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Abstract 

Background: According to the State Regulation Deficit (SRD) model event rate (ER) is an 

important determinant of performance of children with Attention-Deficit/Hyperactivity 

Disorder (ADHD). Fast ER is predicted to create over-activation and produce errors of 

commission while slow ER is thought to create under-activation marked by slow and variable 

reaction times (RT) and errors of omission.  

Method: To test these predictions, we conducted a systematic search of the literature to 

identify all reports of comparisons of ADHD and control individuals’ performance on Go/No-

Go tasks published between 2000 and 2011. In one analysis we included all trials with at least 

two event rates and calculated the difference between ER conditions. In a second analysis, we 

used meta-regression to test for the moderating role of ER on ADHD vs. control differences 

seen across Go/No-Go studies.   

Results:  There was a significant and disproportionate slowing of reaction time in ADHD 

relative to controls on trials with slow event rates in both meta-analyses. For commission 

errors, the effect sizes were larger on trials with fast event rates. No ER effects were seen for 

RT variability.  There were also general effects of ADHD on performance for all variables 

which persisted after effects of ER were taken in account.  

Conclusions: The results provide support for the SRD model of ADHD by showing the 

differential effects of fast and slow ER.  The lack of an effect of ER on RT variability 

suggests that this behavioral characteristic may not be a marker of cognitive energetic effects 

in ADHD.  

Keywords: ADHD, state regulation, meta-analysis, Go/No-Go, event rate, task performance. 



Metin et al. 

 

3 

 

 Introduction 

 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a life-span disorder which causes 

significant academic, social and behavioral problems. In principle identifying the 

neuropsychological deficits in ADHD could stimulate therapeutic innovation by helping to 

identify new targets for novel treatments (1).  Identifying which deficits are implicated in 

ADHD is complicated by a number of factors.  First, children with ADHD, as a group, 

perform poorly on a wide range of laboratory tasks even when they are designed to tap very 

different neuropsychological processes (2).  Indeed, it is increasingly clear that there is 

substantial pathophysiologic heterogeneity in the ADHD population in terms of the specific 

patterns of deficits implicated – some individuals display one type of neuropsychological 

profile while others show a different one (2, 3).  For instance, while once thought of as the 

core deficit in ADHD, executive function deficits are reported in only a subset of individuals 

(4).  

Second, there is accumulating evidence for the context-dependent nature of deficits 

when they do occur - performance of an individual subject may vary from setting to setting as 

a function of the motivational and energetic state that they engender (5).  For instance, 

performance on a wide range of cognitive tasks is affected in non-specific ways by the rate at 

which stimuli are presented (i.e., event rate (ER)), which is determined by inter-stimulus 

interval (ISI) (6, 7). These ER effects have been observed on tasks of different sorts including 

go/no-go (8), stop signal (9) vigilance (10) and associative learning (11) tasks. Such task non-

specific ER effects have been explained in different ways (5). The most often invoked 

explanation is based on the cognitive energetic model of Sanders (12). This extends the basic 

information processing framework by integrating concepts such as effort, arousal and 

activation so that task performance is influenced not only by cognitive capacities but also by 
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environmentally-determined levels of activation and arousal and the extent to which 

variations in these can be managed to ensure optimal performance. The model predicts an 

inverted-U shaped curve relating cognitive energetic factors to performance with both over 

and under activation (linked to fast and slow ERs) having potentially adverse effects if not 

effectively managed (7). The state regulation deficit (SRD) model of ADHD, builds on this 

perspective. It postulates that children with ADHD have problems with effectively allocating 

their effort to properly regulate activation states (13).  Because cognitive energetic processes 

are general rather than task specific, the SRD predicts that ADHD children’s performance 

across a range of different tasks tapping a diversity of executive and non-executive processes 

will be adversely affected  by either speeding up or slowing down the ER. More specifically 

the model predicts a pattern of ADHD-related under-activation and slow inattentive 

responding under slow ER, and fast impulsive responding, produced by over-activation under 

fast ER conditions.  

 

An alternative explanation of ER effects on performance is provided by Delay 

Aversion model (5,14). According to this model individuals with ADHD act on their 

environment to escape or avoid delay. In fixed delay situations this is said to be achieved by 

reallocating attention to more interesting stimuli that make time pass more quickly. Thus the 

DAv model predicts a pattern of task disengagement on longer trials with slower ER and 

longer inter-stimulus intervals (i.e., greater delay). As such it differs from the SRD model by 

predicting that performance of ADHD individuals will deteriorate in a linear fashion with 

longer intervals resulting in lower performance (i.e., adverse effects on slow but not fast ER 

trials). 
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 To test predictions of the SRD model of ADHD we conducted a systematic review 

and meta-analyses of the effects of ER on performance on Go/No-Go (GNG) tasks. Our 

strategy was to focus on one task in order to optimize homogeneity. The GNG task was 

chosen as it has been used frequently with ADHD populations. In the GNG task participants 

are presented consecutively with a series of Go stimuli to which they have to make a simple 

choice response and then occasionally with an alternative No-Go stimulus to which they have 

to withhold their response. The task is well suited for testing the SRD model as it allows the 

estimation of variables in a range of performance domains: mean reaction time (MRT), errors 

of commission (EOC), errors of omission (EOO) and  response time variability (measured by 

standard deviation of reaction time-SDRT). While the SRD model predicts general energetic, 

rather than cognitive process-specific effects, it makes some specific predictions with regard 

to different GNG performance parameters:  Compared to controls, ADHD children are 

predicted to experience over-activation in the fast ERs and under-activated in the slow ERs (6, 

