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Abstract 

The present study investigated how enhancing motivation by delivering positive feedback (a 

smiley) after a successful trial could affect interference control in adolescents with Attention 

Deficit Hyperactivity Disorder (ADHD) and in their typically developing (TD) peers. By using 

a Simon task within the theoretical framework of the “activation-suppression” model, we were 

able to separately investigate the expression and the inhibition of impulsive motor behavior. 

The experiment included 19 adolescents with ADHD and 20 TD adolescents in order to 

explore whether data found in adolescents with ADHD were similar to those found in TD 

adolescents. Participants performed the Simon task in two conditions: a condition with feedback 

delivered after each successful trial and a condition with no feedback. 

The main findings were that increasing motivation by delivering positive feedback 

increased impulsive response in both groups of adolescents. It also improved the efficiency of 

impulsive motor action inhibition in adolescents with ADHD but deteriorated it in TD 

adolescents. 

We suggest that 1/ increased motivation could lead adolescents to favor fast responses 

even if incorrect, and 2/ the differential effect of feedback on the selective suppression of 

impulsive motor action in both groups could be due to different baseline DA levels. 

 

Keywords : ADHD, motivation, interference control 
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Diagnosed in about 5% of the population (Polanczyk, de Lima, Horta, Biederman, Rohde, 2007), 

attention deficit hyperactivity disorder (ADHD) is the most frequently diagnosed 

neurodevelopmental disorder in childhood. Manifesting itself mainly in symptoms of 

inattention, impulsivity and hyperactivity (APA, 2000), it leads to severe impairments across 

cognitive, behavioral and interpersonal domains leading to great difficulty in academic learning, 

and social, and familial relationships. 

 Various neurocognitive deficits have also been reported in children and adolescents with 

ADHD. Among them, cognitive control seems particularly impaired in these children and 

adolescents, who very often exhibit deficits in tasks requiring interference control (Cao et al., 

2013; Homack & Riccio, 2004; Jonkman, et al, 1999; Tsal, Shalev, & Mevorach, 2005; for a 

review, see Mullane, Corkum, Klein, & McLaughlin, 2009). Interference control is required 

each time there is a conflict between an automatic but inappropriate response and a goal-

directed response. This is particularly well-illustrated by so-called conflict tasks, such as the 

Simon task (Simon, 1969), the flanker task (Eriksen & Eriksen, 1974) or the Stroop task (Stroop, 

1935), in which the processing of irrelevant information in a visual display activates a prepotent 

response that directly conflicts with the response required by task rules. 

 The resolution of conflict in this type of task involves cognitive control networks en-

gaging prefrontal and motor areas of the frontal cortex in tandem with the basal ganglia (Bot-

vinick, Braver, Barch, Carter & Cohen, 2001; Carter et al., 2000; Casey et al., 2000; Chambers, 

Garavan, Bellgrove, 2009; Fassbender, 2006; Forstmann, van den Wildenberg & Ridderinkhof, 

2008; Ridderinkhof , Ullsperger, Crone, & Nieuwenhuis, 2004a; Ridderinkhof, van den Wilden-

berg, Segalowitz, & Carter, 2004b, Ridderinkhof, Forstmann, Wylie, Burle & van den Wilden-

berg, 2011; Stürmer, 2007; for review, see Aron 2007; Aron, Herz, Brown, Forstmann & Za-

ghloul, 2016). Most of these structures have also been reported as being dysfunctional in indi-

viduals with ADHD (Dickstein et al., 2006; Emond, Joyal & Poissant, 2009; Hart et al., 2013; 

Konrad & Eickhoff, 2010; Vaidya et al., 2005) which could explain why they have difficulty 

performing conflict tasks. Moreover, some of these structures, such as the basal ganglia (Cham-

bers, Garavan, Bellgrove, 2009), the anterior cingulate cortex (ACC) (Holroyd & Yeung, 2012; 

Kouneiher, Charron & Koechli, 2009) and the dorsolateral prefrontal cortex (DLPFC) (Spiel-

berg et al., 2012) are also involved in reinforcement learning and reward expectation, that is in 

the motivation system. This suggests that motivation and cognitive control could be linked and, 

therefore, that deficits in children and adolescents with ADHD could also be explained by mo-

tivational dysfunction. This hypothesis is consistent with one influential explicative model of 

ADHD, the dual-pathway model (Sonuga-Barke, 2002; 2003). This model proposes that dys-

function in two different neurobiological pathways can lead to ADHD: an executive dysfunc-

tion pathway linked to deficits in interference control, and a motivational dysfunction pathway 

linked to suboptimal reinforcement processes, with the motivational pathway affecting the cog-

nitive control pathway. 

 It’s therefore relevant to determine whether reinforcing their motivation could enhance 

interference control in young adolescents with ADHD. Numerous studies have already revealed 

that reinforcement enhanced cognitive performance in children and adolescents with ADHD 

(for review, see Luman, Oosterlaan, & Sergeant, 2005; Luman, Tripp, & Scheres, 2010). For 

example, it has been shown that reinforcement enhanced sustained attention (Bubnik et al., 

2015) and working-memory (Strand et al., 2012). In both studies, performance was more largely 

improved by reinforcement in children with ADHD than in typically developing peers. 

Reinforced motivation has also been shown to improve inhibitory processes (Oosterlaan & 

Sergeant, 1998; Slusarek et al., 2001), often considered as impaired in ADHD. Indeed, 

reinforcement helped to normalize response inhibition in children with ADHD in stop-signal 

tasks (Konrad et al., 2000; Rosch et al., 2016 ; Scheres et al., 2001) as well as in go-no go tasks 

(Demurie et al., 2016 ; Groom et al., 2010). In literature about the impact of reinforcement on 
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interference control, it has been reported that social motivation (Geurts et al., 2008) or monetary 

reward (Rosch & Hawk, 2013) improved accuracy rate and response speed in children with 

ADHD performing a flanker task. But more recently, in a Stroop task, children with ADHD 

showed better accuracy and response speed in rewarding trials although the interference effect 

due to conflict between automatic and controlled responses was not improved (Ma et al., 2016). 

