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Abstract 

Exerting effort is central to human performance, with the sources of effort varying across 

tasks. While traditionally linked to task difficulty, effort may also be required to cope with 

task-induced boredom. Here, we investigate the temporal dynamics of boredom- and task 

difficulty-related effort during cognitive tasks and investigate their physiological correlates 

using electrodermal activity (EDA). Additionally, we explore whether the effort invested in 

cognitive tasks affects performance in subsequent physical tasks. Ninety-five participants 

completed two Stroop tasks (easy, hard) while repeatedly rating their experiences of 

boredom, task difficulty, related efforts, and fatigue. Each Stroop task was followed by a 

handgrip task. Results revealed distinct temporal patterns with boredom, boredom-related 

effort and fatigue increasing over time, while task difficulty and the related effort decreased. 

The easy Stroop elicited greater boredom and fatigue, whereas performing the hard Stroop 

resulted in higher task difficulty and difficulty-related effort, suggesting that enduring 

boredom may be more fatiguing than managing task difficulty. Distinct physiological patterns 

were observed for our effort variables: in the easy Stroop EDA was positively associated with 

boredom-related effort but negatively associated with difficulty-related effort. No significant 

effects were observed in the hard Stroop. Neither difficulty nor boredom-related effort 

influenced handgrip performance. Thus, no evidence for ego depletion or mental fatigue 

effects was found. By differentiating the psychological and physiological correlates of 

boredom- and difficulty-related effort, this study advances the understanding of the 

multifaceted nature of effort required during tasks and underscores the role of boredom in 

shaping cognitive and physiological responses during task performance. 

Keywords: boredom, electrodermal activity, effort, self-control, fatigue, Stroop, 

handgrip 
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Task-Related Effort -  Distinguishing Boredom- and Difficulty-Related Effort via 

Electrodermal Activity 

We often assume that effort is a straightforward matter: we work on demanding tasks, 

get tired, and need some rest to regain our energy. For instance, after a busy working day 

filled with challenging problems to solve, we might think we are too drained to perform well 

in our daily evening run. In such moments, we might decide to rest first and recharge our 

proverbial battery. But what if the real story is more complex? Some studies support this 

point of view by reporting that difficult tasks require more effort and leave us feeling fatigued 

or with less self-control after completing them (see Dang, 2018; Giboin & Wolff, 2019; 

Hagger et al., 2010; van Cutsem et al., 2017). However, other studies show that how much 

fatigue we experience or how we perform after completing easy tasks does not always differ 

from difficult ones (Hagger et al., 2016; Pickering et al., 2023). This inconsistency raises the 

question of whether difficult tasks are indeed more effortful than easy ones, or whether 

different tasks might require effort in different ways, affecting us in varied ways across 

different tasks. 

Effort can be described as the “intensity of mental or physical work that organisms 

apply towards some outcome” (Inzlicht et al., 2018) and is typically assessed either as the 

subjective experience of effort (Bijleveld, 2018; Robinson & Morsella, 2014) or through 

objective physiological measures, such as electrodermal activity (EDA), which reflects the 

activation of the sympathetic nervous system (Dawson et al., 2017). The investment of effort 

bears intrinsic costs (Kool et al., 2013), as it feels unpleasant and aversive (David et al., 2024; 

Kool & Botvinick, 2018; Wolff et al., 2021) and leads to a gradual accumulation of fatigue 

(Ainslie, 2021; Hopstaken et al., 2015; Kurzban, 2016; Kurzban et al., 2013; Westbrook et 

al., 2013). At the same time, effort can index the costs of continuing with the current activity 

while other potentially more rewarding activities cannot be pursued. Through this lens, effort 

might index opportunity costs of continuing with one activity (e.g., running) and missing out 
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another one (e.g., playing basketball; Kurzban, 2016). One widely discussed potential 

consequence of investing effort is a temporary reduction in the ability to perform optimally 

on subsequent tasks, often referred to as “ego depletion” (Baumeister et al., 1998; Inzlicht & 

Friese, 2019). Traditionally, this was explained by the strength model of self-control, which 

conceptualizes self-control as a limited resource that becomes depleted after a demanding 

task, temporarily reducing the ability to control impulses or perform optimally on subsequent 

tasks (Baumeister et al., 1998). This phenomenon has often been examined using a sequential 

dual-task paradigm, in which participants perform either a difficult or an easy task, both 

followed by a secondary cognitive or physical task (Hagger et al., 2010). As the difficult task 

is understood to be more self-control demanding (and in turn requires more effort) than the 

easy one, secondary task performance is predicted to be worse for participants that completed 

the difficult task compared to those who completed the easy one.  

More recent work has moved away from the resource metaphor (André et al., 2019). 

Current perspectives suggest that performance decrements after effortful tasks are better 

understood as a form of mental fatigue arising from the physiological and neural costs 

associated with sustained effort. Here, effortful control is understood to involve neural 

mechanisms that generate an effort signal, which mobilizes cognitive and neural resources 

toward goal-directed activity. Prolonged engagement in demanding tasks is thought to reduce 

the efficiency of these networks and increase the subjective perception of effort, temporarily 

impairing subsequent performance (André et al., 2019). This framework helps to explain 

findings from both psychological studies of ego depletion and exercise science research on 

mental fatigue, where secondary task performance often declines after a prior effortful task 

(Kurzban et al., 2013; Marcora et al., 2009) (for similarities and differences in these studies, 

see Giboin & Wolff, 2019). 

Numerous studies found results that were consistent with the idea of ego depletion or 

mental fatigue; i.e., they reported declines in secondary task performance (see Dang, 2018; 
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Giboin & Wolff, 2019; Hagger et al., 2010; van Cutsem et al., 2017) as well as other 

consequences such as less persistence and less likeliness to follow exercise regimens in 

athletes (Englert, 2017).  However, other studies indicated that detriments in performance can 

possibly be overcome by enhancing motivation (Brewer et al., 2017; Hagger et al., 2010). It 

has even been found that self-control is only reduced when individuals believe that it is a 

limited resource (Job et al., 2010). Further, pre-registered replication efforts have found little 

evidence to support the idea that demanding cognitive tasks systematically impair 

performance on both cognitive (Hagger et al., 2016) and physical secondary tasks (Holgado 

et al., 2021), pointing to potential issues such as publication bias (Carter & McCullough, 

2014; Holgado & Mesquida, 2023), underpowered designs (Holgado & Mesquida, 2023), and 

a substantial amount of grey literature (Wolff et al., 2018). The mixed findings regarding the 

consequences of the investment of effort in different tasks suggest that the relationship 

between task difficulty, effort and subsequent performance may be more complex than 

initially assumed. This highlights the need for a deeper exploration of what contributes to 

effort, how it is experienced, and how it affects performance.  

In this context, a key reason for the inconsistencies in self-control research may be 

that effort is not uniform but rather manifests differently depending on the specific 

characteristics of a task. Effort has often been conceptualized in terms of task difficulty, with 

cognitively more demanding tasks being perceived as more effortful (Steele, 2020). A central 

framework linking task demands and effort is Motivational Intensity Theory (Brehm & Self, 

1989). It holds that effort increases with task difficulty, as long as success appears possible 

and the investment of effort seems justified by the task’s value. This framework is supported 

by research showing that physiological activation, such as cardiovascular responses, rises 

with task difficulty (for reviews, see Gendolla et al., 2019; Richter et al., 2016). This account 

implies that factors reducing the perceived value of a task should also reduce the willingness 

to invest effort. Recent research suggests that boredom may play precisely this role: when a 
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task feels boring, its perceived value decreases (Wolff & Martarelli, 2020), while off-task 

motivation increases (Agrawal et al., 2022; Bench & Lench, 2013; Danckert, 2019; Geana et 

al., 2016). As a result, persisting with the task seems less worthwhile, which likely heightens 

the perceived effort required to continue completing the task (Bieleke & Wolff, 2021; Radtke 

et al., 2023). This suggests that boredom can increase effort demands of a task beyond the 

demands of task difficulty, thereby influencing how effort is perceived and, in turn, 

potentially even impacting task performance. 

How can boredom be effortful? 

Boredom occurs when an activity is either understimulating, overstimulating, or fails 

to engage our attention and sense of meaning (Westgate & Wilson, 2018). These conditions 

suggest that boredom signals a mismatch between the demands of the current activity and our 

available resources and functions (Wolff et al., 2024). Boredom as a signal encourages a 

change in behavior (Bench & Lench, 2013; Elpidorou, 2014), prompting individuals to 

explore alternative actions (Agrawal et al., 2022; Bench & Lench, 2013; Danckert, 2019; 

Geana et al., 2016). However, when changing activities is not an option (e.g., at work, in 

school, or during an ego depletion study), people often try to resist the urge to disengage from 

boredom. In these situations, sustaining focus and keeping attention on boring tasks instead 

of finding more engaging ones is thought to be effortful and self-control demanding (Wolff & 

Martarelli, 2020). As boredom intensifies over time, so does the need to pursue a different 

activity, increasing the opportunity costs of persisting with the boring task and reducing its 

perceived value. This, in turn, increases the perceived effort (Eastwood et al., 2012) and self-

control demands (Bieleke & Wolff, 2021; Bieleke et al., 2024) required to complete the task. 

