their highest
level of schooling, followed by college (23.1%), high school (11.7%), associate (11.3%), and
master’s degrees (8.2%). With regard to employment, where multiple answers were
possible, most participants reported to be working (67.9%), to be retired (16.6%), or to be
unable to work (13.8%). Some indicated to be unemployed (3.5%) or to be looking for work
(6.3%), to be homemaker (6.2%), in the military (4.8%), or student (3.8%). For further
details, see Table S1.

In the analysis of the Stroop task, we excluded data from 26 (3.6%) participants with an
error rate exceeding 50%. We further excluded data from 19 participants (2.6%) because
their error rate exceeded the average error rate of the remaining participants by more than
3 standard deviations. For response times, we excluded trials in which response times
were faster than 0.2 seconds or slower than 10 seconds. We further excluded trials in which
response times deviated by more than 3 standard deviations from a participant’s average
response time under standard versus modified Stroop instructions. The sample size for
these analyses was therefore reduced to N = 674, which was still larger than the planned
minimum sample size and allowed us to detect small-to-medium effects as intended (f=
.152).



Table S1

Detailed Participant Characteristics

Characteristic n %
Gender
Men 358 52.49
Women 323 47.36
Other 1 0.14
English proficiency
Native speaker 650 95.31
Fluent 32 4.69
Basic knowledge 0 0
Little/None 0 0
Highest degree
No schooling completed 0 0
Nursery school to 8th grade 0 0
Some high school, no diploma 9 1.32
High school graduate or equivalent 80 11.73
Some college credit, no degree 158 23.17
Trade/technical/vocational training 30 4.40
Associate degree 77 11.29
Bachelor’s degree 258 37.83
Master’s degree 59 8.65
Professional degree 8 1.17
Doctorate degree 3 0.44
Current employment status®
working 463 67.89
student (high school) 0 0
student (university or college) 3 0.44
apprentice/trainee 2 0.29
unemployed 24 3.52
retired 113 16.57
house husband/housewife 32 0.29
Employed for wages 1 0.15
Self-employed 16 2.35
Out of work and looking for work 43 6.30



Table S1 (continued)

Detailed Participant Characteristics

Characteristic n %

Current employment status®

Out of work, not currently looking for work 3 0.44
A homemaker 42 6.16
A student 26 3.81
Military 33 4.84
retired 0 0

unable to work 94 13.78

Ethnicity

White 507 74.34
Hispanic or Latino 45 6.60
Black or African American 66 9.68
Native American or American Ind. 6 0.88
Asian / Pacific Islander 44 6.45
Other 14 2.05

Note. Percentages do not always add up to 100 because of rounding errors. 37 participants
did not respond to the demographic questions.

bParticipants could choose more than one answer



Drift-diffusion modeling

The drift-diffusion model approach (Ratcliff & Rouder, 1998) permits inferences about
cognitive processes based on observed response time distributions and the accuracy of
responses. The core assumption is that noisy information about a stimulus (e.g., a word
presented on the screen) is accumulated over time until a response threshold is reached
and a respective response (e.g., correct/incorrect) is initiated. The response latencies and
errors can then be used to estimate four parameters that characterize this evidence
accumulation process (for details, see Voss et al., 2013):

(1) The direction and the speed of the process (drift rate parameter), which is
determined by the difficulty of the task and individual abilities.

(2) The threshold of the process (boundary parameter), which indicates how much
evidence for a response is collected before the response is initiated.

(3) The starting point of the process (starting point parameter), which describes
whether evidence accumulation is a priori biased towards a certain response.

(4) Duration of other processes (non-decisional parameter), which describes the
time it takes to encode the information and to execute the response.

The following graph summarizes the drift diffusion model and shows a schematic example
of the four parameters. The horizontal axis represents response time (i.e., the sum of
decision and non-decision time) and the vertical axis represents evidence for the correct
vs. incorrect response. Note that we set the starting point to 0 (i.e., unbiased) because
there cannot be an a priori bias for the correct or incorrect response and to follow the
approach by Wagenmakers et al. (2007), which we used to estimate the remaining latent
parameters (i.e., drift rate, boundary parameter, non-decision time). The figure shows two
exemplary drift rates: In the blue example, evidence accumulation is comparatively slow
and directed towards the correct response. In the orange example, evidence accumulation
is faster (steeper slope) and directed towards the incorrect response.