The processing of information therefore seems to be globally improved by increased motivation 

but whether and how motivation can also improve interference control abilities in children and 

adolescents with ADHD remains unclear. 

 The present study thus aimed to investigate whether increasing motivation could 

improve interference control in adolescents with ADHD. Interference control was investigated 

with a Simon task and motivation level was manipulated by providing positive feedback after 

each successful trial. We compared performance of adolescents with ADHD in two different 

conditions: when they performed a Simon task without positive feedback (NO FB condition) 

versus with positive feedback (FB condition). Based on the dual-pathway model (Sonuga-

Barke, 2002, 2003), we hypothesized an improvement in interference control when adolescents 

with ADHD performed the Simon task in the FB condition. To determine whether or not results 

found in adolescents with ADHD were specific to this population, the experiment was also 

simultaneously carried out in typically developing (TD) adolescents. 

 

The Simon task and the “Activation-suppression” model 

In the classic version of the Simon task, participants have to choose between a right or left 

response depending on the color (or shape) of a visual stimulus presented either to the right or 

left of a central fixation point. Although stimulus position is irrelevant for the task, performance, 

expressed in terms of mean reaction time (RT) and accuracy, is better when the required 

response spatially corresponds to the stimulus location (congruent trials, CG) than when it does 

not (incongruent trials, IG). This pattern is called the “Simon effect” or “interference effect” 

(Hedge & Marsh, 1975; Hommel, 2011; Simon, 1990). 

A widely accepted interpretation of the interference effect is that stimulus position 

automatically activates the response ipsilateral to the stimulus by a fast and direct pathway, 

whereas stimulus color activates the required response by a slow and controlled pathway 

(Kornblum et al., 1990). Thus, in CG trials, both stimulus position and color activate the same 

response, facilitating its execution. By contrast, in IG trials, each attribute activates a different 

pathway, leading to competition between both responses. This competition is thought to be at 

the origin of the performance impairment, leading to slower reaction time and more errors. The 

magnitude of interference effects in conflict tasks has been widely used to study condition or 

group differences in interference control. But a more elaborate conceptual framework for 

studying interference control is provided by the “activation-suppression” model (Ridderinkhof, 

2002; van den Wildenberg et al., 2010). This model uses dynamic analyses of performance to 

dissociate two temporally and functionally distinct processes of interference control. The first 

is activation of the initial prepotent response ipsilateral to the stimulus, that we will call 

response capture or impulse capture. The strength of impulse capture is reflected in the 

proportion of fast impulsive errors, which can be observed by plotting accuracy rates against 

RT in IG trials (conditional accuracy function) (figure 1A) (Kornblum et al., 1990; van den 

Wildenberg et al., 2010; Wylie et al., 2010). The second is the inhibitory control that is needed 

to selectively suppress impulse capture. To suppress the interference induced by an incorrect 

response activation, this inhibitory process is thought to be engaged more slowly and to build 

up gradually over time (Ridderinkhof, 2002). Therefore, the efficiency of inhibitory control 

should be most evident at the slow end of the RT distribution and can be observed when plotting 

the magnitude of the interference effect (Simon effect) as a function of response speed (delta-

plot) (Figure 1B) (Proctor, 2011; Ridderinkhof, 2002). According to the activation-suppression 



5 
 

model, the magnitude of the interference effect at the slowest point of the delta-plot provides a 

very sensitive index of the efficiency of selective suppression of incorrect action impulses (Van 

den Wildenberg et al., 2010). This method of dissociating these two complementary processes 

of interference control had received empirical support from several studies in healthy 

populations (Burle et al., 2002, 2005; van den Wildenberg et al., 2010; Wijnen & Ridderinkhof, 

2007), as well as in clinical populations such as children with ADHD (Ridderinkhof et al., 2005; 

Grandjean, Suarez, Miquee, Da Fonseca & Casini, 2021; Grandjean et al., 2021), adults with 

ADHD (Suarez et al., 2015); Parkinson’s Disease patients (Fluchère et al., 2015; van Wouwe et 

al., 2016; Wylie et al., 2010;  2012), and Tourette Syndrome patients (Wylie et al., 2013). 

Moreover, it has been shown that these two components of interference control can be 

differently impacted in certain cases (Fluchère et al., 2015; 2018; Grandjean, Suarez, Miquee, 

DaFonseca & Casini, 2021; Ramdani et al., 2015). Some authors have also suggested that these 

functions are probably associated with different brain systems by quantifying the extent to 

which RT distribution measures of response inhibition were associated with individual 

differences in different brain areas activity (Forstmann, Van den Wildenberg, & Ridderinkhof, 

2008). Therefore, it seems of importance to have analytical tools allowing the two processes to 

be dissociated when investigating cognitive processes underlying cognitive control (for more 

information about validity tests for these tools, see Ridderinkhof, 2002 and Van den Wildenberg 

et al., 2010). 

 

 

Figure 1. Example of a distributional analysis of performance with five quantiles. (A) Conditional accuracy 

functions (CAF) for congruent (white squares) and incongruent (black squares) trials. (B) Delta plot representing 

the interference effect as a function of the response speed. 

 

 To summarize, the aim of the present study was to investigate whether increasing 

motivation by providing positive feedback will improve interference control in adolescents with 

ADHD. Moreover, by using dynamic analysis of performance, we can dissociate putative 

effects on both the expression and the inhibition of impulse capture which allows for deeper 

understanding of both ADHD pathophysiology and the links between motivation and cognitive 

control. 

 

1. Material and methods 

1.1. Participants 

Nineteen adolescents with ADHD (aged 11-16; mean = 13.6; 17 males) and twenty TD 

adolescents (aged 11–15; mean = 13.6; 18 males) participated in this study. Demographic data 

are presented in Table 1. All participants and their parents gave informed consent prior to the 

experiment. 
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Table 1. Demographic variables (mean and standard error of the mean, SEM). IQ = 

intellectual quotient; Attention symptoms and Impulsivity/Hyperactivity symptoms were 

assessed by using the Conner’s Parent Rating scales. 

