
Running head: TASK DURATION AND ORDER DOES NOT MATTER 1 

 1 

 2 

Task Duration and Task Order do not Matter: No Effect on Self-Control Performance  3 

 4 

  5 

Wanja Wolff1,2, Vanda Sieber3, Maik Bieleke4,5, and Chris Englert2  6 

1Institute of Sport Sciences, University of Konstanz, Konstanz, Germany 7 

2Institute of Educational Science, University of Bern, Bern, Switzerland 8 

3Institute of Education, University of Zurich, Zurich, Switzerland 9 

4Department of Psychology, University of Konstanz, Konstanz, Switzerland 10 

5Department of Empirical Educational Research, University of Konstanz, Konstanz, Germany 11 

 12 

Author Note 13 

Wanja Wolff, University of Konstanz, Universitätsstraße 10, 78464 Konstanz, 14 

Germany, Phone: +49 (0)7531 88 3535, Email: wanja.wolff@uni-konstanz.de; Vanda Sieber, 15 

University of Zurich, Institute of Education, Freiestrasse 36, 8032 Zurich, Switzerland, 16 

Phone: +41 (0)44 634 4543, Email: vanda.sieber@ife.uzh.ch; Maik Bieleke, University of 17 

Konstanz, Universitätsstraße 10, 78464, Konstanz, Germany, Phone: +49 (0)7531 88 2635, 18 

Email: maik.bieleke@uni-konstanz.de; Chris Englert, University of Bern, Institute of 19 

Educational Science, Department of Educational Psychology, Fabrikstraße 8, 3012 Bern, 20 

Switzerland, Phone: +41 (0)31 631 8275, Email: christoph.englert@edu.unibe.ch 21 

 Correspondence concerning this article should be addressed to Wanja Wolff. 22 

23 



TASK DURATION AND ORDER DOES NOT MATTER 2 

 

Abstract 24 

The strength model of self-control proposes that all acts of self-control are energized by one 25 

global limited resource that becomes temporarily depleted by a primary self-control task, 26 

leading to impaired self-control performance in secondary self-control tasks. However, failed 27 

replications have cast doubt on the existence of this so-called ego depletion effect. Here, we 28 

investigated between-task (i.e. variation in self-control tasks) and within-task variation (i.e. 29 

task duration) as possible explanations for the conflicting literature on ego depletion effects.  30 

In a high-powered experiment (N = 709 participants), we used two established self-control 31 

tasks (Stroop task, transcription task) to test how variations in the duration of primary and 32 

secondary self-control tasks (2, 4, 8, or 16 minutes per task) affect the occurrence of an ego 33 

depletion effect (i.e., impaired performance in the secondary task).   34 

In line with the ego depletion hypothesis, subjects perceived longer lasting secondary tasks as 35 

more self-control demanding. Contrary to the ego depletion hypothesis, however, 36 

performance did neither suffer from prior self-control exertion, nor as a function of task 37 

duration. If anything, performance tended to improve when the primary self-control task 38 

lasted longer. These effects did not differ between the two self-control tasks, suggesting that 39 

the observed null findings were independent of task type.  40 

 41 
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Task Duration and Task Order do not Matter: No Effect on Self-Control Performance  48 

Despite best intentions, self-control does not always work effectively1. One of the 49 

most popular explanations for this impaired ability to exert self-control has been offered by 50 

the strength model of self-control2. It defines self-control as a volitional act that enables 51 

people to regulate certain behavioral tendencies or dominant impulses to accomplish long-52 

term goals3. For instance, a long-term goal might be to lose weight. Then, self-control is 53 

needed to restrain oneself from temptations (e.g., eating a delicious piece of cake) that would 54 

lead to immediate joy and gratification but interfere with attaining the long-term weight goal. 55 

According to Baumeister and colleagues3, the capacity for such acts of self-control relies on a 56 

global, limited resource that is required to regulate all aspects of self-regulatory behavior 57 