Correct response

Starting point

Boundary
parameter

Drift rates

Accumulated evidence for
correct vs. incorrect response

Incorrect response

I Decision Time 1

Non-decision time Non-decision time




Table S2

Means, Standard Deviations, and Correlations of Perceptions Related to Self-Control and Boredom in
the Transcription and the Stroop Task, and their Correlations with Trait Boredom

Variable M SD 1 2 3 4 Boredom (Trait)
Transcription Task
1. Effort 6.27 0.92 -.14
[-.21,-.07]
2. Difficulty 4.37 1.89 .13 17
.06, .20] [.09, .24]
3. Frustration 3.63 1.86 .02 .59 .23
[-.05,.10] [.54,.64] [.15,.30]
4. Tiredness 372 186 .13 .49 .64 .21
[.06,.20] [.43,.54] [.59, .68] [.14, .28]
5. Boredom (State) 463 190 -.10 11 .32 .27 .06
[-.17,-.03] [.04,.19] [.26,.39] [.20,.33] [-.02,.13]
Stroop Task
1. Effort 6.22 0.90 -.17
[-.25,-.10]
2. Difficulty 461 1.64 .29 19
[.22, .36] [.11,.26]
3. Frustration 4.48 1.78 17 .78 .25
[.09, .24] [.75, .81] [.17,.32]
4, Tiredness 4.45 1.84 .18 .68 .79 .27
[.11,.25] [.64,.72] [.76,.82] [.19,.34]
5. Boredom (State) 4.38 1.79 -.16 27 .49 .49 22
[-.24,-.09] [.20,.34] [.43, .54] [.43, .54] [.14,.29]

Note. Values in square brackets indicate the 95% confidence interval for each correlation. Sample sizes range
from N =642 to N=719. Correlations in the Stroop task were averaged across blocks and instructions.
Coefficients that are significant at p <.05 are highlighted in boldface

Curvilinear Association Between Boredom and Difficulty

Theoretical accounts of the determinants of boredom assume that boredom arises when
difficulty is either low (underchallenge) or high (overchallenge). To test this prediction, we
conducted a multiple regression analysis in which we regressed boredom simultaneously
on the linear and the quadratic effect of difficulty (after mean-centering). The linear term
was significant in both the transcription task,  =0.131, SE = 0.040, p =.001, and the Stroop
task, B =0.344, SE=0.045, p <.001. And while the quadratic term was not significant in the
transcription task, 3 =0.027, SE =0.024, p = .263, it was indeed significant in the Stroop
task, 3=0.074, SE=0.025, p =.004. Closer inspection of the association between boredom
and difficulty in the Stroop task indicated that boredom was similarly pronounced at low
and intermediate levels of difficulty but much more pronounced at high levels of difficulty,
giving rise to the significant quadratic term.



Development of Associations of Boredom With Effort, Difficulty, Frustration, and
Tiredness in the Stroop Task

As we measured boredom, as well as effort, difficulty, frustration, and tiredness repeatedly
during the Stroop task, we checked how the association between boredom and the
remaining variables developed over the five blocks. We observed that the association
between boredom and effort decreased over the five blocks (-.23/-.17/-.14/-.13/-.07),
whereas all other associations increased (difficulty: .12/.24/.25/.28/.29; frustration:
.34/.42/.46/.48/.53; tiredness: .37/.43/.47/.50/.52). A closer look at the data suggests that
individuals who reported higher levels of boredom invested rather low levels of effort
throughout the task, while they perceived the task as increasingly difficult, frustrating, and
tiresome. In contrast, individuals who reported lower levels of boredom showed initially
higher but then declining levels of effort, while they perceived the task as decreasingly
difficult, frustrating, and tiresome. As a consequence, the levels of effort converged, while
the levels of difficulty, frustration, and tiredness diverged, explaining the observed
changes in the association between these variables and boredom.

