SUPPLEMENTAL MATERIALS 
Stimulation of left dorsolateral prefrontal cortex enhances willingness for task completion by amplifying task outcome value 
Experimental paradigm design - task inclusion criteria
All participants were firstly instructed to understand that procrastination involves voluntarily delay a course of action that could and should have been started or completed already Zhang & Feng, 202(0)
. Following this, participants reported at least three tasks that they are procrastinating Of note, tasks that were unrealistic (e.g., be a super hero) or entirely hedonistic (e.g., play mobile-phone games) were excluded, for postponing those tasks did not fit the definition of procrastination. Because the deadlines of tasks are not uniform, it is likely that when facing with a task with a short deadline, people might act in a timely manner, or they might procrastinate when the deadline is distant. On the other hand, because people generally are increasingly willing to act in face of an approaching deadline, it may systematically bias the effects of stimulation revealed by differences between pretest and posttest. To minimize the confounds mentioned above, we wish to choose tasks with a far enough deadline. According to our previous work Zhang & Feng, 202(0)
, the interval between pretest and posttest (48 hours in this study) would not result in much difference in ratings of tasks if the deadlines are two weeks away at least. Therefore, we included the self-reported task when its deadline is limited to the two weeks (Mean ± SD, 12.44 ± 1.69 days). Deadlines of all tasks in different stimulation groups were balanced (see Supplementary analyses and results: control effects of task deadlines). Moreover, we also investigate whether deadlines differ across particular types of tasks. To this end, two independent researchers divided all tasks into seven types (Task types see Supplementary analyses and results: control effects of task deadlines) and no task types difference was found in deadlines and different group (see Supplementary analyses and results: control effects of task deadlines and task types). 

Supplementary analyses and results

Control effects of task deadlines and task types
The linear mixed model (LMM) analysis shows advantages in repeated observations made on the same statistical units, which can be supported by multiple evidence Heckerman et al., 2016

( ADDIN EN.CITE ; Kliegl et al., 2010; Lloyd-Jones et al., 2018)
. As such we used the LMM analysis in which the group effects on deadlines was defined as the fixed-effect term while the task individually reported was specified as a random factor to control the intraclass differences. The results found that deadlines were balanced across stimulation groups (β= -0.00, t = -0.06, p = 0.95, 95% CI, [-0.14, 0.13]). The tasks were also classified by two independent volunteers (inter-rater reliability, r = 0.74, p < 0.001) with all tasks being divided into seven categories (i.e., writing dissertation, making presentation, finishing homework of some courses, reviewing for examination, taking exercises, preparing for some contests, and other stuff which is scattered and individualized). Deadlines of various types of tasks were also balanced (first volunteer; β = 0.07, t = 1.07, p = 0.29, 95% CI [-0.06, 0.20], second volunteer; β = -0.07, t = -1.07, p = 0.29, 95% CI [-0.18, 0.05]). Moreover, we also did not find the interaction effects of group and task types on deadlines (first volunteer; β = -0.00, t = -0.33, p = 0.75, 95% CI [-0.03, 0.02], second volunteer; β = 0.01, t = 0.97, p = 0.34, 95% CI [-0.01, 0.04]).

  To better examine task type differences between experimental conditions (anodal lDLPFC, anodal rDLPFC, sham lDLPFC, sham rDLPFC), we calculated the proportion of each task type according to the classification score of two independent volunteers (see below Table S6 - S7) and made comparison. We used chi-square test to examine whether the reported task types showed experimental condition difference and found that there were no significant experimental condition differences on reported task types (First volunteer: (2 (18) = 17.17, p = 0.51, Second volunteer: (2 (18) = 22.93, p = 0.19). This indicated a potential balance for task types regardless of stimulation type and stimulation locations. 
Control effects of baseline traits measures

