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Abstract 

Objective: The present study investigated differences in attentional networks in typically 

developing (TD) boys and boys with ADHD or autism spectrum disorder (ASD).  Additionally, 

we investigated the relationship between networks and the relationship with Effortful Control 

(EC).  Method: An Attention Network Test was used to assess alerting, orienting, and 

executive attention in 25 TD boys, 25 boys with ADHD, and 25 boys with ASD.  Results: In 

the absence of warning signals, boys with ADHD performed worse than other children.  In all 

groups, the orienting and executive control networks and the alerting and orienting networks 

interacted.  Executive attention and EC were unrelated.  Conclusion: Results provided 

evidence of impaired tonic alertness in ADHD and support the idea of functional integration of 

attentional networks. Finally, findings suggest that the link between EC reports and indices of 

neural systems involved in the effortful regulation of behavior may not be as unambiguous as 

previously thought.  
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Attention serves as a basic set of mechanisms that underlie our awareness of the world 

and the voluntary regulation of our thoughts and feelings (Posner & Rothbart, 2007).  Posner 

and Petersen (1990) distinguish three attentional networks, each having a different function and 

corresponding to separable brain regions and neurochemical circuits.  The alerting network 

involves achieving and maintaining an alert state.  Although not all studies explicitly make a 

distinction between different aspects of alerting, two types of alertness can be distinguished.  

Tonic alertness or vigilance which refers to an internal alertness or to sustained activation over 

a period of time, and phasic alertness which refers to the nonspecific activation that takes place 

when a warning signal is presented (Callejas, Lupiàñez, Funes, & Tudela, 2005).  The alerting 

system has been linked to the frontal and parietal regions of the right hemisphere (Fan, 

McCandliss, Sommer, Raze, & Posner, 2002) and to the brain’s norepinephrine  system, with 

tonic levels of alertness driven by noradrenergic input from the locus coeruleus (e.g., Posner & 

Peterson, 1990).  The orienting network involves the selective allocation of attention to a 

potentially relevant area of the visual field and has been associated with areas of the parietal 

and frontal lobes (Fan et al., 2002) and with the cholinergic system (e.g., Greenwood, Fossella, 

& Parasuraman, 2005).  Finally, the executive attention or conflict network involves the 

monitoring and resolving of conflict among thoughts, feelings, and responses and has been 

linked to the anterior cingulate cortex (ACC) and the lateral prefrontal cortex (LPFC; e.g., 

Posner & Fan, 2004) and to the dopaminergec system (e.g., Bush, Luu, & Posner, 2000).  

Because of the fact that executive attention  provides a basis for the ability to regulate 

behavior, it is believed to be related to Effortful Control (EC), the self-regulation component of 

temperament (Rothbart & Bates, 2006).  Posner and Rothbart (1994) have argued that, 

although EC is a heterogeneous construct involving multiple systems, the executive attention 

network is at the core of the capacity to effortfully regulate behavior.  Moreover, they have 

reinforced this theoretical link by including this network in the broader definition of EC: “the 
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efficiency of executive attention, including the ability to inhibit a dominant response and/or to 

activate a subdominant response, to plan, and to detect errors” (Rothbart & Bates, 2006, p. 

129).  The theoretical link between EC and the executive attention network has brought forth 

several studies that investigated the relationship between EC reports and performance on 

executive attention tasks (e.g., Ellis, Rothbart, & Posner, 2004; Gerardi-Coulton, 2000; 

Simonds, Kieras, Rueda, & Rothbart, 2007).  Overall, there is some evidence for a relationship 

between EC and executive attention, but especially when parent-reports are considered.  In 

addition,  results seem to depend on the type of neuropsychological measure that is used to tap 

executive attention.  Given the fact that findings on the relationship between EC and executive 

attention are not completely univocal, further research may be warranted to help clarify the 

exact relationship between both constructs.  

The Attention Network Test (ANT) was developed by Fan and colleagues (2002) to 

assess the different attentional networks (and their interrelations) within a single task.  In 

specific, the efficiency of alerting, orienting and executive attention is measured by evaluating 

the impact of an alerting cue, spatial cues and flankers on reaction time.  Originally, the 

attentional networks were assumed to be related to independent aspects of attention (Fan et al., 

2009).  In the original report of their work, Fan and colleagues (2002) did find support for 

independence between networks.  However, they also reported an interaction between cue 

condition and flanker type, suggesting that the attentional networks may not be completely 

independent.  Callejas and colleagues (e.g., Callejas et al., 2005) have argued that these 

interaction effects can not be interpreted since in the original ANT, alerting and orienting are 

measured with different levels of the same variable (i.e., double cue and spatial cues, 

respectively).  In order to make it possible to measure the networks independently and test the 

influence of each network on the other networks, Callejas, Lupiáñez, and Tudela (2004) 

developed a modified ANT, in which the alerting signal was a short duration high frequency 
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tone (instead of the double cue).  Since then, several studies have confirmed that in healthy 

controls, the attentional networks are not as independent as originally thought and have 

supported the idea of functional integration of and interaction between the different networks 

(e.g., Callejas et al., 2004; Fan et al., 2009).  

