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Abstract 
 
Research into ADHD has indicated abnormalities in electrodermal system activity (EDA) 
and separately, deficits in sustained attention. Here we asked for the first time whether 
reduced EDA in ADHD was consequential for the attention problems associated with this 
disorder. On a sustained attention task ADHD participants had higher overall error rates 
and exhibited a marked decrease in skin conductance responses (SCRs) to errors, relative 
to control children. Further, sustained attention errors were predicted by SCR amplitudes.  
Evidence of post-error slowing in both groups suggested comparable error awareness. It is 
proposed that attenuation of the normal autonomic response to errors may impair ADHD 
participants’ psychological response to error significance and result in decreased 
behavioural correction and poorer sustained attention. 
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Introduction 

  ADHD is a highly prevalent child developmental disorder with core behavioural 

symptoms of age-inappropriate inattention, impulsivity and hyperactivity [1]. Though 

functional and structural imaging studies indicate fronto-striatal abnormalities 

(predominantly right lateralised) [2,3], the cognitive and neurological correlates of ADHD 

have not yet been firmly established and diagnosis is still based on exclusively behavioural 

criteria. In particular the attention problems associated with ADHD have been poorly 

characterised and are relatively underrepresented in the literature. Two consistent findings 

in ADHD research have been poor sustained attention [4-6] and attenuated electrodermal 

activity (EDA) [7-9]. The importance of EDA as a “somatic marker” for the consequences 

of different behaviours [10] has been well established in decision-making tasks however it 

is not clear how somatic markers are related to other executive functions such as, for 

example, sustained attention [11]. In the present study we investigate whether the 

attenuated task-related EDA of children with ADHD might contribute to their poor 

performance on sustained attention tasks. 

Sustained attention refers to the endogenous maintenance of an alert state in the 

absence of exogenous input, and is achieved by a predominantly right-hemispheric neural 

network [12]. While the findings of studies using the continuous performance task (CPT) 

paradigm have been largely inconsistent and have been interpreted in different ways 

[13,14] a sustained attention impairment has been reliably demonstrated in ADHD in 

studies that have employed the Sustained Attention to Response Test (SART) [6, Bellgrove 

et al, under review] or standardised tests of sustained attention [4,5]. Unlike traditional 

CPTs where participants monitor strings of non-target stimuli in order to respond to a rare 

target, the SART requires participants to respond to non-target stimuli while withholding 

their response on the appearance of the no-go target. The simplicity of the SART tends to 

encourage a routine response set, placing heavy demands on the individual’s ability to 
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endogenously maintain the overall goal of withholding to the no-go target during the inter-

target intervals. This is particularly apparent in the fixed version SART where targets are 

presented within a completely predictable sequence of stimuli. Thus we argue that the 

SART is a more sensitive measure of momentary lapses of attention than conventional 

CPTs [15]. Further we have demonstrated the sensitivity of the SART for indexing self-

reports of everyday attentional failures [15] and recently showed that the endogenous 

maintenance of attention on the SART activates the aforementioned right hemisphere 

alertness network [16].  

EDA is controlled by sympathetic innervation of the autonomic nervous system and 

has been widely used in psychophysiology as an index of the psychological processing of 

stimulus properties. Importantly with respect to ADHD, human lesion studies [e.g. 17, 18] 

have revealed the role of right frontal brain areas in the central control of EDA. Zahn, 

Grafman and Tranel [18] found that rather than directly affecting EDA however, right 

frontal damage produces a selective impairment of the psychological processing of 

significant stimuli. A number of studies have examined EDA in ADHD and while no 

consistent differences in baseline EDA have been found [8], children with ADHD do 

consistently exhibit reduced electrodermal responsiveness to task-related stimuli [7-9] 

suggesting that ADHD, like frontal pathology, may also involve a selective EDA deficit. 

No studies, however, have investigated how attenuated autonomic system activity might 

actually relate to the cognitive deficits implicated in ADHD.  