(e.g., emotion regulation, attention regulation; e.g.,4. Exerting self-control for a certain 58 

amount of time is assumed to deplete this resource; and because it is not immediately 59 

replenished, performance in subsequent situations that require self-control is impaired. This 60 

state of temporary self-control exhaustion is termed ego depletion (e.g.,3).  61 

In order to investigate the ego depletion effect, participants first work on a primary 62 

task which does (i.e. ego depletion condition) or does not require self-control (i.e. control 63 

condition). The subsequent secondary task requires self-control from all participants. It has 64 

been repeatedly shown, that participants from the depletion condition perform significantly 65 

worse in the secondary task compared to participants from the control condition: A substantial 66 

body of literature has provided evidence for this ego depletion effect (for a meta-analysis, see 67 

5. However, failures to replicate the ego depletion effect have accumulated over the years6,7. 68 

In addition, a large registered replication report (RRR) did not find any evidence for the ego 69 

depletion effect 8; for additional analyses of the RRR-data, see 9,10.  70 

Re-analyses of the most cited meta-analysis5 on ego depletion suggested that the ego 71 

depletion effect might have been overestimated 11,12. Specifically, these researchers concluded 72 

that ego depletion research is affected by publication bias and estimated the true effect-size of 73 
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ego depletion to be zero12. Support for the notion of a publication bias comes from a recent 74 

survey among ego depletion researchers, which revealed that a large portion of ego depletion 75 

studies remains unpublished13. 76 

The large-scale replication failure 14 and evidence for a substantial body of grey 77 

literature 13 have raised serious doubts regarding the validity of the strength model and caused 78 

ongoing discussions about the existence of the ego depletion effect 8,15. In light of these 79 

discussions, it is paramount to investigate possible sources for the inconsistent findings 80 

reported in the literature. Here, we focus on one potential source of the existing 81 

inconsistencies that has not yet been systematically investigated: the duration of primary and 82 

secondary self-control tasks. Researchers not only use a variety of different self-control tasks 83 

(between-task variation; Stroop task, attentional control video; for an overview, see5), they 84 

also differ widely in how long participants work on the primary task (within-task variation): 85 

For instance, in some studies participants performed more than 200 Stroop trials16, while in 86 

other studies participants only had to work on fewer than 50 Stroop trials17. Importantly, it is 87 

not clear how long a self-control task must be to induce ego depletion. For instance, a self-88 

control task that is too short might be insufficient for creating detectable levels of ego 89 

depletion, leading to the conclusion that no ego depletion effect exists. 90 

The Present Research 91 

We investigated the role of the duration of primary self-control tasks for ego depletion 92 

effects on performance in a subsequent self-control task in a high-powered experiment. 93 

Specifically, we assessed the effect of task duration (i.e., 2, 4, 8, and 16 min for each task) on 94 

different outcome measures in two ego depletion tasks, namely the Stroop task18 and the 95 

transcription task19. These tasks will be explained in more detail in the methods section. Both 96 

tasks are frequently used in ego depletion research13 and have been reported as effective at 97 

inducing ego depletion13,20. Moreover, these tasks are particularly well-suited for 98 

experimental research: They are easy to standardize in order to minimize experimenter bias, 99 
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they can be used as independent (i.e., to deplete self-control strength) and dependent variable 100 

(i.e., to measure effects of depleted self-control), and they yield quantitative outcome 101 

measures of performance that are easily obtained and interpreted.  102 

For each assessed task duration (i.e., 2, 4, 8, and 16 min), half of the sample worked 103 

on the Stroop task first and then on the transcription task, while for the other half of the 104 

sample it was the other way around. This non-traditional approach allows for analyzing the 105 

effect of each of these two tasks as both an independent variable (i.e., when administered as 106 

the primary task) and a dependent variable (i.e., when administered as the secondary task). As 107 

both tasks are assumed to require self-control, the strength model predicts that performance 108 

on either task should be worse when they are performed as secondary task rather than as 109 

primary task3. In addition, depletion induced by the primary task should be stronger in the 110 

experiments with longer task duration, resulting in worse performance in the secondary task. 111 