7). This over-activation will produce more impulsive EOC during fast ERs. On the other 

hand, under-activation during slow ERs will produce slower and more variable MRT and a 

greater number of errors of omission (EOO) typical of inattentive performance. Two types of 

meta-analyses were performed to test these predictions. First, we estimated the differential 

impact of ER on ADHD vs. control performance as a function of different ERs presented 

within the same studies. We then attempted to replicate these within-study effects by using 

meta-regression techniques to test the extent to which ER levels in different studies explained 

the between study heterogeneity of ADHD vs. control performance differences.  
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Method 

Search strategy 

We searched Medline databases for studies published between January 2000 and 

December 2011. For this purpose, we used combinations of the term ADHD with the 

following keywords (using AND): reaction time, accuracy, continuous performance test, 

Go/No-Go, inhibition, event rate and inter-stimulus interval. Records were then screened for 

initial eligibility on the basis of titles and abstracts. Potential records were then screened on 

the basis of full-text articles. At this stage we removed studies where GNG paradigms had 

less than 50% Go trials. There was no age restriction and studies conducted with adolescent or 

adult participants were also included. Studies which used a highly variable range of ISI 

(variability >1sec) and did not report the results for each ISI were excluded. Self-paced and 

cued tasks were also excluded. In order to maximize homogeneity, tasks with additional 

stimuli (e.g., cue or feedback) were excluded from analysis as these would provide extra 

stimulation for subjects and the “real” ISI is therefore difficult to determine. 

Coding, calculation and synthesis of the effect sizes 

We undertook two analyses. Both analyses employed comprehensive Meta-Analysis 

software (version 2.2.057, Biostat Inc., NJ, USA). In both analyses the outcome variables 

were the MRT, EOC and SDRT. Too few studies (N=5) reported inattentive errors of 

omission in the slow ER and so this outcome, which would provide a more direct assessment 

of inattentive errors, was not included in the analysis. When summary statistics were not 

reported, effect size (ES) was extracted from test statistics (e.g., t values, means and p values) 

using the appropriate formula. The other extracted variables were mean age of each group, ISI 

used, the percentage of males in the ADHD and the control group, percentage of Go and No-
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Go trials in the task, number of trials, co-morbidity and the medication status. ER (i.e., inter-

stimulus interval) was defined as the time interval between the onsets of two consecutive 

stimuli.  

 

The first analysis was restricted to those studies where ER was manipulated as a 

within-subject variable (i.e., had trials with two or more ER levels). We used these data to 

estimate the differential effect of ER on ADHD vs. control performance for the variables 

MRT, EOC and SDRT. The method proposed by Borenstein et al. (15) was employed to 

compare different outcomes or time-points within a study.  First, the standard mean difference 

(SMD) between the groups at each ES is calculated using the recommended formula - mean of 

the ADHD group minus the mean of the control group divided by the pooled standard 

deviation.  Second, the ES for differential effect of ER on ADHD vs. control performance is 

calculated by subtracting the SMD of the group difference at SMDfast  from that at SMDslow 

and then variance of this synthetic ES was calculated using the formula V=V1+V2-2r√V1√V2, 

where V is the variance of the synthetic ES, V1 and V2 are the variance for the effect sizes for 

the two outcomes and r is the correlation between the outcomes. This is equivalent to 

calculating the ES for the group x event rate interaction and so we will refer to it as ESgroup x 

event rate. The ESfast,  ESslow and ESgroup x event rate calculated for each study were then combined 

using a random effects model to give overall ES estimates.  One difficulty with this method is 

that it requires that the within-subject correlations between performance under the different 

conditions are known and these are often not reported. To deal with this issue we ran a 

sensitivity analysis based on the correlation in other studies to estimate a range of effect sizes 

and p values. 
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The second analysis adopted a different approach in order to utilize all GNG studies 

meeting our entry criteria even where only one ER was employed. First, we calculated the 

SMD for ADHD vs. control effects for each outcome in each individual study using the same 

formula as in the first analysis. The SMDs were then combined across studies using the 

random effects method. The Q and I2 statistics were calculated as an estimate of between-

study heterogeneity in SMD. We then performed a meta-regression to examine the 

independent effect of ER (as well as a number of other factors such as the difference between 

the percentage of the males within groups and age of the ADHD group) in predicting between 

study variation in ADHD vs. control SMDs on our three dependent variables. For the 

regression analysis, a random effects regression model was used (15) assuming a 

heterogeneous distribution of effect sizes for the studies sharing the same predicted value. 