According to the ‘somatic marker hypothesis’ [10] bodily states of arousal provide 

feedback that forms an integral part of behaviour selection. Based on this theory we 

hypothesise that a reduced electrodermal response to making an error, the most 

psychologically significant event during SART performance, will reduce the likelihood of 

ADHD participants engaging in post-error correction of performance strategy and thus 

contribute to an increased rate of sustained attention failures. 
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Methods 
Participants 
13 male and 2 female (1 left handed) ADHD participants were recruited from an existing 

participant panel used for our ongoing research [19]. The patient group had a mean age of 

11.4 (SD=1.7) and a mean IQ, as assessed by the WISC-III, of 97.7 (SD=11.6). Each child 

received a diagnosis following a clinical assessment which included the Child and 

Adolescent Psychiatric Assessment (CAPA) [20], the Child ADHD Teacher telephone 

interview [21] and the revised Connors Parents Rating Scale – Long Version (CPRS-R:L) 

[22] administered by a trained interviewer. Diagnoses were made according to DSM-IV, 

DSM-III-R and ICD-10 criteria and exclusion criteria were any known neurological 

condition, psychosis or IQ less than 70. The presence of learning disability was assessed 

using the Reading and Spelling sub-tests of the Wide Range Achievement Test (WRAT-3) 

[23]. In this study 8 of the ADHD participants had a diagnosis of ADHD Combined type 

(ADHD/C), 3 had a diagnosis of ADHD Hyperactive type (ADHD/H) and 4 had a 

diagnosis of ADHD Inattentive type (ADHD/I). 11 members of the ADHD group also met 

criteria for other disorders including Oppositional Defiant Disorder and Conduct Disorder. 

Patients were withdrawn from stimulant medication 24 hours prior to testing. 

15 right-handed control children (1 female) with a mean age of 11.2 (SD=1.5) and 

an average IQ of 112.1 (SD=14.8) were recruited from primary schools in the Dublin area. 

Control children were included if they scored less than 20 on the Conners’ Parent 

Symptom Questionnaire [24], had no personal or familial history of ADHD or ADD and 

no personal history of neurological or psychiatric illness. Parental consent was obtained for 

all children in accordance with the ethical guidelines of the Department of Psychology, 

Trinity College Dublin and St James’ Hospital, Dublin, Ireland. 
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Materials and Methods 
Sustained Attention Task  

The sustained attention task used in this investigation was a variant of the Sustained 

Attention to Response Test (SART) [7] that includes a dual-task element [25]. Previous 

work with this version of the SART has established its relationship to the original SART 

and its sensitivity to index transient lapses of attention [25].  

Participants were presented with a series of digits in a fixed sequence from 1 to 9 

and were required to press the left mouse button, in time with a response cue, after each 

digit (go-trials), except when the digit 3 was presented (no-go trial). The digits, masks and 

response cue were presented centrally in white on a computer monitor against a black 

background. The response cue, an emboldened cross, was designed to reduce within and 

between participant variability and minimises the potential for a speed/accuracy trade off. 

This version of the SART included a secondary task requirement whereby 

participants responded to the occasional appearance of a grey-coloured digit by pressing 

the right mouse button. This secondary task was designed to increase the demand on 

attentional resources and thus reduce the likelihood of ceiling effects [25]. The 

presentation of grey-coloured digits was restricted to numbers 5 through 9 in order to avoid 

any interference with performance in the period before and immediately after the 

presentation of a target. To avoid confusion participants were told that there would be no 

grey 3s.   

A full SART block consisted of 225 stimuli in total of which 179 were go-trials 

(requiring a left button press), 25 were no-go trials (requiring the withholding of 

responding on the 3) and 17 were grey trials (requiring a right button press) resulting in a 

total block duration of approximately 6 minutes. Each participant completed four SART 

blocks, two with 8 randomly presented auditory tones (659Hz, 30ms duration, 62dB 

intensity) as a cue to concentrate on the task, and two without. Cues were presented 

between the numbers 5 and 9 inclusive, again to avoid any competition with the withhold 
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response to the number 3. The manipulation of alerting cues was included as part of a 

concurrent study examining their effect on sustained attention in ADHD. Statistical 

analyses revealed no effect of cues on any of the dependent variables between or within 

groups and therefore in the present study, results were analysed by collapsing across the 

alerting conditions. An analysis of SCRs to alerts is included below as a means of further 

verifying the specificity of EDA differences.   

SART testing was preceded by a practice block that included 27 go-trials, 3 no-go 

trials and 6 grey trials.  To reduce the influence of non-attentional processes, such as 

working memory, participants had to achieve 100% accuracy, in terms of grey digit 

detection, on the practice block before they could proceed to test. A rest period of 

approximately 5 minutes was allowed between each block. 

 

Electrodermal Activity 
EDA measurements were taken from all participants during SART testing with a 5 

channel BIOPAC MP30B unit, calibrated to record skin conductance level (SCL) and skin 

conductance responses (SCRs) in microsiemens (μS). Two Ag/AgCl BIOPAC electrodes, 

with contact areas of approximately 6mm, were filled with SIGNA electrode gell and 

secured with a velcro strap to the volar surface of the distal phalanges of the index and 

middle fingers of the participant’s non-dominant hand. After a five-minute rest period to 

ensure skin hydration by the gel, the BIOPAC software was calibrated to the participants’ 

own electrodermal parameters before SART testing began.  