The conceptualization of attention as an organ system with three specialized 

neurofunctional networks (Posner & Fan, 2004) can possibly shed a light on differences in 

attentional modulation between typically developing (TD) children and children with atypical 

attentional processes (Posner & Petersen, 1990).  One disorder that is characterized by 

deficient attentional functions is attention deficit/hyperactivity disorder (ADHD; Konrad, 

Nuefang, Hanisch, Fink, & Herpertz-Dahlmann, 2006).  Berger and Posner (2000) have 

attempted to conceptualize three recent theoretical accounts on ADHD as pathologies of 

attentional networks.  They describe the theory of Swanson and colleagues (Swanson et al., 

2000) as a combination of executive attention and alerting deficits, whereas the functions 

included in Barkley’s theoretical account (1998) are conceptualized as part of the executive 

attention network.  Finally, they argue that the theory of Sergeant and colleagues (1999) that 

emphasizes on energetic factors as the most critical deficit in ADHD, could also be seen as part 

of the executive control network.  The fact that this conceptualization puts forward executive 

attention and alerting as the networks of interest in ADHD, is in line with neurochemical 

studies identifying dopamine (involved in executive attention network) and norepinephrine 

(involved in the alerting network) as major players in the pathophysiology of ADHD (e.g., 

Sengupta et al., 2002).  Several studies have investigated attentional networks in children with 

ADHD and studies using the ANT are largely consistent in that they showed no orienting 

deficit in comparison with TD peers (e.g., Adólfsdóttir, Sorensen, & Lundervold, 2008; Booth, 

Carlson, & Tucker, 2007; Johnson et al., 2008; Konrad et al., 2006).  Findings on alerting and 

executive attention are less consistent.  Some studies showed differences in the efficiency of 
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executive attention (i.e., a larger interference effect in the ADHD group; e.g., Konrad et al., 

2006; Mullane, Corkum, Klein, McLaughlin, & Lawrence, 2011), and/or in the efficiency of 

alerting (e.g., Casagrande et al., 2012; Johnson et al., 2008; Mullane et al., 2011) whereas 

others showed no differences in comparison to TD peers (e.g., Adólfsdóttir et al., 2008; Booth 

et al., 2007). 

Another disorder that is known to show atypical attentional processes is autism 

spectrum disorder (ASD; e.g., Allen & Courchesne, 2001).  Although attention deficits are not 

considered to be a core characteristic of ASD, attention to socially-salient stimuli may be of 

particular interest to understanding ASD impairments.  Several authors have proposed that 

attentional impairments may be related to the manifestation of problems that characterize ASD 

(e.g., understanding and reacting to everyday situations; e.g. Courchesne, 1995).  Because 

attentional processing is a key component in the execution of complex cognitive actions, an 

early-occurring attention deficit may interfere with the development of higher-order cognitive 

and social skills (e.g., executive functioning, joint attention).  In turn, this might result in 

behavior problems that are typical of ASD such as difficulty coping with change, a tendency to 

focus on details in the environment, and a tendency to engage in repetitive and stereotypical 

behavior (Swettenham et al., 1998).  Although previous research indicates that individuals with 

ASD show impairments in several attention processes (for an extensive review, see Keehn, 

Lincoln, Müller, & Townsend, 2010), they seem to have a particular problem with spatial 

attention function or orienting (e.g., Haist, Adamo, Westerfield, Courchesne, & Townsend, 

2005).  To the best of our knowledge, only one study thus far investigated all three networks 

within a single sample of children with ASD.  Keehn and colleagues (2010) used the ANT to 

compare the efficiency of attentional networks in children and adolescents with ASD and TD 

controls.  Results indicated that only the orienting network was impaired in children with ASD. 
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We are not aware of any study directly comparing children with ADHD and children 

with ASD in terms of the efficiency of attentional networks, despite the fact that the 

comparison between both groups could provide us with valuable information.  Several studies 

have shown that children with ADHD and children with ASD share many symptoms, including 

attention deficit and overactivity (e.g., Mayes, Calhoun, Mayes, & Molitoris, 2012) which may 

complicate differentiation between the two disorders and may create a falsely inflated rate of 

comorbid ADHD in ASD, up to 78% (for a review, see Gargaro, Rinehart, Bradshaw, Tonge, 

& Sheppard, 2011).  Examining differences in the efficiency of alerting, orienting, and 

executive attention may identify cognitive markers that can help distinguish between both 

disorders and identify false cases of comorbidity.  In addition to the fact that there are no 

studies directly comparing children with ADHD and children with ASD on the efficiency of 

attentional networks, only a limited number of studies investigating these networks in ADHD 

or ASD, have focused on the interrelationship between the networks.  Only in the study of 