Consequently, if the inconsistent results regarding the ego depletion effect are indeed caused 112 

by self-control tasks that were too short, an interaction between task duration and task order 113 

should evince. 114 

Method 115 

Data collection was done online via Amazon Mechanical Turk with the assistance of 116 

TurkPrime21. Studies conducted on Amazon Mechanical Turk, have been shown to give 117 

reliable results on different cognitive tasks22 including the transcription task and the Stroop 118 

task23. The respondents received monetary compensation for their participation (as the 119 

duration of the four experiments differed, the amount of monetary compensation depended on 120 

the duration participants had to work on the task: 2 min = 0.50 USD; 4 min = 1.60 USD; 8 121 

min = 2.40 USD; 16 min = 4.0 USD). The study was carried out in accordance with the 122 

Helsinki Declaration of 1975 and was approved by the local ethics committee of the 123 

University of Bern. The participants who entered the online study were informed about the 124 

purpose of the study, delivered informed consent and confirmed that they voluntarily agreed 125 
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to participate. 126 

Participants 127 

G*Power24 analysis showed that a sample of N = 675 was necessary for detecting at 128 

least a small to medium effect (f = 0.16, α = 0.05, 1−β = 0.95). Out of a total of N = 975 129 

participants who started with the task, 729 completed the study. Four subjects had to be 130 

excluded because they participated twice and a further 16 had to be excluded because of 131 

colour blindness. The final sample consisted of N = 709 subjects (n = 333 female) with a 132 

mean age of 36.93 years (SD = 11.03; see Table 1 for detailed descriptive statistics).  133 

 134 

Table 1. Descriptive Statistics  

      

Order Duration N Females Males Age 

Stroop-Transcription 2 minutes 87 n = 35 n = 52 
M = 37.72 

(SD = 11.18) 

Transcription-Stroop 2 minutes 84 n = 37 n = 47 
M = 39.36 

(SD = 11.14) 

Stroop-Transcription 4 minutes 88 n = 39 n = 49 
M = 36.81 

(SD = 10.62) 

Transcription-Stroop 4 minutes  89 n = 42 n = 47 
M = 35.05 

(SD = 9.53) 

Stroop-Transcription 8 minutes 93 n = 35 n = 58 
M = 35.76 

(SD = 10.22) 

Transcription-Stroop 8 minutes 89 n = 41 n = 48 
M = 38.53 

(SD = 12.51) 

Stroop-Transcription 16 minutes 89 n = 55 n = 33a 
M = 36.90 

(SD = 11.10) 

Transcription-Stroop 16 minutes 90 n = 49 n = 41 
M = 35.57 

(SD = 10.44) 
Note. a = one participant chose the “other” option in the Gender question 

      

 135 

Design, procedure, and measures 136 

Participants were randomly assigned to work either on the Stroop task first and then on 137 

the transcription task or on the transcription task first and then on the Stroop task. After each 138 

self-control task, participants reported their perceived self-control investment and costs. At the 139 

end of the experiment, participants provided demographic information (sex, age, color 140 

blindness, mother tongue, school degree, ethnic background, employment status). Finally, 141 

participants were probed for suspicion, thanked for their participation, and debriefed. 142 
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Measures of Perceived Self-Control Investment and Costs. In addition to assessing 143 

self-control performance, we measured perceived self-control investment and costs. In ego 144 

depletion research, this information is usually obtained as a manipulation check to assess if 145 

the chosen tasks drew on self-control resources and induced ego depletion. We used single-146 

item measures that have been used in ego depletion research before14. Specifically, we 147 

assessed invested effort (How much effort did you put in the task?) as well as perceived 148 

difficulty (How difficult did you find the task?), tiredness (How tired did you feel after doing 149 

the task?), and frustration (Did you feel frustrated while you were doing the task?). Each item 150 

had to be answered on a 7-point Likert-type scale with specific anchors for effort (1 = No 151 

effort, 7 = A lot of effort), perceived difficulty (1 = Very easy, 7 = Very difficult) and 152 

identical anchors for tiredness and frustration (1 = Not at all, 7 = Very much).  153 