EDA data was analysed using BIOPAC Student Lab Pro software according to 

previously established criteria [17, 18]. A rise in skin conductance level (SCL) was 

considered to be a response (SCR) if its onset was between one and five seconds after a 

particular event (presentation of no-go stimulus or alert). SCRs were measured by 

subtracting the SCL at stimulus onset from the peak SCL within the latency period. The 

criterion for the smallest acceptable SCR was set at 0.02 μS. Any response below this 
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threshold was recorded as 0. The amplitude of the largest SCR within this latency period 

was measured. 
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Results 
The patient and control groups were successfully matched for gender [x2=0.37, 

df=1, p=0.54], handedness [x2=1.03, df=1, p=0.3], age [t(28) = -0.015, p= 0.99] , and 

WRAT composite score intervals [x2=9.53, df=6, p=0.146]1. The groups were not matched 

for IQ [t(28).= 2.9, p=0.006],  IQ did not however correlate with any of the dependent 

measures and primary analyses for the behavioural measures included IQ as a covariate. 

Table 1 displays the means, standard deviations and significance levels for between 

group differences on each of the behavioural and EDA measures. Relative to control 

participants, children with ADHD made more errors of commission (pressing on 3) and of 

omission (failing to press on a go-target) and exhibited greater GoRT (i.e. reaction times to 

go-digits) variability during SART performance indicating impaired sustained attention.  

The two groups did not differ in their SCRs to successful withholds 

[F(1,28)=0.142, p=0.709] or to the alerting cues[t(1,28)=0.786, p=0.449]. A significant 

difference was found for SCRs to commission errors  [F(1,28)=3.95, p=0.05]as a function 

of group. A Repeated-measures ANOVA with Response (mean SCR amplitude to correct 

withholds vs. mean SCR amplitude to commission errors) as the within-subjects factor and 

Group as the between subjects factor was carried out and a significant main effect of 

Response [F(1,28)=15.5, p=0.001] and a Response by Group interaction [F=4.72, p=0.038] 

were found. 

 

 

 

 

 

 

                                                 
1 Based on frequency of occurrence of participants with achievement scores within each of the Borderline, Low Average, 
Average, High Average, Superior and Very Superior categories (as defined within the WRAT3) 
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Table 1: Comparison of behavioural and EDA data 

                                           ADHD (N=15)                               Controls (N=15) 

                                              Mean (S.D.)                                    Mean (S.D.)              P 

 
Errors of commission                         5.4 (3.6)                                        2.9 (1.7)               0.03 

Errors of omission                           1.58 (1.36)                                      0.5 (0.46)             0.008   

Mean GoRT                                    682.4 (92.5)                                   685.9 (112.1)            NS 

Mean GoRT variability2                   0.24 (0.08)                                     0.16 (0.06)           

0.007  
Post-withhold SCR                                 0.25 (0.26)                                          0.27 (0.22)                   NS 

Post-commission error SCR                   0.37 (0.38)                                         0.691 (0.49)                 0.05 

Post-cue SCR                                        0.524 (0.39)                                        0.639 (0.43)                   NS 

 

Post-hoc tests revealed a significan e in SCR to commission errors relative 

ADHD group [F(1,28)=1.55, p=0.223]. These differences are illustrated in Figure 1 below. 

CR 

difference accounted for a significant percentage of the variance in commission errors 

[R

t increas

to correct withholds in the control group [F(1,28)=18.67, p=0.000] that was absent in the 

After controlling for the effects of group, age and IQ the post-error vs. post-withhold S

2change=0.10, F(1, 25)=3.66, p=0.035, 1-tailed3]  

 

INSERT FIGURE 1 ABOUT HERE 

 

equivalent post-error slowing in ADHD and control groups. Comparing RT to the digits 2 

[F(1,28)=16.38, p=0.000], no Group by Stimulus interaction [F(1,28)=0.072, p=0.79]  and 

no main effect of Group [F(1,28)=0.591, p=0.45] indicating that across groups there was 

                                                

Analysis of reaction times for individual stimuli, as illustrated in Figure 2 indicated 

and 4, a repeated-measures ANOVA revealed a significant main effect of Stimulus 

 
2 GoRT variability was calculated as a coefficient of variability defined as Mean SDGoRT / MeanGoRT  .  
3 Based on the a-priori assumption that a reduced arousal response to an error would increase the likelihood 
of future errors 
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an over all slowing of RT after an error. A further repeated-measures ANOVA was 

conducted to verify that this post-target slowing was specific to errors. A main effect of 