Keehn and colleagues (2010) the relationship between alerting, orienting, and executive 

attention was explicitly evaluated in a TD and clinical group separately.  Using correlational 

analyses, they found the networks to be unrelated in TD children, whereas in the ASD group, a 

positive relationship between alerting and executive attention emerged.  However, correlational 

analyses are only one way to evaluate the independence of the networks.  A second way to 

investigate potential group differences in the interrelationship between the networks (e.g., Fan 

et al., 2002) is by looking at potential interaction effects between group and the experimental 

factors that influence alerting (the presence of a warning signal), orienting (the presence of a 

spatial cue), and executive attention (congruent versus incongruent flankers).  In their paper, 

Keehn and colleagues (2010) reported no significant three-way interactions involving group, 

suggesting that interactions between the networks were very similar in TD children and in 

children with ASD.  If we look at ANT studies using comparable analyses to investigate 
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attentional networks in children with ADHD, findings are less clear with some studies showing 

similar interactions between groups (e.g., Konrad et al., 2006) and others suggesting that the 

interaction between networks may differ between children with ADHD and TD children (e.g., 

Casagrande et al., 2012).  We are not aware of any study investigating potential differences in 

the relationship among networks between both clinical groups. 

The first aim of the present study is to investigate the efficiency of attentional networks 

in TD children and in children with ADHD or ASD.  Based on the above mentioned theoretical 

accounts and based on previous ANT research we expect children with ASD to show lower 

orienting scores and children with ADHD to show larger alerting and/or executive attention 

scores as compared to TD children.  Given the lack of research comparing children with 

ADHD and ASD on attentional networks, it is more difficult to put forward specific hypotheses 

as to potential differences between both clinical groups.  Based on previous findings 

comparing both clinical groups to TD peers, we expect children with ASD to show more 

difficulties with orienting as compared to children with ADHD and we expect the latter group 

to show more problems with alerting and/or executive attention than their peers with ASD.  

The second aim of our study is to investigate the relationship between attentional networks and 

whether or not the networks interact differently in these three groups.  Although the three 

networks correspond to separable brain regions, we expect to find significant interactions 

between the networks based on the idea that brain areas must work together to perform even 

the simplest task (e.g., Posner, Sheese, Odludas, & Tang, 2006).  Also, we expect these 

interactions to be present in all groups.  A third, additional aim of our study is to examine the 

relationship between EC reports and the efficiency of executive attention.  Given the strong 

theoretical link between both constructs, we expect lower executive attention or interference 

scores to be significantly related to higher levels of EC. 

Method 
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Participants 

Seventy-five boys aged 10-15 years with an estimated full scale IQ (FSIQ) of 80 or 

higher participated.  TD boys (n = 25; age: M = 12.94, SD = 1.45; estimated FSIQ: M = 104.92, 

SD = 10.23) were recruited through advertisements.  Boys with ASD diagnosis (n = 25; age: M 

= 12.75, SD = 1.49; estimated FSIQ: M = 101.24, SD = 11.45) or ADHD diagnosis (n = 25; 

age: M = 13.16, SD = 1.61; estimated FSIQ: M = 107.92, SD = 12.11) were recruited through 

special school services.  Groups did not differ from each other in terms of age (F(2, 72) = .47, 

p = .629) or estimated FSIQ (F(2, 72) = 2.20, p = .119). 

All children with ASD or ADHD were previously diagnosed by a multidisciplinary 

team using established criteria, as specified in DSM-IV-TR (APA, 2000).  Diagnosis of ADHD 

was verified using the disruptive behavior module of the Diagnostic Interview Schedule for 

Children for DSM-IV (DISC-IV; Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000).  The 

DISC-IV was also used for establishing the presence of comorbid Oppositional-Defiant 

Disorder (ODD) and Conduct Disorder (CD).  The ADHD group included 12 primarily 

Inattentive type, 1 primarily Hyperactive/Impulsive type and 12 Combined subtype.  Five boys 

also met criteria for ODD, and 1 boy met criteria for both ODD and CD.  21 of the boys were 

taking medication for ADHD symptoms, but stopped taking medication at least 24 hours 

previous to the testing.  Diagnosis of ASD was confirmed by the SRS.  Forty percent of the 

boys in the ASD group had an SRS Total T-score between 60 and 75, indicating the presence 

of mild ASD or high functioning autism.  Sixty percent of the boys had T-score of over 75, 

indicating the presence of severe autism.  In the ASD group no children were taking 

medication. 

Ratings on the Disruptive Behavior Disorder Rating Scale (DBD; Pelham, Gnagy, 

Greenslade, & Milich, 1992) and the Social Responsiveness Scale (SRS; Constantino & 

Gruber, 2005) were used to screen TD boys for ADHD and ASD symptoms.  Boys with a DBD 
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normative score of 15 or higher on the Inattention and/or Hyperactivity/Impulsivity subscale or 

16 or higher on the ODD and/or CD subscale, and boys with an SRS Total T-score of 60 or 

higher were excluded from the study.  Boys with ASD were screened for ADHD symptoms, 

using ratings on the DBD.  As an exclusion criterion, we used a clinically significant score for 

ADHD Inattentive type or ADHD Hyperactive/Impulsive type as reported by parents and 

teachers.  However, none of the children in the ASD group met this criterion.  Boys with 

ADHD were screened for ASD symptoms, using ratings on the SRS.  As an exclusion 

criterion, we used an SRS Total T-score of 60 or higher.  Originally, 27 boys with ADHD 

participated in our study, however 2 boys met this criterion and were excluded from the study. 