 

    ADHD Group  TD group  ADHD vs. TD 

(n = 19; 17 males) (n = 20; 17 males) 

    Mean ± SEM  Mean ± SEM  t37; p value 

Age (years)   13.6 ± 1.7  13.5 ± 1.3  .55; p = .71 

Estimated IQ   89 ± 3.5  98 ± 6.2  .19; p = .88 

Attention (T-score)  75.3 ± 6  46.2 ± 2.3  5.4; p< 0.001 

Impulsivity/   73.6 ± 4.2  45.4 ± 2.2  6.3; p< 0.001 

/Hyperactivity (T-score) 

 

Selection procedure for the ADHD group. All participants were recruited from a sample of 

patients who had been referred in the Department of Child and Adolescent Psychiatry (Salvator 

Hospital, Marseille, France) by a pediatrician or psychiatrist and who are regularly followed for 

ADHD by psychiatrists in the Department. All diagnostics were made by a psychiatrist of the 

Department specialized in ADHD. The assessment was made on the basis of a semi-structured 

clinical diagnostic interview (Schedule for Affective Disorders and Schizophrenia for School-

Age Children-Present and Lifetime Version; K-SADS-PL) conducted separately with parents 

and one referent teacher by trained child and adolescent psychiatrists specialized in ADHD. 

The K-SADS-PL has been extensively used to make diagnostic decisions based on DSM criteria 

and has been previously validated in children and adolescents from 6-17 years old (Kaufman et 

al., 1997). In addition, parents and teachers of each adolescent also filled out behavior rating 

scales (the Conner’s Parent and Teacher Rating scales, Conners, 1969). The full history of the 

adolescent’s development and academic performance, an interview with parents and the adole-

scent, and behavioral observations served to confirm the diagnosis. All adolescents followed 

for ADHD in this Department met the DSM IV diagnostic criteria for ADHD (American Psy-

chiatric Association, 2000). For this study, in order for the ADHD group to be as homogenous 

as possible but also not reduced to only one symptom (impulsivity or attention), all adolescents 

met the criteria for the combined subtype. Finally, the following exclusion criteria were applied 

: (1) IQ less than 80, (2) evidence of a neurological disorder such as epilepsy, (3) associated 

medical disorders or comobidities, (4) history or evidence of psychosis, and (5) absence of 

parental consent. It should be noted that all adolescents who participated in this study had never 

received medication. 

 

Criteria for the TD adolescents group. Participants from the TD group were recruited via local 

schools in Marseille. The adolescents were globally paired in age and education level to adole-

scents of ADHD group. They all attended age-appropriate classes. Exclusion criteria were: 1/ 

presence of learning disabilities or psychiatric disease reported by parents or teachers, 2/ an IQ 

less than 80, 3/ absence of current or prior diagnosis of ADHD determined by the completion 

of the Conner’s Parent Rating Scale.  

 

1.2. Apparatus and Procedure 

 

Stimuli and apparatus. Participants were comfortably seated facing a black computer screen, 

located 80 cm away, upon which stimuli appeared. The responses were given by pressing the A 

and P keys (of an Azerty keyboard) either with the left or right index finger respectively. All 
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stimuli and responses were controlled by the computer. RTs were recorded to the nearest 

millisecond. 

 

Task and procedure. Adolescents were required to respond as quickly and as accurately as 

possible to stimulus color. Each trial started with the apparition of a central fixation point that 

participants had to fixate during the whole trial. After a delay of 400 ms, a red or a green circle 

appeared either on the right or left of the fixation point. Adolescents had to briefly press either 

the A or P key according to the red or green color of the circle and the color-response mapping 

given by the experimenter (press right for red and left for green, or vice-versa). The color-

response mapping was balanced across participants. The adolescents had a delay of 2000 ms to 

give their response. The next trial was presented 1500 ms after the response or at the end of the 

delay in the absence of a response. In congruent trials (CG), the required response was 

ipsilateral to stimulus location and in incongruent trials (IG), the required response was 

contralateral to stimulus location. 

Participants performed the Simon RT task in two experimental conditions, a condition 

without feedback (NO FB) and a condition with feedback (FB), which were presented in 

counterbalanced order across participants. In the FB condition, a large yellow smiley was 

presented at the end of the trial (and remained on the screen until the next trial onset) each time 

the adolescent reached the criterion for response speed and gave a correct response. The criteria 

for response speed was to be faster than the mean RT (averaged across CG and IG trials) 

obtained in a training block consisting of 32 trials (16 CG trials and 16 IG trials). Mean RT 

criteria were of 505 ms (σ = 111) for ADHD group and of 471 ms (σ = 56) for TD group (t38 = 

.76; p = .22). There was no feedback when the criterion for response speed was not reached or 

when the response was not correct. In this case, the screen remained black until the next trial, 

as in the NO FB condition. Therefore, in both cases, the next trial was presented 1500 ms after 

the response. 

In the NO FB condition, feedback was never delivered at the end of the trial no matter 

how the adolescent had performed and then the screen remained black until the next trial 

presented 1500 ms after the response. For each condition, adolescents performed two blocks of 

48 trials each. Within each block, there were 24 green and 24 red stimuli. For each color, there 

were 12 CG trials and 12 IG trials. The entire experiment lasted about 25 minutes. 

 

1.3. Dynamic analysis of performance 

Besides global measure of performance expressed in terms of mean RT, accuracy rate 

and interference effect, we performed a dynamic analysis of performance according to the 

activation-suppression cognitive model of interference control (see the detailed description of 

the methods in Ridderinkhof, 2002). 