This idea is supported by recent work revealing increased fatigue in both boring and 

difficult tasks (Pickering et al., 2023), or sometimes even a greater increase of fatigue after 

boring tasks (Mangin et al., 2021; Milyavskaya et al., 2019). Fatigue is associated with a 

reduced perceived value of exerting effort and a diminished willingness to keep investing 
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effort (Dora et al., 2022; Müller & Apps, 2019). Consequently, performing a task may 

become increasingly effortful resulting from increasing fatigue, driven by both task difficulty 

and boredom. Consistent with this reasoning, recent findings show that some individuals even 

prefer more challenging tasks over easier ones, even though the difficult task would 

objectively require greater cognitive effort (Zerna et al., 2023). For these individuals, coping 

with boredom in the easier task may feel more effortful than managing task difficulty in the 

harder one. 

Thus, depending on the type of task, investing effort may be necessary for different 

reasons. For example, due to managing the difficulty of a task or coping with boredom 

experienced during a task (Radtke et al., 2023). In this regard, boredom might have 

confounded results in ego depletion and mental fatigue research (Francis et al., 2018; Job et 

al., 2010; Mangin & Pageaux, 2024; Milyavskaya et al., 2019; Wolff & Martarelli, 2020) as 

well as in other research fields (Meier et al., 2024). Thus, boredom is an important factor to 

account for not only in traditional effort and self-control research but in all research areas 

were participants might get bored. 

Another key factor to consider is the temporal dynamics of these variables. Task 

difficulty, boredom, and effort can fluctuate over the course of a task, rather than remaining 

constant (Bieleke et al., 2021). Accordingly, two tasks might not only differ in their demands 

in general, but also in how these demands evolve over time. For example, a task that starts as 

challenging but becomes easier and more boring over time may feel just as effortful in terms 

of maintaining the self-control to keep working on the task as a task that is easy but boring 

from the beginning (Wolff & Martarelli, 2020). While in the difficult task, the overall effort 

required may be largely driven by the demands of task difficulty, in the easy task the effort to 

continue despite boredom might play a more prominent role. However, the levels of boredom 

and difficulty, as well as the amount of effort needed to cope with each and continue the task, 

may fluctuate over time (Radtke et al., 2023). These temporal dynamics may help explain 
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why decrements in performance are observed in some cases but not in others, as different 

tasks may induce varying patterns of effort over time. 

Given the complexity of effort across different types of tasks, it is crucial to track the 

subjective experience of effort as well as objective measures of effort. Electrodermal activity 

(EDA), which tracks sympathetic nervous system activation by measuring changes in skin 

conductance (Dawson et al., 2017), serves as a promising physiological marker of arousal 

associated with attention (Critchley, 2002), and cognitive workload (Nourbakhsh et al., 2012; 

Shi et al., 2007). Studies using EDA to measure cognitive workload have shown that 

electrodermal activity increases as tasks become more demanding in laboratory (Nourbakhsh 

et al., 2012; Shi et al., 2007) as well as in naturalistic settings (Wilson, 2002). Additionally, 

recent research from case studies that tracked subjective cognitive effort ratings across 

multiple days and various activities suggests that EDA may be a reliable indicator of 

perceived cognitive effort (Agarwal et al., 2021; Romine et al., 2022). Another study 

investigating EDA and effort during physical tasks, demonstrated a significant positive 

relationship between subjective ratings of effort and electrodermal responses, underscoring 

its relevance in capturing physiological responses to effort (Mochizuki et al., 2009). Taken 

together, these findings highlight that EDA is a useful correlate of the physiological effort 

associated with performing difficult and boring tasks that can capture moment-to-moment 

fluctuations in effort.  

Integrating physiological measures such as EDA into studies of self-control, ego 

depletion, and mental fatigue allows for a more comprehensive understanding of how effort 

manifests not only in subjective experiences but also in physiological responses. This 

approach, combining self-reports of perceived task difficulty, boredom, and the related effort 

with physiological data and behavioral responses (reaction times and accuracy), allows for a 

more comprehensive understanding of how different tasks, whether cognitively demanding or 

not, affect our self-control and performance. 
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The Present Study 

The aim of the present study was to investigate the temporal dynamics of perceived 

effort related to both boredom and task difficulty in easy and difficult cognitive tasks, and to 

examine whether these variables are related to an objective physiological correlate of 

cognitive effort. To achieve this, we developed a research protocol that combines the 

subjective assessments of boredom- and task difficulty-related effort during a cognitive task, 

with the use of EDA as a physiological correlate of cognitive effort. Two different Stroop 

task versions were selected as cognitive tasks as it has previously been shown that different 

Stroop versions (all congruent vs. 50 % incongruent with switching task) effectively 

manipulate task difficulty and boredom (Bieleke et al., 2021). To further explore the impact 

of cognitive demands on subsequent physical performance, we included a handgrip task, 

which serves as a practical and widely used measure of physical performance in this research 

area (Hagger et al., 2010). This physical task served to assess whether boredom- and/or task 

difficulty-related effort in a cognitive task impact physical task performance, and to 

investigate the presence of a classical ego depletion effect or mental fatigue (i.e., worse 

performance after a difficult cognitive task than after an easy one). 

This study complements a previous study (Radtke et al., 2023) which was the first to 

disentangle effort invested to manage task difficulty and effort invested on maintaining focus 

and continuing the task despite boredom. While that study was conducted with a different 

sample and in another laboratory, the present study expands on it by incorporating an 

additional physiological correlate of effort (EDA) and examining whether boredom- and task 

difficulty-related effort in a cognitive task affect performance in a secondary physical task. 

This is especially relevant for real-world settings, where physical effort and cognitive effort 

demands often bleed into each other, thereby creating substantial self-control requirements in 

these contexts (e.g., in sports and exercise; Englert & Bertrams, 2021). By differentiating 

between boredom- and task difficulty-related effort and examining their relationship to an 
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objective physiological correlate of effort, the present study addresses an important gap in the 

literature on effort during the sensation of boredom and its potential impact on both cognitive 

(first task) and physical performance (secondary task).  

We hypothesized that (1) participants would report lower overall levels of boredom 

and higher overall levels of task difficulty during the hard Stroop task compared to the easy 

Stroop task. (2) As tasks become easier over time due to repetition and learning effects 

(Foroughi et al., 2017), we expected an increase over time in boredom, boredom-related 

effort, and fatigue as well as a decrease in task difficulty and task difficulty-related effort in 

both tasks. Given the greater difficulty of the hard Stroop version (Bieleke et al., 2021), we 

anticipated a larger decrease in perceived task difficulty and task difficulty-related effort. (3) 

Furthermore, we hypothesized that both task difficulty-related effort and boredom-related 

effort would be associated with EDA. As EDA reflects changes in general sympathetic 

arousal and because increased effort should lead to increases in sympathetic activity, we 

expected that EDA would be better predicted by both effort variables together, rather than 

solely by effort due to task difficulty. (5) The potential effect of (effort due to) boredom and 

(effort due to) task difficulty during the primary Stroop task on subsequent handgrip task 

performance, as well es the presence of an ego depletion or mental fatigue effect was tested 

exploratively. This explorative approach was chosen in light of the aforementioned 

inconsistencies in the literature on the effects of prior mental exertion on subsequent physical 

performance. A more nuanced understanding of effort and the factors enhancing the effort 

required (e.g., boredom and task difficulty) will advance research in sports and exercise 

psychology by further unpacking the complexities of the effort performance relationship.  

Methods 

Participants 

To determine the necessary sample size for detecting differences in task difficulty and 

boredom between our tasks, we conducted a G*Power analysis (Faul et al., 2007), using the 
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effect size for boredom (d = 0.34) derived from a t-test in a priori online study with similar 

easy and hard Stroop task versions (see Appendix A in Radtke et al., 2023). The analysis, 

based on a one-tailed paired t-test, indicated that at least 95 participants would be required to 

detect a significant difference in boredom between the tasks, with a power of 95% and an 

alpha level of 0.05. To account for potential data exclusions due to measurement errors (e.g., 

screen freezes or malfunctioning devices), we recruited ten additional participants. After 

excluding participants with significant measurement errors, 95 participants (mean age: 24.21, 

between 19 and 44 years old; 63 female, 31 male, 1 other gender) remained with either 

complete data or minimal missing data. Since we are using linear mixed models to address 

our main research questions, we chose not to exclude participants with minimal missing data, 

as this is manageable within the linear mixed model framework. 