Measures 

Attention network test (ANT).  We used a modified ANT, similar to the one used by 

Callejas and colleagues (2005).  Participants had to evaluate whether the middle arrow of 5 

horizontally arranged arrows is pointing left or right by pressing one of two possible keys in 

the keyboard.  The efficiency of attentional networks was assessed by measuring the impact of 

an alerting cue, spatial cues and flankers on reaction time.  Figure 1 illustrates the sequence of 

events for a single trial.  First, a fixation cross of variable duration (400-1600 ms) was 

presented, followed by the 50 ms alerting signal in half of the trials.  After 400 ms stimulus 

onset asynchrony (SOA), an orienting cue was presented for 50 ms above or below the fixation 

cross on 2/3 of the trials.  After another 150 ms SOA, target and flankers were presented on the 

same or opposite locations of the orienting cue and remained on the screen for 3000 ms or until 

a response was given.  After the response, the fixation cross was kept on screen for a variable 

duration dependent on the initial duration of the fixation cross and the RT of the participant, so 

that each trial lasted 5350 ms. 

The experiment had a 2 (auditory signal) x 3 (visual cue) x 2 (congruency) factorial 

design.  The auditory signal had two levels: presence or absence of a 2000 Hz and 50 ms 
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sound.  The visual cue had three levels: no cue (no orienting cue was presented), valid cue 

(orienting cue presented at same location as the following target) and invalid cue trials 

(orienting cue presented at the location opposite the target).  Congruency had two levels: 

congruent (target and flankers pointed in the same direction) and incongruent trials (flankers 

pointed in the opposite direction to the target).  The neutral condition of the congruency 

variable was not included since Callejas and colleagues (2005) found no differences in 

performance between congruent and neutral trials and adding this condition would needlessly 

prolong the task.  The number of trials per level of each variable was kept constant.  The 

practice block had 10 trials and was followed by three blocks of 48 test trials.  Within each 

block, trials were presented randomly.  Alerting scores were calculated by subtracting mean 

RT in the tone condition from the no tone condition (collapsed across cue and flanker 

conditions).  The underlying idea is that the presentation of a warning tone will alert 

participants to an upcoming target, and because such a warning signal is not presented in the no 

tone condition, the RT difference between these two conditions should provide a measure of 

the efficiency of alerting.  Orienting scores were calculated by subtracting mean RT in the 

valid cue condition from the invalid condition (collapsed across flanker and across tone 

conditions).  The logic is that presenting a valid cue will inform the participant of the exact 

location of the target, whereas the invalid cue has nu informative value for the location of the 

target.  Therefore, when presented with a valid cue, participants will be able to orient their 

attention toward the target location before its appearance.  As a result, the RT difference 

between the valid and invalid cue conditions should provide a measure of the efficiency of 

orienting.  Executive attention scores were calculated by subtracting mean RT in the congruent 

flanker condition from the incongruent flanker condition (collapsed across tone and cue 

conditions).  In the congruent condition, the target will be accompanied by congruent flankers, 

pointing in the same direction as the target and therefore eliciting the same response.  In the 
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incongruent condition, flankers will provide conflicting information about the target response 

and conflict resolution will be required for participants in order to be able to respond to the 

target.  Therefore, the flanker interference effect (i.e., RT difference between congruent and 

incongruent conditions) should provide a measure of executive attention.  One could argue that 

including incongruent flanker trials in the alerting and orienting indices or tone trials in the 

orienting index, might have influenced our findings.  Therefore analyses were repeated using 

alerting and orienting indices without incongruent flanker trials and orienting indices without 

tone trials. All results remained the same. 

[Insert Figure 1 here] 

Children’s Effortful Control.  The Effortful Control Scale (ECS), The Attentional 

Control Scale (ACS) and the Early Adolescent Temperament Questionnaire-Revised (EATQ-

R) were used to tap EC.  The ECS (Lonigan & Phillips, 2001) is a self-report questionnaire 

measuring behavioral and attentional aspects of EC.  It consists of 24 items to be rated on a 5-

point Likert scale.  It yields a total score (α = .87) and two subscale scores, namely 

Persistence/Low distractibility (12 items; e.g., “I have a hard time concentrating on my work 

because I’m always thinking about other things” and “I have difficulty completing assignments 

on time”; α = .84) and Impulsivity (12 items; e.g., “I can easily stop an activity when told to do 

so”; α = .69).  Lower scores on the Impulsivity subscale indicate higher levels of impulsivity.  

The ECS shows acceptable psychometric properties (e.g., Verstraeten, Vasey, Claes, & 

Bijttebier, 2010). 

The ACS (Derryberry & Reed, 2002) measures the ability to focus and shift attention 

and consists of 20 self-report items to be rated on a 4-point Likert scale.  It yields a total score 

(α = .81) and two subscale scores, namely Attention Focusing (9 items; e.g., “My concentration 

is good even if there is music in the room around me”; α = .70) and Attention Shifting (11 
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items; e.g., “I can quickly switch from one task to another”; α = .69).  The ACS shows 

acceptable psychometric properties (e.g., Verstraeten et al., 2010). 

