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Supplement 1: Ecological momentary assessment of daily-life self-control 
 
Figure S1.1. Schema�c illustra�on of the ecological momentary assessment ques�onnaire on 
daily-life self-control. 
 

 



Supplement 2: Model es�ma�on of the two-step task 
 
Following Kool et al. [1], we compared three computa�onal models to approximate choice 
behavior in our task: model-free, model based, and hybrid agents. The task involves two stages 
with three possible states s (stage 1: sA; stage 2: sB or sC), and two possible ac�ons a (aA and aB). 
All models learn to maximize the value Q (s, a). At a given trial t, states are denoted as s1,t (always 
sA) and s2,t (sB or sC), ac�ons as a1,t and a2,t, and rewards as r1,t (always equal to zero) and r2,t. 
 

Model-free. Model-free agents solve the task according to the SARSA(λ) temporal 
difference learning algorithm [2], such that at each stage i and trial t 
𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠, 𝑎𝑎) =  𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠,𝑎𝑎) +  𝛼𝛼𝛿𝛿𝑖𝑖,𝑡𝑡𝑒𝑒𝑖𝑖,𝑡𝑡(𝑠𝑠,𝑎𝑎). 
 
Here, α denotes the free learning rate parameter (indica�ng how fast values are updated), δi,t 
denotes the reward predic�on error, and ei,t(s, a) denotes the free eligibility trace parameter.  
As r1,t is always equal to zero, the first-stage reward predic�on error depends on the second stage 
ac�on: 
𝛿𝛿1,𝑡𝑡 =  𝑄𝑄𝑀𝑀𝑀𝑀�𝑠𝑠2,𝑡𝑡,𝑎𝑎2,𝑡𝑡� −  𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠1,𝑡𝑡,𝑎𝑎1,𝑡𝑡). 
 
The second-stage reward predic�on error depends on r2,t: 
𝛿𝛿2,𝑡𝑡 =  𝑟𝑟2,𝑡𝑡 − 𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠2,𝑡𝑡,𝑎𝑎2,𝑡𝑡). 
 
The eligibility trace equals 0 at the beginning of each trial and is updated before the Q value 
according to  
 
𝑒𝑒𝑖𝑖,𝑡𝑡�𝑠𝑠𝑖𝑖,𝑡𝑡,𝑎𝑎𝑖𝑖,𝑡𝑡� = 𝑒𝑒𝑖𝑖−1,𝑡𝑡�𝑠𝑠𝑖𝑖,𝑡𝑡,𝑎𝑎𝑖𝑖,𝑡𝑡� + 1. 
 
First- and second-stage value updates occurred at the second stage. Here, predic�on errors of 
first-stage values were weighted by the eligibility trace decay (also referred to as λ, which, if equal 
to zero, indicates that only values of the current stage receive an update). 
 

Model-based. Model-based agents extend the model-free algorithm at the first stage by 
taking into account the transi�on structure P linking the first and second stages: 
 
𝑄𝑄𝑀𝑀𝑀𝑀�𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗� = 𝑃𝑃�𝑠𝑠𝐵𝐵 | 𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗� max

𝑎𝑎∈{𝑎𝑎𝐴𝐴,𝑎𝑎𝐵𝐵}
𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠𝐵𝐵,𝑎𝑎) + 𝑃𝑃�𝑠𝑠𝐶𝐶  | 𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗� max

𝑎𝑎∈{𝑎𝑎𝐴𝐴,𝑎𝑎𝐵𝐵}
𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠𝐶𝐶 ,𝑎𝑎). 

 
At the second stage, model-free and model-based agents perform equivalent updates, such that 
QMF = QMB. 
 

Hybrid. Hybrid agents arbitrate between the Q values according to a weigh�ng parameter 
w:  
 
𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛�𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗� = 𝑤𝑤𝑄𝑄𝑀𝑀𝑀𝑀�𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗� + (1 − 𝑤𝑤)𝑄𝑄𝑀𝑀𝑀𝑀(𝑠𝑠𝐴𝐴,𝑎𝑎𝑗𝑗). 
 



