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Abstract 

 

The influence of promised rewards on conflict resolution processes is not clearly defined in 

the literature, and the underlying mechanisms are poorly understood. Some studies have 

shown no effect of reward, while others have demonstrated a beneficial influence. In addition, 

although the basal ganglia are known to play a critical role in the association between 

motivation and cognition, the influence of promised rewards on conflict resolution processes 

in Parkinson’s disease (PD) has received little attention. In this context, we assessed the 

influence of promised rewards on both impulse activation and suppression in 36 healthy 

participants and 36 patients with PD, using a rewarded Simon task. Analysis of performances 

revealed that promised rewards worsened the overall congruence effect, but only in healthy 

participants. Although the incentive context did not modulate the congruence effect in 

patients, by using the activation-suppression model, we were able to show that promised 

rewards did influence impulse suppression in patients-but not in healthy participants. 

Suppressing inappropriate response activation in an incentive context appears to be harder in 

medically treated Parkinson’s disease. This indicates that incentive motivation can modulate 

at least one cognitive process involved in cognitive action control in patients with medically 

treated PD. The activation-suppression model provides essential additional information 

concerning the influence of promised rewards on conflict resolution processes in a 

pathological population. 

 

Keywords: motivation, reward, cognitive action control, Simon task, Parkinson’s disease 
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1. Introduction  

Cognitive control is an important executive function commonly studied in contemporary 

neuropsychology in various neurological disorders, including Parkinson disease (PD) [1,2]. 

Cognitive action control refers to a subset of cognitive control processes that favor the 

production of goal-directed actions according to either internal objectives or environmental 

requirements. More specifically, cognitive action control allows for the expression of desired 

appropriate behavior, even if there is strong competition from an unintentional response 

triggered by irrelevant environmental information. Cognitive action control can be assessed in 

the laboratory with conflict tasks such as the Stroop task [3], the Eriksen task [4] or the Simon 

task [5]. The stimuli in the Stroop task and the Simon task usually carry both relevant and 

irrelevant features, which may activate either the same response or two different ones. In 

congruent situations, the relevant and irrelevant features of the stimulus both trigger the same 

response. By contrast, in noncongruent situations, the relevant and irrelevant features activate 

different responses, thereby creating conflict. Typically, compared with congruent situations, 

noncongruent ones induce slower and less accurate responses. The negative impact of conflict 

on response speed can be measured by the difference in reaction time for the correct responses 

in noncongruent minus congruent situations. This effect is known as the congruence effect. 

Dual-route models of information processing are now regarded as references for depicting the 

congruence effect in conflict tasks [6–8]. Different models have been proposed to 

conceptualize the cognitive control and have been used in various psychological domains [9]. 

However, dual-route models are considered to be more appropriate to describe the cognitive 

processes involved during online actions control, and especially during conflict resolution 

[10].  Dual-route models assume that the features of the stimuli trigger response tendencies 

via two distinct, parallel routes: an automatic, reflexive, route and a controlled one. The 

irrelevant feature of the stimulus activates a fast and automatic route, whereas the relevant 
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feature activates a slower, controlled route. Furthermore, in conflict situations, selective 

response inhibition is required to suppress and overcome the irrelevant activation in favor of 

the relevant response. It is the cognitive cost of this process that is thought to induce the 

congruence effect. 

According to the activation-suppression model [11–13], the selective inhibition of the 

irrelevant response tendency takes time to get going, and is therefore not immediately 

effective [14,15]. Accordingly, this model postulates that the efficiency of the top-down 

selective inhibition engaged to resolve conflict situations is greater for slow responses than for 

fast ones. Thus, in noncongruent situations, rapid responses are most vulnerable to 

inappropriate impulsive action selection captured by the irrelevant feature of the stimulus, 

resulting in fast, erroneous responses. Conversely, when responses are slower, selective 

inhibition has more time to build up and allows for the proper suppression of the automatic 

activation, facilitating the production of correct responses. Therefore, the congruence effect is 

lower for slow responses. Impulsive action selection can be revealed by the conditional 

accuracy function (CAF), which plots accuracy as a function of response speed. Impulsive 

selection is present when the fastest responses are the least accurate. Delta plots showing the 

relationship between the congruence effect and response speed, can be used to highlight 

response inhibition efficiency. Effective selective inhibition is observed when the congruence 

effect declines steeply for the slowest responses (for a review, see [10,16]). 