 

1.3.1. Impulse capture: Dynamic analysis of accuracy 

The dynamic analysis of accuracy is based on a distributional accuracy analysis. We 

computed the so-called “conditional accuracy function” (CAF) in IG trials: Correct and 

erroneous trials were mixed together and the resulting distributions were vincentized (Ratcliff, 

1979; Vincent, 1912), which means that IG trial RTs were rank-ordered and binned into five 

quintiles of equal frequency (i.e. the same number of trials in each quintile). For each bin, the 

proportion of correct trials was computed along with the mean RT for that bin. These data were 

then averaged per bin across participants. This measure provides mean accuracy as a function 

of increasing RT. We used the first point of the distribution (fast errors rate) as an index of the 

strength of impulse capture (for more information, see Burle, Possamaï, Vidal, Bonnet, & 

Hasbroucq, 2002; Ridderinkhof, 2002; Van den Wildenberg et al., 2010), with stronger capture 

reflected by a higher percentage of fast errors. 
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1.3.2. Selective response inhibition: Dynamic analysis of interference effect 

The dynamic analysis of the interference effect relies on distribution analyses of RTs. 

The cumulative density functions (CDF) of correct trials were estimated for each participant 

and averaged through the so called “vincentizing” procedure (Ratcliff, 1979; Vincent, 1912): 

RTs were rank-ordered for each type of trial separately (CG trials and IG trials) and binned into 

five quintiles of equal frequency. The mean of each bin was computed and corresponding bins 

were averaged across participants. Delta-plots were constructed by plotting the interference 

effect (i.e., the difference in mean RT between IG and CG trials) for each bin, as a function of 

the mean IG and CG bin values (for more information, see Burle, Possamaï, Vidal, Bonnet, & 

Hasbroucq, 2002; Ridderinkhof, 2002; Ridderinkhof et al., 2004c; Van den Wildenberg et al., 

2010). We used the last point of the delta-plot as an index of the efficiency of the selective 

suppression of incorrect impulsive action. More efficient inhibition is reflected by a larger 

reduction in interference, that is a smaller interference effect for the longest RTs. 

 

2. Results 

Extreme RT values, either too fast (< 150 ms, also called anticipatory errors) or too slow 

(> 3 standard deviations) were removed from the analysis. This accounted for fewer than 1% 

of trials across participants. In the first part of the results section, we present data as it is usually 

reported in the literature, that is overall mean reaction time (RTs) and accuracy rates. In the 

second part, we present indices computed from dynamic analyses of performance and in a third 

part, we present proportion of trials in which smiley was provided. 

 

2.1. Overall performance 

Three-way ANOVAs were performed on both mean RTs and accuracy rates with Congruency 

(CG versus IG) and Feedback (NO FB versus FB) as within-subject factors and Group (ADHD 

versus TD) as a between-subjects factor. Proportional scores such as accuracy rate, particularly 

when they are rather high (or low), have non-Gaussian distributions because of ceiling (or floor) 

effects. Therefore, to normalize distributions, data were arcsine transformed before being 

entered into the ANOVA. This nonlinear but monotonic transformation allows a Gaussian 

distribution to be obtained so that the required conditions for the ANOVA are met (Winer, 

1970)1. 

 

Post-hoc power analysis. As the size of our samples depended on the availability of children 

but not on a formal power analysis, we checked whether our samples were sufficiently large to 

detect the second-order interaction (congruency × feedback × group). According to G*Power 

(Faul et al., 2009), the size of the samples allowed for the detection of an effect size of 0.25 

(considering as a medium effect size, Cohen, 1988), and the power for interactions was .90. 

Accordingly, it seems reasonable to consider that the size of our sample was sufficient to detect 

the interaction. 

 

Mean RTs. As illustrated in Figure 2A, both groups were faster in the FB (444 ms; σ = 83) than 

NO FB condition2 (464 ms; σ = 85) (Feedback: F1,37 = 9.52, p < .01, ηp² = .2 ; Group: F1,37 = 

 
1 For information, the transformation of data did not change the results of the ANOVA. 
2 We first ran an ANOVA adding Order as a within-subject factor. There was no significant main effect of Order 

and the only significant interaction involving Order was the Order x Feedback interaction (F1,35 = 32.49; p < 
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2.7, p =.11, ηp² = .07 ; Feedback x Group : F1,37 = 0.02, p = .88, ηp² < .001) and faster in CG 

trials (437 ms; σ = 84) than IG trials (472 ms; σ = 86; Congruency : F1,37 = 91.78, p < .0001, ηp² 

= .71; Congruency x Group : F1,37 = .01, p = .92, ηp² < .001). The difference in mean RT between 

CG and IG trials, corresponding to the interference effect, did not vary as a function of feedback 

condition, as confirmed by the non-significant Feedback x Congruency interaction (F1,37 = 1.37; 

p = .24, ηp² = .03). The Feedback x Congruency x Group interaction was only marginally 

significant (F1,37 = 2.96; p = 0.09, ηp² = .07) but the Feedback x Congruency interaction was not 

significant, neither in ADHD group (F1,18 = 2.9; p = .11, ηp² = .14), nor in TD group (F1,19 = 

0.25; p = .62, ηp² = .01). 

 

Accuracy rates. As illustrated in Figure 2B, in both groups, the accuracy rate was lower in the 

FB3 (91.8%; σ = 5.7) than NO FB condition (94.6%; σ = 4.2) (Feedback : F1,37 = 13.28; p < .01, 

ηp² = .26 ; Group : F1,37 = 1.21; p = .28, ηp² = .03 ; Feedback x Group interaction: F1,37 = 0.13; 

p = 0.7, ηp² = .003), and in IG trials (91%; σ = 7.24) than CG trials (95.4%; σ = 5.33; 

Congruency: F1,37 = 23.9; p < .001, ηp² = .39). The Feedback x Congruency interaction was 

marginally significant (F1,37 = 3.25; p = .08, ηp² = .8) and the Feedback x Congruency x Group 

interaction was not significant (F1,37 = 2.39; p = 13, ηp² = .06). 

 

 

 
.001): The effect of feedback was significant when participants performed the NO FB condition first (t19 = 6.63 ; 

p < .001) but not when they performed the FB condition first (t18 = 0.92 ; p = .18). It is likely due to the 

persistence of feedback effect. For sake of clarity, we did not report data of the ANOVA including factor Order. 