Decision rule. Finally, Q values were subjected to a so�max func�on to determine choice 
probabili�es: 
 

𝑃𝑃�𝑎𝑎𝑖𝑖,𝑡𝑡 = 𝑎𝑎�𝑠𝑠𝑖𝑖,𝑡𝑡� = 𝑒𝑒𝛽𝛽(𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛�𝑠𝑠𝑖𝑖,𝑡𝑡,𝑎𝑎�+𝜋𝜋∗𝑟𝑟𝑟𝑟𝑟𝑟(𝑎𝑎)+𝜌𝜌∗𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑎𝑎))

∑𝑒𝑒𝛽𝛽(𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛�𝑠𝑠𝑖𝑖,𝑡𝑡,𝑎𝑎′�+𝜋𝜋∗𝑟𝑟𝑟𝑟𝑟𝑟�𝑎𝑎′�+𝜌𝜌∗𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑎𝑎′))
. 

 
Here, β indicates the stochas�city of behavior, π a choice s�ckiness parameter (mul�plied by 
rep(a) = 1 if first-stage ac�on a (s�mulus choice) in the current trial was also chosen in the 
previous trial, otherwise zero), and a response s�ckiness parameter ρ (mul�plied by rep(a) = 1 if 
the first-stage ac�on a involved the same response key (irrespec�ve of associated s�muli) on the 
current trial as in the previous trial, otherwise zero).  
We es�mated the free parameters (α, λ, β, w,  π and ρ) for each model and par�cipant 
individually.  
We compared models excluding (pure models) and including and π and ρ . 
 
Model fitting 
We performed parameter es�ma�on and model fit with the fmincon algorithm implemented in 
the mfit toolbox for MATLAB. This minimized the nega�ve log likelihood across trials T, such that 
the probability of the model’s choices given a set of parameters, P(ct | θ) and those of the 
par�cipant converged: 
−𝐿𝐿𝐿𝐿 =  ∑ log𝑃𝑃(𝑐𝑐𝑡𝑡|𝜃𝜃)𝑇𝑇

𝑡𝑡=1            
We used Bayesian Informa�on Criterion (BIC) for model comparison, choosing the model with the 
lowest mean BIC across par�cipants, i.e. the most parsimonious fit. Star�ng values for the 
learning rate α, eligibility trace decay λ, and weigh�ng w were drawn from flat distribu�ons with 
0 and 1 as lower and upper bounds. Inverse temperature β received star�ng values from gamma 
distribu�on with shape parameter = 4.82 and scale parameter = 0.88 as well as 0 and 20 as lower 
and upper bounds. Choice and response s�ckiness parameters π and ρ were drawn from normal 
distribu�ons with M±SD = 0.15±1.42 and -20 and 20 as lower and upper bounds. 
 
Fitting results 
We compared the fit (mean BIC) of models with different configura�ons of MF, MB and hybrid 
learners with addi�onal model parameters (see table S2.1). As expected, the hybrid models 
showed the best fit to the behavioral data. The pure hybrid model (mean BIC = 983.05) was 
outperformed by a model including choice s�ckiness (mean BIC = 929.35). However, adding 
response s�ckiness (mean BIC = 929.38) did not improve the model. The hybrid + choice 
s�ckiness model also outperformed the MF and MB models with and without choice and 
response s�ckiness and was declared the winning model.  
 
We obtained an inverse temperature of M±SD = 4.88±1.37, a learning rate of M±SD = 0.82±0.18, 
an eligibility trace decay of M±SD = 0.58±0.39, and a choice s�ckiness of M±SD = 0.19±0.09 from 
this winning model.  
 
 
 



Table S2.1. Model fi�ng results 

Notes. Hybrid = hybrid agent arbitra�ng between model-based and model-free control according to the 
weigh�ng parameter w. MB = model-based agent. MF = model-free agent. Pure = model without any 
addi�onal parameters. + choice s�ckiness = model including choice s�ckiness parameter (π). + choice + 
response s�ckiness = model including choice and response s�ckiness parameters (π and ρ). Mean BIC = 
Mean of Bayesian Informa�on Criterion across par�cipants.  
  