Table S3

Means and Standard Deviations for Subjective Perceptions During the Transcription Task

Condition Effort Difficulty Frustration Tiredness Boredom

M SD M SD M SD M SD M SD

Time: 2 Minutes
Demand: HighH 6.23 0.96 481 1.61 3.64 1.69 3.49 1.65 445 1.81

Demand: Low 5.99 0.97 341 1.85 3.27 1.84 294 1.77 452 1.74
Time: 4 Minutes

Demand: High 6.27 1.05 521 1.40 4,02 1.82 4,02 1.86 4,57 2.00

Demand: Low 6.30 0.79 3.71 1.86 3.31 1.90 347 1.73 478 1.92
Time: 8 Minutes

Demand: High 6.48 0.69 5.39 1.50 412 1.82 445 1.86 478 1.95

Demand: Low 6.33 0.93 3.64 2.01 3.39 1.95 3.93 1.93 468 1.98




Table S4

ANOVA Results for Subjective Perceptions During the Transcription Task

Effort Difficulty Frustration Tiredness Boredom
Effect df F mg p F mg p F mg p F mg p F ng p
D 1,713 3.09 .004 .079 146.39 .170 <.001 19.45 .027 <.001 16.03 .022 <.001 0.18 <.001 .668
T 2,713 6.25 .017 .002 3.91 .011 .020 1.68 .004 .188 17.52 .047 <.001 1.12 .003 .328
DxT 2,713 1.33 .003 .266 295 .002 .501 0.71 .002 .494 0.00 <.001 .997 0.42 .001 .655

Note: D = Demand, T = Time. Significant effects (p <.05) are highlighted in boldface.



Table S5

Means and Standard Deviations for Subjective Perceptions During the Stroop Task (Standard Instructions)

Effort Difficulty Frustration Tiredness Boredom
Block and Condition M SD M SD M SD M SD M SD
Block 1
Time: 2 Minutes
Demand: Low 6.35 0.89 428 1.68 3.73 179 3.81 186 3.52 171
Demand: High 6.34 0.85 460 1.58 3.78 1.84 404 171 3.67 179
Time: 4 Minutes
Demand: Low 6.30 1.00 419 177 3.61 193 3.56 1.95 3.95 1.82
Demand: High 6.41 0.80 448 1.56 3.92 1.88 3.74 1.84 3.66 1.79
Time: 8 Minutes
Demand: Low 641 0.73 436  1.87 3.87 1.98 3.79 184 343 187
Demand: High 6.28 0.91 431 1.59 3.86 1.84 417 1.85 3.89 197
Block 2
Time: 2 Minutes
Demand: Low 6.26 1.06 427 1.78 3.87 1.92 4,01 2.03 3.80 185
Demand: High 6.27 1.06 4,53 1.74 4.14 1.88 4.26 1.91 4.05 1.92
Time: 4 Minutes
Demand: Low 6.37 0.97 432 191 3.94 211 3.87 219 433 1.99
Demand: High 6.28 1.15 449 170 444 195 4,15 2.01 3.99 195
Time: 8 Minutes
Demand: Low 6.26  0.96 424 1.88 3.96 191 4.09 2.02 3.80 2.08
Demand: High 6.25 0.94 437 1.80 405 1.88 423 1.99 3.93 195
Block 3
Time: 2 Minutes
Demand: Low 6.18 1.06 425 191 413 2.07 416 2.08 432 201
Demand: High 6.17 117 462 1.83 459 192 457  1.99 443  2.05
Time: 4 Minutes
Demand: Low 6.26 1.14 423 192 4,07 215 412 2.23 458 212
Demand: High 6.28 1.09 464 175 469 1.97 4.38 2.0 434 2.04
Time: 8 Minutes
Demand: Low 6.30 1.03 425 2.01 434  2.00 4.44  2.09 423 222
Demand: High 6.27 0.88 450 191 449  2.07 4,60 2.02 448 214
Block 4
Time: 2 Minutes
Demand: Low 6.15 1.26 437 210 447  2.09 462 215 484 202
Demand: High 6.05 1.24 4.75 1.75 4,79 1.98 4.82 1.94 4.85 2.03
Time: 4 Minutes
Demand: Low 6.11 1.23 419 2.02 450 224 439 232 485 2.16
Demand: High 6.20 1.27 464 1.85 473  2.05 451  2.09 470 2.07
Time: 8 Minutes
Demand: Low 6.12 130 431 198 468 2.01 491 2.04 450 215
Demand: High 6.21 0.97 441 197 467 2.04 487 2.06 486 2.03
Block 5
Time: 2 Minutes
Demand: Low 6.11 1.29 4.35 2.14 4.68 2.07 4.84 2.10 5.19 2.07
Demand: High 5.94 1.46 4,71 1.96 4.85 2.16 4.96 2.14 5.05 2.10
Time: 4 Minutes
Demand: Low 6.13 1.29 4.32 2.08 4,73 2.24 4.49 2.29 5.14 2.11
Demand: High 6.16 133 475 1.86 490 2.01 489 1.99 496 2.05
Time: 8 Minutes
Demand: Low 6.01 1.56 4.37 2.13 5.04 1.95 5.31 1.88 4.83 2.27
Demand: High 6.09 1.17 4.56 1.99 4.81 2.13 5.17 1.97 5.10 2.06