One difficulty with such a regression analysis is that more studies have used a fast or a 

moderate ER than a slow one. Thus there are fewer studies in the slow ER range which 

reduces our power to accurately estimate the effects of ER on performance. In order to 

address this point we maximized the number of studies with a slow ER by choosing data for 

the slowest ER condition when studies had more than one ER condition. We also conducted 

sensitivity analyses to explore whether the observed effects were dependent on the small 

numbers of studies with unusual age and gender composition. The first was related to age – 

and involved excluding all studies with a mean age above 11 (N=8). The rationale for 

choosing the age of 11 was to exclude studies conducted with adolescent populations and to 

explore whether the regression results were driven by effects in these samples of older 

participants. The second related to gender composition of samples; we excluded studies (N=7) 

with high difference for male percentage (>20) between clinical and control groups. In other 

sensitivity analyses we excluded studies (N=2) with a small number of trials (<50) and with 
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fewer than 60% Go trials (N=3) to explore whether the regression results depended on 

confounding effects of studies with fewer number trials or lower percentage of Go trials. 

 

 

Results 

 Figure 1 gives the PRISMA flow chart for the identification of studies according to 

our inclusion criteria. The number of studies excluded for each exclusion criterion are also 

summarized in the figure. A total of 30 studies met the entry criteria (16-45). Of those, 19 

studies had just one ER level and 11 studies manipulated ER as a within-subject variable. In 

each case ER was manipulated by block – with different ERs presented in separate test blocks 

(see supplementary material for study details and summary statistics).  

 

Estimating the differential effect of ER using within-subject study data 

 

 Eleven studies provided data for the calculation of both SMDslow and SMDfast     for 

MRT and EOC. Ten studies reported sufficient data for an analysis of SDRT. Based on the 

four studies from which we obtained the correlation coefficient (see supplementary material), 

we imputed correlations ranging from 0.6-0.8, 0.4-0.7 and 0.6-0.8 for MRT, EOC and SDRT 

analyses respectively for the seven studies with unreported correlation.  The mean fast ER 

was 1.8 sec (1.25-2.3 sec) and the mean slow ER was 6.9 sec (4.25-8.3 sec).  For MRT, 

groups differed significantly at both slow and fast ER (SMDslow=0.56; CIs 0.36 to 0.76; 

SMDfast = 0.33; CIs 0.13 to 0.53). The forest plots for both analyses are given in Figure 2. 

ESgroup x event rate was significant (ES between 0.22 and 0.26, p value between 0.004 and 0.003) 

with bigger SMDs between ADHD and control participants on slower ERs demonstrating a 
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disproportionate slowing of RT in the ADHD group on those trials.  For EOC, again the 

groups differed significantly at both slow and fast ERs (SMDslow=0.37; CIs 0.18 to 0.57; 

SMDfast = 0.57; CIs 0.37 to 0.76) (See Figure 3 for forest plots). ESgroup x event rate was 

significant (ES btw -0.17 and -0.18, p value btw 0.006 and 0.001) with bigger SMDs between 

ADHD and control participants on fast ER trials. For SDRT, the groups differed significantly 

at both slow and fast ER (SMDslow=0.75; CIs 0.48 to 1.03; SMDfast=0.85; CIs 0.63 to 1.08) 

(See Figure 4 for forest plots). ESgroup x event rate was not significant (p value btw 0.03 and 0.11). 

 

Estimating the differential effect of ER using between study data 

 Twenty-five studies contributed to the MRT, 29 to the EOC and 22 to the SDRT 

analysis. One study contributed two independent data sets to each analysis: one comparing a 

pediatric ADHD group and the other an adolescent group along with separate age matched 

control groups (17). There was a significant between group effect overall - slower MRT was 

seen for ADHD samples (SMD= 0.28 (95% CIs 0.14 to 0.43). There was significant between-

study heterogeneity (Q(25)=67.15, p<0.001, I2=62.77).  Variation in SMD between studies 

was significantly predicted by ER (z=2.88, p=0.004) and age (ES decreasing with increasing 

age, z=-2.43, p=0.02). However heterogeneity was still significant after including ER and age 

in the model (Q(24)=52.91, p=0.001; Q(20)=56.93, p<0.001 respectively). Figure 5 plots the 

MRT SMD as a function of ER. There was a significant overall group difference for EOC 

(SMD= 0.44, 95% CIs 0.34 to 0.54). There was also significant heterogeneity (Q(29)=46.07, 

p=0.02, I2=37.05). ER and age did not account for a significant proportion of the between-

group SMD variance between studies (z=-0.65 p=0.51, z=-0.61, p=0.54 respectively) (see 

supplementary material for the scatter plot). For SDRT, the group effect (SMD=0.66; 95% 

CIs 0.51 to 0.81) was highly significant. The between-study ES heterogeneity was also 

significant (Q(22)=54.07, p<0.001, I2=59.32). ER was not a predictor of between-group 
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SMDs (z=0.4, p=0.69) (see supplementary material for the scatter plot). However there was 

an inverse relationship between age and SMDs (z=-2.29, p=0.02).  