 All participants reported no color blindness and were recruited from the University of 

Konstanz's participant pool and the general population. Participants gave informed consent 

and were free to discontinue the experiment at any point. They received 20€ as compensation. 

Data collection took place in Konstanz, Germany. The study was approved by the local 

Ethics Committee.  

Materials and Design 

In this within-subjects design study participants took part in two sessions in our 

laboratory, each consisting of a Stroop task and a subsequent handgrip task. Participants were 

given a ten-minute break in between the tasks. They completed the Stroop tasks in a 

counterbalanced order, with 48 individuals starting with an easy and 47 starting with a hard 

Stroop version. During the Stroop tasks, performance (accuracy, reaction times) and EDA 

were recorded. During the handgrip task, maximum grip strength and maximum grip 

endurance were measured. To assess potential carry-over effects, participants reported their 

levels of boredom and energy before the start of each session. As part of a larger project, 

additional measures were included to address other research questions, which are not the 
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focus of the present study. 

Procedure 

Before attending the sessions in the laboratory, participants were informed about the 

experimental procedure and were asked to consent into the study conditions. They completed 

an online questionnaire comprising the Short Boredom Proneness Scale (Struk et al., 2017) 

and the Brief Self-Control Scale (Tangney et al., 2018). Thereafter, they participated in two 

laboratory sessions on the same day with a break of ten minutes in between each session (see 

Figure 1). During the break they were allowed to choose their own activities. We opted for a 

within-subjects design, as it minimizes variability due to individual differences by using the 

same participants across all conditions, ensuring greater consistency in comparisons. Further, 

a period of ten minutes has previously been shown to provide sufficient recovery after 

performing cognitive tasks (Tyler & Burns, 2008). However, to examine the potential 

presence of carry-over effects in our study, we asked participants to indicate their boredom 

and energy levels before each session. Before starting the first Stroop task, participants’ 

baseline grip strength was measured. Electrodes were attached to their fingers to assess their 

Electrodermal Activity (EDA). During the Stroop task (either easy or hard, in a 

counterbalanced order), performance and EDA were measured. The task was randomly 

interrupted eleven times, after every 30 to 35 trials, to assess participants' subjective 

experiences of boredom, effort related to boredom, task difficulty, effort related to task 

difficulty, and fatigue. Immediately afterward, participants performed a handgrip task (first 

maximum grip strength and then grip endurance) and indicated how much boredom they 

experienced during this task. Each session took approximately 40 minutes.  

Figure 1 

Procedure During Each Session  
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Note. Each participant performed both Stroop tasks (easy and hard version), each consisting of 360 trials, in a 

counterbalanced order. Boredom and energy levels were measured before the start of each session to assess 

potential carry-over effects. The sessions were separated by a break of ten minutes. Behavioral data (reaction 

time, accuracy), and Electrodermal Activity (EDA) were recorded during the Stroop task. Maximum strength 

was recorded two times in Newtons before measuring Strength Endurance in Seconds. In between each handgrip 

task participants rested for at least 45 seconds.  

Stroop Task 

As first task participants completed a color Stroop (original Stroop task version first 

implemented by Stroop, (1935) comprising 24 practice trials with feedback and 360 

experimental trials without feedback. Each trial consisted of a fixation cross presented for 

1000 ms, a color word (green, red, yellow or blue) displayed either in green, red, yellow or 

blue, and an intertrial interval lasting 500 ms. The color words remained on screen until 

participants responded by pressing one of four colored keys on the keyboard. Task difficulty 

was manipulated using an easy version of the Stroop task (all trials congruent, task was to 

indicate the color) and a hard version (50 % congruent and 50 % incongruent trials). In the 

hard version, participants were instructed to indicate the color if a “+” was displayed next to 

the color word (in 80 % of trials, see Figure 2) or the word if an “x” was displayed (in 20% of 

trials). Response times and accuracy were measured as performance indicators.  

Figure 2 
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Example of an Incongruent Trial of the Hard Stroop Task 

 

Note. In 80 % of the hard Stroop tasks’ trials participants were asked to identify the correct font color (indicated 

by a "+" beside the word). In 20% of the trials, participants were required to identify the correct word (indicated 

by an "x" beside the word). The hard Stroop task involved congruent and incongruent trials (50% each), while 

all trials in the easy Stroop task were congruent. 

Electrodermal Activity 

To measure the sympathetic activity of participants' autonomic nervous system, 

electrodermal activity was recorded in microsiemens (µS) from the second and fourth digits 

of their nondominant hand using GSR Electrodes of ADInstruments as well as 

ADInstruments PowerLab and GSR Amplifier. The GSR Amplifier reduces noise of the 

signal using a 1 Hz 2nd Order Lowpass filter which removes higher-frequency fluctuations 

while keeping the general signals trend. The constant baseline is automatically removed by 

the digital-to-analog converter of the GSR Amplifier (ADInstruments, 2019). The skin 

conductance output was sampled at 1000 Hz. We calculated the average from the 

electrodermal activity recorded during the last minute preceding each probe, resulting in 

eleven GSR scores, one corresponding to each thought probe. 

Handgrip Task 

Participants performed two types of handgrip tasks, a maximum grip strength task and 
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a grip endurance task. Grip strength and endurance were recorded in Newton while 

participants pressed an ADInstruments handgrip (MLT004/ST Grip Force) connected to 

LabChart Version 8.1.22. 

Maximum Grip Strength. At the beginning of the experiment, participants 

performed a grip strength task to access their maximum grip strength. During the task they sat 

in a chair in front of a monitor that showed the pressure they exerted on a handgrip. Before 

the first grip measurement, participants were instructed to press the grip lightly to get 

accustomed to it while observing their force displayed on a graph on a computer screen. For 

the maximum grip strength measure, they were instructed to maintain their back against the 

backrest and keep their arm vertically on the armrest while pressing the grip with their 

dominant hand as tightly as possible. To enhance motivation, participants were encouraged 

energetically by the experimenter (“Go, go, go, keep pressing, go, go!”) for three seconds 

before they were instructed to stop pressing. After a break of at least 45 seconds, participants 

started with a second trial of the same task. The highest recorded grip strength value from 

both trials was considered as their maximum grip strength at baseline. In addition to the 

baseline measurement, two maximum strength measurements were conducted after each 

Stroop task, prior to each strength endurance task.  

Strength Endurance. After having completed the maximum strength task for a 

minimum of 45 seconds, participants proceeded to the strength endurance task. During this 

phase, the duration for which participants could sustain a force greater than 20% of their 

maximum grip strength at baseline was measured. Participants were instructed to press the 

grip as long as they could while keeping their grip pressure above a line displayed on screen 

indicating the 20% threshold. They were advised to avoid being very far above the line to not 

waste too much strength, while keeping in mind not to approach it too closely and risk falling 

below the threshold. If they fell noticeably below it three times, the experimenter would have 

to stop the measurement. They were given three seconds from the start of pressing to remain 
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above the line which were later subtracted to calculate their total strength endurance. If 

participants needed more than three seconds to pass the threshold initially (e.g., four seconds) 

this individual time was subtracted from their overall endurance time instead of the generally 

subtracted three seconds. It was not explained to the participants that the line on screen 

represented the 20% threshold calculated based on their maximum grip strength.  

Subjective Sensations 

Levels of Boredom and Energy. Prior to each session, participants indicated their 

present energy ("How much energy do you have right now?") and boredom level ("How 

much boredom do you feel right now?") by selecting a key on their keyboard ranging from 1 

(not at all) to 9 (very much). The order of the questions was randomized. The purpose of 

gathering these variables was to evaluate and control for potential carry-over effects. 

Thought Probes. Throughout the Stroop task, participants got prompted eleven times 

to indicate their sensation of boredom ("How much boredom are you feeling?"), as how 

difficult they perceive the task ("How difficult is the task?"), the amount of effort they invest 

due to task difficulty ("How much effort do you have to invest due to task difficulty?") and 

due to boredom ("How much effort do you have to invest due to boredom?"), as well as the 

level of fatigue ("How much fatigue do you feel?") and stress (“How much stress do you 

feel?”) they experience. Participants used a keyboard to rate each probe on a scale from 1 

(not at all) to 9 (very much). The probes, presented in a random order, appeared after every 

30 to 35 trials, with the exact number of trials chosen randomly. 

Handgrip Boredom. After each handgrip endurance task, participants indicated how 

much boredom they experienced during the handgrip task (“How much boredom did you feel 

during this task?”; 1 = not at all, 9 = very much). 

Data Analysis 

All statistical analyses were conducted using R version 4.3.1 (R Core Team, 2023). 