Response (post-commission slowing vs. post-withhold slowing) was found [F(1,28)=11.1, 

p=0.002] with no Group by Response interaction [F(1,28)=0.41, p=0.53] or main effect

Group [F(1,28)=0.61, p=0.441]. This indicates that both the control and ADHD group 

children slowed more after a commission error than they did af

 of 

ter a successful withhold 

and suggests comparable a

INSERT FIGURE 2 ABOUT HERE

wareness of errors across groups. 
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Discussion 
The present study confirms the existence of a sustained attention deficit in ADHD 

found in previous work [4-6] using a modified version of the SART. ADHD children made 

more errors of commission and omission and showed significantly more variability in their 

response times than control children. The present study extends this work with the finding 

that children with ADHD exhibited a reduced electrodermal response to errors that 

predicted sustained attention deficits.  

The findings of this study indicate that the SCRs of ADHD children were 

comparable following an error of commission and a successful withhold, whereas the 

SCRs of the control group were significantly larger following a commission error, relative 

to a successful withhold. Given that we found no impairments in the SCRs of ADHD 

participants to successful withholds or to auditory cues our findings are similar to those of 

Zahn and Kruesi [8] indicating a selective impairment in error processing as opposed to a 

general EDA deficit.  We propose two potential explanations for this finding.  

The first explanation for the selective impairment in error processing in ADHD is 

that these children were less aware of making errors than the control group. However the 

clear increase in RT after an error, evident in Figure 2, was equally significant for both the 

ADHD and control groups indicative of comparable error-awareness. Nevertheless it 

should be noted that Shallice et al [6] reported reduced post-error slowing in a non-

response locked version of the SART and so it remains possible that response locking 

within our paradigm minimised the potential for post-error slowing.  

Assuming normal recognition of errors in the ADHD group, an alternative and 

perhaps more likely explanation is that the ADHD children had a reduced emotional 

response to errors. The SART imposes a special importance on the appearance of the no-go 

target and performance of the task is geared towards avoiding errors of commission. Hence 

we argue that errors should be the most emotionally significant event during SART 

performance. This is supported by the findings of increased SCR amplitudes to 
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commission errors relative to successful withholds in the control group. The absence of 

any such increase in the ADHD group suggests that these two response types did not 

engender a differential emotional significance for the ADHD group. The findings of the 

present study mirror those of a study we have carried out with patients with traumatic brain 

injury (TBI) which also indicated attenuated SCRs to errors even after controlling for 

awareness by asking participants to say “hit” if they made an error of commission 

(O’Keefe, Dockree and Robertson, under review). In that study it was also found that in 

TBI, as in our ADHD sample, the SCR abnormalities were restricted to making errors.   

According to Damasio’s [10] ‘somatic marker hypothesis’ our behaviour is 

monitored with respect to prevailing affective and motivational states. An important role of 

the somatic marker is to mark future outcomes as advantageous or disadvantageous and 

hence influence the selection of behaviour. Experiments with card-game gambling tasks 

find that the usual increase in autonomic arousal that is presumed to bias against risky 

behaviour is absent in ventromedial prefrontal patients [11]. Skin conductance response 

provides an index of this autonomic response. The data in the present study indicates an 

attenuation of error related autonomic arousal in ADHD that is consequential for sustained 

attention performance. Performance of a repetitive and predictable task like the SART is 

heavily dependent on the participant’s ability to maintain an alert state. Equally however, if 

attention does wane, the participant’s ability to respond to an error by mobilising 

attentional resources and returning to a more controlled response style is central to 

reducing the likelihood of future errors. The connection between electrodermal 

responsiveness to errors and overall error rates suggests that this EDA impairment 

contributes in some way to decreased post-error correction in the ADHD group. We 

propose that the absence of the normal physiological marker to indicate disadvantageous 

behaviour (for example an automatic or mindless response style) decreases the likelihood 

that the ADHD group children will alter their response style when an error is made.  
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Conclusion 
 

While further research with larger samples would be desirable, we argue that the increased 

rate of sustained attention failures in the ADHD group can be partially attributed to a 

reduced evaluation of error significance that in turn results in reduced post-error correction 

of response style. This position is supported in the present study by the finding that the 

relative difference between SCRs to errors of commission and SCRs to withholds was 

consequential for commission error rate. 
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Figure captions 
 
Figure 1. Mean Skin Conductance Responses for each Group to no-go targets as a function 
of No-go Response (Withhold vs. Commission Error) 
 

 

 

Figure 2. Mean reaction times for each stimulus immediately before and after an error of 

commission (the digit 3 is the no-go target) 
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