 
3 We first ran an ANOVA adding Order as a within-subject factor. There was no significant main effect of Order 

and the only significant interaction involving Order was the Order x Feedback interaction (F1,35 = 9.06; p < .01) : 

The effect of feedback was significant when participants performed the NO FB condition first (t19 = 4.25 ; p < 

.01) but not when they performed the FB condition first (t18 = 0.40 ; p = .65). It is likely due to the persistence of 

feedback effect. For sake of clarity, we did not report data of the ANOVA including factor Order. 
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Figure 2. Simon task performance. Mean reaction time (A) and accuracy rates (B) in two experimental conditions, 

without feedback (NO FB) and with feedbacks (FB). Error bars are mean standard errors. 

 

2.2. Dynamic analysis of the performance 

Concerning the strength of impulse capture, a three-way ANOVA with Feedback (NO FB versus 

FB) and Quintile as within-subject factors and Group (ADHD versus TD) as a between-subjects 

factor was performed on accuracy rates for the IG CAF. A two-way ANOVA with Feedback 

(NO FB versus FB) as a within-subject factor and Group (ADHD versus TD) as a between-

subjects factor was performed on the first quintile value of the IG CAF to compare the strength 

of impulse capture between feedback conditions and groups. Concerning the efficiency of 

selective inhibition, we first ran a 4-way ANOVA on mean RTs with Congruency (CG versus 

IG), Feedback (NO FB versus FB) and Quintiles as within-subjects factors and Group (ADHD 

versus TD) as a between-subjects factor then two three-ways ANOVA were separately 

performed for each group of participants. Finally, when needed, t tests were performed to 

compare the value of the last quintile of the delta-plots. 

 

Impulse capture. As is usually observed, both groups of participants committed more errors at 

the shortest RTs4 (Quintile: F4,148 = 37.65; p < .0001, ηp² = .5) for both conditions of feedback 

(Feedback x Quintile x Group: F4, 148 = 0.28; p = 0.88, ηp² = .008) (Figure 3). More relevant for 

our purposes, the comparison of the first quintile value revealed that participants of both groups 

committed more fast errors in the FB condition than the NO FB condition (F1,37 = 10.79; p < 

.01, ηp² = .22; Feedback x Group interaction: F1,37 = .005; p = 0.9, ηp² < .001). This suggests 

that feedback increased the strength of impulse capture in both groups of adolescents5. 

 

 
4 This effect was found in 80% of adolescents with ADHD.  
5 There was no effect of Order on the index of impulse capture. 
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Figure 3. Distributional analysis of accuracy. Conditional accuracy functions (CAF) for incongruent trials in two 

experimental conditions, without feedback (NO FB) and with feedbacks (FB) in ADHD group (upper part) and 

TD group (lower part). Error bars are mean standard errors. 

 

Selective inhibition. The Feedback x Congruency x Quintile x Group interaction (F4,148 = 8.49; 

p < .001, ηp² = .18) indicates that the difference in delta-plots between both feedback conditions 

was different between groups. The Feedback x Congruency x Quintile interaction was 

significant in both groups (ADHD group: F4,72 = 2.92; p < .05, ηp² = .14; TD group: (F4,76 = 

6.38, p < .001, ηp² = .25) indicating that the delta-plots were different when comparing FB and 

NO FB conditions but as illustrated on Figure 4, the effect of feedback was different depending 

on the group. 

In ADHD group, the interference effect decreased at the longest RTs in the FB condition 

(Congruency x Quintiles: F4,72 = 4.46; p = .003, ηp² = .2) whereas it remained globally stable 

across quintiles in the NO FB condition6 (Congruency x Quintiles: F4,72 = .2; p = .9, ηp² = .01). 

 
6 The effect was observed in 61 % of adolescents with ADHD 
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Moreover, the between-condition comparison of the last quintile of the delta-plot confirmed 

that the interference effect at the slowest RTs was smaller in the FB than the NO FB condition 

(t19 = 2.35; p < .05). This suggests that the selective inhibition of the automatically activated 

response was improved by the delivery of positive feedback. 

In TD group, the interference effect decreased at the longest RTs in the NO FB 

condition7 (Congruency x Quintile interaction: F4,76 = 11.35; p < .00001, ηp² = .37) (as usually 

observed) whereas it remained globally stable across quintiles in the FB condition (Congruency 

x Quintile interaction: F4,76 = .08; p = .99, ηp² = .004). This suggests that the selective inhibition 

of the automatically activated response was impaired in the FB condition compared to the NO 

FB condition. This was confirmed by the significant difference between the last quintile values 

of the two delta-plots (t19= 2.57; p = .02). The interference effect at the slowest RTs was 

significantly larger in the FB than the NO FB condition8. 

 

 

Figure 4. Distributional analysis of the interference effect. Delta plots showing interference effect size as a 

function of response speed, expressed in reaction time (RT) quintile scores, in two experimental conditions, 

 
7 The effect was observed in 75 % of TD adolescents 
8 There was no effect of Order on the index of selective inhibition in both groups. 
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without feedback (NO FB) and with feedbacks (FB) in ADHD group (upper part) and TD group (lower part). Error 

bars are mean standard errors. 

 

2.3. Proportion of trials with smiley 

Table 2 presents the proportion of trials in which smiley was provided in CG and IG trials and 

for both groups. A two-way ANOVA was performed on proportion of trials with smiley with 

Congruency (CG versus IG) as a within-subject factor and Group (ADHD versus TD) as a 

between-subjects factor. The proportion of trials with smiley was not significantly different 

between groups (F1, 37 = 1.33; p = .25, ηp² = .02) and it was significantly larger in CG trials than 

in IG trials (F1,37 = 48.2; p < .0001, ηp² = .83) for both groups (Congruency x Group: F1,37 = 

0.01; p = 0.91, ηp² < .001).  

 

Table 2. Proportion of trials in which smiley was provided to participants (ADHD group and 

TD group) in congruent (CG) and incongruent (IG) trials. 