 

According to motivation models in behavioral neurosciences, stimuli can motivated 

individuals by incentive expectancies (for review see [17]). The association of a hedonic 

reward to a neutral stimulus assigns an incentive value to the neutral stimulus. As a 

consequence, presentation of such a stimulus triggers expectation of the reward. Culturally, 

monetary coins have a powerful incentive value since they are strongly associated with 
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hedonic processes. Accordingly, coins presentation may influence human behavior, including 

cognitive action control. However, relatively few studies have investigated the influence of 

promised rewards on the cognitive processes involved in the production of the desired action 

when a strong and undesired alternative is activated [18–21]. These studies have classically 

used rewarded conflict tasks, in which the promised rewards are displayed before the conflict 

situations (reward anticipation). A recent study featuring a rewarded Stroop-like task showed 

that the congruence effect was lower in rewarded than in nonrewarded situations, induced by 

response facilitation in both the congruent and noncongruent situations [20]. The authors 

therefore concluded that incentive motivation has a beneficial impact on cognitive action 

control. Other studies have failed to find any behavioral evidence of a significant influence of 

promised rewards on conflict resolution [18,21]. It should, however, be noted that these 

studies did not specifically investigate the influence of promised rewards on impulse selection 

and suppression. As a whole, therefore the influence of reward anticipation on cognitive 

action control is not yet fully understood. 

 

Recent imaging studies in healthy participants have suggested that the basal ganglia and 

dopamine release could play a nodal role in the interaction between incentive motivation and 

cognitive action control [18–20]. In particular, Aarts et al. (2014) observed a relationship 

between dopamine synthesis capacity and behavioral performance in a motivated Stroop-like 

task [18]. Healthy participants with a high synthesis capacity in the left caudate nucleus 

exhibited a deleterious influence of promised rewards on cognitive action control (stronger 

congruence effect in high- vs. low-reward conditions). The authors suggested that in 

participants with a high dopamine synthesis capacity, the promise of a high rewards 

overdosed the dopamine system, leading to impaired cognitive action control. To date, there 

has only been one study of the influence of promised rewards on cognitive action control in 
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conflict situations in PD, which represents a pathophysiological model of dysfunction in the 

basal ganglia and the dopamine system [19]. This study showed that rewarding the fastest 

responses-or punishing the slowest ones-in a Simon task had no effect on cognitive action 

control processes in patients with medically treated PD, contrary to controls. The authors 

suggested that dopaminergic treatment overdosed the ventral frontostriatal system which, in 

turn, prevented the incentive situation from modulating patients’ cognitive action control. 

 

In this context, the objective of the current study was to clarify the influence of promised 

rewards on the temporal aspects of information processing in conflict situations in both 

healthy participants and patients with medically treated PD. To this end, we used a Simon task 

in which incentive motivation was induced by monetary rewards.  

2. Methods 

2.1. Participants. 

Two groups of 36 participants took part in the study: a group of healthy controls (HC) (age 

range: 44 – 71 years; education range: 6-17 years) with no neurological or psychiatric history, 

recruited by advertisement, and a group of patients with idiopathic PD [22] (age range: 29 – 

71 years; education range: 6-20 years) undergoing medical care at Rennes University 

Hospital, France. Participants’ clinical and demographic data are detailed in Table 1. 

Dementia was excluded using the Mattis Dementia Rating Scale (MDRS, [23]), and 

psychiatric disorders using the French version of the Mini-International Neuropsychiatric 

Interview (MINI 500, [24]). Trained psychiatrists assessed depressive symptoms on the 

Montgomery and Asberg Depressive Rating Scale (MADRS, [25]). PD severity was measured 

on the Unified Parkinson’s Disease Rating Scale (UPDRS), and the Hoehn and Yahr [26] and 

Schwab and England [27] scales. All the participants, HC and patients, were examined in the 

department of Neurology of the Rennes University Hospital, France. Both groups were 
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matched for age, sex, education level and MDRS score. Patients performed the experimental 

task on their usual antiparkinsonian medication in order to decrease the bias from motor 

impairment. Medication included levodopa and dopamine agonists in 28 patients, and 

levodopa only in 7 patients. The experiment was approved by the local ethics committee of 

Rennes University Hospital, and conducted in accordance with the Declaration of Helsinki 

and current French legislation (Huriet Act). 
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Table 1: Clinical and demographic data (mean ± SD) and comparisons 

between HC and PD groups using the Mann-Whitney U test.  