Model mean BIC 

hybrid 

 
Pure 983.05 

 
+ choice s�ckiness 

 
929.35 

 
+ choice + response 

s�ckiness 
 

929.38 

MB 

 
Pure 

 
998.36 

 
+ choice s�ckiness 

 
931.45 

+ choice + response 
s�ckiness 931.50 

MF 

 
Pure 

 
1057.70 

 
+ choice s�ckiness 

 
978.11 

+ choice + response 
s�ckiness 977.85 



Supplement 3: Associa�on between inhibitory control and self-control 
 
Inhibitory control might facilitate self-control, e.g., by inhibi�ng the desired response [3]. As of 
such, increased inhibi�on-related brain ac�vity in Go/Nogo tasks has been associated with 
behavior requiring self-control [4]. Further research [5] has found ac�vity in the inferior frontal 
gyrus (IFG), an area also related to response inhibi�on [6], during a Go/Nogo task to interact with 
contextual factors to influence self-control. 
We inves�gated the N2 and P3a as two electroencephalographic (EEG) signals of response 
inhibi�on. The N2 is a fronto-central nega�ve deflec�on peaking 200 ms a�er s�mulus onset 
[7,8]. As the N2 is generally associated with conflict monitoring [9], it might influence the 
probability of desire enactment by altering how par�cipants perceive conflicts between a current 
desire with another goal. The P3a describes a posi�ve peak occurring fronto-centrally around 300 
ms a�er s�mulus presenta�on. Generally assumed to mirror aten�onal orien�ng to salient or 
poten�ally significant events [10] or as signal of (motor) inhibi�on [11], the P3a can be connected 
to the impulse inhibi�on aspect of self-control.  
Moreover, we were interested in how possible effects of inhibi�on relate to impulsivity and 
compulsivity. Although we did not find any associa�ons between impulsivity and event-related 
poten�als (ERP) in a Go/Nogo task in a previous study [12], impulsivity has o�en been linked to 
altered response inhibi�on both behaviorally [13–16] and psychophysiologically [17,18]. For 
compulsivity, literature again points to a nega�ve associa�on to behavioral response inhibi�on 
[19,20]. Brain recordings indicate both hypoac�va�on [21] and hyperac�va�on [22] with higher 
compulsivity, although we could replicate neither in a Go/Nogo task [12]. We aimed to delineate 
how inhibitory control affects self-control and how these associa�ons might be related to 
impulsivity and compulsivity. 
 
Go/Nogo task 
Response inhibi�on was opera�onalized with a Go/Nogo task consis�ng of 256 trials split into 
two blocks of 128 trials (see figure S3.1). Each trial started with a white circle presented on a 
black background for 200-500 ms. At the center of the circle appeared either a green square as a 
Go s�mulus (75% of all trials) or a red square as a Nogo s�mulus (25% of all trials). Par�cipants 
were instructed to respond as quickly as possible to the Go s�mulus with the index finger of their 
dominant hand and withhold their response to the Nogo s�mulus. S�muli were presented for 500 
ms and were separated by a variable inter-s�mulus interval of 900-1200 ms (jitered randomly in 
50 ms steps; average dura�on was 1050 ms). Go trials were interspersed with Nogo trials, which 
could occur in immediate succession (only twice during the whole experiment) or be separated 
by up to five Go trials. Par�cipants completed the Go/Nogo as part of an EEG session in the lab.  
 
 
 
 
 
 
 
 



Figure S3.1. Go/Nogo task 

 
Notes. Go/Nogo task used measuring response inhibi�on. Each trial started with a white circle (le� 
column), then a s�mulus appears in its center (middle column). Par�cipants must respond as quickly as 
possible to the Go s�mulus (green square, 75% of trials, top row), and withhold their response for the 
Nogo s�mulus (red square, 25% of trials, botom row), followed by another white circle (right column). 
 
EEG recording, reduction and analysis 
EEG recording and reduc�on for followed the protocol as described in the main manuscript. 
Specifically for the Go/Nogo task, baseline correc�on was applied in the 200 ms prior to s�mulus 
onset. Trials including reac�on �mes outside the range of 100 – 600 ms and failed inhibi�on were 
removed.  
To establish the effects of inhibitory control, electrophysiological data was inves�gated in single-
trial analyses to quan�fy the rela�onship between EEG ac�vity and trial-wise characteris�cs. For 
the Go/Nogo task, s�mulus-locked EEG data was used to inves�gate the effect of inhibi�on. We 
regressed EEG ac�vity at each electrode and �me point on trial type (Go or Nogo) using robust 
regression (EEG ~ Nogo s�mulus). The resul�ng temporo-spa�al maps of b values per subject 
were then averaged over subjects to inves�gate whether trial characteris�cs significantly 
accounted for variance in the EEG ac�vity. We could thus compute the effect of inhibi�on on the 
EEG. As described in the main manuscript, b values were subjected to two-tailed one-sample t-
tests against zero, employing false discovery rate (FDR) [23] to correct for mul�ple comparisons. 
We focused our analyses on the b values from the Go/Nogo task at electrodes and �me-windows 
corresponding to the N2 and the s�mulus-locked P3a. Based on visual inspec�on of the grand-
averaged EEG data a from a previous publica�on [12], the regression effects on the N2 and the 
P3a were derived from Cz, where the signals appeared to be the strongest. Individual b value 
peaks were computed within the respec�ve ERP latency ranges: for the N2, 200-300ms post-
s�mulus and for the s�mulus-locked P3a, 300-450 ms post-s�mulus [24]. To obtain individual 
average effects of the respec�ve ERP for further analyses, we computed the mean of the b values 
peaks +- 20 ms for both EEG components [25].  
 