Sensitivity analyses 

For MRT, restricting analyses to studies with participants under the age of 11 years 

and to studies with a small difference in gender composition had no effect on the results 

(z=2.14, p=0.03; z=2.5, p=0.01 respectively). For EOC the same restrictions did not change 

the results either (for age restriction z=-0.92 p=0.35; for gender restriction z=-0.4, p=0.68). 

The sensitivity analyses for number of trials and % of Go trials were also not significant for 

none of the variables. 

Discussion 

Consistent with the predictions of the SRD model, GNG performance in ADHD was 

differentially affected by ER. First, both analyses found an impact of ER on the SMD between 

ADHD and control participants for MRT in the predicted direction: There was a 

disproportionate slowing of ADHD responding with reducing ERs. From an SRD perspective 

this effect is regarded as being due to under-activation in people with ADHD brought about 

by a failure to adjust their activation level according to the demands of long and boring tasks 

(6, 7).  The second prediction – of a disproportionate increase in EOCs under fast ER 

condition in ADHD relative to controls – was also supported by the within-subject analysis. 

However, this effect was weaker than for the MRT and the slope, although in the right 

direction, was not significant in the between-study meta-regression. This might be explained 

by the greater power in within-subject analysis due to taking into account the correlation 

between measurements. From the SRD perspective this increase in impulsive errors is due to 

the failure to moderate an over-activated state induced by the fast ERs (6, 7, 46). Slower 

responding in slow ERs and more errors in the fast ERs is also consistent with a possible role 
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altered response strategy in ADHD. A complete speed-accuracy trade-off (SATO) analysis 

requires access to trial-by-trial data which was not available in our case but future studies 

could examine contribution of these factors to the state regulation deficits. However, a 

provisional analysis of SATO based on averaged data for each study found no relationship 

between error rates and MRT. 

 Despite these positive findings implicating the effect of ER in ADHD 

performance, it is also clear that ER is not the sole determinant of ADHD-related deficits on 

GNG tasks. Both analyses found strong effects of group not accounted for only by ER: 

ADHD children had longer MRTs and made more EOCs on both high and low ER trials. This 

conclusion is supported by the meta-regression analysis of between-subject design studies 

where ER accounted for only a proportion of the between-study heterogeneity. Across all 

variables, a substantial proportion of the ADHD group differences were not due to ER 

manipulations. Thus the current results are in line with previous research which found that 

although motivational and energetic factors, such as reward, can have substantial effect on 

ADHD performance, they rarely fully alleviate deficits – this could be due either to a common 

partial response or alternatively normalization in only a sub-group of individuals with ADHD 

(20, 28).  If this latter case were true it would provide further evidence of neuropsychological 

heterogeneity in ADHD. 

The negative result for SDRT is also worthy of further discussion given that response 

variability has been suggested to be a particularly important marker of state regulation 

problems in ADHD in the past (47). There are at least two possible explanations for the lack 

of an ADHD-specific effect of ER on this outcome. First, SDRT may not be a sufficiently 

sensitive measure of the energetic processes. For instance, increased variability in ADHD 

could be related to a number of different putative cognitive processes (20) such as motor 

timing (48), top-down executive control (49), impaired suppression of default mode network 
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(50) and attentional lapses (47). Second, it has been suggested that response variability 

represents a non-specific finding which is seen in multiple types of disorders (28). In this 

view SDRT, although associated with ADHD, may not be related to ADHD-specific 

processes but be a more general marker of psychopathology (51).  However, this objection 

may also hold for MRT and EOCs. Thus, exploring the specificity of these outcomes for ER 

effects and finding more specific measures of state regulation deficits could be the aim of 

future studies. 

 

Can other models explain the ER effects in the data? The Delay aversion model (DAv) 

(5, 14) also makes predictions with regard to ER effects. In this model ADHD behavior is 

motivated by the escape or avoidance of delay. When there are options with different delay 

outcomes, individuals with ADHD will choose the least delayed option all else being equal – 

producing impulsive choice (52). When no choice exists and delay is to some extent imposed 

(as is the case in the GNG paradigms included in the current meta-analysis), then individuals 

with ADHD are predicted to engage in patterns of off-task inattentive behaviors that have 

been shown to reduce the subjective experience of delay. The performance corollary of such 

behavior are higher errors of omission and long and variable RTs when the length of delay 

between stimuli increases. From a different point of view, one might argue that slower RT and 

higher variability in ADHD on slow ER trials are due to attentional lapses (47) linked to 

increased interference from the so-called default mode brain network (50).  The finding of 

longer RTs on slow ER trials is consistent with both of these models. However, neither  DAv 

nor default mode network model make specific predictions about EOC and certainly would 

not predict a disproportionate increase of EOC on fast ER trials as found in the current study. 

Thus, these models do not offer a parsimonious explanations of ER effects seen in this study. 