Table S6

Means and Standard Deviations for Subjective Perceptions During the Stroop Task (Modified Instructions)

Effort Difficulty Frustration Tiredness Boredom
Block and Condition M SD M SD M SD M SD M SD
Block 1
Time: 2 Minutes
Demand: Low 6.23  0.99 465 1.77 4,06  1.90 393  1.92 345 179
Demand: High 6.23 1.03 525 1.60 438 1.98 421 1.85 3.62 1.86
Time: 4 Minutes
Demand: Low 6.30 0.97 480 1.95 415 2.06 3.86 216 3.72 195
Demand: High 6.36 094 488 1.70 441 1.98 3.94 1.99 3.60 1.89
Time: 8 Minutes
Demand: Low 6.25 1.04 493 1.82 427  2.00 3.99 2.03 3.35 1.91
Demand: High 6.28 1.02 493 177 416 1.98 415 191 3.62 193
Block 2
Time: 2 Minutes
Demand: Low 6.32 0.98 450 1.89 415 2.01 3.98 2.05 3.85 191
Demand: High 6.34 094 498 1.79 435 1.99 435 1.98 4.04 2.05
Time: 4 Minutes
Demand: Low 6.39 1.00 480 201 422 226 4.00 222 425 2.09
Demand: High 6.27 112 5.01 1.60 4.64 2.00 414 1.95 3.90 198
Time: 8 Minutes
Demand: Low 6.29 1.03 489 1.82 454 1.96 429 2.04 3.81 211
Demand: High 6.34 0.81 483 177 431 1.92 443 2.01 3.98 2.04
Block 3
Time: 2 Minutes
Demand: Low 6.26  0.97 442 1.88 432 2.08 423 213 441 191
Demand: High 6.19 1.16 492 1.83 475 1.93 472 198 446 211
Time: 4 Minutes
Demand: Low 6.28 1.21 470 2.06 449 2.20 424 223 443 211
Demand: High 6.23 1.13 5.03 1.71 490 2.00 449  2.07 431 207
Time: 8 Minutes
Demand: Low 6.35 1.02 484 1.92 469 214 455 2.10 410 2.20
Demand: High 6.27 0.96 466 1.93 453 213 464 199 448 2.08
Block 4
Time: 2 Minutes
Demand: Low 6.15 1.26 452 210 457 212 456 2.16 469 214
Demand: High 6.17 1.18 5.03 1.79 494  2.00 488 1.99 486 2.07
Time: 4 Minutes
Demand: Low 6.23 1.13 451 212 468 221 447  2.26 488 2.18
Demand: High 6.23 1.17 497 177 499 1.95 461 210 470 2.06
Time: 8 Minutes
Demand: Low 6.12 124 495 1.80 5.00 1.93 491 2.05 435 219
Demand: High 6.28 0.85 472 191 4,72 2.01 494  2.02 483 2.06
Block 5
Time: 2 Minutes
Demand: Low 6.14 1.40 4,51 2.08 4.82 2.10 4.84 2.19 5.03 2.14
Demand: High 5.96 1.43 4.92 1.96 4.89 2.16 4.95 2.22 5.03 2.03
Time: 4 Minutes
Demand: Low 6.14 1.29 469 216 490 222 468 225 513 213
Demand: High 6.19 1.29 5.03 1.84 5.05 1.98 488 1.99 5.01 2.02
Time: 8 Minutes
Demand: Low 6.04 1.45 4.83 1.96 5.25 2.01 5.26 1.93 4.81 2.25
Demand: High 6.09 1.26 4.77 1.90 5.01 2.11 5.27 2.00 5.13 2.07