Despite that all stimulation groups were equated in baseline, there is a further opportunity that those controlled variables (i.e., self-control, procrastination, emotion regulation, and delay discounting) may impact the DLPFC stimulation effects. Moreover each subject reported at least three events individually, there were corresponding number of observations for interested variables task aversiveness, outcome value and task-execution willingness. In this case, using the linear regression model directly would underestimate the standard error of regression coefficient and increase the occurrence probability of type Ⅰ error. Thus to avoid the false positive estimates, the LMM analysis was used again to model each observation Harville, 1977(; Laird & Ware, 1982)
 and further test whether controlled variables can predict the variables of interest (i.e., change in task aversiveness, outcome value and in task-execution willingness). We implemented LMM analysis by using the function ‘fitlme’ in MATLAB 2016a programme. Here the fixed-effects terms are the conventional linear regression part that examining the effect of controlled variables on variables of interest, whereas the task individually reported were specified as a random factor to control the intraclass differences (i.e., random intercept models). Final results were obtained after the Bonferroni correction (p < 0.05/20 = 0.0025) Napierala, 2012()
.  

The results revealed that variation in all controlled variables could not impact DLPFC stimulation effects on task aversiveness, outcome value, and task-execution willingness in all groups (Table S1 - S3).

Causal Mediation Analysis and results
  The stimulation of the left DLPFC can increase task-execution willingness significantly, but possible mechanism of that effect is not clear. As such a model-based causal mediation analysis was conducted to investigate the causal mechanism of how left DLPFC stimulation reduces procrastination. The causal mediation analysis has long been used to quantify the mechanisms underlying the effects of interventions Daniel et al., 2015(; Imai et al., 2010)
. This method depends on defining causal estimates and simulating unobserved potential outcomes through modeling procedures to indirectly estimate the point estimates, also support both continuous and binary mediators thereby being more appropriate for this study.
We performed the causal mediation analysis using a full featured Mediation R package that can be freely available for download via Comprehensive R Archive Network (CRAN) (url: http://CRAN.R-project.org/package=mediation). The statistical theory underlying the procedures implemented in the Mediation package is presented elsewhere along with multiple empirical example Houtepen et al., 2016(; Tingley et al., 2014)
. Here given the introductions previously mentioned, the hypothesized mediators were task aversiveness and outcome value. The task aversiveness and outcome value will be denoted as the potential mediator separately in two mediation models for the time (pretest, posttest) and task-execution willingness. Meanwhile those models were adjusted with the control for confounders including the individual difference of reported events. The task aversiveness was also included as a controlled factor in outcome value mediation model, and vice versa. In each model, we estimated the average causal mediation effect (ACME), average direct effect (ADE), average total effect (ATE) and the proportion mediated. The ACME constitutes the effect of the stimulation on the task-execution willingness exerted through the mediator (i.e., task aversiveness or outcome value), while the ADE is the direct effect of the stimulation on task-execution willingness without the influence of mediator. Specifically, let Mi(s) denote the potential value of a mediator of interest for unit i under the stimulation status Si = s. The Yi(s,m) denote the potential outcome would result if the treatment and mediating variables equal s and m, respectively. We can observe one of the potential outcomes, and the observed outcome, Yi, equals Yi(Si, Mi(Si)) where Mi(Si) represents the observed value of the mediator Mi. With this notation, the total effect (ATE) can be,
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The mediation effects (ACME) are represented by,
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The other causal mechanisms can be represented by the direct effect (ADE) of the stimulation as,
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For each unit i and each stimulation status s = 0, 1. 

  The analysis of the causal model involved specifying two statistical models, the mediator model and the outcome model. Following the standard procedure of mediation analysis, the mediator model was constructed with the allocated stimulation as the independent variable and the hypothesized mediator (i.e., task aversiveness or outcome value) as the dependent variable. The outcome model was constructed with the stimulation, the mediator as the independent variable and the task-execution willingness as the dependent variable. Standardized point estimates of the ACME, ADE, ATE and the proportion mediated will be got based on a quasi-Bayesian Monte Carlo method with 5000 bootstrap simulations. The statistical significance for the mediation effect was observed as a p < 0.05 and a 95% bootstrap confidence interval (CI) that does not include zero. As the indicators of model fit were considered inappropriate for multilevel analysis McCoach & Black, 2012(; Snijders & Bosker, 2011)
, they were not included into results report.  
Table S1. The predictors that can explain the change in task-execution willingness in different stimulation groups
	Predictors
	R2
	t
	P
	95% Confidence interval (CI)

