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Supplementary Material 

Supplemental Tables and Figures 

Supplemental Table 1: Latent Profile analysis to determine number of clusters 

Classes AIC BIC Entropy prob_min prob_max n_min n_max BLRT_p 

1 1256.6 1382.34 1.00 1.00 1.00 1.00 1.00 0.01 

2 1215.79 1256.99 0.96 0.98 0.99 0.18 0.82 0.02 

3 1205.84 1262.48 0.91 0.88 0.99 0.13 0.69 0.01 

4 1178.98 1251.07 0.88 0.91 0.98 0.10 0.55 0.01 

5 1164.31 1251.85 0.86 0.79 0.99 0.10 0.44 0.15 

Note. The solution with four clusters was chosen based on BIC, BLRT_p and a reasonably large 

smallest cluster (n_min). 

 



 
Supplemental Fig. 1 Inverting time-based Variables in C1 leads to two clusters. C1 includes 

both reaction time and accuracy-based Variables derived from several tasks. C2 represents a 

residual group, primarily consisting of features from impulsivity-related tasks.  
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Supplemental Fig. 2 Predictors of Cognitive and Motor Changes. Relative feature 

importances from Random Forest regressors predicting changes in MoCA (a) and UMAP-

derived Motor Score (b). For the prediction of motor 

 

Supplemental Fig. 3 Correlations between features and UMAP-derived motor score. All 

features included in the UMAP training except for the dopamine agonist LEDD (LEDD DA) were 

positively correlated with the UMAP-derived Motor Score (Fig. 9f). The strongest association was 

observed for the levodopa daily dose (LEDD LDopa) with r = 0.65, followed by UPDRS III (r = 0.41) 

and total LEDD (r = 0.31). In contrast, dopamine agonist LEDD was negatively associated with 

the Motor Score (r = –0.35).
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Overview DiCo Tests 

 
The DiCo was implemented and conducted in German. German is therefore also the language 

of the screenshots. Instructions are translated into English in the legend for clarity. 

 

Allgemeine Instruktion 

 
 

Participants see a blue circle. They are instructed to tap on it with one finger. If the tap is 

successful, the circle turns green; if the patient performs a drag movement, the circle turns 

red. After five successful taps, the exercise is completed. 

 

  



Word List 

 

Participants are shown ten nouns: "butter", "arm", "beach", "letter", "queen", "hut", "pole", "map", 

"grass", "motor" in a table (2 columns, 5 rows) for 60 seconds.  

At the end of the cognitive battery, the participants are shown an empty table. The participants 

are asked to type into a cell in the table and enter a word that they have memorized.  

The number of memorized words is evaluated. Upper and lower case letters and umlauts are 

not taken into account. 

  



Simple Reaction Task 

 
 

Participants are instructed to tap the screen as soon as they see a black cross. The intervals 

between individual trials randomly vary between 1200 ms and 2400 ms. After a practice round 

of five trials, the test round follows with 51 trials 

 

Extracted Features 

 

Variable Name Description 

SimpleReaction_rt_mean Average reaction time of the participant across all 
trials. 

SimpleReaction_rt_std Standard deviation of the reaction time across all 
trials. 

 



Stroop 

 
Participants see a displayed color word: “BLUE”, “YELLOW”, “RED”, which is shown either in 

blue, red, or yellow color. At the bottom, three square buttons in red, yellow, and blue are 

displayed. Participants are instructed to tap the button that matches the color in which the 

word is printed after a color word appears. A condition is called “congruent” if the color word 

matches the color it is printed in. If not, the condition is termed “incongruent”. Initially, there 

are twelve practice trials: twice each congruent condition and each incongruent condition 

once. During the practice phase, participants receive feedback on whether the pressed button 

was correct. After the practice, 48 test trials follow: 4 times each of the six incongruent and 8 

times each congruent pairing. There is a 1000 ms interval between each trial. 

Extracted Features 

Variable Name Description 

Stroop_correct_sum_congruent Total number of correct responses in congruent 
conditions. 

Stroop_correct_sum_incongruent Total number of correct responses in incongruent 
conditions. 

Stroop_rt_mean_congruent Average reaction time for congruent trials. 

Stroop_rt_mean_incongruent Average reaction time for incongruent trials. 

Stroop_rt_std_congruent Standard deviation of reaction time in congruent 
trials. 

Stroop_rt_std_incongruent Standard deviation of reaction time in incongruent 
trials. 



Go-Nogo 

 
Participants see either a blue or an orange square. They are instructed to always tap on the 

square for one of the colors (“Go” condition) and to suppress their reaction for the other color 

(“No-Go” condition). The color rule remains the same throughout the entire experiment. 

Initially, there are ten practice trials. During the practice, participants receive feedback. The 

test round consists of 150 trials without feedback. 80% of the trials are “Go” stimuli. 

Participants have 750 ms to respond. The interval between stimuli varies between 250 and 

750 ms. 