Table S7

Results of ANOVA Analyses for Subjective Perceptions During the Stroop Task

Effort Difficulty Frustration Tiredness Boredom
Effect af F ong p Fomg p F omg p F omg p F ong p
D 1,661 0.01 <.001 .920 3.77 .004 .053 1.36 .002 .245 1.72 .002 .190 0.29 <.001 .588
T 2,661 0.27 <.001 .764 0.03 <.001 .972 0.21 <.001 .814 1.73 .004 .178 0.51 .001 .6e03
DxT 2,661 0.07 <.001 .930 099 .002 .371 1.00 .002 .368 0.14 <.001 .872 1.41 .003 .245
I 1,661 0.51 <.001 .475 148.93 .011 <.001 104.29 .004 <.001 20.01 <.001 <.001 5.99 <.001 .015
D x| 1,661 0.00 <.001 .979 0.74 <.001 .390 2.60 <.001 .108 0.07 <.001 .789 1.52 <001 .218
TxI 2,661 0.01 <.001 .993 2.62 <.001 .074 0.68 <.001 .508 1.10 <.001 .334 0.13 <.001 .879
DxTx| 2,661 0.66 <.001 .516 3.26 <.001 .039 1.85 <001 .158 1.39 <001 .249 0.01 <.001 .987
B 4,2644° 16.38 .006 <.001 0.66 <.001 .556 106.05 .026 <.001 151.07 .033 <.001 249.29 .060 <.001
DxB 42644 0.48 <.001 .678 0.56 <.001 .617 2.21 <.001 .097 0.98 <.001 .392 0.47 <.001 .662
T™<B 8,2644* 0.47 <.001 .817 0.95 <.001 .450 0.66 <.001 .651 1.77 <001 .116 0.82 <.001 .534
DxTxB 8,2644* 1.01 .001 .414 0.71 <.001 .621 0.44 <.001 .823 0.92 <.001 .476 0.44 <.001 .815
IxB 4,2644° 3.22 <.001 .013 7.31 <.001 <.001 10.98 <.001 <.001 2.70 <.001 .035 1.69 <001 .157

DxIxB 4,2644> 0.59 <.001 .663 0.77 <.001 .529 1.67 <.001 .163 0.75 <.001 .545 0.24 <.001 .894
TxIxB 8,2644>  0.49 <001 .859 0.57 <.001 .781 1.44 <001 .184 1.40 <.001 .199 1.39 <001 .205
DxTxIxB 8,2644° 0.38 <001 .928 0.80 <.001 .593 0.82 <.001 .569 1.72 <001 .190 0.89 <.001 .516

Note: D = Demand, T = Time, | = Instruction, B = Block. Significant effects (p <.05) are highlighted in boldface. Uncorrected degrees
of freedom are reported but Greenhouse-Geisser corrections (egg) were applied when this was indicated by the Mauchly test.

2 Effort: g = 0.68, Difficulty: egg = 0.66, Frustration: ;¢ = 0.63, Tiredness: g = 0.63, Boredom: g = 0.61

b Effort: egg = 0.96, Difficulty: g5 = 0.89, Frustration: ;¢ = 0.88, Tiredness: g;¢ = 0.89, Boredom: ;¢ = 0.88




Table S8

Means and Standard Deviations for Performance Indicators During the Stroop Task (Standard Instructions)