Measures of Self-Control Performance. The Stroop task18 contains a series of color 154 

words which are subsequently displayed on the computer screen. The words are either spelled 155 

in a color which matches the semantic meaning of the word (e.g., “green” written in green 156 

font color; i.e., congruent trial) or in a color which does not match the semantic meaning of 157 

the word (e.g., “green” written in blue font color; i.e., incongruent trial). The participants 158 

always had to indicate the color in which the word was written, while ignoring the semantic 159 

meaning of the respective word by pressing a predefined key on the keyboard. In order to 160 

follow this instruction, participants have to volitionally suppress their dominant word-reading 161 

tendency and have to identify the font color instead. The instruction was to correctly identify 162 

as many Stroop words as fast as possible. The order of the Stroop trials was randomized and 163 

contained the same amount of congruent and incongruent trials. The number of correctly 164 

classified congruent and incongruent Stroop trials, as well as the response latencies for the 165 

congruent and the incongruent Stroop trials, were measured. We calculated the Stroop index 166 

of interference by subtracting the mean response latency for congruent trials from the mean 167 

response latency for incongruent trials (for this procedure, see25. Higher scores on this index 168 
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indicate higher degrees of interference of the semantic meaning on the color-naming 169 

response, meaning worse performance.  170 

In the transcription task19, participants had to transcribe a neutral text using the 171 

keyboard. The text was displayed on the left side of the screen, while the text field for 172 

transcribing the text was displayed on the right side of the screen. The questionnaire was 173 

programmed in a way that made copying unavailable. The participants were instructed to 174 

never use the letter “e”/”E” and “space bar” while typing (see23, for the successful use of this 175 

task on MTurk). Given that “e”/”E” is the most common letter in the English language, 176 

individuals had to volitionally change their dominant writing habits (e.g.,26). The total number 177 

of transcribed characters served as the dependent variable.  178 

Statistical Approach  179 

All data analyses were conducted with R (Version 3.5.027. Data organization and 180 

visualizations were done with functionality of the TIDYVERSE package (Version 1.2.1;28) and 181 

the COWPLOT package (Version 0.9.4;29). As manipulation checks, we assessed the effect of 182 

performing the self-control tasks on perceived self-control investment (effort) and costs 183 

(difficulty, tiredness, and frustration) with 4 (Duration: 2 minutes vs. 4 minutes vs. 8 minutes 184 

vs. 16 minutes) × 2 (Order: first task vs. second task) Analyses of Variance (ANOVAs). 185 

Separate ANOVAs were run on questions pertaining to the Stroop task and transcription task. 186 

Regarding performance, we followed common standards in ego depletion research and 187 

analyzed performance in the self-control tasks in a block-wise fashion: To assess Stroop 188 

performance (i.e., Stroop interference, mean reaction time in congruent block, mean reaction 189 

time in incongruent block, total error rate, error rate in congruent trials, and error rate in 190 

incongruent trials) and transcription task performance (overall word count, words transcribed 191 

per minute), we conducted 4 (Duration: 2 minutes vs. 4 minutes vs. 8 minutes vs. 16 minutes) 192 

× 2 (Order: Stroop-transcription vs. transcription-Stroop) Analyses of Variance (ANOVA). 193 

Analyses were done with the AFEX (Version 0.20-2;30) package. To assess difference between 194 
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specific factor levels, we computed Tukey-corrected post-hoc tests with the package EMMEANS 195 