The EATQ-R (Ellis & Rothbart, 2001) self-report consists of 65 items, the parent-report 

version consists of 62 items.  Items are grouped into 12 clusters and 4 higher-order scales 

(Positive Reactivity, Negative Affectivity, Affiliativeness and Effortful Control) and have to be 

rated on a 5-point Likert scale.  For the purpose of this study, only the EC scale (α = .90 for the 

EATQ-R-p, α = .84 for the EATQ-R-s), consisting of the item clusters Inhibitory control (e.g., 

“When someone tells me to stop doing something, it is easy for me to stop”), Attentional 

control (e.g., “I pay close attention when someone tells me how to do something”) and 

Activation control (e.g., “I put off working on projects until right before they’re due”), was 

included.  The EATQ-R shows acceptable psychometric properties (e.g., Muris & Meesters, 

2009). 

Reports of children’s behavior.  The DBD (Pelham et al., 1992) contains 42 items that 

are scored on a 4-point scale.  Parents as well as the child’s teacher completed the DBD.  For 

the purpose of the present study, analyses focused on the ADHD inattentive subscale (α = .95 

for parent-report version, α = .93 for teacher-report version) and the ADHD 

hyperactive/impulsive subscale (α = .92 for parent-report version, α = .93 for teacher-report 

version). 

The SRS (Constantino & Gruber, 2005) was completed by parents.  It consists of 65 

items to be rated on a 4-point scale and covers the various dimensions of interpersonal 

behavior, communication, and repetitive/stereotypic behavior that are characteristic of ASD.  

For the purpose of this study, analyses focused on the SRS Total score (α = .95).  Agreement 

between the ADI-R and the SRS completed by parents is 89.7% in a sample of adolescents 

with suspected ASD (Murray, Mayes, & Smith, 2011). 

Procedure 
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Once parents were informed about the aims of the study and written consents were 

obtained, we first asked parents, children and teachers to complete the questionnaires.  Second, 

parents and children visited the laboratory where the ANT was administered and intellectual 

functioning of the children was estimated based on four subtests (Vocabulary, Similarities, 

Picture Arrangement and Block Design) of the Wechsler Intelligence Scale for Children III 

(WISC-III; Kort et al., 2002).  The estimated FSIQ correlates strongly with FSIQ (Grégoire, 

2000). 

Results 

ANT main analysis – Incorrect responses 

Mean error rates were entered into a mixed-model repeated measures ANOVA with group 

(TD, ASD, ADHD) as between-subject factor and tone (tone, no tone), cue (no, valid, invalid) 

and flanker (congruent, incongruent) as within-subject factors. 

There was a main effect of flanker, F(1, 72) = 48.22, p = .000, ŋ
2
 = .40, reflecting more 

errors in the presence of incongruent flankers.  There was no significant difference for the 

mean error rate between the TD (2.2%), the ASD (3.6%) and the ADHD (2.2%) group, nor 

were there main effects of tone or cue. 

There was an interaction effect of tone and group, F(2, 144) = 4.51, p = .014, ŋ
2
 = .11.  

As illustrated by Figure 2, there was no effect of tone in the ADHD or ASD group, boys made 

a similar amount of errors whether a warning tone was presented or not.  In the TD group, boys 

made more errors in the presence of a warning tone (F(1, 24) = 5.53, p = .027, ŋ
2
 = .19). 

[Insert Figure 2 here] 

There was an interaction effect of cue and flanker, F(2, 144) = 5.29, p = .006, ŋ
2
 = .07.  

As illustrated by Figure 2, there was no effect of cue type in the presence of congruent 

flankers.  In the presence of incongruent flankers, participants made significantly fewer errors 
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in the valid cue condition than in the invalid cue condition (F(1, 72) = 11.78, p = .001, ŋ
2
 = 

.14). 

ANT main analysis – Reaction time 

Mean reaction times (RT) for correct trials with RT ≥ 150ms (0.07% of the trials were 

excluded based on this criterion) were entered into a mixed-model repeated measures ANOVA 

with group (TD, ASD, ADHD) as between-subject factor and tone (tone, no tone), cue (no, 

valid, invalid) and flanker (congruent, incongruent) as within-subject factors. 

We found main effects for group (F(1, 72) = 3.20, p = .047, ŋ
2
 = .08), tone (F(1, 72) = 

72.42, p = .000, ŋ
2
 = .50) and flanker (F(1, 72) = 386.07, p = .000, ŋ

2
 = .84).  Boys with 

ADHD reacted slower to the target as compared to their TD peers.  All groups responded faster 

to the target in the valid cue condition as compared to other cue conditions and in the no cue 

condition as compared to the invalid cue condition and all groups responded slower to the 

target if it was accompanied by incongruent flankers. 