 

Extracted Features 

 

Variable Name Description 

goNogo_correct_mean_go Average number of correct responses in “Go” 
trials. 

goNogo_correct_mean_nogo Average number of correct suppressions (no 
response) in “No-Go” trials. 

goNogo_rt_mean_go Average reaction time for responding in “Go” 
trials. 

goNogo_rt_std_go Standard deviation of reaction time in “Go” trials. 

 

  



Bart 

 

Participants see a balloon pump and a small balloon in the middle of the screen. At the bottom 

of the screen, there is a button labeled “Collect Points.” Participants are instructed to tap on 

the balloon pump to inflate the balloon. Each pump earns one point. At a random threshold 

that varies from trial to trial, the balloon flies away and the accumulated points are lost. 

Participants can end a round at any time by tapping the “Collect Points” button to secure the 

earned points, thus concluding the trial. The objective is to earn as many points as possible. 

After a practice round of four trials, the test round consists of 20 trials. The maximum number 

of pumps before the balloon flies away ranges from 1 to 50. 

 

Extracted Features 

 

Variable Name Description 

bart_correctedPumps Number of pumps per trial adjusted for average number 
of pumps before the balloon would have burst  

bart_changeAfterBurst Changes in participant behavior following a balloon 
burst. 

bart_didBurst Indicator of whether the balloon burst in each trial. 

bart_correctedTotal Total adjusted score adjusted for average number of 
pumps before the balloon would have burst  

  



n-Back 

 

Participants see an image along with a green and a red button. They are instructed to tap the 

green button if the displayed image is the same as the one shown 1…n images before, and the 

red button if this is not the case. After a practice round of ten trials with feedback, there are 

two test rounds (n=1, n=2), each with 50 trials without feedback. The stimuli are displayed for 

1200 ms, and participants have 3000 ms to respond." 

 

Extracted Features 

 

Variable Name Description 

NBack_correct_sum_load_1.0 Total number of correct responses for n-back 
level 1. 

NBack_correct_sum_load_2.0 Total number of correct responses for n-back 
level 2. 

NBack_rt_mean_load_1.0 Average reaction time for correct responses at n-
back level 1. 

NBack_rt_mean_load_2.0 Average reaction time for correct responses at n-
back level 2. 

NBack_rt_std_load_1.0 Standard deviation of reaction time for n-back 
level 1. 

NBack_rt_std_load_2.0 Standard deviation of reaction time for n-back 
level 2. 



Tower of London 

 
On each trial, participants were presented with two boards: their board and a target board. 

Each board contained three balls dispersed across three pegs.  

Participants were instructed to make their board look like the target board by rearranging the 

colored balls while making as few moves as possible. Participants could move only one ball 

at a time and were instructed to plan their moves before execution. Each trial was capped at 

20 seconds. Participants completed 12 trials of increasing difficulty (the optimal number of 

moves varied from 2 to 5).  

 

Extracted Features 

 

Variable Name Description 

TowerOfLondon_correct Total number of correctly solved Tower of London 
problems. 

TowerOfLondon_stim_duration Time taken by the patient to complete each Tower of 
London trial. 

 

  



Kirby 

 
This is one of the most commonly used intertemporal choice tasks that is based on the 

multiple price list methodology in the economics literature. Similar to other intertemporal 

choice tasks in the battery, participants made choices between smaller immediate monetary 

amounts and larger delayed monetary amounts.  

The stimuli were divided into three groups (small, medium, large), depending on the size of 

larger reward with nine choices in each group. Each of these nine choices spanned the same 

range of implied hyperbolic discount rates if they were to be the indifference points for a given 

participant (00.016-0.025) that were spaced equidistantly on a log-scale of hyperbolic 

discount rates.  

 

Extracted Features 

 

Variable Name Description 

kirby_expValue 
Exponential discount rate value, indicating a 
consistent rate of discounting over time in the 
participant's choices. 

kirby_hypValue 
Hyperbolic discount rate value, reflecting a decreasing 
rate of discounting over time, typically leading to more 
impulsive decisions in the short term. 

 

  



Flanker Modified for Children Task 

 
Participants see a row of five fish in the middle of the screen and two gray buttons at the 

bottom third of the screen. The left button shows an arrow pointing left and the right button 

shows an arrow pointing right. The fish either look in the same direction (congruent condition) 

or the gaze direction of the middle fish differs from the other fish (incongruent condition). In 

each trial, initially only the four flanking fish are displayed. After 100 ms, the middle fish 

appears and the timing begins. The buttons can only be used from this moment. Participants 

are instructed to tap the button whose arrow points in the direction the middle fish is looking. 

The fish are displayed for 3500 ms and participants can react during this time. After a practice 

round of ten trials with feedback, a test round of 30 trials without feedback follows. 