 
 
 



Results: EEG task effects 
We analyzed the effects of trial characteris�cs on the EEG data in both tasks using single-trial 
regression to compute a regression weight �me-course for all electrodes (figure S3.2). For data 
from the Go/Nogo task, we observed significant posi�ve effects around 250 ms and 350 ms a�er 
s�mulus onset, with more posi�ve EEG signals for Nogo compared to Go trials. This indicates a 
regression effect of successful inhibi�on in the �me-windows of the N2 (βmean = 2.82, p = < 0.001 
at Cz) and s�mulus-locked P3a (βmean = 7.01, p = < 0.001 at Cz). 
 
Figure S3.2. First-level effects of single-trial regression for the Go/Nogo task 

 
Note. First-level regression of EEG data in the Go/Nogo task. First–second row: Topography of the b values 
for the first-level effect (100–650 ms) of inhibition. Third row: EEG time course at FCz (left) and Cz (right) 
for Go (red) vs. Nogo (blue) trials. Shading indicates SEM. EEG activity is locked to stimulus presentation. 
Gray shading behind EEG activity indicates significance of regression weights (p < .05/2) after FDR-
correction.  
 
Results: Effects on desire enactment 
Based on the established interconnec�ons, we examined the effects of inhibitory-control-related 
EEG ac�vity, impulsivity and compulsivity on self-control. EEG markers of inhibitory control were 
computed as the individual mean b values of the effect of inhibi�on on the N2 (N2 effect) and P3a 
signals (P3a effect). In logis�c mixed-effects models, desire enactment was then regressed onto 
conflict strength, desire strength, the N2 and P3a effects, as well as impulsivity and compulsivity. 
Desire strength and conflict strength were further modeled as random slopes to account for 
between-subject variability in their effects. In a second step, we included impulsivity and 
compulsivity scores in the model. In the full model, impulsivity and compulsivity were included as 
interac�ons with the EEG effects. In all three models, desire strength was significantly posi�vely 
linked to desire enactment, while conflict strength showed a significant nega�ve associa�on. The 
N2 and P3a effects, impulsivity or compulsivity or their interac�ons did not significantly predict 
desire enactment (see tables S3.1-S3.3).  
 



Table S3.1. Base model predic�ng desire enactment with inhibitory control  
 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 0.04 -3.18 [-3.44, -2.92] <.001 

desire strength 175.23 5.17 [4.88, 5.46] <.001 

conflict strength 0.22 -1.52 [-1.67, -1.37] <.001 

N2 effect 0.92 -0.08 [-0.27, 0.11] .408 

P3a effect 1.01 .00 [-0.30, 0.31] .963 

Random Effects 
σ2 3.29 

τ00 name 0.33 

τ11 participant.desire strength 2.74 

τ11 participant.conflict strength 0.75 

ρ01 -0.64 
 0.35 

ICC 0.35 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.648 / 0.773 
Notes. CI = 95% confidence interval. N2 effect = mean b values for the inhibi�on effect in the �me-window 
for the N2 at Cz. P3a = mean b values for the inhibi�on effect in the �me-window for the P3a at Cz. p 
values < .05 are marked in boldface. 
 