At the same time ADHD is not a neuropsychologically homogeneous condition. Therefore it 
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is quite possible that the association between ER and performance is multi-factorially 

determined with different patterns of deficits linked to SRD, DAv and the default mode 

interference, leading to problems attending on slow ER trials. The large SMD between ADHD 

and controls for the MRT effects compared to the EOC effects would be consistent with this.  

While interpreting these results one needs to take into account of a number of 

limitations of the current analysis. First, the aim was to identify the effect of ER on 

performance and a number of studies have been excluded as they did not report ER explicitly 

or used a highly variable presentation rate. Therefore the summary effect sizes calculated do 

not represent all the studies published and should be evaluated carefully. Second, while 

between study variance can be explained partially by ER and age other factors such as task 

setup, instructions, severity of ADHD symptoms, diagnostic criteria and scales are likely to be 

important. The analysis of such factors is not within the scope of this study given the limited 

information available in specific papers relating to these factors. Although we could not 

analyze the specific factors that may cause this heterogeneity we took account of it by using a 

random effects model which assumes that the true effect size varies from study to study. 

There is potentially a number of clinical implications of the results. First, they may 

help us design more appropriate ways of delivering information in the classroom: the slower 

the information is presented, the more sluggish the ADHD children may become. On the other 

hand, a fast teaching style and presentation of abundant stimuli may induce an over-activated 

impulsive response style. Therefore the content of the lecture and the environment could be 

adapted to tailor the stimulation level to an optimal level. This may require increased use of 

information and communication technology to promote active and personalized learning. 

Second, it may be possible to train individuals with ADHD to cope with a broader range of 

ER settings through methods like neurofeedback and cognitive training that can improve 

management of their energetic resources. Third, they can highlight the potential of targeting 
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brain systems related to energetic factors – for instance noradrenaline pathways originating in 

the locus ceruleus (LC) is likely to be the main neurochemical system involved in regulating 

the arousal state (53). The interplay between the LC and cerebral cortex mediates adaptation 

to the changing environmental conditions such as changing ER. A methodological implication 

of our findings relates to choosing the optimal GNG task design for the future studies. Given 

the apparent context dependent nature of task performance in ADHD – studies of cognitive 

test performance in ADHD should, as a matter of course, include a range of ERs that cover 

the full range of the values explored here. We would recommend at least a fast condition 

(ISI  ≤ 2 sec) to capture errors of commission and a slow condition (ISI  ≥ 6 sec ) to induce 

low and variable inattentive responses. 

In summary, the SRD model provides the most parsimonious explanation of the 

differential ER effects on the GNG performance of ADHD and control participants – more 

EOC on fast ER trials and longer RTs on slow ER trials. However, the finding that group 

differences exist over and above those related to ER and the possibility that other deficits 

could account for these differences highlight the neuropsychological heterogeneity in ADHD.  

Therefore, future studies should aim to develop theories of ADHD which could better explain 

this sort of neuropsychological heterogeneity by modeling the presence of different deficits in 

different individuals in the ADHD population (54). 
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Figure 1. Prisma diagram for the flow of information through different phases of the review. 
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Figure 2. Forest plots of effect sizes for mean reaction time at fast (left) and slow event rate 
(right) conditions of the within-subject studies. 
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Figure 3. Forest plots of effect sizes for commission errors at fast (left) and slow event rate 
(right) conditions of the within-subject studies. 
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Figure 4. Forest plots of effect sizes for reaction time variability at fast (left) and slow event 
rate (right) conditions of the within-subject studies.  
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Figure 5. Scatter plot for regression of ISI (inter-stimulus interval) on effect size for mean 
reaction time.  
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A Meta-Analytic Study of Event Rate Effects on Go/No-Go Performance in 
Attention-Deficit/Hyperactivity Disorder  

 
Supplemental Information 

 
 

 
Details of the Data Extraction from the Studies and Calculation of Between-Study Effect 

Size 

The characteristics of the included studies are given in Table S1. The means and standard 

deviations for each outcome are given in Table S2. 

As there were fewer studies with event rate (ER) manipulation and some of them did not 

report summary statistics to calculate the standardized mean difference, the results were obtained 

by personal communication with the authors for five studies (18, 20, 27, 31, 36)1. 

Five  studies reported separate summary statistics for different ADHD subgroups with co-

morbidities (20, 27, 37, 38, 42). These were collapsed to form a single ADHD group data. One 

study reported results in two different age groups (17). We treated these results as independent 

studies. In five studies (29, 30, 34, 39, 44) the reported variability parameter was the variability 

index (standard deviation divided by mean reaction time). As this index also reflected the intra-

subject variability we included these results in the final analysis. However exclusion of these 

studies did not change any of the reported results. 

For studies with manipulations in the Go/No-Go task such as using jittering inter-

stimulus interval (34) or incentive conditions (19) the baseline conditions were used for effect 

size calculation. 

 

 

                                                           
1 All reference numbers refer to those in the main text. See main text for complete reference details. 
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Analysis of Within-Subject Design Studies with Sensitivity Analysis 

As the correlations between different measurements are almost never reported in studies, 

we obtained the correlation coefficients for four studies via personal communication (Table S3). 