Descriptive statistics were calculated to summarize participants' responses, performance 
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measures, and physiological data. We conducted paired t-tests to compare differences in 

boredom, task difficulty, and performance between the easy and hard Stroop tasks. Effect 

sizes were calculated using Cohen's d. Linear mixed models (LMMs) were used to analyze 

changes over time in thought probe variables and the relationships of boredom- and 

difficulty-related effort with EDA. For thought probe analyses, block (one to eleven), task 

(easy vs. hard Stroop), and their interaction were included as fixed effects; random intercepts 

for participants and random slopes for block and task were specified. For EDA analyses, 

fixed effects comprised block, task, boredom-related effort, difficulty-related effort, and their 

interactions with task; random intercepts and slopes for all predictors were specified. LMMs 

were fitted using the lme4 package (Bates et al., 2015). Estimates are indicated by γ (non-

standardized variables) and β (standardized independent variables). Models that initially 

failed to converge with the standard optimizer “nloptwrap” were refitted using the optimizer 

‘bobyqa’, which successfully achieved convergence. In the third EDA model, a singular fit 

occurred. Consequently, the random slopes for boredom- and difficulty-related effort were 

removed for this model. Model comparisons were conducted using Akaike Information 

Criterion (AIC) and Bayesian Information Criterion (BIC) to evaluate model fit. Although 

initially included as predictors in the models of EDA, mean scores on the Short Boredom 

Proneness Scale (Struk et al., 2017) and the Brief Self-Control Scale (Tangney et al., 2019) 

were not included in the final analyses, as their effects were not significant and including 

them did not influence the direction or significance of the primary effects. Furthermore, as 

EDA as a marker for sympathetic arousal is typically related to both effort and stress, we 

examined whether subjective stress was positively related to EDA and tested whether 

including stress as a covariate would change our results. in a linear mixed model including 

task, block, and stress as fixed effects and participants as random effects (random intercept-

only model), subjective stress was positively related to EDA (γ01 = 0.56, β = 0.91, t = 3.12, p 

= 0.002, 95% CI [0.33, 1.47]). However, when including random slopes for task and block, 
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stress was instead negatively related to EDA (γ01 = -0.10, β = -0.16, t = -2.21, p = 0.03, 95% 

CI [-0.19, -0.01]). Importantly, including stress as covariate in the models predicting EDA 

from boredom and difficulty-related effort, did not change the significance or direction of the 

boredom-related effort effect, whereas the effect of difficulty-related effort was reduced to 

non-significance. Since effort-related processes can themselves be stressful, controlling for 

stress might remove meaningful shared variance with effort. Thus, we report the models 

without stress as covariate but note that the results were somewhat sensitive to its inclusion. 

The dataset underlying the present study as well as the corresponding R analysis scripts are 

available on OSF at https://osf.io/c4m8g/. Full details for all models estimated are provided 

on OSF (Supplementary Materials, https://osf.io/6jd9f). 

Results 

Carryover Effects 

To assess differences in boredom and energy levels prior to each session, we 

conducted paired t-tests for each of these factors separately. The conducted t-tests revealed 

significant higher levels of boredom (t(94) = 4.73, p < .001, d = 0.64) prior to the second 

session (M = 3.57, SD = 2.09) than to the first session (M = 2.63, SD = 1.39) and significant 

lower levels of energy (t(94) = 5.41, p < .001, d = 0.76) before the second session (M = 5.48, 

SD = 1.54) compared to the first session (M = 6.24, SD = 1.42). To account for these carry-

over effects, we included the variable session (first, second) into our subsequent analyses on 

the ego depletion effect. We also tested whether including this variable affected the results of 

the other analyses. Since its inclusion did not alter the direction or significance of the 

findings, we report the analyses without the session variable for all outcomes except those 

related to ego depletion, where we consider variations in energy levels across sessions 

particularly relevant.  

Manipulation Check 

To check if our easy task was more boring and less difficult than the hard task, we 
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assessed participants' subjective sensation of boredom and task difficulty as well as their 

performance (reaction time, accuracy). In addition to the manipulation check, we compared 

participants’ subjective ratings of difficulty-related effort and boredom-related effort between 

the tasks. While these variables were not used to validate the task manipulation, these 

analyses provide an exploratory comparison of perceived effort between the easy and hard 

Stroop task. The means of boredom, task difficulty, performance variables, difficulty-related 

effort, and boredom-related effort over the eleven blocks were calculated for each task.  

Task Difficulty  

As hypothesized, a paired t-test indicated that participants ratings of task difficulty differ 

significantly between the tasks (t(94) = 15.66, p < .001, d = 1.61), with a higher perceived 

difficulty in the hard (M = 3.93, SD = 1.62) compared to the easy task (M = 1.72, SD = 1.08). 

Boredom 

As expected, a paired t-test revealed significant differences in boredom ratings (t(94) = 5.67, 

p < .001, d = 0.58), with a higher sensation of boredom in the easy (M = 4.95, SD = 2.08) 

compared to the hard task (M = 4.03, SD = 1.79). 

Performance 

Differences in reaction times and accuracy were assessed using paired t-tests. As expected, 

performance was worse in the hard task. Reaction times were significantly slower (t(94) = -

5.67, p < .001, d = 0.58), and accuracy was lower (t(94) = 2.90, p < .001, d = 0.30) compared 

to the easy Stroop. Participants responded faster (M = 0.75 seconds, SD = 0.16) and more 

accurately (M = 0.99, SD = 0.01) in the easy task, while they were slower (M = 1.32 seconds, 

SD = 0.34) and less accurate (M = 0.98, SD = 0.07) in the hard task. Despite this difference in 

performance, error rates were overall low in both tasks, indicating that the difficult task was 

challenging but not overwhelming for participants. 

Task Difficulty Related Effort 

A paired t-test comparison revealed significant differences in participants ratings of 
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difficulty-related effort (t(93) = 10.22, p < .001, d = 1.38), with higher difficulty-related 

effort in the hard task (M = 4.00, SD = 1.68) compared to the easy task (M = 2.01, SD = 

1.31). 

Boredom Related Effort 

A paired t-test comparison indicated no significant difference in boredom-related effort (t(93) 

= 0.59, p = .56, d = 0.07) between the easy (M = 3.66, SD = 1.89) and the hard Stroop (M = 

3.78, SD = 1.61). 

Data Summary 

Descriptive Statistics  

We computed descriptive statistics to fully examine our variables (see Table 1). The means 

and standard deviations were calculated at eleven time points, separately for each condition 

(easy Stroop, hard Stroop). The variables include the ratings of the probe variables (boredom, 

task difficulty, boredom-related effort, effort due to task difficulty, fatigue, and stress), 

Stroop performance (reaction time, accuracy), and EDA. Descriptive statistics for the 

handgrip task and correlations are reported in Tables 2 and 3.  

Table 1 

Means and Standard Deviations of Variables Corresponding to Each of the Eleven Thought Probes in the Easy 

und Hard Stroop Version 
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Variable 
Difficul-

ty Level 

 
Thought Probe (Block Number) 

      1       2        3        4        5       6     7   8   9    10    11 

 

BrE 

Easy M 

SD 
 

2.68  

(1.63) 

3.00 

(1.78) 

3.11 

(1.89) 

3.43 

(2.03) 

3.66 

(2.25) 

3.65 

(2.19) 

3.94 

(2.22) 

4.07 

(2.34) 

4.19 

(2.33) 

4.21 

(2.41) 

4.34 

(2.34) 

 
Hard M 

SD 
 

2.94  

(1.81) 

2.94 

(1.69) 

3.09 

(1.79) 

3.26 

(1.87) 

3.65 

(1.92) 

3.95 

(1.96) 

4.05 

(1.99) 

4.17 

(1.90) 

4.40 

(2.10) 

4.48 

(2.08) 

4.61 

(2.24) 

 

DrE 

Easy M 

SD 
 

2.36 

(1.36) 

2.26 

(1.31) 

2.19 

(1.53) 

1.98 

(1.51) 

2.07 

(1.59) 

1.88 

(1.39) 

1.90 

(1.51) 

1.88 

(1.48) 

1.86 

(1.43) 

1.90 

(1.55) 

1.82 

(1.46) 

 
Hard M 

SD 
 

5.14  

(1.81) 

4.52  

(1.82) 

4.25  

(1.83) 

4.06 

(1.84) 

4.06 

(1.86) 

3.81 

(1.91) 

3.69 

(1.83) 

3.64  

(1.83) 

3.72 

(2.01) 

3.56 

(1.91) 

3.57 

(2.05) 

 

Boredom 

Easy M 

SD 
 

3.51 

(1.97) 

3.75 

(2.17) 

4.21 

(2.30) 

4.47 

(2.36) 

4.84 

(2.37) 

5.15 

(2.36) 

5.34 

(2.30) 

5.58 

(2.34) 

5.73 

(2.30) 

5.95 

(2.25) 

5.94 

(2.32) 

 
Hard M 

SD 
 

2.36 

(1.54) 

2.76  

(1.82) 

3.14 

(1.81) 

3.51 

(2.04) 

3.91 

(2.03) 

4.19 

(2.09) 