We also found an interaction effect of tone and group (F(2, 144) = 6.09, p = .004, ŋ
2
 = 

.15), tone and cue (F(2, 144) = 8.03, p = .000, ŋ
2
 = .10), and cue and flanker (F(2, 144) = 6.76, 

p = .002, ŋ
2
 = .09).  As illustrated by Figure 3, the facilitating effect of a warning tone was 

larger in the ADHD group in comparison to the TD group. For all groups, the facilitating effect 

of the warning tone was larger in the no cue condition than in the invalid cue condition and the 

facilitating effect of the congruent flankers was larger in the invalid cue condition as compared 

to the valid cue condition.  There was no significant interaction effect of tone and flanker (F(2, 

144) = 1.15, p = .288 , ŋ
2
 = .01). 

[Insert Figure 3 here] 

Group comparisons on attentional network scores 

We compared groups on attentional network scores by means of ANOVAs and Bonferroni post 

hoc analyses, using an overall alpha level of .05.  Means, standard deviations and F values are 
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shown in Table 1.  Significant group differences were found for the efficiency of alerting.  

Boys with ADHD show a larger alerting effect than TD boys and boys with ASD.  Additional 

analyses evaluating the tone and no tone condition separately, showed that boys with ADHD 

responded significantly slower than TD children in the absence of a warning tone (F(2, 72) = 

3.988, p = .023) but that they performed at a similar level as the other children when a warning 

tone was presented (F(2,72) = 1,642, p = .201).  Groups did not differ in terms of orienting and 

executive attention.  Results remained the same when controlling for FSIQ.  Analyses were 

repeated using median RT to enable the comparison with results of studies using median RT 

based network scores, all results remained the same.  Additional analyses excluding children 

with ODD and/or CD from the ADHD group yielded similar results in that the three groups did 

not differ from each other in terms of orienting and executive attention and that children with 

ADHD showed a significantly larger alerting effect as compared to TD children. 

Although ANT studies traditionally analyse difference scores, this method has been 

criticized (Keehn et al., 2010).  Comparable analyses using mean RTs in ANOVAs for each 

network to examine interactions between group and tone, cue and flanker condition (as 

reported under the heading ‘ANT main analysis – Reaction time’), support the findings of the 

difference score analyses in that there were no group differences in terms of orienting and 

executive attention and in that boys with ADHD showed an alerting deficit in comparison with 

TD boys. 

[Insert Table 1 here] 

The relationship between network scores, FSIQ and age 

Bivariate correlations between attentional network scores, FSIQ and age were computed.  We 

found no significant relationship between age and any of the network scores or between FSIQ 

and alerting or orienting scores.  For the total group, a significant negative relationship between 

executive attention and FSIQ (r = -.45, p = .000) emerged.  When looking at each group 
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separately, higher FSIQ was associated with a smaller interference effect in TD boys (r = -.53, 

p = .006) and boys with ADHD (r = -.71, p = .000), but not in boys with ASD. 

The interrelationship between network scores 

Bivariate correlations between alerting, orienting and executive attention scores were 

computed for each group separately.  We found no significant relationship between the three 

networks in TD boys, boys with ADHD and boys with ASD.  

The relationship between executive attention and EC  

Bivariate correlations between executive attention scores and EC (sub)scales were computed.  

For the total group, we found no significant relationship between executive attention and any 

of the EC (sub)scales, with the exception of the attention shifting subscale of the ACS (r = -

.25, p = .033).  When controlling for differences in FSIQ, this relationship lost significance.  

When looking at the groups separately, results were identical showing no significant 

relationship between executive attention and EC, also after controlling for FSIQ.  

Discussion 

This study had three aims.  The first goal was to investigate differences in alerting, orienting 

and executive attention between TD boys, boys with ADHD and boys with ASD.  Groups did 

not differ in terms of orienting and executive attention.  However, boys with ADHD did 

demonstrate a larger alerting effect than their TD peers.  The alerting property of the warning 

signal was effective for all children, but its beneficial effect was significantly larger in boys 

with ADHD than in TD boys and it even enabled the ADHD group to perform at a similar level 

as the other groups.  Overall, our results show that boys with ADHD appear to have difficulties 

with maintaining an alert state, but only in the absence of a warning signal.  This finding is in 

line with previous studies (e.g., Johnson et al., 2008) and indicates that boys with ADHD show 

problems with tonic, but not with phasic alertness.  Tonic aspects of alertness are believed to 

be modulated by noradrenaline and alertness problems might occur due to deficient fronto-
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parietal control over the locus coeruleus (for a review, see Halperin & Schulz, 2006).  In all, 

results support the growing body of evidence for an alerting deficit in children with ADHD 

(e.g., Casagrande et al., 2012; Mullane et al., 2011).  They are also consistent with the 

hypothesis that increasing alertness may buffer the attention deficit in children with ADHD 

(e.g., Booth et al., 2007; Casagrande et al., 2012).  Contrary to our expectations and to a 

previous finding (Keehn et al., 2010), children with ASD did not show deficient orienting as 

compared to TD peers.  One possible explanation for these inconsistent findings may lie in 

sample characteristics.  Our participants were boys between 10 and 15 years of age, while 

