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APPENDIX A 

TASKS and MEASURES 

 

A M S T E R D A M  N E U R O P S Y C H O L O G I C A L  T A S K S  ( A N T )  

The Amsterdam Neuropsychological Tasks program (ANT; De Sonneville, 1999, 2005) is a 

computer-aided assessment battery of response time tasks that allows for the systematic 

evaluation of information processing capacities. Since the introduction of the program in 

1985, numerous studies have proven the ANT to be a sensitive and valid tool in non-

referred samples (e.g., De Sonneville et al., 2002; Groot, De Sonneville, Stins, & Boomsma, 

2004; Stins et al., 2005) as well as in referred samples of various clinical domains, such as 

phenylketonuria (e.g., Burgard, Rey, Rupp, Abadie, & Rey, 1997; Huijbregts, De Sonneville, 

Van Spronsen, Licht, & Sergeant, 2002), minor neurological dysfunction (e.g., De 

Sonneville, Geeraets, & Woestenburg, 1993), attention deficit disorders (e.g., Hanisch, 

Konrad, Günther, & Herpertz-Dahlmann, 2004; Slaats-Willemse, Swaab-Barneveld, De 

Sonneville, Van der Meulen, & Buitelaar, 2003), and autism-related disorders (e.g., Althaus, 

De Sonneville, Minderaa, Hensen, & Til, 1996a, 1996b; Serra et al., 2003). In 1995, the ANT 

program was awarded ‘Best computer application in the field of Applied Psychology’ by 

the Dutch Institute of Psychologists. Currently, the program is used for both research and 

clinical purposes at over 140 sites in and outside of Europe. 

For the present study, five subtasks from the ANT were selected: the (1) Baseline 

Speed, (2) Pattern Recognition, (3) Sustained Attention, (4) Memory Search, and (5) Shifting 

Set tasks. These tasks are assumed to tap input-related (i.e., stimulus detection, selection and 

discrimination), central cognitive (i.e., serial search, attentional shift, and feedback-related 

effort), and output-related processes (i.e., response inhibition and response organization) 

that form the basis of more complex cognitive functioning (Mulder, 1986; Sanders, 1983; 

Sergeant, 2000). The (in)efficiency of these information processing capacities is captured by 
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measures of processing speed and accuracy. These task measures are either direct 

measures (i.e., mean RTs and mean error rates) or effect measures (i.e., difference scores 

between the mean RTs, c.q. error rates, of two task conditions) reflecting a within-task 

manipulation effect. As an index of the effect size of these task manipulations, Cohen’s d 

was calculated for the contrasts in each effect measure-related equation while adjusting for 

the correlation between the measures (Cohen, 1988; Dunlap, Cortina, Vaslow, & Burke, 

1996). Large effect sizes (d ≥ 0.80) were found for all RT-based effect measures and 

moderate to large effect sizes (d ≥ 0.50) for all accuracy-based effect measures. Test-retest 

reliabilities for all measures are satisfactory (Günther, Herpertz-Dahlmann, & Konrad, 2005; 

Althaus et al., submitted). A description of the five tasks including technical details, resulting 

measures, and pictures of stimuli is provided below. Furthermore, inter-correlations 

between the measures are presented in Tables 1 and 2 whereas an overview of measures 

and within-task manipulation effects can be found in Table 3. Information on additional 

features of the program and demo-versions can be retrieved from www.sonares.nl. 