4.58 

(2.25) 

4.81 

(2.23) 

4.84 

(2.35) 

5.01 

(2.34) 

5.22 

(2.36) 

 

Difficulty 

Easy M 

SD 
 

2.00 

(1.24) 

1.86 

(1.19) 

1.74 

(1.12) 

1.76 

(1.16) 

1.64 

(1.11) 

1.65 

(1.16) 

1.60 

(1.15) 

1.62 

(1.96) 

1.61 

(1.25) 

1.72 

(1.44) 

1.72 

(1.44) 

 
Hard M 

SD 
 

4.77 

(1.55) 

4.44 

(1.71) 

4.28 

(1.75) 

4.11 

(1.87) 

3.87 

(1.78) 

3.76 

(1.79) 

3.69 

(1.86) 

3.62 

(1.88) 

3.62 

(1.90) 

3.54 

(1.86) 

3.56 

(1.89) 

 

Fatigue 

Easy M 

SD 
 

3.77 

(1.99) 

4.04 

(2.08) 

4.32 

(2.10) 

4.57 

(2.25) 

4.77 

(2.29) 

5.03 

(2.34) 

5.23 

(2.30) 

5.34 

(2.42) 

5.46 

(2.42) 

5.55 

(2.35) 

5.81 

(2.28) 

 
Hard M 

SD 
 

3.71 

(1.99) 

3.69 

(2.00) 

4.02 

(1.95) 

4.24 

(2.05) 

4.40 

(2.17) 

4.69 

(2.05) 

4.91 

(2.22) 

5.16 

(2.21) 

5.49 

(2.29) 

5.55 

(2.23) 

5.67 

(2.34) 

Stress 

 

Easy M 

SD 
 

2.68 

(1.59) 

2.46 

(1.38) 

2.29 

(1.32) 

2.15 

(1.19) 

2.14 

(1.09) 

2.19 

(1.27) 

2.28 

(1.37) 

2.40 

(1.35) 

2.25 

(1.34) 

2.23 

(1.32) 

2.53 

(1.67) 

 
Hard M 

SD 
 

3.97 

(1.92) 

3.59 

(1.78) 

3.41 

(1.65) 

3.40 

(1.72) 

3.25 

(1.59) 

3.24 

(1.56) 

3.04 

(1.56) 

2.97 

(1.53) 

3.12 

(1.64) 

3.3 

(1.50) 

3.21 

(1.76) 

 

RT  

Easy M 

SD 
 

0.78 

(0.22) 

0.76 

(0.17) 

0.75 

(0.17) 

0.76 

(0.17) 

0.76 

(0.17) 

0.75 

(0.17) 

0.75 

(0.16) 

0.75 

(0.16) 

0.74 

(0.14) 

0.74 

(0.16) 

0.75 

(0.19) 

 
Hard M 

SD 
 

1.68 

(0.43) 

1.48 

(0.44) 

1.42 

(0.41) 

1.33 

(0.39) 

1.33 

(0.40) 

1.28 

(0.37) 

1.25 

(0.37) 

1.20 

(0.33) 

1.22 

(0.33) 

1.16 

(0.27) 

1.18 

(0.33) 

 

Accuracy 

Easy M 

SD 
 

1.00 

(0.01) 

1.00 

(0.01) 

0.99 

(0.02) 

0.99 

(0.01) 

0.99 

(0.02) 

0.99 

(0.01) 

0.99 

(0.01) 

0.99 

(0.02) 

0.99 

(0.02) 

0.99 

(0.02) 

0.99 

(0.01) 
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Hard M 

SD 
 

0.97 

(0.04) 

0.98 

(0.06) 

0.98 

(0.07) 

0.98 

(0.07) 

0.98 

(0.08) 

0.98 

(0.07) 

0.98 

(0.08) 

0.98 

(0.08) 

0.97 

(0.09) 

0.97 

(0.07) 

0.97 

(0.09) 

 

EDA 

Easy M 

SD 
 

4.87 

(11.80) 

5.94 

(11.93) 

6.88 

(12.20) 

7.82 

(12.24) 

8.36 

(12.59) 

9.24 

(12.82) 

9.41 

(12.34) 

9.93 

(12.52) 

10.47 

(12.71) 

11.24 

(10.74) 

10.85 

(11.66) 

 
Hard M 

SD 
 

6.24 

(14.24) 

7.68 

(15.02) 

8.32 

(15.14) 

9.27 

(15.27) 

10.26 

(15.66) 

10.33 

(15.87) 

10.48 

(15.93) 

10.86 

(15.76) 

11.46 

(16.05) 

12.07 

(16.23) 

12.49 

(17.93) 

 

Note. BrE = Boredom-related Effort, DrE = Difficulty-related Effort, RT = Reaction time. EDA is averaged 

across the last minute preceding the thought probe. M and SD are used to represent mean and standard deviation, 

respectively. 

Correlation Analyses  

Relationships between the key variables of this study are presented in the correlation tables 

below separated for each Stroop task (Table 2 and 3). The means of boredom, task difficulty, 

boredom-related effort und effort due to difficulty, fatigue, and stress assessed through the 

thought probes were included in the analysis. We further included the average Stroop 

accuracy and reaction times, EDA, the handgrip endurance in seconds, mean scores on the 

Short Boredom Proneness Scale (Struk et al., 2017) and the Brief Self-Control Scale 

(Tangney et al., 2018), and handgrip task variables (maximum grip force, grip endurance, 

boredom during the handgrip task). Notably, although bivariate correlations indicated a 

significant negative relationship between maximum handgrip force and difficulty-related 

effort, this relationship was not robust in the linear mixed model (see Results Section – 

Handgrip Task Performance: Impact of Previous Effort). 

Table 2 

Means, Standard Deviations, and Correlations in the Easy Stroop Task 

Variable 
M 

(SD) 
1 2 3 4 5 6 7 8 9 10 11 12 13 

               

1. Diff. 
1.72 

(1.08) 
                  

    

2. DrE 
2.01 

(1.31) 
.88**                 

    

3. 4.95 -.02 .08                  
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Bored. (2.08) 

4. BrE 
3.66 

(1.89) 
.24* .33** .62**           

     

5. 

Fatigue 

4.90 

(2.07) 
.13 .22* .53** .45**         

     

               

6. Stress 
2.33 

(1.07) 
.68** .62** .20 .39** .20    

     

                        

7. EDA 
7.96 

(10.2) 
-.17 -.15 .10 .04 .08 -.11      

     

                         

8. RT 
0.75 

(0.16) 
.15 .17 .02 -.12 .10 .02 -.01    

     

                         

9. Acc. 
0.99 

(0.01) 
-.07 .01 -.11 -.07 -.07 -.02 .05 .10 

     

                         

10. 

SBPS 

2.58 

(1.03) 
.30** .25* .09 .12 .25* .26* .04 .03 .03  

   

               

11. 

BSCS 

3.15 

(0.69) 
-.08 -.00 -.13 -.10 -.27** -.16 -.07 -.11 -.04 -.61** 

   

               

12. 

GripM. 

325 

(102)  
-.18 -.24* .25* .14 .08 -.09 .25* -.13 .06 .08 -.23* 

  

               

13. 

GripEn. 

164 

(71) 
.09 .06 -.04 .02 -.08 .17 -.24* .07 -.14 -.06 .00 -.07  

               

14. 

GripBo. 

2.69 

(1.70) 
.09 .08 .45** .32** .30** .15 .01 .04 -.07 .20* -.09 .15 .11 

               

 

Note. Diff. = Difficulty DrE = Difficulty-related Effort, Bored. = Boredom, BrE = Boredom-related Effort, RT = 

Reaction time, Acc. = accuracy, SBPS = Mean score on Short Boredom Proneness Scale (Struk et al., 2017), 

BSCS = Mean score on Brief Self-Control Scale (Tangney et al., 2018), GripM. = Maximum grip strength in 

Newton, GripEn. = Grip endurance in seconds, GripBo. = Boredom during the handgrip task. EDA is first 

averaged across the last minute preceding each thought probe to obtain eleven values of mean EDA. All 

variables are averaged across all eleven expressions of the corresponding variables. M and SD are used to 

represent mean and standard deviation, respectively. * indicates p < .05. ** indicates p < .01. 

Table 3 

Means, Standard Deviations, and Correlations in the Hard Stroop Task 

Variable 
M 

(SD) 
1 2 3 4 5 6 7 8 9 10 11 12 13 

               

1. Diff. 
3.93 

(1.62) 
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2. DrE 
4.00 

(1.68) 
.96**                 

    

3. 

Bored. 

4.03 

(1.79) 
.06 .12               

    

4. BrE 
3.77 

(1.61) 
.43** .48** .73**             

    

5. 