 

  ADHD    TD 

CG  68.8 (σ = 9.5)   71.7 (σ = 10.3) 

IG  52.2 (σ = 12.6)  55.6 (σ = 12.3) 

Total  60.5 (σ = 8.6)   63.6 (σ = 8.6) 

 

Correlation coefficients were computed between smiley proportion and the major task 

outcomes: mean RT, accuracy rate, index of impulse capture and index of inhibition. We found 

a significant negative correlation between smiley proportion and the value of the first quintile 

in IG trials (r39 = -.38; p = .017) and a significant negative correlation between smiley proportion 

and mean RT (r39 = -.29; p = .06). This suggests that the more feedback was delivered, the lower 

the accuracy rate for the first quintile and the shorter mean RT. 

 

2.4. Correlation analyses between the major task outcomes  

Correlation coefficients were also computed between the four major task outcomes (mean RT, 

accuracy rate, impulse capture index and inhibition index) in both conditions and for each group 

(Table 3). In the NO FB condition, we mainly found a positive correlation between accuracy 

rate and the impulse capture index (accuracy rate for the first quintile in IG trials) in both 

groups. This means that the lower the global accuracy rate, the lower the accuracy rate for the 

shortest RTs, that is the higher the fast error rate. In the FB condition, the most relevant result 

was a significant negative correlation between RT and the inhibition index (interference effect 

for the last quintile of the delta-plot) in ADHD group, which suggests that when RTs were 

slower, the interference effect decreased, as predicted by the activation-suppression model. 
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Table 3. Correlation coefficients between the four major outcomes. IG Q1 accuracy = accuracy 

rate in IG trials for the fastest RTs. Delta Q5 value = interference effect value for the slowest 

RTs. 

 

Control group, condition no feedback 

   Mean RT Accuracy IG Q1 accuracy delta Q5 value 

       (impulsivity index) (inhibition index)  

Mean RT  1  .3 ; p= .19 .46 ; p= .04  .03 ; p= .87 

Accuracy  .3 ; p= .19 1  .76 ; p< .001  .37 ; p= .10 

Impulsivity index .46 ; p=.04 .76 ; p< .001 1   .04 ; p= .84 

Inhibition index .03 ; p= .87 .37 ; p= .10 .04 ; p= .84  1 

 

Control group, condition feedback 

   Mean RT Accuracy IG Q1 accuracy delta Q5 value 

       (impulsivity index) (inhibition index)  

Mean RT  1  .12 ; p= .59 .31 ; p= .17  .39 ; p= .08 

Accuracy  .12 ; p= .59 1  .34 ; p= .14  .26 ; p= .27 

Impulsivity index .31; p=.17 .34 ; p= .14 1   -.02 ; p= .95 

Inhibition index .39 ; p= .08 .26 ; p= .27 -.02 ; p= .95  1 

 

ADHD group, condition no feedback 

   Mean RT Accuracy IG Q1 accuracy delta Q5 value 

       (impulsivity index) (inhibition index)  

Mean RT  1  .31 ; p= .18 .34 ; p= .15  -.15 ; p= .53 

Accuracy  .31 ; p= .18 1  .54 ; p= .017  .03 ; p= .88 

Impulsivity index .34 ; p= .15 .54 ; p= .017 1   -.15 ; p= .53 

Inhibition index -.15 ; p= .53 .03 ; p= .88 -.15 ; p= .53  1 

 

ADHD group, condition feedback 

   Mean RT Accuracy IG Q1 accuracy delta Q5 value 

       (impulsivity index) (inhibition index)  

Mean RT  1  .32 ; p= .18 .21 ; p= .38  -.48 ; p= .03 

Accuracy  .32 ; p= .18 1  .45 ; p= .04  -12 ; p= .62 

Impulsivity index .21 ; p= .38 .45 ; p= .04 1   -.06 ; p= .81 

Inhibition index -.48 ; p= .03 -12 ; p= .62 -.06 ; p= .81  1 

 

 

3. Discussion 

 

Effect of positive feedback on global performance 

The experiment aimed to investigate whether positive feedback provided after each successful 

trial modulates the strength of response capture, and/or the ability to suppress it, in adolescents 

with ADHD and in TD adolescents. The overall performance analyses revealed that both groups 

of adolescents were faster, but committed more errors, in the FB than the NO FB condition. 

These data suggest an explanation in terms of speed-accuracy trade-off. Indeed, we cannot 

exclude the possibility that in the FB condition adolescents changed their strategy and chose to 

respond more rapidly, which then led them to be less accurate, even though instructions asked 

them to be as fast and as accurate as possible. The effect of feedback on accuracy rates was the 

same for CG and IG trials (no Congruency x Feedback interaction). This suggests that the 

increase in errors for CG as well as IG trials could come from an increased number of guesses. 
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Results also revealed that the size of the interference effect (mean CG RT - mean IG 

RT) on mean RTs was unaffected by the presence of feedback. This result could lead us to 

conclude that the presence of feedback did not improve interference control. However, the 

dynamic analysis of performance probed more deeply by allowing us to separately investigate 

the effect of increased motivation on the strength of impulse capture versus the selective 

suppression of impulsive action. 

 

Effect of positive feedback on impulse capture 

The dynamic analysis of accuracy, which provides information on the strength of impulse 

capture, revealed that both groups of adolescents committed more fast errors in the FB condition 

than in the NO FB condition. This suggests that the presence of feedback increased the strength 

of impulse capture, that is the susceptibility to activate automatic responses. This result was 

rather unexpected. Nonetheless, different studies using transcranial magnetic stimulation 

(TMS) over primary motor cortex have shown that reward elicits an increase in motor cortex 

excitability (Gupta & Aron, 2011; Klein et al., 2012; Mooshagian et al., 2015; Thabit et al., 

2011). Some studies have even suggested that motor-evoked potentials (MEPs) could be used 

as objective correlates of motivation (Gupta & Aron, 2011; Kapogiannis et al., 2008). It is then 

possible that positive feedback increased cortical excitability, which in turn leads to more 

impulsive action and so increases the number of fast errors. This hypothesis is consistent with 

the fact that the effects of the Congruency and Feedback factors on mean RT were additive. 