  HC group PD group p value 

Men/Women 18/18 18/18   

Age (years) 59.4 ± 6.3 56.6 ± 9.2 0.25 

Education (years) 12.1 ± 3.8 11.1 ± 4.3 0.26 

Disease duration (years)   11.4 ± 4.2   

UPDRS-III "On"   8.0 ± 5.8   

UPDRS-III "Off"   28.3 ± 9.7   

Schwab and England (%) "On"   87.5 ± 8.6   

Schwab and England (%) "Off"   71.2 ± 16.7   

Hoehn and Yahr "On"    0.9 ± 0.7   

Hoehn and Yahr "Off"    2.3 ± 0.7   

LEDD (mg)   1204 ± 525   

        Dopa agonist (mg)   431 ± 411   

        Levodopa (mg)   773 ± 389   

MADRS 1.9 ± 2.4 4.8 ± 5.1 0.01 

MDRS 139.8 ± 2.9 139.4 ± 3.9 0.93 

Note. UPDRS = Unified Parkinson’s Disease Rating Scale; MADRS = Montgomery 
and Asberg Depressive Rating Scale; LEDD = levodopa equivalent daily dose; MDRS 
= Mattis Dementia Rating Scale 
 

2.2. Materials and procedure. 

The stimulus presentation was programmed using E-prime Professional version 2.0 running 

on a DELL LATTITUDE E550 computer. The experimental task comprised a baseline phase 

(32 trials) and an experimental one (five blocks of 72 trials, with a short pause between each 

block). Each phase was preceded by a familiarization phase (12 trials before the baseline 

phase, and six trials before the first block of the experimental phase). The baseline phase 
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consisted of a standard Simon task with no promised reward. The promised rewards were 

introduced in the experimental phase. 

All the stimuli were displayed on a 23.6-inch black computer screen (Fig. 1). Each trial began 

with a cue displayed in the center of the screen for 1000 ms. This cue was a white cross for 

the baseline phase, and a coin indicating the promised reward for each trial in the 

experimental phase. This coin was either €1, 1 cent, or a chimeric combination of the two (i.e. 

no reward, as explicitly indicated to the participants). The cue was followed by a black screen 

for 700-1100 ms, after which a blue or yellow circle (target) appeared on the right or left side 

of the screen. Participants were asked to press a blue or yellow button on a computer 

keyboard, as quickly and accurately as possible, according to the color of the target and 

independently of its position. Thus, the position of the target defined the congruence of the 

trial (e.g. congruent: blue circle located on the side of the blue button; noncongruent: blue 

circle located on the side of the yellow button). The target disappeared as soon as participants 

pressed one of the two buttons. In the experimental phase, participants were instructed to 

press the button indicated by the color of the target as quickly and accurately as possible, in 

order to obtain the greatest reward, the size of the reward being proportional to the response 

speed for the correct responses. For correct responses, the size of the rewards gained by 

participants was actually calculated on a linear basis. To obtain the full promised reward, 

participants had to reduce their reaction time by at least one sixth of their mean reaction time 

(RT) recorded at baseline. For example, if their mean baseline RT was 480 ms, participants 

only obtained the full reward if they produced a correct response after no more than 400 ms. 

A correct response with an RT equal to the baseline RT brought them 50% of the promised 

reward. Slower correct responses and incorrect responses were not rewarded. At the end of 

each trial, the amount of money won since the beginning of the experimental block was 

displayed for 1500 ms, the maximum reward for each block being €24.24. The position of the 
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color button was pseudorandomized across participants, and all the experimental conditions 

were pseudorandomized, with an equal number of trials in each condition. At baseline, each 

participant performed 16 congruent trials and 16 noncongruent ones. In the experimental 

phase, each combination of congruence (congruent/noncongruent) and level of reward (€1/1 

cent/€0) was repeated 60 times per participant. 

 

 

Figure 1: At the beginning of each trial, the incentive monetary cue (€0, 1 cent or €1) was displayed for 1000 

ms. After an interval of 700-1100 ms, a blue or yellow circle appeared on the left or right side of the screen, and 

remained there until participants pressed the blue or yellow button (as quickly and accurately as possible). At the 

end of each trial, the size of the reward accumulated since the start of the experimental block was displayed for 

1500 ms. 

 

2.3. Statistical analysis. 

Statistical analyses were performed using R (version 3.1.0) implemented with the nlme [28] 

and lme4 [29] packages. Only responses from the experimental phase with an RT between 

200 ms and 1500 ms and no more than three standard deviations below the mean were 

analyzed. These cut-off points removed 1.4% of the initial dataset. As RTs were not normally 

distributed, they were first converted using the logarithmic transformation. Statistical analyses 
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were therefore based on response accuracy and the transformed RTs of correct responses. To 

avoid losing statistical power and to take interindividual variability into account, we chose to 

work on the whole dataset, and not with the averaged data per condition and per participant. A 

significance threshold of p = 0.05 was used for all the statistical analyses.  

We first analyzed the influence of the promised rewards on cognitive action control using a 

linear mixed model for RTs and a nonlinear mixed model for response accuracy. In each 

model, the fixed effects were group (2 levels: HC vs. PD), congruence (2 levels: congruent vs. 

noncongruent) and reward (3 levels: €1, 1 cent and €0), and the random effect was participant. 