Fatigue 

4.69 

(1.92) 
.21* .23* .55** .50**           

    

               

6. Stress 
3.29 

(1.33) 
.60** .67** -.01 .28** .06     

    

                         

7. EDA 
9.24 

(13.1) 
-.03 -.04 .14 .13 .10 -.09        

    

                          

8. RT 
1.32 

(0.34) 
.15 .18 .06 .03 -.02 .07 -.03      

    

                          

9. Acc. 
0.97 

(0.07) 
.04 .05 .02 .04 .10 .00 -.06 -.14   

    

                          

10. 

SBPS 

2.58 

(1.03) 
.14 .13 .11 .13 .26* .16 .04 -.00 -.04 

    

               

11. 

BSCS 

3.15 

(0.69) 
-.01 -.06 -.24* -.26* -.33** .02 -.01 -.07 -.02 -.61**  

  

               

12. 

GripM. 

328 

(108) 
-.12 -.09 .31** .11 .12 -.20* .17 .01 .09 .10 -.18  

 

               

13. 

GripEn. 

163 

(73) 
-.15 -.14 -.19 -.17 -.24* .09 -.31** .07 .02 -.07 .06 .05  

               

14. 

GripBo. 

3.00 

(2.07) 
.17 .18 .36** .33** .26* .21* -.13 .04 -.04 .26* -.11 .01 .05 

                          

 

Note. Diff. = Difficulty, DrE = Difficulty-related Effort, Bored. = Boredom, BrE = Boredom-related Effort, RT 

= Reaction time, Acc. = accuracy, SBPS = Mean score on Short Boredom Proneness Scale (Struk et al., 2017), 

BSCS = Mean score on Brief Self-Control Scale (Tangney et al., 2018), GripM. = Maximum grip strength in 

Newton, GripEn. = Grip endurance in seconds, GripBo. = Boredom during the handgrip task. EDA is first 

averaged across the last minute preceding each thought probe to obtain eleven values of mean EDA. All 

variables are averaged across all eleven expressions of the corresponding variables. M and SD are used to 

represent mean and standard deviation, respectively. * indicates p < .05. ** indicates p < .01. 

Thought Probes 

We conducted a separate linear mixed model for each outcome variable, with task 

(easy, hard Stroop), block (one to eleven), and their interaction as fixed effects. Random 
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intercepts and random slopes for task and block were included to account for individual 

differences among participants. As hypothesized, we observed changes over time in 

participants’ experience of boredom, boredom-related effort, task difficulty-related effort, 

task difficulty, and fatigue (see Figure 3). The models indicated a significant main effect of 

block for all variables with increasing boredom (γ01  = 0.29, t = 17.07, p < 0.001, 95% CI 

[0.26, 0.32]), boredom-related effort (γ01 = 0.19, t = 9.51, p < 0.001, 95% CI [0.15, 0.23]), 

and fatigue (γ01 = 0.22, t = 12.55, p < 0.001, 95% CI [0.18, 0.25]), as well as decreasing 

levels of task difficulty (γ01 = -0.12, t = -10.19, p < 0.001, 95% CI [-0.14, -0.09]), and effort 

due to task difficulty (γ01 = -0.13, t = -10.77, p < 0.001, 95% CI [-0.15, -0.11]) over time. Our 

analyses further revealed a significant main effect of task for all variables except for 

boredom-related effort (γ02 = 0.04, t = 0.22, p = 0.83, 95% CI [-0.28, 0.36]), with greater 

levels of boredom (γ02 = 1.11, t = 6.13, p < 0.001, 95% CI [0.76, 1.47]), and fatigue (γ02 = 

0.34, t = 2.21, p = 0.03, 95% CI [0.04, 0.64]), as well as lower levels of task difficulty (γ02 = -

2.76, t = -18.14, p < 0.001, 95% CI [-3.06, -2.46]), and effort due to task difficulty (γ02 = -

2.50, t = -15.39, p < 0.001, 95% CI [-2.81, -2.17]) in the easy Stroop variant. As expected, we 

observed a significant interaction between task and block for task difficulty (γ03 = -0.09, t = 

9.68, p < 0.001, 95% CI [0.07, 0.11]), and task difficulty-related effort (γ03 = 0.08, t = 7.90, p 

< 0.001, 95% CI [0.06, 0.10]), with a greater decrease in these variables during the harder 

task variant. Similarly, results revealed a significant interaction between task and block for 

boredom (γ03 = -0.03, t = -2.38, p = 0.02, 95% CI [-0.06, -0.01]), indicating a greater increase 

in boredom during the hard Stroop. In contrast, the interactions between task and block were 

not significant for boredom-related effort (γ03 = -0.02, t = -1.78, p = 0.08, 95% CI [-0.05, 

0.00]) or for fatigue (γ03 = -0.02, t = -1.84, p = 0.07, 95% CI [-0.04, 0.00]). 

Figure 3 

Effects of Task (Easy, Hard Stroop) and Block (One to Eleven) on Ratings of Boredom, Boredom-Related Effort, 

Task Difficulty, Task Difficulty-Related Effort, and Fatigue 
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Note. Linear mixed models revealed a significant main effect of task for all variables except for boredom-related 

effort. They further demonstrated a significant main effect of block across all variables. Additionally, a 

significant interaction between block and task was observed for boredom, difficulty, and effort due to difficulty. 

The confidence band indicates the 95% confidence interval. All independent variables were standardized. 

Effort and EDA 

To evaluate our hypothesis that EDA is explained more accurately by boredom- and 

difficulty-related effort together than by boredom-related effort alone, we conducted three 

linear mixed models with the average EDA as outcome variable. The average EDA for each 

of the eleven blocks was calculated by averaging EDA during the 60 seconds preceding the 

thought probes. Our first model explains EDA with difficulty-related effort as fixed effect, 

our second model explains EDA with boredom-related effort as fixed effect, and our third 

model included both effort variables as fixed effects. An exploratory fourth model extended 

model three by including the interactions between task and boredom-related effort, as well as 

between task and difficulty-related effort. In all models, task and block were included as 

fixed effects. Random effects were specified for participants, allowing for random intercepts 
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and random slopes for all predictors (task, block, boredom-related effort, difficulty-related 

effort). As model three resulted in a singular fit, the random slopes for boredom and 

difficulty-related effort were removed in this model. Notably, the significance of some effects 

differed from models with simpler, random intercept–only structures. Random slope models 

are reported here, as they are more appropriate for our design. However, for transparency 

reasons, results from the simpler models are provided on OSF (Supplementary Materials, 

https://osf.io/6jd9f). 

Contrary to our expectations, our analysis did reveal a significant negative main effect 

of difficulty-related effort in our first model (γ01 = -0.16, β = -0.31, t = -2.48, p = .02, 95% CI 

[-0.29, -0.03]) and in our third model (γ01 = -0.15, β = -0.31, t = -3.01, p = .002, 95% CI [-

0.26, -0.05]). Thus, the subjective effort participants attributed to task difficulty was 

negatively associated with changes in EDA.  The main effect of boredom-related effort was 

not significant in our second (γ01 = 0.02, β = 0.05, t = 0.40, p = .68, 95% CI [-0.09, 0.14]) and 

our third model (γ02 = 0.05, β = 0.10, t = 1.14, p = .26, 95% CI [-0.03, 0.13]).   

Model four, which included the interactions between the effort variables and task, 

revealed a significant interaction between boredom-related effort and task (γ05 = 0.26, β = 

0.55, t = 3.61, p < 0.001, 95% CI [0.12, 0.40]), with EDA increasing as boredom-related 

effort increased in the easy Stroop task (γ = 0.17, β = 0.37, t = 2.39, p = .02, 95% CI [0.03, 

0.32]), but showing no significant relationship in the hard Stroop task (γ = -0.08, β = -0.18, t 

= -1.23, p = .22, 95% CI [-0.22, 0.05]). Similarly, results revealed a significant interaction 

between difficulty-related effort and task (γ06 = -0.21, β = -0.42, t = -1.99, p = .048, 95% CI 

[-0.43, 0.01]), with EDA decreasing as effort due to difficulty increased in the easy task (γ = -

0.32, β = -0.64, t = -3.24, p = .002, 95% CI [-0.52, -0.13]), but showing no significant 

relationship in the hard task (γ = -1.11, β = -0.22, t = -1.41, p = .16, 95% CI [-0.26, 0.04]). 

The main effects of boredom-related effort (γ02 = -0.08, β = -0.12, t = -1.26, p = .21, 95% CI 

[-0.22, 0.05]) and difficulty-related effort (γ01 = -0.11, β = -0.22, t = -1.47, p = .15, 95% CI [-
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0.26, 0.04]) were not significant in this model.  

The main effect of task was not significant in any model (all ps < .28), whereas the 

main effect of block was significant in all models: model one (γ03 = 0.59, t = 12.75, p < 

0.001, 95% CI [0.49, 0.68]), model two (γ03 = 0.59, t = 12.85, p < 0.001, 95% CI [-0.50, 

0.69]), model three (γ04 = 0.58, t = 12.29, p < 0.001, 95% CI [0.49, 0.67]), and model four 

(γ04 = 0.57, t = 12.54, p < 0.001, 95% CI [0.48, 0.66]), indicating a general increase in EDA 

over time. 