 

1 .  B A S E L I N E  S P E E D  ( B S )  T A S K  

In the Baseline Speed task, a white fixation cross, presented in the center of the screen, 

changes into a white square after a random time interval (see Figure 1). Children are 

instructed to respond to this stimulus change as fast as possible by pressing a mouse 

button with their index finger. The task consists of two parts, each with 32 trials preceded 

by 10 practice trials. The first part requires a response from the non-dominant hand and the 

second part a response from the dominant hand. A response must be given within 150 - 

4000 milliseconds (ms) (i.e., the Valid Response Window: VRW), otherwise the trial is 

automatically replaced by a new trial. The interval until the next stimulus onset (i.e., Post-

Response Interval: PRI) randomly varies between 500 and 2500 ms to prevent anticipatory 

strategies. The cognitive demands of this task are restricted to the mere detection of a 

stimulus change. The task thereby provides a baseline measure of the child’s speed of 

responding to the occurrence of a stimulus. This measure ‘Baseline Speed’ is calculated as 

the mean RT over both the non-dominant and dominant hand responses. 
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   Figure 1. Stimuli of the BS task. 

 

2 .  P A T T E R N  R E C O G N I T I O N  ( P R )  T A S K  

The Pattern Recognition task requires children to memorize a predefined target pattern first. 

Next, they must determine whether this target pattern is present or absent in display sets 

consisting of four patterns. Half of the display sets contain patterns that look dissimilar and 

the other half that look similar to the target pattern (see Figure 2). The task consists of 80 

trials, preceded by 12 practice trials. There are 40 target trials (20 dissimilar, 20 similar) that 

require a response with the dominant hand (‘yes’-button of the mouse) and 40 nontarget 

trials (20 dissimilar, 20 similar), requiring a response with the non-dominant hand (the ‘no’-

button of the mouse). The VRW is 200 - 7000 ms and the PRI 1200 ms. In this task, target 

detection is relatively easy in the ‘dissimilar condition’ but difficult in the ‘similar condition’. 

From both reaction times and error rates, the effect measures ‘Pattern Detection’ and 

‘Pattern Search’ are computed. ‘Pattern Detection’ reflects the input-related ability to 

automatically detect a particular visuo-spatial pattern among easily distinguishable 

(dissimilar) patterns. This effect measure is calculated by subtracting the mean RT, c.q. error 

rate, of nontarget dissimilar trials from the mean RT, c.q. error rate, of the target dissimilar 

trials. In contrast, ‘Pattern Search’ refers to the more controlled, central cognitive ability to 

serially compare a particular visuo-spatial pattern with barely distinguishable (similar) visuo-

spatial patterns. Assuming that serial search processes are exhaustive and therefore most 

attention-demanding in the nontarget similar condition while recognition processes are 

least demanding in the nontarget dissimilar condition, ‘Pattern Search’ is computed by 

subtracting the mean RT, c.q. error rate, obtained from the nontarget dissimilar trials from 

the mean RT, c.q. error rate, of the nontarget similar trials. 

 

 

fixation signal 
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  Figure 2. Examples of stimuli from the PR task. 

 

3 .  S U S T A I N E D  A T T E N T I O N  ( S A )  T A S K .  

In the Sustained Attention task, 600 dot patterns are successively presented on the 

computer screen in 50 series of 12 trials. Each series consists of four 3-, 4-, and 5-dot 

patterns, presented in a pseudo random sequence. Children are required to respond to 4-

dot patterns by pressing the mouse button with their dominant hand (‘yes’-response) and 

to press the mouse button with their non-dominant hand (‘no’-response) whenever 3- or 

5-dot patterns are presented (see Figure 3). Inaccurate responses are followed by auditory 

feedback (i.e., a beep signal). The VRW is 200 - 7000 ms and the PRI 250 ms. Task 

assessment is preceded by 24 practice trials. Task duration is approximately 20 minutes. Two 

output measures are derived from the reaction times: ‘Fluctuation in Tempo’ and ‘Feedback 

Responsiveness’. ‘Fluctuation in Tempo’ is computed by the ANT program as the within-

subject standard deviation (i.e., the variability) of the mean RT of the 50 series and may 

therefore be interpreted as a measure of response stability in continuous task performance. 