Congruent Incongruent
Response Time Error Rate Response Time Error Rate
Block and Condition M SD M SD M SD M SD
Block 1
Time: 2 Minutes
Demand: Low 1.14 0.45 0.01 0.03 1.43 0.59 0.07 0.11
Demand: High 1.13 0.43 0.02 0.03 1.38 0.52 0.07 0.12
Time: 4 Minutes
Demand: Low 1.11 0.40 0.02 0.04 141 0.62 0.08 0.14
Demand: High 1.11 0.37 0.01 0.03 1.38 0.50 0.08 0.13
Time: 8 Minutes
Demand: Low 1.09 0.43 0.02 0.03 1.36 0.51 0.07 0.10
Demand: High 1.12 0.38 0.01 0.02 1.42 0.52 0.07 0.12
Block 2
Time: 2 Minutes
Demand: Low 1.05 0.38 0.02 0.04 1.29 0.46 0.06 0.09
Demand: High 1.03 0.35 0.01 0.02 1.31 0.51 0.11 0.22
Time: 4 Minutes
Demand: Low 1.04 0.36 0.02 0.04 1.29 0.51 0.14 0.26
Demand: High 1.03 0.39 0.02 0.04 1.27 0.45 0.11 0.22
Time: 8 Minutes
Demand: Low 0.99 0.37 0.02 0.03 1.22 0.43 0.10 0.20
Demand: High 1.07 0.30 0.02 0.03 1.37 0.45 0.11 0.22
Block 3
Time: 2 Minutes
Demand: Low 0.99 0.33 0.02 0.03 1.19 0.36 0.07 0.12
Demand: High 0.98 0.31 0.02 0.03 1.22 0.47 0.09 0.19
Time: 4 Minutes
Demand: Low 0.97 0.31 0.02 0.04 1.22 0.43 0.13 0.25
Demand: High 0.97 0.29 0.02 0.03 1.22 0.37 0.09 0.16
Time: 8 Minutes
Demand: Low 0.95 0.35 0.02 0.04 1.19 0.39 0.14 0.24
Demand: High 1.01 0.32 0.02 0.03 1.34 0.52 0.10 0.18
Block 4
Time: 2 Minutes
Demand: Low 0.93 0.27 0.02 0.04 1.15 0.34 0.07 0.11
Demand: High 0.93 0.27 0.02 0.03 1.16 0.34 0.12 0.23
Time: 4 Minutes
Demand: Low 0.93 0.30 0.02 0.04 1.19 0.45 0.12 0.24
Demand: High 0.94 0.25 0.02 0.04 1.16 0.30 0.09 0.17
Time: 8 Minutes
Demand: Low 0.93 0.35 0.02 0.03 1.17 0.37 0.11 0.19
Demand: High 0.97 0.29 0.02 0.03 1.22 0.38 0.10 0.18
Block 5
Time: 2 Minutes
Demand: Low 0.92 0.30 0.04 0.12 1.14 0.36 0.10 0.13
Demand: High 0.93 0.29 0.03 0.08 1.16 0.39 0.13 0.24
Time: 4 Minutes
Demand: Low 0.91 0.28 0.03 0.05 1.17 0.37 0.13 0.23
Demand: High 0.94 0.33 0.03 0.05 1.17 0.35 0.10 0.18
Time: 8 Minutes
Demand: Low 0.91 0.33 0.05 0.12 1.13 0.39 0.12 0.20
Demand: High 0.95 0.26 0.03 0.11 1.20 0.38 0.12 0.22
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Table S9

Means and Standard Deviations for Performance Indicators During the Stroop Task (Modified Instructions)

Congruent Incongruent
Response Time Error Rate Response Time Error Rate
Block and Condition M SD M SD M SD M SD
Block 1
Time: 2 Minutes
Demand: Low 1.52 0.63 0.02 0.06 1.85 0.71 0.35 0.37
Demand: High 1.51 0.64 0.02 0.06 1.82 0.70 0.35 0.38
Time: 4 Minutes
Demand: Low 1.50 0.80 0.01 0.05 1.85 0.83 0.45 0.40
Demand: High 1.48 0.69 0.01 0.05 1.85 0.77 0.41 0.40
Time: 8 Minutes
Demand: Low 1.42 0.66 0.02 0.06 1.76 0.81 0.46 0.42
Demand: High 1.51 0.67 0.02 0.08 1.88 0.85 0.40 0.42
Block 2
Time: 2 Minutes
Demand: Low 1.39 0.56 0.01 0.03 1.75 0.66 0.26 0.35
Demand: High 1.37 0.56 0.02 0.06 1.76 0.65 0.26 0.33
Time: 4 Minutes
Demand: Low 1.37 0.54 0.02 0.10 1.68 0.59 0.30 0.34
Demand: High 1.37 0.54 0.03 0.08 1.74 0.68 0.26 0.32
Time: 8 Minutes
Demand: Low 1.33 0.54 0.02 0.06 1.66 0.60 0.36 0.37
Demand: High 1.42 0.53 0.02 0.07 1.84 0.87 0.30 0.36
Block 3
Time: 2 Minutes
Demand: Low 1.29 0.47 0.02 0.06 1.65 0.62 0.22 0.33
Demand: High 1.25 0.46 0.01 0.04 1.63 0.57 0.23 0.31
Time: 4 Minutes
Demand: Low 1.33 0.60 0.03 0.09 1.61 0.55 0.25 0.33
Demand: High 1.29 0.45 0.01 0.04 1.65 0.62 0.24 0.32
Time: 8 Minutes
Demand: Low 1.21 0.42 0.02 0.06 1.54 0.55 0.31 0.36
Demand: High 1.29 0.52 0.02 0.08 1.69 0.76 0.28 0.35
Block 4
Time: 2 Minutes
Demand: Low 1.20 0.40 0.03 0.08 1.51 0.55 0.22 0.31
Demand: High 1.20 0.38 0.02 0.06 1.50 0.51 0.18 0.28
Time: 4 Minutes
Demand: Low 1.21 0.59 0.02 0.08 1.49 0.50 0.25 0.32
Demand: High 1.20 0.44 0.02 0.07 1.52 0.49 0.22 0.32
Time: 8 Minutes
Demand: Low 1.22 0.48 0.03 0.07 1.52 0.52 0.30 0.35
Demand: High 1.26 0.52 0.02 0.08 1.61 0.61 0.25 0.34
Block 5
Time: 2 Minutes
Demand: Low 1.13 0.36 0.04 0.10 1.42 0.49 0.21 0.31
Demand: High 1.19 0.50 0.02 0.10 1.47 0.52 0.22 0.30
Time: 4 Minutes
Demand: Low 1.19 0.43 0.03 0.10 1.47 0.56 0.26 0.33
Demand: High 1.20 0.44 0.02 0.07 1.47 0.50 0.22 0.33
Time: 8 Minutes
Demand: Low 1.14 0.41 0.04 0.15 141 0.58 0.31 0.36
Demand: High 1.18 0.39 0.03 0.09 1.52 0.56 0.24 0.33