We then estimated the influence of the promised rewards on the temporal dynamics of 

cognitive action control. To assess impulsive action selection, we used the CAF, which 

plotted response accuracy as a function of RT for each condition and each participant, and 

divided each distribution into three equal parts (bins), depending on the RT. To analyze 

response accuracy, we used a nonlinear mixed model in which the fixed effects were group, 

congruence, reward and bin (3 levels: first, second and third bins), and the random effect was 

participant. To assess selective response suppression, we focused on changes in the 

congruence effect for correct responses according to RTs for each level of reward and each 

participant, and divided each distribution into three equal bins. We then estimated the slopes 

between these bins (delta plots, 2 slopes). To analyze these slopes (represented by m in the 

Results section), we used a linear mixed model in which the fixed effects were group, reward 

and slope (2 levels: first slope and second slope) and the random effect was participant. The 

more negative the slope, the more effective the impulse suppression. 

 

3. Results 

This section is divided into three parts. The first part contains an analysis of the overall data, 

as classically reported in conflict task studies. In the second and third parts, we analyze the 
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data according to the activation-suppression model: the second part is devoted to the CAF 

plots and the third to the delta plots. In each part, we first consider the effects of congruence 

and reward, and the interaction between the two, before proceeding to group comparisons. It 

should be noted that depression measured with the MADRS, which was the only unmatched 

variable between groups, had no effect on error rates, F(1, 25545) = 0.02, p = .88, but did 

significantly influence RTs, F(1, 24478) = 3.77, p = .05. The MADRS score was therefore added 

as a covariate in each statistical model to limit the influence of depression.  

 

3.1 Overall RTs and accuracy 

When we considered all the participants, we observed the classic congruence effect for RTs 

and for accuracy (Congruence, RT, F(1, 24478) = 2956.81, p < .0001; accuracy, F(1, 25545) = 

405.52, p < .0001) confirming that the selection of correct actions was harder in noncongruent 

condition than in congruent ones (Table 2). Irrespectively of congruence status, the promise of 

a reward increased the speed of correct responses (decreased RTs) (Reward, RT, F(2,24478) = 

518.01, p < .0001) but did not affect their accuracy (Reward, accuracy, F(2, 25545) = 2.79, p = 

.25). Responses were faster in the €1 situation (mean ± SD; 487 ± 122 ms) than in either the 1 

cent situation (Reward, RT– €1 vs. 1cent, F(1,16344) = 159.49, p < .0001), or the €0 situation 

(Reward, RT– €1 vs. €0, F(1,16296) = 511.86, p < .0001), and faster in the 1 cent situation than 

in the nonrewarded situation (1 cent: 504 ± 124 ms; €0: 518 ± 125 ms) (Reward, RT– €0 vs. 

1cent, F(1,16316) = 106.46, p < .0001). Furthermore, the promise of a reward modulated the 

congruence effects on both RTs (Congruence × Reward, RT, F(2, 24478) = 15.64, p = .0004) and 

accuracy (Congruence × Reward, accuracy, F(2, 25545) = 7.28, p = .03). Rewards increased 

response speeds in both congruent and noncongruent situations (p < .0001), but only 

increased the error rate in noncongruent situations (p = .04). In addition, the congruence effect 

was greater in the €1 situation than in the 1 cent situation for both RT (Congruence × Reward, 
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RT– €1 vs. 1cent, F(1, 16344) = 5.15, p = .02) and accuracy (Congruence × Reward, errors– 

1cent vs. €1, F(1, 17070) = 7.08, p = .008). The lowest congruence effect on RTs (€0 = 53 ± 121 

ms; 1 cent = 57 ± 121 ms; €1 = 62 ± 118 ms) was observed in the nonrewarded situation 

(Congruence × Reward, RT– €1 vs. €0, F(1, 16296) = 15.46, p < .0001; €0 vs. 1 cent, F(1, 16316) = 

3.00, p = .08), while the lowest congruence effect on accuracy (€0 = 5.4%; 1 cent = 4.7%; €1 

= 6.4%) was found in the low-reward situation (Congruence × Reward, accuracy – €1 vs. €0, 

F(1, 17019) = 0.74, p = .39; €0 vs. 1 cent, F(1, 17001) = 2.82, p = .09). 