Table S3.2. Second model predic�ng desire enactment with inhibitory control including 
impulsivity and compulsivity 

 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 0.04 -3.22 [-3.98, -2.46] <.001 

desire strength 174.41 5.16 [4.87, 5.45] <.001 

conflict strength 0.22 -1.53 [-1.68, -1.38] <.001 

N2 effect 0.92 -0.08 [-0.27, 0.11] .402 



P3a effect 1.01 0.01 [-0.29, 0.32] .942 

impulsivity 0.93 -0.08 [-0.79, 0.64] .836 

compulsivity 1.16 0.15 [-0.02, 0.33] .089 

Random Effects 
σ2 3.29 

τ00 name 0.30 

τ11 participant.desire strength 2.75 

τ11 participant.conflict strength 0.75 

ρ01 -0.63 
 0.34 

ICC 0.36 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.648 / 0.774 
Notes. CI = 95% confidence interval. N2 effect = mean b values for the inhibi�on effect in the �me-window 
for the N2 at Cz. P3a = mean b values for the inhibi�on effect in the �me-window for the P3a at Cz. 
Impulsivity = sum score for Barrat Impulsiveness Scale. Compulsivity = sum score for Obsessive-
Compulsive Inventory-Revised. p values < .05 are marked in boldface. 
 
Table S3.3. Full model predic�ng desire enactment including impulsivity and compulsivity in 
interac�on with inhibitory control 

 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 0.04 -3.21 [-3.47, -2.94] <.001 

desire strength 174.52 5.16 [4.87, 5.45] <.001 

conflict strength 0.22 -1.53 [-1.67, -1.38] <.001 

N2 effect 1.22 0.20 [-1.79, 2.19] .844 

P3a effect 1.33 0.29 [-1.73, 2.31] .780 

N2 effect * impulsivity 0.90 -0.11 [-2.13, 1.91] .917 

N2 effect * compulsivity 0.72 -0.33 [-2.30, 1.65] .744 



P3a effect * impulsivity 0.64 -0.45 [-2.49, 1.59] .664 

P3a effect * compulsivity 0.75 -0.29 [-2.37, 1.80] .787 

N2 effect * impulsivity * compulsivity 1.09 0.09 [-1.83, 2.00] .928 

P3a effect * impulsivity * compulsivity 1.76 0.57 [-1.53, 2.66] .596 

Random Effects 
σ2 3.29 

τ00 name 0.31 

τ11 participant.desire strength 2.74 

τ11 participant.conflict strength 0.75 

ρ01 -0.65 
 0.37 

ICC 0.35 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.649 / 0.773 
Notes. CI = 95% confidence interval. N2 effect = mean b values for the inhibi�on effect in the �me-window 
for the N2 at Cz. P3a = mean b values for the inhibi�on effect in the �me-window for the P3a at Cz. 
Impulsivity = sum score for Barrat Impulsiveness Scale. Compulsivity = sum score for Obsessive-
Compulsive Inventory-Revised. p values < .05 are marked in boldface. 
 
Discussion 
The N2 and P3a effects as signals of inhibitory control did not predict desire enactment, nor did 
they significantly interact with impulsivity or compulsivity. In a previous machine-learning analysis 
of the Go/Nogo task [12], we found no associa�ons between the N2 and P3as amplitude with 
impulsivity or compulsivity. Possibly, psychophysiological altera�ons come into effect only within 
clinical samples or in tasks that are more difficult.  
 



Supplement 4: Behavioral and ques�onnaire results 
 
Table S4.1. Descrip�ve sta�s�cs for ques�onnaire and behavioral data 

  M (SD) min - max 

 

Impulsivity (BIS-11) 
 

60.58 (9.07) 
 

38 - 96 

Compulsivity (OCI-R) 
 

12.76 (9.46) 
 

0 - 46 

EMA data 

Total missed EMA 
ques�onnaires 7.37 (8.04) 0 - 47 

Total reported desires 
 

34.90 (11.78) 
 

1- 56 

Total reported conflicts 
 

13.91 (8.53) 
 

0 - 43 

Mean desire strength 
 

2.74 (1.01) 
 

0.09 – 5.30 

Mean conflict strength 
 

0.97 (0.62) 
 

0.00 – 3.00 

Total self-control 
failures 

 
7.84 (5.86) 

 
0 - 30 

Ra�o self-control 
failures  0.16 (0.12) 0.00 - 0.62 

Two-step task 

Omega 
 

0.76 (0.22) 
 

0.00 - 1.00 

Inverse temperature 
 

4.89 (1.38) 
 

1.89 - 11.36 

Learning rate 
 

0.82 (0.18) 
 

0.01 - 1.00 

Eligibility trace 
 

0.58 (0.39) 
 

0.00 - 1.00 

Choice s�ckiness 
 

0.19 (0.09) 
 

0.04 - 0.59 



RT stage 1 (ms) 
 

529.06 (79.68) 
 

342.00 - 778.00 

RT stage 2 (ms) 
 