‘Feedback Responsiveness’ reflects the ability of the child to adjust his response behavior 

following feedback on errors. Assuming that trials following an error will be processed 

more carefully and thus more slowly than other trials (Hajcak, McDonald, & Simons, 2003), 

this measure is computed as the difference between the child’s mean RT of trials following 

an error and the mean RT of the remaining (correct) responses. No slowing after error 

reflects an inability to adjust behavior following feedback on errors whereas excessive 

slowing is reflective of a disruption of the ongoing response process due to distraction by 

the feedback signal rather than an adequate adjustment (De Sonneville et al., 1993). 

Additionally, two accuracy measures are computed based on signal detection theory 

(Green & Swets, 1966): the input-related measure ‘Time-On-Task D’’ and the output-related 
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measure ‘Time-On-Task Beta’. ‘Time-On-Task D’’ measures the child’s perceptual sensitivity 

(d’) during continuous task performance, i.e., the ability to discriminate target signals from 

nontarget signals. Since perceptual sensitivity may decrease with time-on-task, ‘Time-On-

Task D’’ is computed by subtracting d’ calculated over the last 120 trials from d’ calculated 

over the first 120 trials. ‘Time-On-Task Beta’ measures the child’s response bias (β) during 

continuous task performance, i.e., the ability to inhibit biased response tendencies that may 

develop due to the task-inherent feature that ‘no’-responses are required twice as 

frequently as ‘yes’-responses. Since response bias may increase with time-on-task, ‘Time-On-

Task Beta’ is computed by subtracting β calculated over the first 120 trials from β calculated 

over the last 120 trials. Computation details of d’ and β can be found in Hochhaus (1972). 

 

 

 

 

 

 

 

   Figure 3. Examples of stimuli from the SA task. 

 

4 .  M E M O R Y  S E A R C H  ( M S )  T A S K .  

The Memory Search task comprises three parts, each preceded by 12 practice trials. Before 

each part, children are instructed to memorize, respectively, one (part 1, 40 trials), two (part 

2, 72 trials), or three (part 3, 96 trials) target consonant(s). The subsequently presented 

display sets consist of four consonants (see Figure 4). In half of the trials the display sets 

contain the complete target set requiring a ‘yes’-response (mouse button for the dominant 

hand), whereas in the other half, the display sets contain none of the target letters or an 

incomplete target set all requiring a ‘no’-response (mouse button for the non-dominant 

hand). Target letters in nontarget trials act as distractors. The VRW is 200 - 8000 ms and the 

PRI 1200 ms. This task measures the central cognitive ability to maintain and compare 

increasing informational load in working memory. Therefore, from both reaction times and 

error rates, the measure ‘WM Capacity’ is computed by subtracting the mean RT, c.q. error 
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rate, in response to target trials of part 1 from the mean RT, c.q. error rate, in response to 

target trials of part 3. 

 

 

 

 

 

 

 

 Figure 4. Examples of stimuli of the MS task part 3. 

 

5 .  S H I F T I N G  S E T  ( S S )  T A S K .  

In the Shifting Set task, a horizontal bar, consisting of ten squares, is permanently presented 

in the center of the screen. In each trial, a colored square moves across the bar in a 

randomly varied direction (i.e., either to the left or to the right). The task consists of three 

parts, each requiring different responses. Part 1 (10 practice trials, 40 task trials) requires 

spatially compatible responses: children are instructed to copy the direction of the 

movement of a green-colored square (i.e., a left movement requires pressing the left mouse 

button and a right movement requires pressing the right mouse button). Part 2 (10 

practice trials, 40 task trials) requires spatially incompatible responses: children are instructed 

to ‘mirror’ the direction of the movement of a red-colored square (i.e., a left movement 

requires pressing the right mouse button and a right movement requires pressing the left 

mouse button), and should thus inhibit (spatially compatible) responses. In part 3 (16 

practice trials, 80 task trials) the color of the moving square randomly alternates between 

green and red, hereby making both the direction of the movements and the color changes 

unpredictable (see Figure 5). When the color of the square is green after a movement, a 

spatially compatible response is required (as in part 1). When the color of the square is red 

after a movement, a spatially incompatible response is required (as in part 2). The VRW is 

150 - 6000 ms and the PRI 250 ms. From both reaction times and error rates, the two effect 

measures ‘Inhibition of Prepotent Responses’ and ‘Attentional Flexibility’ are computed. 