Indeed, according to the additive factors method (AFM) (Sanders, 1998; Sternberg, 1969), if 

two factors have additive effects on RT, it is assumed that they each affect a separate stage of 

the information processing chain. On the contrary, if the two factors have interactive effects, it 

is assumed that they each affect one or more stages in common. In our case, the effects were 

additive suggesting that congruency and the presence of feedback affected two different stages. 

Some have argued in the literature that congruency affects the response selection stage, in other 

words the decision stage (Adam, 2000; Burle & Bonnet, 1997; Hasbroucq et al., 1989; 1995; 

1997; Rihet et al., 1999). Therefore, it is likely that the presence of feedback modulates a 

different stage, for example the motor execution stage.  

Nonetheless, an alternative hypothesis to explain fast guesses in FB condition could be 

linked to the reinforcement contingency. Indeed, participants received a smiley when the 

response was correct and the criterion for response speed was reached. Therefore, in the context 

of the experiment, making more fast errors on incongruent trials in the FB condition may be the 

best way to obtain the smiley. This is consistent with the fact that the number of smileys received 

in IG trials was significantly lower than in CG trials and close from chance (52% for ADHD 

group and 55% for TD group). This suggests that the adolescents made the choice to guess fast 

(and have a 50/50 chance to be correct) rather than being correct but missing the speed criterion. 

This could also explain the correlation observed between smiley proportion and accuracy rate 

for the first quintile. According to this hypothesis, making more fast errors on incongruent trials 

in the FB condition may be due to a strategic adaptation rather to a larger susceptibility to 

impulse capture. This explanation is consistent with data from a recent study using drift 

diffusion modeling (DDM) to examine how reinforcement and stimulant medication affect 

cognitive task performance in children with ADHD. DDM provides three different parameters 

including non-decision time (corresponding to stimulus encoding and motor response speed), 

boundary separation (corresponding to speed-accuracy trade-off) and drift rate (corresponding 

to information accumulation speed). Data have revealed that reinforcement reduced non-

decision time compared to the no-reinforcement condition (Fosco, White, and Hawk, 2017). 

The authors proposed that the reinforcement condition emphasized speeded accuracy since 

more points were earned for responses that were accurate and fast than for those that were 

accurate but slow. Moreover, the same study has also shown that reward increased drift rate in 
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children with ADHD but not in TD children suggesting that reward could also impact the 

efficiency of the decision-making process. 

 

Effect of positive feedback on selective inhibition of impulsive action 

The dynamic analysis of the interference effect showed that positive feedback had opposing 

effects on the selective inhibition of impulsive responses depending on the group of adolescents. 

While it improved selective inhibition in adolescents with ADHD, it impaired it in TD 

adolescents. 

In the NO FB condition, data revealed that the interference effect remained stable over 

time in ADHD group while it decreased at longest RTs in TD group. The latter result is perfectly 

consistent with the literature and with the idea that selective inhibition of the response 

automatically activated by the position of the stimulus builds up progressively with time, as 

proposed by the “activation-suppression” model (Ridderinkhof, 2002). At the opposite, the 

effect observed in ADHD group showed that the inhibition of response capture did not occur 

even at the longest RTs, which suggests that adolescents with ADHD had difficulty in 

suppressing the response automatically activated by the position of the stimulus. This confirms 

data found in previous studies using dynamic analyses of performance to investigate 

interference control in children and adolescents with ADHD engaged in conflict tasks 

(Grandjean, Suarez, Miquee, DaFonseca & Casini, 2021; Grandjean et al., 2021; Ridderinkhof 

et al., 2005), and therefore provides new evidence in favor of an inhibition deficit in adolescents 

with ADHD (Nigg, 2001; Barkley, 1997). 

In the FB condition, data also revealed opposite effects between both groups. The 

interference effect decreased at the longest RTs in ADHD group whereas the decrease in the 

interference effect at the longest RTs disappeared in TD group. Concerning ADHD group, the 

data indicate that the interference effect decreased at the longest RTs in the FB condition. This 

suggests that delivering positive feedback at the end of each successful trial improved the 

efficiency of selective inhibition of impulsive responses. Therefore, our data confirm that 

increasing the level of motivation improved inhibitory processes. The positive impact of 

reinforcement on inhibition is consistent with data reported in several studies. For example, it 

has been shown that the performance level of children and adolescents with ADHD became 

similar to that of typically developing peers in a reward condition compared to a no reward 

condition during a stop-signal task (Konrad et al., 2000) and also in Go/No-Go tasks (Demurie 

et al., 2016; Groom et al., 2010). The inhibitory processes involved in stop-tasks and Go/No-

Go tasks are different to those involved in conflict tasks. In stop-tasks, global inhibition 

(stopping all ongoing responses) is at play, while in conflict tasks, selective inhibition is 

required (stopping the incorrect response and continuing to make the correct one). These two 

types of inhibition have been shown to partially differ in terms of neural mechanisms and 

substrates (Aron, 2011; Aron & Verbruggen, 2008). Therefore, our findings extend existing data 

about the effect of reward on inhibition and suggest that not only global stopping, but also 

selective stopping, are improved by enhancing motivation. This is quite consistent with 

neurobiological knowledge indicating that both inhibition and motivation involve basal ganglia 

and its links with frontal structures (Chambers et al., 2009; Haber & Knutson, 2010; Knutson 

et al., 2001) such as anterior cingulate gyrus (Holroyd & Yeung, 2012; Kouneiher et al., 2009 

for review, see Botvinick & Braver, 2015) and dorsolateral prefrontal cortex (Spielberg et al., 

2012), structures that are also known to be involved in conflict monitoring. Similarly, the 

dopaminergic neurotransmitter is involved in inhibition (Aron, 2007) as well as in motivation 

(Botvinick & Braver, 2015). 

It is also possible that the delivery of positive feedback indirectly acted on inhibition by 

acting on attentional processes more generally. For example, providing a smiley after each 

successful trial could have helped adolescents with ADHD to refocus their attention on the task, 
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thereby improving inhibitory processes. Indeed, some data have already suggested that selective 

suppression might be under attentional control (Suarez et al., 2015b; Ward et al., 2005). 