	- Anodal lDLPFC group

	GPS
	0.02
	0.96
	0.34
	[-0.08, 0.23]

	SCS
	
	0.41
	0.69
	[-0.04, 0.05]

	Cognitive appraisal
	
	0.29
	0.77
	[-0.09, 0.12]

	Expression inhibition
	
	-2.57
	0.01
	[-0.25, -0.03]

	Delay discounting
	
	0.06
	0.95
	[-0.69, 0.73]

	- Sham lDLPFC group

	GPS
	0.06
	-1.90
	0.06
	[-0.22, 0.00]

	SCS
	
	0.78
	0.43
	[-0.04, 0.08]

	Cognitive appraisal
	
	-0.99
	0.32
	[-0.19, 0.07]

	Expression inhibition
	
	-0.28
	0.78
	[-0.14, 0.10]

	Delay discounting
	
	-0.32
	0.75
	[-0.93, 0.67]

	- Anodal rDLPFC group

	GPS
	0.03
	1.84
	0.07
	[-0.01, 0.38]

	SCS
	
	1.14
	0.26
	[-0.02, 0.07]

	Cognitive appraisal
	
	-1.34
	0.18
	[-0.19, 0.04]

	Expression inhibition
	
	-0.62
	0.54
	[-0.15, 0.08]

	Delay discounting
	
	2.10
	0.04
	[0.05, 1.51]

	- Sham rDLPFC group

	GPS
	-0.04
	0.11
	0.91
	[-0.13, 0.14]

	SCS
	
	-0.11
	0.91
	[-0.05, 0.04]

	Cognitive appraisal
	
	0.22
	0.82
	[-0.12, 0.15]

	Expression inhibition
	
	0.52
	0.61
	[-0.08, 0.14]

	Delay discounting
	
	0.82
	0.41
	[-0.67, 1.60]


Note, Significance of all results should be less than a Bonferroni-corrected p value (0.05/20 = 0.0025), lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex, GPS - general procrastination scale, SCS – self-control scale.

Table S2. The predictors that can explain the change in task aversiveness in different stimulation groups
	Predictors
	R2
	t
	P
	 95% Confidence interval (CI)

	- Anodal lDLPFC group

	GPS
	0.39
	-0.56
	0.58
	[-0.19, 0.11]

	SCS
	
	-0.34
	0.73
	[-0.05, 0.04]

	Cognitive appraisal
	
	-0.10
	0.92
	[-0.10, 0.09]

	Expression inhibition
	
	1.40
	0.16
	[-0.03, 0.17]

	Delay discounting
	
	-0.85
	0.39
	[-0.95, 0.38]

	- Sham lDLPFC group

	GPS
	-0.01
	0.26
	0.79
	[-0.04, 0.05]

	SCS
	
	0.97
	0.33
	[-0.04, 0.01]

	Cognitive appraisal
	
	0.27
	0.79
	[-0.06, 0.05]

	Expression inhibition
	
	1.68
	0.10
	[-0.01, 0.10]

	Delay discounting
	
	0.12
	0.90
	[-0.33, 0.37]

	- Anodal rDLPFC group

	GPS
	0.12
	-0.84
	0.40
	[-0.23, 0.09]

	SCS
	
	-1.16
	0.25
	[-0.06, 0.02]

	Cognitive appraisal
	
	1.74
	0.09
	[-0.01, 0.16]

	Expression inhibition
	
	-0.76
	0.45
	[-0.13, 0.06]

	Delay discounting
	
	-0.69
	0.49
	[-0.78, 0.38]

	- Sham rDLPFC group

	GPS
	0.04
	-0.24
	0.81
	[-0.11, 0.08]

	SCS
	
	0.98
	0.33
	[-0.02, 0.05]

	Cognitive appraisal
	
	-0.67
	0.50
	[-0.14, 0.07]

	Expression inhibition
	
	-2.08
	0.04
	[-0.17, 0.00]

	Delay discounting
	
	-0.35
	0.73
	[-0.96, 0.68]


Note, Significance of all results should be less than a Bonferroni-corrected p value (0.05/20 = 0.0025), lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex, GPS - general procrastination scale, SCS – self-control scale.
Table S3. The predictors that can explain the change in outcome value in different stimulation groups
	Predictors
	R2
	t
	P
	95% Confidence interval (CI)