(VERSION 1.3.1,31) 196 

Results 197 

Perceived Self-Control Investment and Costs  198 

ANOVAs on the effort participants reported to have invested into the Stroop task and 199 

into the transcription tasks revealed no significant main effects for order or duration and no 200 

significant order × duration interaction, ps > .12 (Figure 1, Panel A). Thus, the amount of 201 

effort, participants were investing into the experimental tasks was not affected by prior self-202 

control exertion, nor by the duration the experimental tasks. 203 

ANOVAs on the perceived difficulty of the Stroop task and the transcription task 204 

revealed significant and marginally significant main effects for duration (Stroop task: F(3, 205 

701) = 3.64, p = .01, pes = .02; transcription task: F(3, 701) = 4.61, p < .01, pes = .02) and 206 

order (Stroop task: F(3, 701) = 28.14, p < .01, pes = .04; transcription task: F(3, 701) = 2.83, 207 

p = .09, pes = .004) but no significant order × duration interaction, ps ≥ .64. This indicates 208 

that both tasks were perceived as being more difficult when they had to be performed after a 209 

first self-control task (Figure 1, Panel B). The effect sizes further indicate that the perceived 210 

difficulty of the Stroop task was more affected by a primary transcription task than the 211 

perceived difficulty of the transcription task was affected by a primary Stroop task. Post-hoc 212 

tests on the effect of duration on perceived difficulty showed that the tasks were perceived as 213 

more difficult if they lasted longer. This effect evinced earlier for the transcription task, as 214 

indicated by significant differences in difficulty ratings for the comparisons 2-minutes vs. 16-215 

minutes (p = .01), 4-minutes vs. 16-minutes (p = .01). With regard to perceived Stroop 216 

difficulty, significant comparisons were 4-minutes vs. 8-minutes (p = .03) and 4-minutes vs. 217 

16-minutes (p = .02). 218 

ANOVAs on how tiring the Stroop and the transcription task were perceived revealed 219 

significant main effects for duration (Stroop task: F(3, 701) = 25.68, p < .01, pes = .10; 220 
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transcription task: F(3, 701) = 42.01, p < .01, pes = .15) and order (Stroop task: F(3, 701) = 221 

19.42, p < .01, pes = .03; transcription task: F(3, 701) = 13.14, p < .01, pes = .02) but no 222 

significant order × duration interaction, ps ≥ .38. Thus, both tasks were perceived as more 223 

difficult if they had to be performed after a first self-control task (Figure 1, Panel C). Post-hoc 224 

tests showed that longer durations of the Stroop task and the transcription task were perceived 225 

as more tiring (with the exception of the 8-min vs. 16-min and the 2-min vs. 4-min 226 

comparisons in the conditions where the Stroop task preceded the transcription task all other 227 

ten post-hoc comparisons where significant at least at p < .04.).  228 

ANOVAs on how much frustration working on the Stroop task and the transcription 229 

task elicited revealed significant main effects for duration (Stroop task: F(3, 701) = 4.00, p < 230 

.01, pes = .02; transcription task: F(3, 701) = 11.69, p < .01, pes = .05) and order (Stroop task: 231 

F(3, 701) = 33.80, p < .01, pes = .05; transcription task: F(3, 701) = 9.74, p < .01, pes = .01) 232 

but no significant order × duration interaction, ps ≥ .15. Thus, both tasks elicited more 233 

frustration if they had to be performed after a first self-control task and when they had to be 234 

performed longer (Figure 1, Panel D).  235 

Although the interaction of order × duration on the frustration elicited by the Stroop 236 

task failed to reach statistical significance, visual inspection of the interaction suggests that 237 

the increase in frustration as a function of task duration appears to occur primarily when the 238 