12



Table S10

Results of ANOVAs for Performance Indicators in the Stroop Task

Response Time Error Rate
Effect df F né p F né p
D 1,650 0.53 <.001 467 1.69 <001 0.193
T 2,650 0.04 <.001 .963 3.58 .002 0.029
DxT 2,650 0.95 .002 .386 0.84 <.001 0.433
I 1,650 1376.42 .112 <.001 236.67 .052 <001
D x| 1,650 0.55 <.001 458 1.17 <001 0.281
TxI 2,650 0.24 <.001 .784 2.26 .001 0.106
DxTx| 2,650 0.30 <.001 .743 0.12 <001 0.884
S 1,650 1939.92 .081 <.001 710.44 .154 <.001
DxS 1,650 1.44 <.001 230 1.02 <.001 0.313
TxS 2,650 1.03 <.001 .359 4.29 .002 0.014
DxTxS 2,650 1.76 <.001 173 1.04 <.001 0.354
B 4,2600° 191,59 .041 <.001 23.69 .003 <.001
DxB 4,2600° 0.20 <.001 873 0.33 <.001 0.797
TxB 8,2600° 1.26 <.001 278 1.28 <.001 0.264
DxTxB 8,2600°? 0.65 <.001 .668 0.23 <.001 0.963
xS 1,650 84,98 .002 <.001 236.62 .050 <.001
DxIxS 1,650 1.41 <.001 235 0.82 <.001 0.365
TxIxS 2,650 1.11 <.001 332 1.78 <.001 0.170
DxTx|xS 2,650 1.51 <.001 222 0.19 <001 0.828
I xB 4,2600° 34.88 .003 <.001 55.00 .008 <.001
Dx|xB 4,2600° 0.89 <.001 A58 0.402 <.001 0.774
Tx|xB 8,2600° 1.56 <.001 142 0.80 <.001 0.583
DxTxIxB 8,2600° 0.58 <.001 778 0.68 <.001 0.681
SxB 4,2600¢ 6.74 <.001 <.001 48.61 .004 <.001
DxSxB 4.2600¢ 0.81 <.001 515 0.49 <001 0.697
TxSxB 8,2600°¢ 0.43 <.001 901 1.51 <001 0.169
DxTxSxB 8,2600°¢ 0.22 <.001 .986 0.62 <.001 0.719
IxSxB 4,2600¢ 2.05 <001 .087 55.12 .008 <.001
DxIxSxB 4,2600¢ 0.04 <.001 997 1.03 <.001 0.385
TxIxSxB 8,2600¢ 0.62 <001 .757 1.48 <.001 0.172
DxTx|xSxB 8,2600¢ 0.28 <.001 970 0.66 <.001 0.699

Note: D =Demand, T = Time, | = Instruction, B = Block, S = Stimulus. Significant effects are bold.
Degrees of freedom are Greenhouse-Geisser corrected (ggg) after a significant Mauchly test on
sphericity.