586.37 (86.89) 
 

347.00 - 934.00 

Go/Nogo task 

RT Go trials (ms) 
 

280.95 (28.37) 
 

218.57 - 438.85 

RT Nogo trials (ms) 
 

253.16 (61.22) 
 

175.80 – 734.00 

Go accuracy (%) 
 

99 (1) 
 

93 - 100 

Nogo accuracy (%) 
 

86 (11) 
 

48 - 100 

Notes. Impulsivity = sum score for Barrat Impulsiveness Scale 11. Compulsivity = sum score for Obsessive-
Compulsive Inventory-Revised. EMA = ecological momentary assessment. Mean desire strength and mean 
conflict strength = mean of each par�cipant’s mean desire and conflict ra�ngs, unstandardized values, 
ranged 1 to 7. Self-control failures = enactment of a conflict-laden desire. Ra�o self-control failures = 
enactment of conflict-laden desires divided by number of completed ques�onnaires. Accuracy = 
propor�on of correct responses. Table shows raw values, variables were scaled for further regression 
analyses.  
 
  



Supplement 5: Models predic�ng desire enactment in all situa�ons with MB control 
 

Table S5.1. Base model predic�ng desire enactment with MB control 
 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 0.04 -3.19 [-3.14, -2.97] <.001 

desire strength 174.79 5.16 [4.87, 5.45] <.001 

conflict strength 0.22 -1.52 [-1.67, -1.37] <.001 

FRN effect 0.98 -0.02 [-.18, .14] .797 

P3 effect 0.97 -0.03 [-.17, .12] .727 

Random Effects 
σ2 3.29 

τ00 name 0.32 

τ11 participant.desire strength 2.74 

τ11 participant.conflict strength 0.75 

ρ01 -0.64 
 0.36 

ICC 0.35 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.648 / 0.773 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised. p values < .05 are marked in 
boldface. 
 
Table S5.2. Second model predic�ng desire enactment with MB control including impulsivity 
and compulsivity 

 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) .04 -3.19 [-3.94, -2.45] <.001 

desire strength 173.95 5.16 [4.87, 5.45] <.001 



conflict strength 0.22 -1.53 [-1.68, -1.38] <.001 

FRN effect 0.99 -0.01 [-0.17, 0.14] .878 

P3 effect 0.97 -0.03 [-0.17, 0.12] .724 

impulsivity 0.89 -0.12 [-0.83, 0.60] .752 

compulsivity 1.16 0.15 [-0.03, 0.32] .094 

Random Effects 
σ2 3.29 

τ00 name .29 

τ11 participant.desire strength 2.74 

τ11 participant.conflict strength 0.75 

ρ01 -0.63 
 0.35 

ICC 0.36 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.648 / 0.773 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised. p values < .05 are marked in 
boldface. 
 
 
 
  



Supplement 6: Models predic�ng conflict-laden desire enactments with MB control 
 

Table S6.1. Base model predic�ng self-control failures with MB control 
 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 12.83 2.55 [1.94, 3.17] <.001 

desire strength 8.62 2.15 [1.60, 2.71] <.001 

conflict strength 0.01 -4.51 [-5.01, -4.00] <.001 

FRN effect 0.91 -0.10 [-.34, .14] .423 

P3 effect 0.91 -0.09 [-.31, .13] .408 

Random Effects 
σ2 3.29 

τ00 name 2.09 

τ11 participant.desire strength 2.89 

τ11 participant.conflict strength 3.99 

ρ01 -0.39 
 -0.49 

ICC 0.30 

N participant 231 

Observations 3283 

Marginal R2 / Conditional R2 0.353 / 0.548 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. p values < .05 are marked in boldface. 
 
 
Table S6.2. Second model predic�ng self-control failures with MB control including impulsivity 
and compulsivity 

 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 9.19 2.22 [1.03, 3.40] <.001 

desire strength 8.59 2.15 [1.60, 2.70] <.001 



conflict strength .01 -4.51 [-5.01, -4.01] <.001 

FRN effect .90 -0.10 [-0.34, 0.14] .419 

P3 effect .91 -0.09 [-0.31, 0.13] .414 

impulsivity 1.21 0.19 [-.84, 1.21] .721 

compulsivity 1.23 0.21 [-0.08, 0.49] .154 

Random Effects 
σ2 3.29 

τ00 name 2.14 

τ11 participant.desire strength 2.79 

τ11 participant.conflict strength 3.91 

ρ01 -0.36 
 -0.51 

ICC 0.30 

N participant 231 

Observations 3283 

Marginal R2 / Conditional R2 0.356 / 0.546 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised. p values < .05 are marked in 
boldface. 
 