Keehn and colleagues (2010) included boys as well as girls from a broader age range (i.e., 8 to 

19 years of age).  However, this explanation seems unlikely given previous findings showing 

that the orienting network remains stable during brain development (Rueda et al., 2004) and, at 

a behavioral level, is not influenced by gender (Neuhaus et al., 2009).  Another possible 

explanation may be methodological differences in the administered ANT.  We used an auditory 

alerting signal whereas Keehn and colleagues (2010) used a visual cue.  Although alerting 

signals are not explicitly taken into consideration when evaluating the orienting network, tone 

trials were included when calculating orienting scores and one might argue that this may have 

influenced these scores.  However, analyses excluding tone trials yielded the same results, 

indicating that differences in modality of the alerting signal do not account for the inconsistent 

findings.  An alternative explanation is that the calculation method of network scores 

influenced the results.  We calculated orienting scores by subtracting mean RT in the valid cue 

condition from the invalid cue condition, whereas Keehn and colleagues (2010) subtracted 

median RT in the spatial cue condition (only valid cues) from the center cue condition.  It was 

not possible to test this hypothesis since, in accordance with Callejas and colleagues (2005), 

we did not include center cue trials in our ANT.  Therefore, this remains an open question for 

future research.  Finally, one could argue that the fact that we did not find an orienting deficit 
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in ASD as compared to TD children, may be due to the nature of the stimuli that were 

presented.  In the ANT only nonsocial stimuli are used, whereas several studies have suggested 

that children with ASD may have a specific deficit in attending to socially-salient stimuli (e.g., 

Swettenham et al., 1998).  Given these findings, it is possible that attention tasks using social 

stimuli may be more efficient in identifying attention deficits in ASD.  Future research using 

an ANT with social stimuli will have to confirm whether or not these tasks are better suited to 

investigate alerting, orienting, and/or executive attention deficits in ASD.  In addition, using 

the ANT of Callejas and colleagues (2005), we were unable to identify cognitive markers that 

can differentiate between boys with ADHD and boys with ASD.  Future research will have to 

show whether or not an ANT with socially-salient stimuli is more efficient to this end. 

A second aim was to investigate the relationship between attentional networks and 

whether or not the networks interact differently in TD boys, boys with ADHD, and boys with 

ASD.  A first way to assess the interrelationship between the alerting, orienting, and executive 

attention networks is looking at the correlations between the networks (e.g., Fan et al., 2002).  

We found no significant relationship between network scores in TD boys, boys with ADHD 

and boys with ASD, suggesting that these attentional networks function independently.  

However, a second way to evaluate the relationship between the networks, involves examining 

interaction effects between the experimental factors that influence alerting, orienting, and 

executive attention by means of ANOVA (e.g., Fan et al., 2002).  We found a significant 

interaction between tone and cue and between cue and flanker.  In specific, for all groups the 

alerting effect was smaller in the invalid cue condition than in the no cue condition.  A possible 

interpretation of this finding is that the facilitating effect of a warning signal is partially 

diminished when it is followed by an invalid cue.  An invalid cue will direct attention away 

from the place where the target will appear and consequently, participants will need extra time 

to respond because they will have to redirect their attention to the target.  With regards to the 
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interaction between cue and flanker, we found that the congruency effect was significantly 

larger for trials with invalid cues than for validly cued trials.  A possible interpretation of this 

interaction is that the adverse effect of the presence of incongruent flankers on reaction time 

adds to the adverse effect of directing attention in the wrong way by presenting an invalid cue.  

Regardless of the interpretation, our results suggest that the orienting and executive control 

network influence each other and that the same is the case for the alerting and orienting 

network.  Overall, our findings are in line with previous research in that they support the idea 

that the networks do not operate independently in all situations and that there seems to be a 

functional integration between the different networks (e.g., Callejas et al., 2004; Fan et al., 

2002).  Our results show identical results for all groups, suggesting that the attentional 

networks interact in a very similar way in TD boys, boys with ADHD and boys with ASD.   

A final aim was to investigate the relationship between executive attention and EC.  

Despite the strong theoretical link between both constructs, we found no significant 

relationship between EC reports and executive attention scores, regardless of the EC measures 

that were considered.  Results remained the same when looking at the three groups separately 

and after controlling for FSIQ.  The lack of a significant relationship between self-reports on 

EC and executive attention is in line with previous ANT studies (e.g., Ellis et al., 2004; 

Simonds et al., 2007) and is not particularly surprising, given the fact that behavioral self-

report data and neurocognitive performance data generally do not correlate very well in 

children.  However, the fact that parent-reported EC and executive attention were unrelated in 

our study was unexpected.  Two studies have investigated the relationship between both 

constructs in TD children (7 – 10 years old; Simonds et al., 2007) and adolescents (16 – 17 

years old; Ellis et al., 2004) using the ANT and both studies found a moderate, yet significant 

correlation (r = -.37 and r = -.31, respectively).   Although it is difficult to account for these 

inconsistent findings, a possible  explanation may lie in the fact that we included clinical 
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groups in our study.  Perhaps, parent reports on EC and executive attention scores do not 

correspond as well in children with ADHD or ASD as in TD children.  For example, one could 

argue that the presence of a diagnosis of ADHD or ASD might influence the way parents 

reflect on the abilities of their child to regulate their own thoughts and behavior.  However, 

additionally analyses investigating the relationship between EC and executive attention for all 

groups separately, show that both constructs were unrelated in all groups, even the TD group.  