	- Anodal lDLPFC group

	GPS
	0.03
	1.82
	0.07
	[-0.00, 0.12]

	SCS
	
	-0.08
	0.94
	[-0.02, 0.02]

	Cognitive appraisal
	
	1.70
	0.09
	[-0.01, 0.08]

	Expression inhibition
	
	-1.81
	0.07
	[-0.08, 0.00]

	Delay discounting
	
	-0.99
	0.32
	[-0.43, 0.14]

	- Sham lDLPFC group

	GPS
	0.02
	-0.37
	0.71
	[-0.05, 0.04]

	SCS
	
	1.18
	0.24
	[-0.01, 0.04]

	Cognitive appraisal
	
	-1.09
	0.28
	[-0.08, 0.02]

	Expression inhibition
	
	1.38
	0.17
	[-0.01, 0.08]

	Delay discounting
	
	0.46
	0.65
	[-0.24, 0.38]

	- Anodal rDLPFC group

	GPS
	0.04
	0.21
	0.84
	[-0.08, 0.10]

	SCS
	
	-2.59
	0.01
	[-0.05, -0.01]

	Cognitive appraisal
	
	1.89
	0.06
	[-0.00, 0.10]

	Expression inhibition
	
	0.04
	0.97
	[-0.05, 0.05]

	Delay discounting
	
	-0.31
	0.76
	[-0.38, 0.28]

	- Sham rDLPFC group

	GPS
	0.14
	1.24
	0.22
	[-0.04, 0.16]

	SCS
	
	0.68
	0.50
	[-0.02, 0.04]

	Cognitive appraisal
	
	1.24
	0.22
	[-0.04, 0.16]

	Expression inhibition
	
	-1.43
	0.16
	[-0.14, 0.02]

	Delay discounting
	
	-1.49
	0.14
	[-0.21, 1.44]


Note, Significance of all results should be less than a Bonferroni-corrected p value (0.05/20 = 0.0025), lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex, GPS – general procrastination scale, SCS - self-control scale.
Table S4. Rating consistency between pretest and posttest experiments across groups.
	
	
	Posttest measures

	
	Pretest measures
	task aversivness
	outcome
	task-execution willingness

	
	task aversivness
	0.48***
	-0.09
	0.00

	anodal lDLPFC
	outcome
	-0.11
	0.86***
	0.13

	
	task-execution willingness
	0.00
	0.12
	0.73***

	
	task aversivness
	0.62***
	-0.22
	0.25

	anodal rDLPFC
	outcome
	-0.11
	0.70***
	0.01

	
	task-execution willingness
	0.22
	0.12
	0.74***

	
	task aversivness
	0.83***
	-0.21
	0.12

	sham lDLPFC
	outcome
	-0.2
	0.83***
	0.18

	
	task-execution willingness
	0.01
	0.21
	0.84***

	
	task aversivness
	0.65***
	-0.16
	0.16

	sham rDLPFC
	outcome
	-0.17
	0.72***
	0.07

	
	task-execution willingness
	0.12
	0.21
	0.80***


lDLPFC/rDLPFC – left/right dorsolateral prefrontal cortex. ***p < 0.001.

Table S5. Association of variables in two separate mediation models
	Models
	Variables
	β
	t
	p
	95% confidence interval

	Model 1: Outcome value as a mediator

	Model: X→M, controlling Task aversiveness
	Time→Outcome value
	0.35
	3.25
	0.001
	[0.14, 0.56]

	Model: M→Y, controlling Task aversiveness
	Time→Task-execution willingness
	0.91
	3.54
	< 0.001
	[0.40, 1.42]

	Model: X→Y, controlling Task aversiveness
	Outcome value→Task-execution willingess
	0.50
	4.08
	< 0.001
	[0.26, 0.74]

	Model 2: Task aversiveness as a mediator

	Model: X→M, controlling Outcome value
	Time→Task aversiveness
	-0.81
	-5.51
	< 0.001
	[-1.10, 0.52]

	Model: M→Y, controlling Outcome value
	Time→Task-execution willingness
	0.91
	3.54
	< 0.001
	[0.40, 1.42]

	Model: X→Y, controlling Outcome value
	Task aversiveness→Task-execution willingess
	-0.34
	-3.08
	0.002
	[-0.56, -0.12]


Note: X-independent variable, M- Mediating variable, Y-dependent variable.