2 Response Time: g = 0.65, Error Rate: g =0.72

b Response Time: ¢ = 0.88, Error Rate: g = 0.82

¢Response Time: g = 0.97, Error Rate: g =0.78

4 Response Time: g = 0.97, Error Rate: g = 0.84
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Regression Analyses

We analyzed state boredom after the transcription task and trait boredom as predictors of
performance in the Stroop task. Because these predictors are continuous, we resorted to
multilevel regression models implemented in the package Ime4 (Bates et al., 2015). For the
analysis of errors, we used a generalized linear mixed effects model with a binomial link
function to account for the discrete 0-1 distribution of errors. For the analysis of response
times, we used a linear mixed effects model with inverse transformation (i.e., —1/RT) to
account for the non-normal distribution of raw response times. In both analyses, we
specified random intercepts on the participant level as well as for instruction, stimulus,
and block. In addition to the analysis of these two behavioral performance measures, we
employed diffusion modelling (Ratcliff & Rouder, 1998; Voss et al., 2013) to estimate a set
of latent parameters that characterize the information processing style that led to the
observed performance (as suggested by Lin et al., 2020). These latent parameters were
derived from the response time and error data (Wagenmakers et al., 2007) and reflect three
main characteristics of the processing style: the speed of information processing (drift
parameter), the degree to which accuracy is sacrificed for speed (boundary parameter),
and the duration of preparing and implementing the decision (non-decisional parameter).

Table S11

Mixed-Effect Regression of Manifest and Latent Performance Indicators in the Stroop Task on
State Boredom After the Transcription Task and Trait Boredom

Response Time Errors Drift Rate Boundary Separation Non-Decision Time

Intercept -0.915"" -3.422™" 0.257" 0.878™" -0.185

(0.176) (0.781) (0.085) (0.178) (0.276)
Boredom -0.010" 0.029 -0.002 -0.014™ 0.013
(State) (0.005) (0.023) (0.002) (0.005) (0.009)
Boredom -0.012 0.070" -0.004 -0.017" 0.001
(Trait) (0.007) (0.035) (0.003) (0.008) (0.013)
Log Likelihood  -116050 -45221 5463 -8691 -17362
# Obs. 217684 217684 12763 12671 12671
Group Size
Participant 642 642 642 642 642
Block 5 5 5 5 5
Congruency 2 2 2 2 2
Instruction 2 2 2 2 2
Variance
Participant 0.055 1.160 0.006 0.052 0.135
Block 0.005 0.004 0.000 0.003 0.001
Congruency 0.025 1.441 0.014 0.038 0.144
Instruction 0.032 0.631 0.000 0.022 0.001

0.168 0.023 0.210 0.842

Note. "p < .05. "*p < .01. **p <.001.
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We performed analogous analyses with state boredom during the Stroop task and trait
boredom as predictors of performance, which yielded comparable results.

Table S12

Mixed-Effect Regression of Manifest and Latent Performance Indicators in the Stroop Task on
State Boredom During the Stroop Task and Trait Boredom

Response Time Errors Drift Rate Boundary Separation Non-Decision Time
Intercept -0.906™"" -3.322" 0.256" 0.840""" -0.153

(0.175) (0.778) (0.085) (0.177) (0.274)
Boredom -0.007*"" 0.007 -0.003" -0.007* 0.007
(State) (0.001) (0.008) (0.001) (0.003) (0.006)
Boredom -0.010 0.071" -0.003 -0.016" -0.000
(Trait) (0.007) (0.035) (0.003) (0.008) (0.014)
Log Likelihood  -116027 -45222 5465 -8694 -17363
# Obs. 217684 217684 12763 12671 12671
Group Size
Participant 642 642 642 642 642
Block 5 5 5 5 5
Congruency 2 2 2 2 2
Instruction 2 2 2 2 2
Variance
Participant 0.055 1.160 0.006 0.053 0.135
Block 0.004 0.004 0.000 0.002 0.001
Congruency 0.025 1.441 0.014 0.038 0.144
Instruction 0.032 0.631 0.000 0.022 0.001

0.168 0.023 0.210 0.842

Note. *p < .05. **p < .01. ***p < .001.
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