Based on these coefficients we ran a sensitivity analysis assuming a plausible range of 

correlation for the other studies. By this way we obtained highest and lowest possible range of 

synthetic effect sizes and p values.  

Two studies (22, 32) used more than two ERs. For the analysis of these studies, we used 

the comparison between fastest and the slowest ER. 

 

Meta-Regression 

To calculate the effect of age on effect sizes, studies conducted with older age groups 

were excluded to ensure homogeneity of the regressor (17, 21, 41, 43). The regression scatter 

plots for the effect of inter-stimulus interval on commission errors and variability are presented 

in Figures S1 and S2. 
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Table S1. Characteristics of the included studies 

Study  
ISI 

(sec) Agea 
%Maleb 

ADHD 
%Male 
Control No. Trialc %God Diagnosise IQf MSg 

Berlin et al. 2000 (16) 5.5 8.3 100 100 100 75 C/HI(ODD+TS) >70 off 
Bistakou et al. 2008 (17) 1.5 14.81 81 58 100 75 C(ODD) >70 >48 
Bistakou et al. 2008 (17) 1.5 10.54h 83 76 100 75 C(ODD) >70 >48 
Borger and van der Meere 2000 
(18) 

2.3 
6.3 

10.1 100 100 300 
100 

80 - - off 

Desman et al. 2008 (19) 3 10.3 100 100 40 50 C (CD) >80 >24 
Epstein et al. 2011 (20) 1.5 

5.5 
8.1 72 66 120 

120 
90 C/A (ODD+CD) >80 off 

Groom et al. 2008 (21) 2.25 15.69 93 42 304 80 C >70 >24 
Hervey et al. 2006 (22) 1.25 

4.25 
10.7 77 77 120 

120 
90 C/A/HI(CD+ODD) - off 

Johnson et al. 2007 (23) 1.4 11.4 84 72 225 88 C/A/HI(CD+ODD) >70 >24 
Kerns et al. 2001 (24) 1 9.4 76 76 150 50 C >70 >24 
Klein et al. 2006 (25) 2.5 10.5 86 82 300 85 C/A/HI(CD) - >12 
Koschack et  al. 2003 (26) 2 11 91 60 50 50 C(CD) >80 >24 
Kooistra et al. 2009 (27) 1.5 

7 
9.3 66 51 210 

60 
75 C/A - >24 

Kuntsi et al. 2009 (28) 1.3 
8.3 

8.8 91 48 462 
72 

80 - >70 off 

McNally et al. 2010 (29) 1.8 10.5 59 59 217 75 C/A/HI(ODD) >85 >24 
O’Brein et al. 2010 (30) 1.8 10.2 53 53 ~267 75 C/A/HI(ODD) >80 >24 
Raymaekers et al.  2007 (31) 2 

8 
9.6 62 71 300 

75 
75 C/IA(ODD+CD) >85 >20 
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Rovet and Hepworth 2001 (32) 1.2 
4.2 

9.8 70 47 40 
40 

90 - >75 >24 

Rubia et al. 2007 (33) 1.6 11.1 93 88 190 74 C >75 >24 
Ryan et al. 2010 (34) 1.5 10.9 80 50 216 75 C/A/HI (ODD) >70 >24 
Uebel et al. 2010 (35) 1.3 

8.3 
11.3 91 72 462 

72 
80 C - >48 

Van der Meere et al.  2009 (36) 2.15 
6.15 

8 59 47 300 
100 

80 C/HI - >36 

Van de Voorde et al. 2010 (37) 2.3 10.6 83 58 600 80 C/A/HI(ODD) >80 >24 
Van de Voorde et al. 2010 (38) 1.9 10.2 61 62 600 60 C/A (ODD) >80 >24 
Vaurio et al. 2009 (39) 2.6 10.9 60 48 217 75 C/A/HI(ODD) >80 >24 
Wada et al. 2000 (40) 2 9 100 100 ~169 77.5 C/A/HI >90 off 
Wiersema et al. 2009 (41) 1.3 29.3 56 57 ~508 75 - >80 >48 
Wiersema et al. 2006 (42) 2.3 

8.3 
10.3 64 67 287 

80 
75 C(CD+ODD) - >24 

Wiersema et al. 2006 (43) 2.3 
8.3 

32.1 100 100 287 
80 

75 - >80 >48 

Wodka et al. 2007 (44) 1.8 11.6 62 52 217 75 C/A/HI(ODD) >85 >18 
Yang  et al. 2011 (45) 1.5 8.4 90 89 200 80 CD+ODD >75 off 

a Mean age of the ADHD group. 
b % of males in the ADHD group. 
c Number of trials for each event rate condition. When the total trial number was not given, an approximate value was calculated from 

the task duration and event rate. 
d % of Go trials requiring a motor response. 
e Diagnosis according to DSM criteria (C, Combined; A, Inattentive; HI, Hyperactive-Impulsive; CD, Conduct Disorder; ODD, 

Oppositional Defiant Disorder; TS, Tourette syndrome). 
f Lower cutoff for IQ. 
g Medicational status (hours refrained from drug; off, no medication). 
h The study included two independent subgroups based on age. 
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Table S2. Summary statisticsa of the included studies 