Table S6.3. Full model predic�ng self-control failures including impulsivity and compulsivity in 
interac�on with MB control 

 enactment 

Predictors Odds Ratios β [CI] p 

(Intercept) 13.05 2.57 [1.96, 3.18] <.001 

desire strength 8.63 2.16 [1.60, 2.71] <.001 

conflict strength 0.01 -4.49 [-5.00, -3.99] <.001 

FRN effect 0.50 -.69 [-2.48, 1.10] .448 

P3 effect 1.05 .05 [-2.10, 2.20] .962 



FRN effect * impulsivity 1.72 0.54 [-1.14, 2.22] .530 

FRN effect * compulsivity 5.48 1.70 [-0.98, 4.39] .214 

P3 effect * impulsivity 0.88 -0.13 [-2.27, 2.02] .907 

P3 effect * compulsivity 0.53 -0.64 [-3.35, 2.08] .646 

FRN effect * impulsivity * compulsivity 0.19 -1.65 [-4.30, 0.99] .220 

P3 effect * impulsivity * compulsivity 1.81 0.59 [-2.11, 3.29] .668 

Random Effects 
σ2 3.29 

τ00 participants 1.84 

τ11 participant.desire strength 2.79 

τ11 participant.conflict strength 4.00 

ρ01 -0.36 
 -0.48 

ICC 0.30 

N participants 231 

Observations 3283 

Marginal R2 / Conditional R2 0.356 / 0.549 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in the 
�me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised. p values < .05 are marked in 
boldface. 
 
  



Supplement 7: Predic�ng desire and conflict occurrence 
 

Table S7.1. Model predic�ng desire occurrence with impulsivity and compulsivity and their 
interac�ons with MB control 

 Desire occurrence 

Predictors Odds Ratios β [CI] p 

(Intercept) 3.18 1.16 [0.24, 2.08] .014 

Impulsivity 0.42 -0.87 [-1.78, 0.03] .058 

Compulsivity 1.57 0.45 [0.17, 0.74] .002 

FRN effect * impulsivity * compulsivity 1.02 0.02 [-0.19, 0.22] .873 

P3 effect * impulsivity * compulsivity 0.89 -0.11 [-0.32, 0.10] .288 

Random Effects 
σ2 3.29 

τ00 participants 0.98 

ICC 0.23 

N participants 236 

Observations 13190 

Marginal R2 / Conditional R2 0.017 / 0.243 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised. p values < .05 are marked in 
boldface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S7.1. Compulsivity predicts desire occurrence 
 

 
Notes. Regression of probability of desire occurrence compulsivity (OCI-R sum score). Shading indicates SE.   
 
 
 
 
 



Table S7.2. Model predic�ng conflict occurrence with impulsivity and compulsivity and their 
interac�ons with MB control 

 Conflict occurrence 

Predictors Odds Ratios β [CI] p 

(Intercept) 0.18 -1.69 [-2.52, -0.87] <0.001 

Impulsivity 1.15 0.14 [-0.67, 0.95] .739 

Compulsivity 1.36 0.31 [0.06, 0.57] .017 

FRN effect * Impulsivity * Compulsivity 1.10 0.09 [-0.09, 0.28] .332 

P3 effect * Impulsivity * Compulsivity 0.94 -0.07 [-0.25, 0.12] .486 

Random Effects 
σ2 3.29 

τ00 name 0.75 

ICC 0.19 

N participant 236 

Observations 13190 

Marginal R2 / Conditional R2 0.011 / 0.195 
Notes. CI = 95% confidence interval. FRN effect = mean b values for transi�on x RPE effect in the �me-
window for the feedback-related nega�vity at FCz. P3 effect = mean b values for transi�on x RPE effect in 
the �me-window for feedback-locked P3 at Pz. Impulsivity = sum score for Barrat Impulsiveness Scale 11. 
Compulsivity = sum score for Obsessive-Compulsive Inventory-Revised.  p values < .05 are marked in 
boldface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S7.2. Compulsivity predicts conflict occurrence 
 
 

 
 
Notes. Regression of probability of desire occurrence compulsivity (OCI-R sum score). Shading indicates SE.   
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