‘Inhibition of Prepotent Responses’ measures the output-related ability to inhibit an 

inappropriate, habitual response tendency, i.e., mirroring the direction of the moving 
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square in part 2 and inhibiting the more ‘natural’ response of copying it as in part 1. It is 

computed by subtracting the mean RT, c.q. error rate, of part 1 (stimulus-response 

compatible situation) from the mean RT, c.q. error rate, of part 2 (stimulus-response 

incompatible situation). ‘Attentional Flexibility’ reflects the central cognitive ability to 

mentally switch between two competing and unpredictable response sets. It is computed 

by subtracting the mean RT, c.q. error rate, of the compatible responses of part 1 from the 

mean RT, c.q. error rate, of the compatible responses of part 3. 

 

 

 

 

 

   Figure 5. Examples of trials of the SS task part 3. 

 

Table 1. Intercorrelations RT-measures. 

 Baseline 
Speed 

Pattern 
Search 

Pattern 
Detect. 

Fluct. in 
Tempo 

Feedb. 
Resp. 

WM 
Cap. 

Inhib. 
of Prep. 
Resp. 

Att.Flex 

Baseline Speed -        

Pattern Search .188 -       

Pattern 
Detection 

.073 .547 -      

Fluctuation in 
Tempo 

.338 .375 .187 -     

Feedback 
Responsiveness 

.074 .265 .098 .387 -    

WM Capacity .210 .316 .169 .457 .256 -   

Inhibition of 
Prepotent 
Responses 

.136 .237 .170 .242 .139 .174 -  

Attentional 
Flexibility 

.159 .286 .188 .249 .191 .224 .317 - 

Note. Correlations significant at p < .01 level (2-tailed) are printed in bold. 
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Table 2. Intercorrelations (logarithmically transformed) accuracy measures. 

 Pattern 
Search 

Pattern 
Detect. 

Time-
On-Task 
D’ 

Time-
On-Task 
D’ 

WM Cap. Inhib. of 
Prep. 
Resp. 

Att.Flex 

Pattern Search -       

Pattern Detection .386 -      

Time-On-Task D’ .032 .028 -     

Time-On-Task 
Beta 

-.055 -.031 .092 -    

WM Capacity -.019 -.001 .016 .014 -   

Inhibition of 
Prepotent 
Responses 

.030 .025 .038 .036 .024 -  

Attentional 
Flexibility 

.058 .046 .051 -.006 .029 .460 - 

Note. Correlations significant at p < .01 level (2-tailed) are printed in bold.
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Table 3. Overview of the processing measures and within-task manipulation effects. 

Measure Measurement Objective Computation (speed, accuracy) 1, 2 

Baseline Speed The ability to detect and respond to 
a stimulus (simple reaction time). 

mean RT calculated over both non-
dominant and dominant responses. 

Pattern Search The central cognitive ability to 
detect a visuo-spatial target pattern 
among barely distinguishable 
(similar) visuo-spatial patterns. 

mean RT CR similar – mean RT CR 
dissimilar (d = 2.80), mean 
percentage FA similar – mean 
percentage FA dissimilar (d = 0.60). 

Pattern Detection The input-related ability to 
automatically detect a visuo-spatial 
target pattern sticking out among 
easily distinguishable (dissimilar) 
visuo-spatial patterns. 

mean RT HI dissimilar – mean RT CR 
dissimilar (d = 1.10), mean 
percentage MI dissimilar – mean 
percentage FA dissimilar (d = 1.00). 

Fluctuation in Tempo The central cognitive ability to 
maintain a stable performance over 
a prolonged period of time (response 
variability). 

within-subject SD of RT’s of 50 
series of 12 trials. 