Table S6. Each task type categorized by the volunteer #1 showed balanced distribution across different groups

	Task type
	
	Group
	Total

	
	
	Anodal lDLPFC
	Anodal rDLPFC
	Sham lDLPFC
	Sham rDLPFC
	

	1
	Count
	27
	12
	19
	11
	69

	
	Proportion
	39.10%
	17.40%
	27.50%
	15.90%
	100.00%

	2
	Count
	8
	8
	3
	7
	26

	
	Proportion
	30.80%
	30.80%
	11.50%
	26.90%
	100.00%

	3
	Count
	28
	31
	35
	28
	122

	
	Proportion
	23.00%
	25.40%
	28.70%
	23.00%
	100.00%

	4
	Count
	5
	6
	6
	3
	20

	
	Proportion
	25.00%
	30.00%
	30.00%
	15.00%
	100.00%

	5
	Count
	38
	33
	31
	29
	131

	
	Proportion
	29.00%
	25.20%
	23.70%
	22.10%
	100.00%

	6
	Count
	6
	2
	6
	1
	15

	
	Proportion
	40.00%
	13.30%
	40.00%
	6.70%
	100.00%

	7
	Count
	25
	27
	28
	15
	95

	
	Proportion
	26.30%
	28.40%
	29.50%
	15.80%
	100.00%


writing an essay, 2-making a presentation, 3-finishing homework of some courses, 4-taking exercises, 5-reviewing for examination, 6-preparing for some contests, 7-other stuff. l/rDLPFC- left/right dorsolateral prefrontal cortex. 
Table S7. Each task type categorized by the volunteer #2 showed balanced distribution across different groups

	Task type
	
	Group
	Total

	
	
	Anodal lDLPFC
	Anodal rDLPFC
	Sham lDLPFC
	Sham rDLPFC
	

	1
	Count
	22
	11
	15
	9
	57

	
	Proportion
	38.60%
	19.30%
	26.30%
	15.80%
	100.00%

	2
	Count
	9
	9
	3
	5
	26

	
	Proportion
	34.60%
	34.60%
	11.50%
	19.20%
	100.00%

	3
	Count
	34
	37
	34
	36
	141

	
	Proportion
	24.10%
	26.20%
	24.10%
	25.50%
	100.00%

	4
	Count
	5
	5
	6
	3
	19

	
	Proportion
	26.30%
	26.30%
	31.60%
	15.80%
	100.00%

	5
	Count
	39
	30
	30
	28
	127

	
	Proportion
	30.70%
	23.60%
	23.60%
	22.00%
	100.00%

	6
	Count
	6
	5
	10
	0
	21

	
	Proportion
	28.60%
	23.80%
	47.60%
	0.00%
	100.00%

	7
	Count
	22
	22
	30
	13
	87

	
	Proportion
	25.30%
	25.30%
	34.50%
	14.90%
	100.00%


1-writing an essay, 2-making a presentation, 3-finishing homework of some courses, 4-taking exercises, 5-reviewing for examination, 6-preparing for some contests, 7-other stuff. l/rDLPFC- left/right dorsolateral prefrontal cortex.
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Fig. S1. Raw and reversed rating of task aversiveness between pretest and posttest experiments across all groups. lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex.
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Fig. S2. The reversed ratings distribution of task aversiveness between pretest and posttest experiments across all groups. The lines with same color represent several self-defined tasks reported by one subject simultaneously. lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex.
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Fig. S3. The raw ratings distribution of outcome value between pretest and posttest experiments across all groups. The lines with same color represent several self-defined tasks reported by one subject simultaneously. lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex. 
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Fig. S4. The raw ratings distribution of task-execution willingness between pretest and posttest experiments across all groups. The lines with same color represent several self-defined tasks reported by one subject simultaneously. lDLPFC/rDLPFC - left/right dorsolateral prefrontal cortex. 
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