Study  n MRT EOC SDRT 
Berlin et al. 2000 
(16) 

21 ADHD 
42 NC 

 13.71(5.76) 
11.04 (5.22) 

 

Bistakou et al. 2008 
(17) 

54 ADHD 
29 NC 

378 (108) 
359 (64) 

43.73 (20) 
28.2 (19) 

197 (169) 
118 (118) 

23 ADHD 
21 NC 

324 (123) 
314 (75) 

36.55(20) 
33.54|(17) 

150 (174) 
58 (19) 

Borger and van der 
Meere 2000 (fast) 
(18) 

27 ADHD 
22 NC 

504 (109) 
428 (91) 

37.81(18.95) 
39.77(19.1) 

174.70  (55.78) 
149.41  (36.77)   

Borger and van der 
Meere 2000 (slow) 
(18) 

27 ADHD 
22 NC 

652 (118) 
526 (118) 

31.63 (22.81) 
38.95 (23.06)   

243.52 (124.15)  
166.59  (74.18)  

Desman et al. 2008 
(19) 

19 ADHD 
19 NC 

466.54(70.28) 
495.37 (122.63) 

3.11 (2.21) 
2.21 (2.1) 

96.39 (36.2) 
97 (44.75) 

Epstein et al. 2011 
(fast)  (20) 

104 ADHD 
47 NC 

463 (101) 
416 (105) 

10.9 (7.1) 
5.96 (7.07) 

205.6 (82.7) 
151.8 (82.4) 

Epstein et al. 2011 
(slow) (20) 

104 ADHD 
47 NC 

801 (357) 
649 (393) 

11.23 (8.6) 
5.6 (8.9) 

452 (264) 
298 (267) 

Groom et al. 2008 
(21) 

27 ADHD 
36 NC 

312.61(16.48) 
313.3 (20.64) 

  

Hervey et al. 2006 
(fast) (22) 

65 ADHD 
65 NC 

381 (58) 
365 (50) 

66.54 (18.78) 
60.9 (22.63) 

155 (36) 
126 (36) 

Hervey et al. 2006 
(slow) (22) 

65 ADHD 
65 NC 

530 (123) 
466 (94) 

67.05 (22.02) 
64.23 (23.12) 

340 (196) 
211 (166) 

Johnson et al. 2007 
(23) 

63 ADHD 
29 NC 

456 (89) 
467 (114) 

3.75 (2.5) 
2.3 (1.6) 

 

Kerns et al. 2001 (24) 21 ADHD 
21 NC 

 tb=1.52  

Klein et al. 2006 (25) 57 ADHD 
53 HC 

427.2 (80.9) 
389.4 (53.9) 

19.5 (7.7) 
17.5 (7.4) 

174 (74.4) 
115 (43.2) 

Koschack et al. 2003 
(26) 

35 ADHD 
35 NC 

467 (94) 
492 (91) 

6.2 (5.2) 
5.2 (5.0) 

 

Kooistra et al. 2009 
(fast) (27) 

47 ADHD 
39 NC 

446.13 (51.7) 
434.83 (54.03) 

24.26 (7.44) 
23.32 (8.49) 

129.91 (19.35) 
115.17 (17.88) 

Kooistra et al. 2009 
(slow) (27) 

47 ADHD 
39 NC 

514.35 (68.6) 
686.1 (74.98) 

5.65 (2.71) 
5.18 (3.1) 

132.43 (31.61) 
118.74 (23.65) 
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Kuntsi et al. 2009 
(fast) (28) 

58 ADHD 
1098 NC 

434.44 (71.95) 
420.86 (62.52) 

61.8 (14.48) 
50.86 (16.36) 

202.33 (69.04) 
159.64 (56.89) 

Kuntsi et al. 2009 
(slow) (28) 

58 ADHD 
1098 NC 

616.13 (179.49) 
584.38 (129.02) 

64.36 (20.8) 
54.52 (23.12) 

311.04 (232.44) 
219.26 (143.83) 

McNally et al. 2010 
(29) 

56 ADHD 
45 NC 

 39.4d 
33 

0.39c,d 
0.32 

O’Brein et al. 2010 
(30) 

56 ADHD 
90 NC 

 43(19) 
35 (19)  

0.37 (0.17)c 
0.31 (0.15) 

Raymaekers et al. 
2007 (fast) (31) 

24 ADHD 
28 NC 

565.18 (106.12) 
518.89 (82.87) 

15.66 (9.3) 
9.17 (7.8) 

198.78 (53.72) 
144.81 (48.1) 

Raymaekers et al.  
2007 (slow) (31) 

24 ADHD 
28 NC 

755.76 (211.49) 
665.72 (108.16) 

2.95 (2.44) 
2.0 (2.58) 

262.79 (292.54 ) 
158.24 (89.25) 
 

Rovet and Hepworth 
2001 (fast) (32) 

41  ADHD 
68  NC 

358.0  (81.3) 
363 (67.1) 