We compared AIC and BIC of our models (see Table 4). Model two yielded the lowest BIC, 

whereas model four showed the lowest AIC. Because AIC and BIC led to different 

conclusions, we conducted a likelihood ratio test to evaluate whether model four improved fit 

relative to model two. This test indicated that model four provided a significantly better fit 

than model two, χ²(8) = 44.93, p < .001. Overall, the model comparisons (AIC, likelihood 

ratio test) favored model four, indicating that variations in EDA during the easy Stroop were 

not only negatively associated with difficulty-related effort but also positively associated with 

boredom-related effort. Figure 4 shows the effect of block as well as the effect of boredom- 

and difficulty-related effort on EDA. 

Table 4 

AIC and BIC Values of Linear Mixed Models Explaining EDA 

 

 

 

Note. Model 2 achieves the lowest BIC value, model 4 achieves the lowest AIC value. A likelihood ratio test 

indicated that model four provided a significantly better fit than model two. The models explain EDA with (1) 

difficulty-related effort, (2) boredom-related effort, (3) both, (4) both including the interactions of the effort 

variables and task (easy, hard Stroop).  

Figure 4 

Model AIC BIC 

Model 1 

Model 2 

Model 3 

Model 4 

8582.4 

 8577.9 

8567.0 

8558.8 

8665.5 

8660.9 

8683.3 

8686.2 
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Effects of Block (One to Eleven) on Mean EDA for Both Tasks (Easy, Hard Stroop) 

 

 

Note. Linear mixed models revealed a significant interaction effect of block and boredom-related effort 

(standardized) as well as of block and difficulty-related effort (standardized) on EDA (in microsiemens, µS). 

The confidence band indicates the 95% confidence interval. 

Handgrip Task Performance 

As our analyses revealed significant carryover effects, i.e. higher levels of boredom 

and lower levels of energy before starting the second session, we controlled for session (first, 

second) in our analyses.  

Ego Depletion  

One linear mixed model was conducted to examine the effect of the preceding Stroop 

task (easy, hard) on handgrip endurance as fixed effect, while controlling for session (one, 

two) and accounting for random effects among participants with random intercepts. The 

analysis revealed neither a significant main effect of Stroop task (γ01 = 1.79, t = 0.24, p = 
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0.81, 95% CI [-12.92, 16.50]) nor of session (γ02 = 6.47, t = 0.86, p = 0.39, 95% CI [-21.18, 

8.25]) on handgrip endurance.  

A second linear mixed model was conducted to examine the fixed effect of the 

preceding Stroop task (easy, hard) on participants’ maximum handgrip strength. Again, it was 

controlled for session (one, two) as fixed effect, accounting for random effects among 

participants with random intercepts. Results indicated neither a significant main effect of 

Stroop task (γ01 = 3.65, t = 1.06, p = 0.29, 95% CI [-10.37, 3.07]) nor of session (γ02 = 2.06, t 

= 0.60, p = 0.55, 95% CI [-8.78, 4.67]) on maximum handgrip strength. These findings 

suggest that neither handgrip endurance nor maximum grip strength were significantly 

influenced by the type of Stroop task completed prior, nor by the session in which 

participants performed the handgrip task.  

Impact of Previous Effort  

To test whether boredom- task difficulty-related effort in the Stroop task impact task 

performance in the handgrip task, we conducted two linear mixed models using handgrip 

endurance and handgrip strength as outcome variables, and Stroop task (easy, hard), 

boredom-related effort and difficulty-related effort as fixed effects while accounting for 

random effects among participants with random intercepts. Neither the first model predicting 

handgrip endurance revealed a significant main effect of task (γ01 = -1.12, t = -0.11, p = 0.92, 

95% CI [-21.82, 19.59]), boredom-related effort (γ02 = 0.48, β = 0.84, t = 0.14, p = 0.89, 95% 

CI [-6.22, 7.21]) or difficulty-related effort (γ03 = -1.65, β = -2.98, t = -0.44, p = 0.66, 95% CI 

[-8.93, 5.63]) nor the second model predicting handgrip strength revealed a significant main 

effect of task (γ01 = -10.51, t = -1.80, p = 0.08, 95% CI [-21.93, 0.85]), boredom-related effort 

(γ02 = 0.90, β = 1.58, t = 0.38, p = 0.71, 95% CI [-3.76, 5.60]) or for difficulty-related effort 

(γ03 = -3.50, β = -6.31, t = -1.50, p = 0.14, 95% CI [-8.07, 1.03]). Thus, subjective boredom-

related effort or task difficulty did not significantly influence participants' physical 

performance in the handgrip task. 
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Impact of Boredom During the Handgrip Task 

As an exploratory analysis we tested whether boredom during the handgrip endurance 

task predicted handgrip endurance. To this end, we conducted a linear mixed model 

predicting handgrip endurance including Stroop task (easy, hard), perceived boredom during 

the handgrip task and session (one, two) as fixed effects accounting for random effects 

among participants including random intercepts. Results revealed no significant main effect 

Stroop task (γ01 = 1.98, t = 0.26, p = 0.79, 95% CI [-12.84, 16.85]), boredom (γ02 = 0.63, β = 

1.19, t = 0.22, p = 0.83, 95% CI [-5.08, 6.27]) or session (γ03 = -6.28, t = -0.83, p = 0.41, 95% 

CI [-21.10, 8.59]). Thus, boredom during the handgrip task did not predict handgrip 

endurance. 

Discussion 

The present study investigated the temporal dynamics of perceived effort related to 

boredom and task difficulty during the performance of an easy (100 % congruent) and hard 

(50% incongruent with task switch) version of the Stroop task and examined their 

relationship with EDA as physiological correlate of effort. In addition to perceived effort 

related to boredom and task difficulty, participants reported their experience of boredom and 

task difficulty as well as fatigue during the Stroop. It was further tested if performance in a 

secondary handgrip task was influenced by (1) the version of the Stroop task completed as 

primary task, by (2) the amount of effort related to boredom and effort related to task 

difficulty invested in the primary task and by (3) the amount of boredom experienced during 

the handgrip task itself.  

Temporal Dynamics of Boredom, Difficulty, Effort, and Fatigue in Stroop Tasks 

Our analyses indicated better performance (accuracy, reaction time), greater overall 

level of boredom, and lower overall task difficulty in the easy Stroop version, supporting our 

characterization of the easy congruent Stroop as easier and the hard Stroop as more difficult. 

As expected, our analyses revealed temporal changes in all measured variables. Specifically, 
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there was a significant increase in boredom-related effort, boredom, and fatigue as well as a 

significant decrease in difficulty-related effort, and task difficulty. In the hard Stroop variant, 

a greater decrease in task difficulty and difficulty-related effort, and boredom was observed. 

These findings suggest that participants adapted to the cognitive demands over time to a 

greater extent in the hard Stroop task. This is likely because practice effects were more 

pronounced in the hard task than in the easy task, which was simple from the start and 

therefore offered less opportunity for improvement through practice. 

Contrary to our hypothesis, boredom-related effort did not differ significantly between 

the tasks. This result seems surprising as boredom levels were higher during the performance 

of the easy Stroop task. However, boredom during easy tasks may be easier to endure, as 

distraction (e.g., mind-wandering) is common in such tasks (Zanesco et al., 2024), yet good 

performance can still be maintained (e.g., when motivation is high, Brosowsky et al., 2023). 

In contrast, distraction during more difficult tasks impairs performance to a greater extent 

(Feng et al., 2013), making the experience of boredom more effortful, especially when 

individuals strive to maintain their performance and resist mind-wandering. Additionally, as 

performing well in a hard task is more effortful due to the high difficulty of the task, it is 

reasonable that sustaining performance despite boredom might require more effort as well.  

During the hard Stroop task participants reported a higher task difficulty and 

difficulty-related effort but lower levels of boredom and fatigue. Thus, experiencing boredom 

in the easy Stroop task might have been more fatiguing than managing task difficulty in the 

hard Stroop task. This aligns with previous research findings, which have observed a greater 

increase in fatigue following boring tasks (Mangin et al., 2021; Milyavskaya et al., 2019). 