 

Group comparisons (Table 2) showed that the groups differed neither on the overall error rate 

(Group, F(1, 70) = 0.12, p = .73) nor on the overall RT, even if patients with PD tended to be 

faster (Group, F(1, 70) = 3.20, p = .07). The congruence effect on RTs was greater in patients 

than in HC (62 ms vs. 53 ms) (Group × Congruence, RT, F(1, 24478) = 15.00, p = .0001), but the 

congruence effect on accuracy was equivalent in both groups (Group × Congruence, accuracy, 

F(1, 25545) = 2.30, p = .13). Irrespective of congruence status, both groups were impacted by the 

promised rewards, but only in terms of speed (Group × Reward, RT, F(2, 24478) = 518.01, p < 

.0001), not accuracy, (Group × Reward, accuracy, F(1, 25545) = 2.79, p = .25). The influence of 

promised rewards on the congruence effect did, however, differ between the groups for RTs 

(Group × Congruence × Reward, RT, F(2, 24478) = 5.81, p = .05), though not for errors (Group 

× Congruence × Reward, accuracy, F(2, 25545) = 4.08, p = .13) (Fig. 2). The promise of a reward 

increased the congruence effect in HC (Congruence × Reward, RT– HC group, F(2, 12280) = 

22.62, p = .05) but not in PD patients, for whom no significant interaction was observed 

(Congruence × Reward, RT– PD group, F(2, 12198) = 1.24, p = .54). Thus, the congruence effect 

was modulated by incentive motivation in HC but not in patients with medically treated PD 

(Fig. 2). 
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Table 2: Mean response times (RTs) and error rates for the rewarded Simon task for the HC and PD groups 

  0 euro   1 cent   1 euro 

Congruent   Noncongruent Congruent   Noncongruent Congruent   Noncongruent 

RT (ms)                        

     HC 509 (14) 556 (11) 492 (14) 542 (12) 469 (12) 529 (12) 

     PD 487 (14) 545 (14) 470 (68) 530 (16) 455 (15) 515 (17) 

Error rate (%) 

     HC 1.4 (0.4) 6.4 (1.1) 1.3 (0.3) 6.7 (1.2) 1.0 (0.3) 7.7 (1.1) 

     PD 1.2 (0.4)   7.1 (0.9)   2.0 (0.5)   6.1 (1.0)   1.5 (0.4)   7.7 (1.0) 

Note. Values in parentheses are standard errors of the mean (SEMs). 

Figure 2: Congruence effect on RTs according to promised rewards in HC and patients with PD. Error bars 

represent SEMs. HC = Healthy controls; PD = patients with Parkinson’s disease; *p = .05; NS = non-significant
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3.2. Conditional accuracy function. 

The effects of promised rewards on the automatic route were analyzed by plotting response 

accuracy as a function of RTs, divided into three bins. First, all participants had greater 

difficulty producing fast correct responses than slow ones in the noncongruent condition. The 

significant Bin × Congruence interaction, F(2, 25545) = 247.56, p < .0001, and the bin-by-bin 

comparison showed that the congruence effect was dependent upon the speed, as the greatest 

effect was observed for the fastest responses (Bin × Congruence, first vs. second bin, F(1, 17073) 

= 112.54, p < .0001; second vs. third bin: F(2, 16874) = 32.97, p < .0001; first vs. third bin: F(1, 

17143) = 232.37, p < .0001). Second, the promise of a reward had no impact on the congruence 

effect (Congruence × Reward, F(2, 25545) = 1.50, p = .47), whatever the RT (Bin × Congruence 

× Reward, F(4, 25545) = 0.91, p = .92). These results were confirmed by the analysis of the error 

rate for the fastest responses (first bin), in which no Congruence × Reward interaction was 

observed (Congruence × Reward, first bin, F(2, 8671) = 1.28, p = .53) despite significant main 

effects of reward (Reward, first bin, F(2, 8671) = 9.97, p = .007), and congruence (Congruence, 

first bin, F(1, 8671) = 337.38, p < .0001). Thus, it was the fastest responses that appeared most 

prone to capture by the irrelevant dimension of the stimulus (congruence effect on first bin), 

and the promise of a reward decreased the accuracy of the fastest responses (reward effect on 

first bin). However, the promised rewards did not increase the risk of impulsive action 

selection induced by the irrelevant dimension of the stimulus. 

 

Group comparisons (Figs. 3a and 3b) showed that, irrespective of the influence of the reward, 

the temporal dynamics of the congruence effect on accuracy did not differ between groups 

(Group × Congruence × Bin, F(2, 25545) = 4.74, p = .09). These results were confirmed by the 

analysis of the error rate for the fastest responses (Group × Congruence, first bin, F(1, 8671) = 

1.45, p = .22). The greatest congruence effect was observed for the fastest responses (first bin) 
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in both the HC group (Congruence, first bin – HC group, F(1, 4343) = 168.94, p < .0001), and 

the PD group (Congruence, first bin – PD group, F(1, 4328) = 169.45, p < .0001). When we 

examined the influence of the promised rewards on the temporal dynamics of the automatic 

route, we observed a significant difference between the groups (Group × Congruence × 

Reward × Bin, F(4, 25545) = 10.78, p = .03) (Figs. 3a and 3b), but this effect was not supported 

by the fastest responses (Group × Congruence × Reward, first bin, F(2, 8671) = 4.80, p = .09). 