Stroop task was performed after the transcription task. Indeed, post-hoc tests revealed no 239 

significant differences in frustration as a function of task duration, when the Stroop task was 240 

performed as a first task, all ps > .58. However, when the Stroop was performed as the second 241 

task, it was perceived as being more and more frustrating as the task got longer. This is 242 

underlined by significant differences in the 2-minutes vs. 8-minutes (p = .04), the 2-minutes 243 

vs. 16-minutes (p <.01), and the 4-minutes vs. 16-minutes (p = .03) comparisons. No such 244 

differentiation was evident for the transcription task (interaction: p = .43). Here, post-hoc tests 245 

showed that – irrespective of order – longer task duration elicited more frustration. This is 246 
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underlined by significant differences in the 2-minutes vs. 8-minutes (p = .01), the 2-minutes 247 

vs. 16-minutes (p <.01), the 4-minutes vs. 8-minutes (p = .01), and the 4-minutes vs. 16-248 

minutes (p < .01) comparisons. 249 

Self-Control Failures: Stroop Performance 250 

Response times. ANOVAs on the Stroop interference score revealed a significant 251 

main effect for duration (F(3, 701) = 4.75, p < .01, pes = .02) but neither for order, nor for the 252 

order × duration interaction, ps ≥ .30  (Figure 2, Panel A). Thus, Stroop interference was not 253 

affected by a prior completion of the transcription task. Post-hoc tests on the effect of duration 254 

revealed that the Stroop interference in the 2-minutes condition was significantly higher than 255 

in the 4-minutes (p = .03), 8-minutes (p < .01), and 16-minutes (p < .01) conditions. No other 256 

differences were significant. Thus, longer experimental duration led to an improved 257 

performance on the Stroop task. A ceiling of performance improvement was reached already 258 

after four minutes and from then on, no further improvements occurred.  259 

For reaction times in the incongruent and congruent blocks, the statistical analyses 260 

yielded similar results (Figure 2, Panels B and C). Main effects of duration (incongruent 261 

trials: F(3, 701) = 10.93, p < .01, pes = .04; congruent trials: F(3, 701) = 8.31, p < .01, pes = 262 

.03) were significant, but neither were the main effects for order or the order × duration 263 

interaction, ps > .30. Post-hoc tests again revealed that the effect of order can be ascribed to 264 

inferior performance in the 2-minutes condition compared to the other conditions, ps < .01. 265 

We observed no differences between 4-minutes, 8-minutes, and 16-minutes respectively, ps ≥ 266 

.91.   267 

Errors. ANOVAs on the overall error rate and the error rate in the congruent blocks 268 

revealed no significant main effects for duration and order and no order × duration 269 

interaction, ps ≥ .13 (Figure 2, Panels D and F). However, the ANOVA on the error rate in 270 

the incongruent block revealed a significant effect of duration F(3, 701) = 4.02, p < .01, pes = 271 

.02), but again no effect of order and no order × duration interaction, ps ≥ .33 (Figure 2, Panel 272 
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E).  Thus, none of the error measures were affected by prior completion of the transcription 273 

task.  274 

Post-hoc tests revealed a significantly reduced error rate in the 4-minute condition 275 

compared to the 2-minutes condition, p < .01. Although error rates in the 8-minutes (p = .22) 276 

and the 16-minutes (p = .14) conditions were descriptively lower than the 2-minutes 277 

condition, these differences did not reach significance. All other comparisons were not 278 

significant, ps ≥ .41. Thus, only the error measure in the incongruent block, i.e., when the task 279 

is most difficult, was affected by the duration of the task. In line with the results for the 280 

reaction time-based performance measures, performance appears to improve and reach a 281 

ceiling quite rapidly. 282 

Self-Control Failures: Transcription Task Performance 283 

ANOVAs on the number of words transcribed revealed a significant effect for 284 

duration (F(3, 701) = 308.28, p < .01, pes = .57) but not for order or the order × duration 285 

interaction, ps ≥ .12 (Figure 3, Panel A). Expectedly, longer duration of the condition allowed 286 

for more words to be transcribed. Again, the number of words transcribed was not affected for 287 

subjects who had performed the Stroop task before. To assess if the increase in words 288 

transcribed was scaled according to the experimental duration, we ran an ANOVA on the 289 

words transcribed per minute. This analysis still revealed a significant main effect for duration 290 

(F(3, 701) = 3.61, p = .01, pes = .02) but not for order or the order × duration interaction, ps ≥ 291 