Feedback 
Responsiveness 

The central cognitive ability to 
adjust response behavior following 
feedback on errors. 

mean RT after error – mean RT 
regular (d = 0.80). 

T-O-T D’ Time-On-Task perceptual sensitivity, 
i.e., the input-related ability to 
discriminate target signals from 
nontarget signals. 

d’ first 120 trials – d’ last 120 trials  

(d = 0.50). 

T-O-T Beta Time-On-Task response bias, i.e., the 
output-related ability to inhibit (task-
induced) biased response tendencies. 

β last 120 trails – β first 120 trails 

(d = 0.50). 

WM Capacity The central cognitive ability to 
maintain and compare increasing 
information load in working memory 
(WM). 

mean RT HI part 3 – mean RT HI 
part 1 (d = 1.50), mean perc.MI load 
3 – mean perc. MI load 1 (d = 0.50). 

Inhibition of 
Prepotent Responses 

The output-related ability to inhibit 
an inappropriate, habitual response 
tendency. 

mean RT INCOMP part 2 – mean RT 
COMP part 1 (d = 1.30), mean error 
perc. INCOMP part 2 – mean error 
perc. COMP part 1 (d = 0.80). 

Attentional Flexibility The central cognitive ability to 
mentally switch between two 
competing and unpredictable 
response sets. 

mean RT COMP part 3 – mean RT 
COMP part 1 (d = 2.80), mean error 
perc. COMP part 3 – mean error 
perc. COMP part 1 (d = 1.00). 

Note. 1 Cohen's d is reported for the effect measures with d ≥ 0.20, d ≥ 0.50, and d ≥ 0.80 
           denoting, respectively, a small, moderate, and large manipulation effect (Cohen, 
           1988). 
         2 HI = hits; CR = correct rejections; FA = false alarms; MI = misses; COMP = compatible 
           responses (averaged over left and right); INCOMP = incompatible responses (averaged 
           over left and right). 
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APPENDIX B 

SCHEMATIC  OVERVIEW of  F INDINGS 
 

Note.  * Significant (p < .05 and d ≥ 0.20) without additional statistical control for severity 
of problems, i.e., CBCL Total Problemsscore. Group contrasts remaining significant (p < .05 
and d ≥ 0.20) after additional statistical control for IQ are printed in bold. 

RT-MEASURES CHAPTER 3 

(NO = INT, EXT = INT+EXT) 

CHAPTER 4 

(NO = OD/C) 

CHAPTER 5 

(NO = H, I = C) 

Baseline Speed NO < INT+EXT NO < ADH   

ODC < ADH & ODC < ODC+ADH 

NO < I   

H < I          

Pattern 
Detection 

NO < EXT  NO < ADH             

ODC < ADH     

- 

Pattern Search NO < EXT & NO < INT+EXT  

 

NO < ADH & NO < ODC+ADH  

ODC < ADH & ODC < ODC+ADH 

NO < I & NO < C 

H < C  

Response 
Variability 

NO < EXT & NO < INT+EXT  

INT < EXT* & INT < INT+EXT 

NO < ADH & NO < ODC+ADH  

ODC < ADH & ODC < ODC+ADH 

NO < I & NO < C 

H < I & H < C 

Feedback 
Responsiveness 

NO < INT+EXT ADH < ODC+ADH - 

WM Capacity NO < INT+EXT     

INT < INT+EXT    

NO < ADH & NO < ODC+ADH  

ODC < ADH & ODC < ODC+ADH 

NO < I         

H < I           

Inhib. of Prep. 
Responses 

INT < EXT  NO < ADH  

Attentional 
Flexibility 

- - H < I 

ACCURACY 
MEASURES 

   

Pattern 
Detection 

- - - 

Pattern Search - - - 

T-O-T D’ NO < INT+EXT NO < ADH - 

T-O-T Beta - ODC < ODC+ADH - 

WM Capacity - - - 

Inhib. of Prep. 
Responses 

- ODC+ADH < ADH - 

Attentional 
Flexibility 

- NO < ADH - 
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