The promise of a reward did not influence impulsive action selection in either HC 

(Congruence × Reward, first bin – HC group, F(2, 4343) = 3.57, p = .17) or patients with PD 

(Congruence × Reward, first bin – PD group, F(2, 4328) = 2.51, p = .28) (Fig. 3), despite the 

presence of similar reward effects in the first bin for both groups (Group × Reward, first bin, 

F(2, 8671) = 1.68, p = .43). Rewards decreased the accuracy of the fastest responses (first bin) in 

both groups, irrespective of the congruence condition (errors rates, first bin – HC group: €0 = 

8.6%, 1 cent = 9.0%, €1 = 10.7%; PD group: €0 = 8.5%, 1 cent = 7.4%, €1 = 9.7%). This 

effect was not restricted to the fastest responses (Reward × Bin, F(4, 25545) = 2.9, p = .57). 

 

Figure 3: Conditional accuracy function (CAF) for congruent and noncongruent trials according to promised 

rewards for (A) the HC group and (B) the PD group. Each bin represents the mean score of a third of the overall 

dataset. Error bars represent SEMs. C = congruent; NC = noncongruent. 
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3.3. Delta plots. 

The effects of promised rewards on the controlled route were analyzed by plotting the 

congruence effect against RTs, divided into three bins, and by estimating the slopes between 

the bins (2 slopes, Figs. 4a and 4b).  

First, suppression of inappropriate activation was most effective for the slowest responses 

(Slope, F(1, 432) = 4.61, p = .03). The second slope was the strongest showing that the selective 

suppression of inappropriate activations was more effective for the slowest responses. Second, 

promised rewards increased the difficulty of suppressing inappropriate activation (Reward, 

F(2, 432) = 6.50, p = .04. Compared with the nonrewarded situation, the slopes were 

significantly weaker for €1 (Reward, €1 vs. €0, F(1, 288) = 6.62, p = .01), and tended toward 

significance for 1 cent (Reward, 1cent vs. €0, F(1, 288) = 3.07, p = .08), whereas there was no 

significant difference between €1 and 1 cent (Reward, €1 vs. 1cent, F(1, 288) = 0.49, p = .48). 

This effect was not dependent on RT (Reward × Slope, F(2, 432) = 2.64, p = .27). 

 

Group comparisons showed that patients with PD had greater difficulty suppressing and 

surpassing inappropriate activation (Group, F(1, 432) = 6.88, p = .009) and this difference was 

dependent on RTs (Group × Slope, F(1, 432) = 6.99, p = .008). Patients with PD had the greatest 

difficulty suppressing inappropriate activation in the fastest responses (Group, first slope: F(1, 

216) = 10.15, p = .001; second slope: F(1, 216) = 0.67, p = .41). More specifically, the ability of 

HC to suppress inappropriate activation was independent of RT (Slope, HC group, F(1, 216) = 

0.13, p = .71) (first slope, m = -0.13; second slope, m = -0.17), whereas patients with PD 

needed more time to effectively activate selective suppression (Slope, PD group, F(1, 216) = 

10.85, p = .001) (first slope: m = 0.02; second slope: m = -0.12).  

In addition, the effect of promised rewards on the suppression of inappropriate activation 

appeared not to differ between groups (Group × Reward, F(2, 432) = 0.79, p = .67), suggesting 
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that both groups found it equally difficult to suppress inappropriate activation in rewarded 

situations. Nor did the effect of promised rewards on the temporal dynamics of the 

suppression of inappropriate activation differ between groups (Group × Slope × Reward, F(2, 

432) = 0.79, p = .67). However, as the delta plots for the two groups looked very different 

(Figs. 4a and 4b), we inspected the effects of reward in each group separately. This inspection 

showed that modulation by promised rewards took place in the PD group (Reward, PD group, 

F(2, 432) = 6.34, p = .04), but not in the HC group (Reward, HC group, F(2, 432)= 1.19, p = .55). 

Selective response suppression was modulated by the incentive motivation condition in the 

PD group (€1: m = -0.01; 1 cent: m = -0.03; €0: m = -0.10), whereas the efficiency of this 

process did not vary in HC (€1: m = -0.11; 1 cent: m = -0.15; €0: m = -0.18). 