Therefore, positive feedback could also improve inhibitory processes by indirectly improving 

attentional processes. To summarize, in adolescents with ADHD, the presence of positive 

feedback improved the selective inhibition of impulsive action but increased the strength of 

impulse capture. These two opposing effects could explain why we observed no difference in 

the interference effect between both conditions when performance was measured simply by 

mean RT. 

Concerning TD adolescents, and quite surprisingly, in the FB condition, the decrease in 

the interference effect at the longest RTs disappeared. This unexpected result suggests that 

positive feedback provided at the end of each successful trial impaired selective inhibition of 

impulsive action. One explanation could be that since mean RT is shorter in the FB condition, 

suppression would not have had time to occur since the “activation-suppression model” 

hypothesizes that inhibition needs time to occur. However, Figure 4 clearly shows that in the 

NO FB condition, the slope of the delta-plot decreased for shorter RTs. An alternative 

explanation could be that the increase in motivation in TD adolescents could affect inhibitory 

processes. Although several studies have revealed enhancement of inhibition (Leotti & Wager, 

2010), or an improvement in interference control, in rewarded conditions (Padmala & Pessoa, 

2011), others failed to find this effect (van den Berg et al., 2014; Veling & Aarts, 2010) or found 

contradictory effects, that is an impairment of performance in rewarded conditions (Aarts et al., 

2014; Krebs et al., 2010). To explain why motivation could have deleterious effects on cognitive 

control, some authors have proposed that individual differences in baseline dopamine level in 

the striatum of healthy adults could play an important role in the effects of motivation on 

cognitive control (Aarts et al., 2014). By referring to the hypothesis of optimal dopamine levels 

originally proposed by Cools and d’Esposito (2011), the authors proposed that in participants 

with low baseline dopamine levels, reward might increase dopaminergic processing, leading to 

optimal cognitive control. By contrast, in participants with a high baseline dopamine level, 

reward could “overdose” the dopaminergic system, leading to an impairment in cognitive 

control. In the present study, the effect of feedback could similarly “overdose” the dopaminergic 

system in TD adolescents, leading to impaired inhibitory processes, the opposite of what we 

had observed in adolescents with ADHD. It is likely that in adolescents with ADHD, known to 

have a dopaminergic deficit (Durston et al., 2008; Mick & Faraone, 2008), the delivery of 

feedback led to increase dopaminergic levels, and therefore to improved, near optimal, 

inhibitory control.  

The deleterious effect of reinforcement found in TD adolescents could be specific to 

inhibitory processes since several studies have also shown that reinforcement improved some 

other cognitive processes, such as working memory (Magis-Weinberg, Custers & Dumontheil, 

2019; Hammer et al., 2015) or sustained attention (Bubnik et al., 2015). This suggests that the 

efficiency of inhibitory processes could be sensitive to environmental factors, in particular to 

brain dopamine levels (Aarts et al., 2014; Cools & D’Esposito, 2011). Low DA brain levels, 

such as in adolescents with ADHD, as well as high DA brain levels such as in rewarded TD 

adolescents, would be deleterious for inhibitory processing. Inhibition would then depend on a 

very fragile balance of DA brain level. Therefore, the question of dopamine and inhibition 

deserves to be further investigated. Some studies have already demonstrated that both 

reinforcement and stimulant medication improve deficient response inhibition in children with 

ADHD and that the improvement is more efficient when medication and reinforcement are 

combined (Rosch et al., 2016). This is consistent with the idea that both methylphenidate (MPH) 

and reinforcement increase dopamine availability in the striatum (Arnsten & Rubia, 2012), an 

area strongly connected to frontal regions involved in inhibitory processes. 
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Conclusion and limitations of the study 

The aim of the present study was to investigate how increased motivation could affect 

interference control in adolescents with ADHD and their typically developing peers and more 

specifically to dissociate the putative effect of motivation on both the expression and 

suppression of impulsive responses. Positive feedback delivered after each correct trial was 

used to manipulate motivation level. Results revealed that both groups of adolescents made 

more fast errors in the presence of positive feedback but that positive feedback improved 

selective inhibition in adolescents with ADHD while it impaired it in TD adolescents. 

Put together, the data inspire several conclusions. Firstly, in the present study we were 

able to dissociate the effect of motivation on the expression and suppression of impulsive action. 

We observed that these two components of interference control could be differentially affected 

by motivation. These data are in line with previous findings showing that these two components 

can be differently impacted by different manipulations (Fluchère et al., 2018; Grandjean, 

Suarez, Miquee, DaFonseca & Casini, 2021) and probably rely on different neural mechanisms 

and structures (Forstmann, Van den Wildenberg, & Ridderinkhof, 2008). Dissociating the effect 

of reward on the different component of interference control could have important implications 

for refining explanations of ADHD but could not have been possible if analyses were limited 

to evaluating overall performance. 

Secondly, increasing motivation by delivering positive feedback in adolescents with 

ADHD improved inhibition but made them more susceptible to commit fast errors. Whatever 

the reason for this effect, it seems necessary to carry out further studies to more precisely 

determine whether some other kind of reward could enhance motivation without impairing 

other processes. For example, in the present experiment, feedback was delivered at the end of 

each successful trial but it could be relevant to explore whether the effects on impulse capture 

are the same when motivation is manipulated with delayed rewards. 

Finally, there are at least two limitations to the present study. The first limitation refers 

to the fact that the experiment was carried out in adolescents diagnosed with combined ADHD. 

But it has been suggested that an inhibition deficit could depend on comorbid pathology and 

also on ADHD subtypes (Nigg et al., 2005; Scheres et al., 2001; S Sonuga-Barke, 2002). 

Moreover, it seems that the effect of reward might also depend on ADHD subtypes (Dovis et 

al., 2015). Therefore, it seems necessary to extend our investigations to a larger population of 

patients including different subtypes of ADHD. The second limitation is partially related to the 

first one and concerns the sample size. Indeed, since ADHD group only included adolescents 

with combined ADHD and without comorbidities, the sample size was quite small and then the 

statistical power could be limited.  
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