61.3 (24.7) 
49.5 (25) 

 

Rovet and Hepworth 
2001 (slow) (32) 

41 ADHD 
68 NC 

514.7 (131.3) 
457.3 (96.2) 

67.0 (21.2) 
58.2 (28.9) 

 

Rubia et al. 2007 (33) 32 ADHD 
34 NC 

 28 (14) 
19 (15) 

 

Ryan et al. 2010 (34) 25 ADHD 
14 NC 

464.15 (177.52) 
463.98 (132.9) 

29 (22) 
24 (19) 

0.35 (0.13)c 
0.23 (0.07) 

Uebel et al. 2010 
(fast) (35) 

205 ADHD 
53 NC 

430 (114.48) 
387 (72.8) 

50.3 (24.72) 
34.8 (18.92) 

183 (114.54) 
110 (72.8) 

Uebel et al. 2010 
(slow) (35) 

205 ADHD 
53 NC 

651 (286.35) 
569 (182) 

49.6 (34.61) 
31.3 (26.21) 

292 (272.03) 
162 (174.72) 

Van der Meere et al. 
2009 (fast) (36) 

26 ADHD 
60 NC 

614.62 (98.48) 
511.75 (83.92) 
 

60.05 (18.6) 
38.05 (16.15) 

331.46 (80.01) 
188.22 (63.78) 

Van der Meere et al.  
2009 (slow) (36) 

26 ADHD 
60 NC 

965.85 (332.5) 
644.62 (137.64) 

58.45 (22.07) 
32.25 (22.15) 

819.88 (433.68) 
224.08 (102.16) 

Van de Voorde et al. 
2010 (37) 

40 ADHD 
19 NC 

497.32 (91.99) 
518.7 (98.9) 

38.77 (18.2) 
17.9 (10.9) 

174.12 (50.5) 
151.3 (51.2) 

Van de Voorde et al. 
2010 (38) 

31 ADHD 
16 NC 

517.6 (81.2) 
512.2 (72.2) 

35.13 (12.76) 
23.4 (9.1) 

179 (33.2) 
156.8 (33.7) 

Vaurio et al. 2009 
(39) 

57 ADHD 
83 NC 

401.55 (85.02) 
395.62 (109.47) 

38 (20) 
29 (19) 

0.35 (0.13)c 
0.28 (0.12)c 

Wada et al. 2000 (40) 17 ADHD 
19 NC 

523.76 (181.91) 
416.47 (79.92) 

33.41 (19.11) 
16.56 (9.85) 

221.41 (103.29) 
109.31 (49.11) 
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Wiersema et al. 2009 
(41) 

23 ADHD 
19 NC 

419 (45) 
406 (41) 

13 (6) 
11 (6.3) 

96.5 (19.8) 
88.2 (24) 

Wiersema et al. 2006 
(fast) (42) 

22 ADHD 
15 NC 

535 (97)  
570 (88) 

37 (21) 
21 (15) 

193 (45) 
150 (39) 

Wiersema et al. 2006 
(slow) (42) 

22 ADHD 
15 NC 

645 (116) 
607 (118) 

20 (14) 
20 (19) 

227 (81) 
168 (86) 

Wiersema et al. 2006 
(fast) (43) 

19 ADHD 
19 NC 

432 (45) 
435(52) 

10.9 (7.1) 
6.8 (5.7) 

110 (39) 
91 (17) 

Wiersema et al. 2006 
(slow) (43) 

19 ADHD 
19 NC 

510 (67) 
467 (65) 

7.4 (5.7) 
5.4 (6.3) 

121 (33) 
102 (31) 

Wodka et al. 2007 
(44) 

58 ADHD 
84 NC 

392.2 (63.9) 
405.1 (109.6) 

36.3 (20.3) 
27.9 (18.4) 

0.33 (0.14)c 
0.28 (0.13)c 

Yang et al. 2011 (45) 100 ADHD 
100 NC 

451.86 (136.72) 
448.38 (127.45) 

13.49(5.56) 
12.08 (5.18) 

 

MRT, mean reaction time (msec); EOC, percent errors of commissions; SDRT, standard 
deviation of reaction time; ADHD, attention-deficit/hyperactivity disorder; NC, normal 
control. 

a Mean and (SD). 
b t test statistic. 
c Coefficient of variability. 
d Effect size is calculated from mean and p value. 
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Table S3. Correlations between event rates.  

Study MRT EOC SDRT 
Borger and van der Meere 2000 (18) 0.76 0.59 0.77 
Kooistra et al. 2010 (27) 0.81 0.48 0.64 
Raymaekers et al.  2007 (31) 0.70 0.6 0.65 
van der Meere et al. 2009 (36) 0.69 0.72 0.75 

MRT, mean reaction time (msec); EOC, percent errors of commissions; SDRT, 
standard deviation of reaction time. 
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Figure S1. Scatter plot for regression of ISI (inter-stimulus interval) on effect size for 
commission errors.  
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Figure S2. Scatter plot for regression of ISI (inter-stimulus interval) on effect size for reaction 
time variability.  
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