 

Figure 4: Delta plots of the congruence effect (noncongruent minus congruent RTs for correct responses) 

according to promised rewards (A) in HC and (B) in patients with PD. Each bin represents the mean score of a 

third of the overall dataset. The position of each bin corresponds to the mean RT on the x-axis and the mean 

congruence effect on RTs on the y-axis. Error bars represent SEMs. 
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4. Discussion 

The current study was designed to clarify the influence of promised rewards on the temporal 

aspects of information processing in conflict situations, in both HC and patients with 

medically treated PD. To this end, we administered a rewarded Simon task to 36 HC and 36 

patients with PD. First, we analyzed the results according to the dual-route model, using the 

classic congruence effect. The strength of the congruence effect tells us about the amount of 

cognitive effort needed to suppress and overcome inappropriate activation [8]. When we 

compared the congruence effects in different reward situations, we found that the promise of a 

reward increased the cognitive effort needed to resolve conflict, but only in HC. Patients with 

medically treated PD did not modulate their cognitive effort according to incentive 

motivation. Second, we carried out analyses based on the activation-suppression model [11–

13]. This model allowed us to investigate the temporal dynamics of both impulse selection 

and impulse suppression. We found that although the promise of a reward did not influence 

impulsive action selection in either group, it did make selective impulse suppression harder 

for patients with PD. 

 

As expected, both groups had more difficulty producing correct responses in noncongruent 

situations than in congruent ones, as observed with the classic congruence effect measured on 

both accuracy and RTs. A previous study had found that the promise of a reward increases the 

speed of responses in relation to the size of the reward, irrespective of congruence status [20]. 

This suggested that promised rewards increase time pressure. In our study, however, promised 

rewards only increased the congruence effect in HC. The promise of a reward therefore 

increased time pressure for the HC group, and this pressure made conflict resolution harder. 

Our finding that promised rewards worsen the congruence effect contrasts with studies 

reporting either no influence of promised rewards, as measured with behavioral data [18,21], 
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or a positive influence [20]. The lack of a significant interaction in the first two studies may 

have been due to insufficient statistical power, whereas methodological variants, notably 

concerning the threshold set to obtain the reward, provide a better explanation for the 

difference with Padmala and Pessoa (2011)’s study. In our study, the full reward was 

delivered when the speed of the correct response was one sixth below the mean baseline RT. 

In the study by Padmala and Pessoa (2011), however, the threshold RT for a full reward was 

actually longer than the mean baseline RT [20]. Thus, a full reward was granted for only the 

fastest correct responses in our study, but for all correct responses except the very slowest 

ones in the study by Padmala and Pessoa (2011). We hypothesize that feedback (in the present 

case, a monetary reward) provides additional information about task difficulty and leads to 

different cognitive strategies. Our results suggest that the promise of a reward only induces 

time pressure when rewards are restricted to the fastest responses, which in turn makes 

conflict resolution harder. This assumption fits with the results of conflict tasks completed 

under time pressure [30,31]. It could also fit with the choking under pressure model that 

postulates that our performances decrease when, under excessive pressure of incentive 

motivation, we try but fail to do our best [32–34]. In other words, the presence of expected 

rewards can trigger a state of excessive arousal, resulting in impaired performance in speed-

stress situations. 

 

Although the promise of a reward increased time pressure, this stress did not make conflict 

resolution any harder for patients with medically treated PD, in contrast to HC. This is in 

accordance with a recent study that also used a modified Simon task and showed that, in PD 

patients, neither rewarding nor punishing modulates conflict resolution, as measured by the 

congruence effect [19]. As the patients in both this study and ours were under medication 

during the task and had only mild disease severity (as shown by the UPDRS-III scores off 
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medication: 22.1 vs. 28.3 ± 9.7 in the present study), we can hypothesize that dopamine 

treatment was responsible for these effects. Effectively, dopamine medication may have 

overdosed the limbic ventral dopamine system, relatively preserved in mild affected patients 

in contrast to the dorsal motor system. This could in turn impair reward processing, 

preventing conflict resolution from being modulated by motivation level. If this hypothesis is 

correct, patients with medication no longer modulate the cognitive effort needed to resolve 

conflict situations according to the magnitude of the incentive [19,35], whereas in patients 

without medication, promised rewards still allow for the modulation of cognitive control [36]. 

Our findings could be explained by PD disease progression creating an imbalance between 

relatively intact dopamine levels in the ventral striatum and severely depleted dopamine levels 

in the dorsal striatum, possibly leading to increased reward-related impulsivity in PD patients 

off medication. One alternative hypothesis is that conflict resolution was so impaired in our 

patients with PD that incentive motivation could no longer modulate it. This would fit with 

our results showing that the congruence effect was greater in patients than in HC.  

 

Complementary data analyses based on the activation-suppression model yielded additional 

information about dynamic impulse selection and suppression [11–13]. In this model, the 

fastest actions are the most impulsive, as they are driven by the irrelevant stimulus 

information, leading to more erroneous responses. Accordingly, we observed higher error 

rates for the fastest responses in noncongruent situations in both groups. Furthermore, in high-

reward situations, the error rate increased for the fastest responses. As incentives increase 

response speed, we would expect promised rewards to increase impulse selection which, in 

turn, would result in increased error rates in noncongruent situations. It has been shown that 

when the instructions given to participants emphasize speed rather than accuracy in a Simon 
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task, time pressure favors impulsive action selection [30,37]. However, we did not find any 

significant modulation of impulsive action selection by promised rewards. 