Although sample sizes were limited and we should be careful interpreting these results, our 

findings do not provide support for the above mentioned explanation.  Future studies 

investigating the relationship between EC and executive attention in clinical groups will have 

to further address this issue.  Overall, our findings suggest that the relationship between EC 

reports and indices of neural systems involved in the effortful regulation of behavior may not 

be as unambiguous as previously thought and that the theoretical link between both constructs 

may not necessarily translate in a significant relationship between EC reports and performance 

based executive attention scores, especially in clinical groups.  Therefore, it is important to 

consider that executive attention scores measured by the ANT and EC reports may not be 

interchangeable when assessing the ability of EC in children. 

Some limitations of the current study need to be acknowledged.  First, the study is 

correlational so we cannot draw conclusions on potential causal relations between attentional 

networks.  Secondly, all participants were boys, making it impossible to evaluate gender 

differences in the efficiency of attentional networks, their interrelationship, or in the 

relationship between executive attention and EC.  Future research will have to confirm that 

results and conclusions can be generalized to girls.  Thirdly, in our study only children with 

ADHD without comorbid ASD and vice versa, were included.  Future research will have to 

show if our findings can be generalized to children diagnosed with both ADHD and ASD.  

Additionally, we had quite heterogeneous samples within the ADHD (i.e., children who are 
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primarily of the Inattentive type as well as Hyperactive/Impulsive or combined type) and ASD 

groups (i.e., children with mild and severe autism).  Up till now, few studies have investigated 

potential differences in the efficiency of attentional networks between DSM-IV subtypes of 

ADHD and results of those studies are inconsistent in that some studies show no differences 

between subtypes (e.g., Mullane et al., 2011) whereas others suggest that there may be a 

stronger alerting effect in ADHD of the predominantly inattentive type (ADHD IA) as 

compared to ADHD combined (e.g., Booth et al., 2007).  Given these inconsistent findings, it 

would be interesting to analyze potential subgroup differences in our study.  Additional 

analyses comparing children with ADHD IA and children with ADHD combined revealed that 

both subtypes of ADHD did not differ in terms of alerting, orienting, and executive attention.    

Additional analyses comparing two subgroups of ASD (severe versus mild ASD) indicated that 

there are no differences between children with mild or severe ASD in terms of the efficiency of 

attentional networks.  However, given the small sample sizes of the ADHD and ASD 

subgroups, these results must be interpreted with caution.  Further exploring ADHD and ASD 

subgroup differences in the efficiency of attentional networks might be an issue for future 

research.    Finally, further research will have to examine whether our findings can be 

replicated in larger samples. 

In sum, the current study demonstrated inefficient modulation of the alerting network in 

boys with ADHD as compared to TD peers.  However, problems were limited to tonic aspects 

of alertness, presenting a warning signal enabled boys with ADHD to perform at a similar level 

as the other children, suggesting that increasing alertness may be effective in correcting the 

attention deficit in children with ADHD.  The ASD group could not be differentiated from 

other groups based on performance on the modified ANT.  Our findings support the idea of a 

functional integration of the alerting, orienting, and executive attention network and the three 

networks seemed to interact in a very similar way in TD children, children with ADHD, and 
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children with ASD.  Finally, we found no significant relationship between executive attention 

and EC, suggesting that the link between EC reports and indices of neural systems involved in 

the effortful regulation of behavior may not be as unambiguous as previously thought. 
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Table 1 

Efficiency scores of the attentional networks for the three groups based on mean RTs 

Network efficiency scores TD (n = 25) 

M(SD) 

ASD (n = 25) 

M(SD) 

ADHD (n = 25) 

M(SD) 

Group differences 

F(2, 72) 

Alerting 30.24(27.45)
a
 40.24(38.99)

a
 76.01(68.71)

b
 6.21** 

Orienting 72.68(43.84)
a
 72.05(48.15)

a
 71.14(47.83)

a
 0.01 

Executive attention 121.04(47.04)
a
 135.27(67.77)

a
 129.00(64.24)

a
 0.35 

Note. Superscripts reflect group differences derived from post hoc bonferroni test; different letters indicate differences between particular groups, identical letters indicate that there were no 

differences between those particular groups. 

** p < .01 
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Figure 1 Illustration of the attention network test. Examples of flanker types (a), cue types (b), and the sequence and  

timing of a single trial (c) 
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Figure 2 Bar graphs correspond to percentage incorrect responses as a function of tone and 

group (a), and as a function of flanker and cue (b) 
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   (a) 
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Figure 3 Bar graphs correspond to mean reaction time as a function of group and tone (a), as 

a function of tone and cue (b), and as a function of cue and flanker (c) 