 

Extracted Features 

 

Variable Name Description 

flanker_rt_mean_congruent Average reaction time for congruent trials. 

flanker_rt_mean_incongruent Average reaction time for incongruent trials. 

flanker_rt_std_congruent Standard deviation of reaction time in congruent trials. 

flanker_rt_std_incongruent Standard deviation of reaction time in incongruent trials. 
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Stop-Signal 

 
Participants see a circle in the middle of the screen with two buttons – one on the left and one 

on the right of the circle. In each trial, participants see an arrow inside the circle pointing either 

left or right. Participants are instructed to click on the button that the arrow points to. If a red 

cross appears, participants should suppress their reactions and not press any button. The red 

cross initially appears 250 ms after the arrow and dynamically adjusts based on the 

participant's performance: if the reaction is suppressed, the time increases by 50 ms, if not, 

the time decreases by 50 ms. The test has two conditions: “Low” and “High.” In the Low 

condition, one in five trials is a stop-signal, and in the High condition, it's two in five. After an 

extensive practice round of 30 trials with feedback, the practice may be repeated up to four 

times if performance is not fast enough or too many errors are made. After the practice, the 

test round consists of 50 trials per condition. 

Extracted Features 

Variable Name Description 

StopSignal_totalCorrect Total number of correct responses across all trials. 

StopSignal_correct_go Number of correct responses in "go" trials. 

StopSignal_correct_stop Number of correct suppressions in "stop" trials. 

StopSignal_max_value_delay_high Maximum delay value for the stop signal in the High 
condition. 

StopSignal_max_value_delay_low Maximum delay value for the stop signal in the Low 
condition. 
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1 

StopSignal_StopSignal_RT_mean_go Average reaction time for "go" trials in stop-signal tests. 

StopSignal_StopSignal_RT_std_go Standard deviation of reaction time in "go" trials in stop-
signal tests. 

 Reversal Learning

 
Participants see two differently colored circles. A point summary is displayed at the bottom 

of the screen. Participants are instructed to tap on one of the two circles. One of them usually 

results in a point gain, while the other typically leads to a point loss. At some point, the 

condition changes and the other color yields the point. Each block includes a condition change 

after 10-15 correct answers (including probabilistic errors). The number of probabilistic errors 

(i.e., 'incorrect' feedback) per condition varied between 0 and 4. To prevent participants from 

always changing their strategy after two consecutive error displays, each block included two 

consecutive trials with probabilistic negative feedback. 

 

Extracted Features 

  

Variable Name Description 

ReversalLearning_Correct Total number of correct responses across all trials. 

ReversalLearning_changeAfterPro
babilisticWrongFeedback 

Changes in participant behavior following probabilistic 
wrong feedback. 

ReversalLearning_wasProbabilisti
cError 

Indicator of whether a trial contained a probabilistic 
error. 
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ReversalLearning_reversalErrors Number of errors made after a reversal in the task 
conditions. 

ReversalLearning_probalisticErrors Total number of probabilistic errors encountered across 
all trials. 

ReversalLearning_totaltrials Total number of trials completed in the task. 

ReversalLearning_changeAfterPro
babilisticWrongFeedbackRatio 

Ratio of behavioral changes after probabilistic wrong 
feedback to total number of such feedback. 

Judgment of line orientation task 

 
Participants see two red lines at the top of the screen, oriented differently. At the bottom, there 

is a 'fan' consisting of 11 lines, covering 180° in 18° steps. Each line has a button with a 

number from zero to nine (0° and 180° are treated as one condition). Participants are 

instructed to tap the buttons of the lines whose orientation corresponds to the two lines at the 

top. The input can be corrected until confirmed. Initially, a practice round of five trials is 

conducted, with participants receiving feedback. During the practice, the lines exactly match 

the length and spatial orientation of those depicted below. During the test rounds, only 

fragments of the original lines, one-third of their original length, are displayed at the top. In 

each trial, it randomly varies whether the left, middle, or right third of the original lines is 

displayed. The test consists of 30 trials. 

Extracted Features 

Variable Name Description 
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LineOrientation_trial_time_mean Average time taken by participants per trial to make their 
judgment. 

LineOrientation_correct Total number of correctly identified line orientations. 

LineOrientation_distance Measure of deviation from the correct orientation in 
participants' responses. 
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Information sampling 

 
Participants were presented with a five by five grid of gray boxes where each box covered one 

of two colors. Participants were instructed to indicate which color they thought was the 

majority (one color made up between 13 and 18 of the boxes). To make this decision, 

participants were told they could reveal the color of any box by clicking on them. There were 

two conditions. In the fixed win condition, participants won or lost 100 points depending on 

the accuracy of their color choice regardless of how many boxes they opened. In the 

decreasing win condition, each round began with 250 points and each opened box cost 10 

points on the potential winnings of the round. An incorrect choice in this condition also lead 

to a loss of 100 points. 

Participants completed ten rounds of each condition. The DVs from this task were the average 

response latency of opening a box (motivation) and the average probability of making the 

correct decision in each round for each condition. 

Extracted Features 

Variable Name Description 

InformationSampling_rt_Decreasi
ng Win 

Average reaction time in trials with a decreasing win 
condition. 

InformationSampling_rt_Fixed 
Win Average reaction time in trials with a fixed win condition. 

InformationSampling_which_click
_in_round_Decreasing Win 

Number of clicks within a round under the decreasing 
win condition. 
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InformationSampling_which_click
_in_round_Fixed Win 

Number of clicks within a round under the fixed win 
condition. 

 

 

 