We failed to observe any difference between the two groups concerning impulsive action 

selection, irrespective of both congruence and reward. Patients and HC did not differ in terms 

of impulsive response selection. The lack of a group difference was not surprising, as 

previous studies had failed to demonstrate pathological response capture by irrelevant 

stimulus information in a similar population of patients with PD to ours, that is, with mild 

disease severity. Large response capture was only observed in a subgroup of patients with 

more severe PD [31,38].  

 

According to the activation-suppression model, the slowest actions are the least influenced by 

inappropriate activation driven by irrelevant stimulus information, as there is enough time for 

the selective inhibition of the irrelevant response tendency to get going. Thus, as our delta 

plots showed, the congruence effect, as measured with correct response RTs, was weaker for 

the slower responses.  

The group comparison showed that the patients with PD needed more time to efficiently 

suppress inappropriate activation (first slope). However, when selective suppression became 

effective (second slope), there ceased to be a difference in suppression efficiency between the 

two groups. This lack of a significant difference in the second part of the distribution contrasts 

with previous studies showing that patients with PD have impaired impulse suppression even 

when they respond slowly enough to allow the suppression process to get going [30,31,37–

41]. This difference can be explained by the fact that we estimated the temporal dynamics of 

the responses with only three bins, compared with between five and seven bins in the above-

cited studies, leading to a less accurate representation of response distribution. Although our 

task contained no fewer than 360 trials, in order for there to be a satisfactory number (20) of 
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trials in each bin, we had to limit the number of bins in the analysis to compensate for the 

introduction of different reward conditions [42]. Adding more trials per condition could have 

been deleterious, especially for the patients with PD, owing to their attention deficit. In 

addition, promised rewards only modulated the ability to suppress impulsive responses in the 

PD group. The slopes of the delta plots were more negative in the nonrewarded situation than 

in the rewarded one, indicating that promised rewards made selective suppression harder for 

the patients with PD. Furthermore, the analysis based on the activation-suppression model 

showed that promised rewards modulated the efficiency of a specific aspect of cognitive 

action control in patients, namely selective impulse suppression. The results of the present 

study fit with previous studies reporting less efficient cognitive inhibition in patients with PD 

when they are instructed to favor response speed over accuracy [30]. Promised rewards 

appeared to induce time pressure which, in turn, made the selective suppression of impulse 

activation harder for patients with medically treated PD. By contrast, in HC, promised 

rewards did not modulate selective impulse suppression, suggesting that inhibitory control 

was still efficient, irrespective of the speed pressure induced by incentive context.  

 

In conclusion, we found that promised rewards had a deleterious effect on cognitive action 

control in both HC and patients with medically treated PD. However, this effect differed 

between the two groups. The cognitive cost induced by conflict situations in the rewarded 

context could still be observed in HC but not in patients. Our results suggest that patients with 

Parkinson’s disease have difficulties to apply an efficient cognitive action control and cannot 

modulate the related cognitive abilities according to the incentive motivation context. We may 

thus formulate two hypotheses, not mutually exclusive. First, the lack of modulation in 

cognitive action control according to the incentive context would directly result from the 

impairment of the system supporting the cognitive action control. Second, the dopaminergic 
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overdose of the limbic ventral system, relatively preserved in mild Parkinson’s disease, would 

impair the neural coding of the incentive information. Additionally, patients had greater 

difficulty suppressing inappropriate activation in rewarded situations. This indicates that 

incentive motivation can modulate at least one cognitive process involved in cognitive action 

control in patients with medically treated PD. Creating experimental tasks with many 

repetitions of incentive situations without losing the incentive effect will be a challenge for 

future studies. More trials, and thus more bins per participant and per condition, would refine 

the modeling of how incentive motivation influences impulse selection and suppression in 

both HC and PD. As it is the case for most experimental tasks, implication of our results on 

activities of daily living remains speculative since such experimental tasks have rather low 

ecological validity. In order to better evaluate how the experimental impairment that we 

observed may impact the current clinical practice, it would be of interest to complete such 

studies with appropriate methods for the ecological assessment of executive functioning 

[43,44]. Moreover, complementary studies comparing patients on versus off medication are 

essential if we are to improve our understanding of how dopamine treatment influences the 

modulation of both impulse activation and suppression according to the incentive context. 

Finally, it would be interesting to investigate the relationship between cognitive action control 

abilities in an incentive context and the medication-induced impulse control disorders 

observed in some patients with PD.  
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