.47 (Figure 3, Panel B). Post-hoc tests on the effect of duration on words transcribed per 292 

minute showed that participants in the 4-minutes condition outperformed participants in the 2-293 

minutes (p = .05), 8-minutes (p = .04), and the 16-minutes (p = .02) variants. None of the 294 

other comparisons was significant, ps ≥ .99.  295 

 296 
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Discussion 297 

We investigated the effect of performing a primary self-control task on performance in 298 

a subsequently performed secondary self-control task. Participants were randomly assigned to 299 

an order in which the two self-control tasks were to be performed. The duration of primary 300 

and secondary tasks was varied (2, 4, 8, or 16 minutes per task), in order to assess the effect 301 

of prolonging self-control exertion on performance in a secondary self-control task. Contrary 302 

to the proposition of the strength model of self-control3, performance did neither suffer in 303 

response to prior self-control exertion, nor as a function of task duration. If anything, results 304 

even point to the contrary: performance tended to improve when the primary self-control task 305 

was of longer duration. Further, we did not observe any significant duration × order 306 

interactions, which suggests that failures to find impaired performance after prior self-control 307 

exertion is not the result of too short primary tasks. In addition, effects did not differ between 308 

the two self-control tasks (i.e., Stroop task and transcription task), which suggests that the 309 

observed null findings did also not hinge on one badly chosen type of task.  310 

In line with the behavioral data, our results regarding the manipulation checks – 311 

perceived self-control investment and costs – suggest that participants invested similar effort 312 

in the two tasks irrespective of how long they were or if they had already performed the 313 

respective other self-control task. This investment came, however, with perceived costs and 314 

these costs were scaled along task duration and prior self-control exertion. Thus, participants 315 

experienced the tasks as more difficult, tiring and frustrating when they had to be performed 316 

longer or after a primary self-control task. These effects were consistent across self-control 317 

tasks.  318 

Implications  319 

In the present research, prior self-control exertion and prolonged task duration did not 320 

affect performance on two widely used self-control tasks. However, prolonged task duration 321 
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and prior self-control exertion resulted in a rise of perceived self-control costs, while the 322 

perceived investment of effort stayed on the same level. Thus, in terms of performance, our 323 

results do not support the strength model of self-control2,3. In terms of subjective experience, 324 

however, they are in line with the models’ propositions. These results have important 325 

implications for the concept of ego depletion and for research on self-control in general. 326 

Below we address three tentative interpretations of our findings: Self-control is not a limited 327 

resource, learning and boredom might modulate the self-control demands induced by a task, 328 

and objective performance is no valid indicator for self-control costs.   329 

Does self-control rely on a limited resource? Our findings regarding overt 330 

performance are difficult to reconcile with the predictions of the strength model. They are 331 

more in line with recent large-scale replication failures14 and evidence for publication bias in 332 

the literature on ego depletion12,13. The model proposes a reliance on limited resources, 333 

meaning that a depletion of resources should result in decreased performance2. The failure to 334 

observe this decrease aligns with research challenging the empirical32 and conceptual basis33 335 

of a limited physiological substrate for self-control.  336 

In addition to the idea of resource depletion, alternative theoretical accounts on why 337 

the allocation of control is perceived as costly34,35 and why people try to avoid it36 have been 338 

proposed (for an overview, see37). One explanation is that control is perceived as costly in 339 

order to avoid cross talk, which occurs when multiple processes compete for the same neural 340 

representations and thereby create a local bottleneck for information processing37. Systems 341 

that rely on shared neural representations allow for fast and efficient learning and abstract 342 

inference37,38. However, the shared use of representations severely limits a systems capacity 343 

for controlled processing39. According to this line of thought, exertion of control is perceived 344 

as costly not because a resource is depleted but because exertion of control might prevent the 345 

exertion of a concurrent control command37. Thus, the perceived costs of control signal the 346 