However, since boredom-related effort was not significantly higher in the easy Stroop, 

mechanisms other than effort might explain why participants reported greater fatigue in this 

condition. Building on Wolff and Martarelli (2020), one possibility is that boredom reduces 

the perceived value of a task, and that this reduction in value covaries with the experience of 
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fatigue. Second, distinguishing between momentary and cumulative effort costs may help 

account for these results (Xu et al., 2023). While momentary costs (e.g., boredom-related 

effort) appeared unaffected by the level of task difficulty, cumulative costs may have varied 

between tasks and manifested as fatigue. Another possibility is that boredom, although 

sometimes associated with increased arousal, has also been linked to reduced arousal and 

diminished attention (see Raffaelli et al., 2018, for an overview). These experiences might 

have subjectively manifested as fatigue. Moreover, boredom has been shown to co-occur with 

negative affective states such as frustration (Chin et al., 2017; van Hooft & van Hooff, 2018), 

which in turn predicts fatigue across different contexts (Dai et al., 2020; Hegarty et al., 2016). 

In line with this, research on boredom in sports suggests that heightened boredom, rather than 

a greater experience of physical effort, is linked to experiencing a crisis during extreme 

physiological tasks (24-hour run, Weich et al., 2022). Together, these findings support the 

idea that boredom has a significant impact on internal processes that can, at times, even be 

more consequential than other task demands.  

These findings emphasize the importance of investigating temporal dynamics during 

task performance to enhance our understanding of boredom and task difficulty-related effort. 

They highlight significant changes over time, suggesting that the duration of a task plays a 

crucial role in shaping overall sensations.  

Opposing EDA Patterns of Boredom- and Difficulty-Related Effort in the Easy Stroop 

We observed a significant positive association between boredom-related effort and 

EDA, and negative association between difficulty-related effort and EDA, in the easy Stroop. 

This finding supports our understanding of boredom as an effortful experience: not only can 

boredom be subjectively experienced as effortful, but this subjective experience also appears 

to manifest in EDA as a physiological correlate of effort. However, this relationship did not 

emerge consistently across tasks. In the hard Stroop, boredom-related effort was not 

significantly associated with EDA. In contrast, when random slopes were not included in the 
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LMMs (see Appendix, Supplementary Analyses), the pattern reversed – boredom-related 

effort was positively associated with EDA in the hard Stroop but not in the easy Stroop. Thus, 

while the direction of the observed effect of boredom-related effort is consistent with our 

hypothesis, the significance of results (i.e., significant positive relationship in the easy vs. 

hard Stroop) appears sensitive to the random effects structure of the models, highlighting the 

need for further research.  

In contrast to boredom-related effort, difficulty-related effort was negatively 

associated with EDA in the easy Stroop. Again, associations in the hard Stroop task were not 

significant. When random slopes were not included in the models, no significant associations 

were observed in either task (see OSF, Supplementary Materials, https://osf.io/6jd9f). 

Although this result might initially appear surprising, the present study is not the first to find 

that EDA does not always increase with higher task difficulty or effort. Some previous 

studies have reported similar findings, such as the lack of task complexity (high vs. low) 

being reflected in EDA (Larmuseau et al., 2019), and a decrease in EDA with increasing task 

difficulty (Ikehara & Crosby, 2005) or with increasing cognitive effort when individuals were 

in states of low cognitive effort (Agarwal et al., 2021). One possible explanation for the 

observed positive association of boredom-related effort and EDA but negative association of 

difficulty-related effort and EDA in the easy task, is that EDA may be more sensitive to 

emotional arousal (e.g., frustration induced by the endurance of boredom) than to cognitive 

load.  

Although the precise mechanisms remain to be clarified, our findings suggest that 

effort may be mobilized in response to different task demands. Specifically, effort related to 

boredom and task difficulty reveal unique patterns in both subjective experiences and 

physiological responses. Thus, which factor leads to increased effort demands in a task 

appears to differentially affect subjective and physiological effort measures. Recognizing that 

effort demands can be exerted for different reasons is crucial for understanding how effort 
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translates into performance and behavior. This highlights the need to consider not only how 

much effort is perceived or invested into a task but also what elicits this effort in the first 

place.  

No Impact on Secondary Handgrip Task Performance 

We found no evidence for ego depletion or mental fatigue effects. Specifically, the 

variant of Stroop task performed (easy or hard) did not significantly influence subsequent 

handgrip endurance or maximum grip strength. Furthermore, neither boredom during the 

handgrip task nor the effort variables (boredom- and difficulty-related effort) from the Stroop 

task predicted handgrip performance (endurance and grip strength). These findings align with 

recent research questioning the robustness of ego depletion effects, which suggest that prior 

exertion of cognitive effort does not necessarily impair physical performance (Hagger et al., 

2016; Holgado et al., 2021; Holgado et al., 2024). Additionally, boredom during the handgrip 

task did not significantly impact handgrip endurance.  

It is possible that research often fails to find ego depletion or mental fatigue effects 

because even the easy tasks may require considerable effort (e.g., due to boredom). However, 

our results indicate that neither difficulty-related effort nor boredom-related effort influenced 

physical secondary task performance. This suggests that other factors may better explain the 

lack of performance differences observed after easy versus difficult primary tasks.  

Limitations 

While our study offers important insights, several limitations should be noted. First, 

we only implemented a break of 10 minutes between the two sessions. This introduced 

carryover effects, as evidenced by significant differences in boredom and energy levels with 

lower energy and less boredom reported before the second session. Although participants 

completed the sessions in a counterbalanced order, and we controlled for the session order 

(first or second) in all analyses examining the impact of the Stroop task version and 

experiences during the Stroop task on handgrip performance, carryover effects may still have 
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influenced our results. 

Second, in the hard Stroop task, 20% of the trials required indicating the word, which 

is less demanding than indicating the font color. Since probes appeared randomized after 

every 30 to 35 trials, this is unlikely to have systematically affected the results. Nonetheless, 

some probes may have occurred immediately after these easier trials, potentially reducing 

subjective or physiological responses associated with task demands. 

Third, disentangling effort into boredom-related and task difficulty-related effort is 

relatively novel. They were first introduced by Radtke et al. (2023). While our findings 

(different trajectories in subjective experiences and EDA) support their distinctiveness, 

additional validation is needed using a broader range of tasks and populations. Furthermore, 

the lack of a significant relationship between difficulty-related effort and EDA suggests that 

additional physiological measures may be needed to capture the full spectrum of effort-

related processes and better understand the physiological differences between the two sources 

of increased effort demand. 

Future Research  

Future studies could benefit from implementing alternative versions of the Stroop task 

or entirely different cognitive tasks, that maintain consistent trial demands throughout (in 

contrast to our hard task, which combined color-naming and word-naming trials). Such 

designs would minimize potential confounds and help determine whether the present findings 

generalize to other tasks. Additionally, incorporating performance-triggered probes could 

provide insight into post-error dynamics and how task performance interacts with subjective 

ratings or physiological measures. To advance the understanding of effort related to boredom 

and task difficulty, future research should further examine the role of both variables in 

contexts beyond cognitive tasks, such as physical tasks or workplace performance. 

Furthermore, although we did not find any effect of both effort variables on secondary task 

performance, future research should investigate how the experience of these effort variants 
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affects performance in secondary tasks, either other physical tasks or cognitive tasks should 

be investigated. Testing other tasks is necessary to determine whether effects on performance 

may emerge under different conditions. Another important open question concerns the role of 

fatigue. Although boredom-related effort did not differ between the tasks, participants 

reported greater fatigue during the easy task. Future research should build on this finding by 

exploring mechanisms beyond momentary effort (e.g., cumulative cognitive costs or a 

reduced perceived value of the task) that may explain why easy tasks sometimes feel more 

fatiguing than difficult ones. Additionally, other subjective experiences (e.g., frustration) 

should be assessed alongside the effort variables to enhance our understanding of the internal 

processes individuals undergo when investing effort due to boredom or due to the difficulty 

of a task. Lastly, since the effort invested due to boredom in the primary tasks did not affect 

secondary task performance in the present study, alternative explanations for the absence of 

ego depletion and mental fatigue effects should be explored. 

Conclusion 

Our findings highlight the importance of conceptualizing effort as multifaceted, with 

distinct types of effort (due to boredom and due to task difficulty) showing different 

trajectories and physiological correlates. Specifically, effort related to boredom was higher in 

the easier Stroop task and increased further over time, whereas effort related to task difficulty 

was more pronounced in the harder Stroop task but decreased over time. Fatigue followed a 

similar trajectory to boredom, increasing more during the easier task than during the harder 

one, suggesting that enduring boredom may be more fatiguing than managing task difficulty. 

Notably, boredom-related effort was associated with physiological arousal (measured by 

EDA), while task difficulty-related effort was not, highlighting that these factors increasing 

the required effort reflect different psychophysiological processes. Our findings underscore 

the need to consider boredom as a potential confounder in research on self-control and 

performance. Finally, the absence of ego depletion and mental fatigue effects despite our 
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high-powered design, further emphasizes the complexity of effort-performance relationships, 

challenging traditional assumptions in the field that have already been questioned over the 

last years. By shedding light on the interplay between boredom and task difficulty-related 

effort and physiological responses, this study contributes to a more comprehensive 

understanding of the experience of effort during boring and difficult tasks.  
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