opportunity costs of continuing a chosen course of action35. From this perspective, our results 347 
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can be readily explained: Prior self-control exertion and increased task duration led to 348 

increased perceptions of costs, while the self-reported effort stayed the same. Consequently, 349 

no decrease in performance was observed.  350 

Task-induced self-control demands might change over time. Another interpretation 351 

of our findings might be that the self-control demands that are imposed by a task might 352 

change when the duration of the task is varied: In the Stroop task, participants tended to 353 

commit fewer errors and to respond faster when the task lasted longer. Thus, an increase in 354 

speed was not traded off against accuracy. This highlights an important point, which we 355 

believe has not received sufficient attention in the ego depletion literature: An initially 356 

difficult and self-control demanding task might lose these characteristics due to learning. 357 

Already in his now classic experiment, Stroop showed how an initially control demanding 358 

color naming task could be performed faster after learning18,40. Importantly - and in line with 359 

the idea of cross talk prevention -, learning leads to a greater automatization of behavior, 360 

which is accompanied by a separation of initially shared neural representations41. Such 361 

distinct representations allow for parallel processing, thereby reducing the self-control 362 

demands compared to when a task is executed using shared representations.  363 

To complicate matters further, a task that was initially challenging might become 364 

boring after prolonged execution. Although an easier task supposedly incurs less costs for 365 

control, boredom is thought to signal low reward for a current course of action36. Boredom is 366 

a dynamic state42 that impacts sustained attention and is linked with committing more errors 367 

when sustained attention is required43. The effect boredom has on attention is important 368 

because it has been proposed that “Attention control is the single most important or influential 369 

form of self-control (…)” (p. 31)44.  When dynamic effects of learning and boredom on self-370 

control demands cannot be tracked, it is difficult to predict how an increase in task duration 371 

affects resource depletion.  372 
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Objective performance is no valid indicator of self-control costs. In the present 373 

studies, subjective ratings of self-control costs and objective performance followed different 374 

patterns. This is important, because such subjective ratings usually serve as a manipulation 375 

check in ego depletion research on whether or not the ego depletion manipulation had actually 376 

worked14. Ours is by no means the first ego depletion study to observe such a disconnect 377 

between self-reported perception and observed performance45 and our findings also align with 378 

a large body of literature on cognitive fatigue in neurological patients, where performance and 379 

self-report measures of cognitive fatigue repeatedly fail to correlate46,47. Consequently, 380 

researchers in this field have questioned the validity of using performance-based measures as 381 

indicators for cognitive fatigue because they might fail to validly capture fatigued resources47. 382 

Although cognitive fatigue and self-control should not be conflated, similarities on the 383 

conceptual and neuronal level have been highlighted recently48. It is therefore possible that 384 

the heterogenous findings on the ego depletion effect might at least partly stem from the 385 

inability to assess if the chosen measures capture depletion of resources on a 386 

phenomenological level.     387 

Conclusion 388 

 The present findings are not in line with the assumption of a limited self-control 389 

resource which empowers all aspects of self-control. Matters seem to be more complicated, 390 

which is why future research should continue to dig deeper into the antecedents of self-control 391 

breakdowns. One promising approach might be to focus on potential mediators of the ego 392 

depletion effect. For instance, it has been proposed that motivational, emotional and 393 

attentional shifts following a first self-control task might lead to self-control impairments in 394 

subsequent tasks instead of a depleted resource49. As we did not measure motivation, emotion 395 

or attention directly in the present study, we would encourage other researchers to replicate 396 

our study while also assessing these potential mediators. 397 

398 
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  521 

Figure 1. Perceived self-control demands as a function of task order and duration. Error bars 522 

represent 95% confidence intervals. 523 

  524 
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 525 

 526 

Figure 2. Stroop performance as a function of task duration and task order. Error bars 527 

represent 95% confidence intervals. 528 

  529 
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Figure 3. Performance in the transcription task as a function of task duration and task order. 530 

Error bars represent 95% confidence intervals. 531 
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