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Abstract

Attention problems are observed in attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD).
Most neuropsychological studies that compared both disorders focused on complex executive functions (EF), but missed to
contrast basic attention functions, as well as ASD- and ADHD subtypes. The present study compared EF as well as basic
attention functioning of children with the combined subtype (ADHD-C), the predominantly inattentive subtype (ADHD-I),
and autism spectrum disorder without ADHD (ASD-) with typically developing controls (TD). Basic attention functions
and EF profiles were analysed by testing the comprehensive attention function model of van Zomeren and Brouwer using
profile analysis. Additionally, neurocognitive impairments in ASD- and ADHD were regressed on dimensional measures of
attention- and hyperactive-impulsive symptoms across and within groups. ADHD-C revealed a strong impairment across
measures of EF compared to ASD- and TD. The ADHD-C profile furthermore showed disorder specific impairments in
interference control, whereas the ASD- profile showed a disorder specific impairment in basic attention component divided
attention. Attention- and hyperactive-impulsive symptom severity did not predict neurocognitive impairments across- or
within groups. Study findings thus support disorder and subtype specific attention/EF profiles, which refute the idea of a
continuum of ADHD-I, ADHD-C, and ASD with increasing neurocognitive impairments.
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Introduction

Autism spectrum disorder (ASD) as well as the predomi-
nantly inattentive and combined subtypes of attention-def-
icit/hyperactivity disorder (ADHD-I, ADHD-C) are early
onset neuro-developmental disorders of childhood. ASD
and ADHD share common genetic, but also disorder-spe-
cific genetic and environmental risk factors [1, 2]. In ASD,
parent- and teacher ratings show a high rate of inattentive
behaviour and attention problems [3—5], even if children
with ASD do not fulfill diagnostic criteria for ADHD [6].
Thus, ASD, ADHD-I and ADHD-C are all characterized by
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high rates of clinically observed attention problems across
diagnostic boundaries. Impairments in neurocognitive func-
tions have been postulated to underlie inattentive behaviour
and attention problems. Indeed, behavioural ratings of inat-
tentive behaviour and attention problems predict neurocog-
nitive impairments in children with ADHD [7-9]. Several
studies have also shown neurocognitive impairments in
children with ASD, but often studies included children with
ASD and co-morbid ADHD [see for instance 10-12], and
focused on executive functions (EF) rather than basic atten-
tion functions [13, 14]. Comparing neurocognitive profiles
of basic attention functions in addition to EF, next to corre-
lating inattentive and hyperactive-impulsive symptoms with
shared and disorder-specific neurocognitive impairments,
can therefore provide more insight into the specificity of
neurocognitive impairments in ADHD-I, ADHD-C and ASD
without ADHD (ASD-).

Various test batteries have been designed to measure
neurocognitive functioning. To interpret performance on
such tests correctly, several factors need to be considered.
Attention and EF functions are defined as interdependent
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constructs, which implies that the quality of performance
on a task specifically designed to measure a particular
aspect of attention inevitably also depends on aspects of
cognitive functioning; a problem referred to as task impurity
[15]. Additionally, generalizing performance across tasks
that target the same measurement objective (i.e. sustained
attention or cognitive flexibility) may be compromised when
such tasks differ in one or several important task parameters,
such as task-demand, or stimulus-modality [16, 17]. Finally,
even when the same test is used to measure performance,
different- or additional methods to calculate outcome vari-
ables may lead to divergent interpretations of study results
[18, 19].

Van Zomeren and Brouwer [20] postulated a multi-
component attention model based on Posner and Rafal [21]
that includes basic attention- as well as EF. The Tests of
Attentional Performance battery (TAP) [20] was specifically
designed to measure various basic attention- and EF compo-
nents. In the model underlying TAP basic attention functions
are subdivided into dimensions of attention intensity—and
selectivity. Both dimensions are broken down into several
attention subcomponents, which are described in more detail
below. The “supervisory attention system’ (SAS) [22] moni-
tors dimensions of intensity and selectivity and comprises
EF abilities flexibility and inhibition. To examine the neu-
rocognitive profiles of basic attention functioning in addi-
tion to EF and to systematically address task impurities and
differences in task designs and outcome variables across
studies, the present study specifically focused on testing the
multi-component model of van Zomeren and Brouwer [20]
using the TAP.

Intensity of attention: alertness and sustained
attention

The dimension attention intensity is composed of the atten-
tion components alertness and sustained attention. Alert-
ness is further divided into two subcategories, tonic and
phasic alertness. While tonic alertness refers to the state
of wakefulness, which fluctuates mildly and slowly during
the day, phasic alertness refers to the ability to immediately
increase attention following an alerting stimulus. Some stud-
ies examined tonic and phasic alertness performance within
each task, whereas other studies considered the difference
in performance as main outcome. For both children with
ADHD-C, ADHD-I, impairments in tonic as compared to
phasic alertness have been reported. More specifically, when
performance was collapsed within phasic alertness condi-
tions, children with ADHD performed no different from TD
[23, 24]. When tonic alertness was measured by the differ-
ence in performance between tonic and phasic conditions,
alerting cues were more effective in increasing alertness
for children with ADHD-C and ADHD-I as compared to
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typically developing controls (TD) [25, 26]. In contrast,
children with ASD- seemed to benefit to the same extent as
healthy controls from alerting cues [26, 27] and in addition
did not show impairments across tonic and phasic alertness
tasks [12].

Sustained attention comprises the capability to maintain
a constant level of attention to one or more sources over
a relatively long period of time [20]. Consequently, tasks
that measure sustained attention are traditionally tasks that
require maintaining the focus of attention over a longer time
period [20]. Alternative ways to measure sustained atten-
tion is to study the differential decline over time in task
performance during one [28] or across various tasks [29].
In studies using the continuous performance test (CPT) to
study sustained attention, strong effects have been found for
impairments in children with ADHD in overall task perfor-
mance, and small to moderate effects for a decline of per-
formance over time [30]. Equivalently, compared to chil-
dren with ASD, children with ADHD showed impairments
in overall task performance [11, 31] as well as a differential
decline of performance over time [11]. Several studies that
reported impaired sustained attention in children with ASD
compared to TD did not control for co-morbid ADHD [10,
12].

Selectivity of attention: focused- and divided
attention

The dimension selectivity of attention comprises atten-
tion components focused- and divided attention, which are
considered to be most closely related to SAS components
inhibition and flexibility [20]. Focused attention is defined
as the ability to concentrate selectively on specific aspects
of information while suppressing others. Focused attention
abilities of children with ADHD and ASD were intact when
simple task stimuli were used [12, 32]. In contrast, when
visual complexity of these stimuli increased, children with
ADHD and ASD showed impaired focused attention. More
specifically, children with ADHD-C showed higher rates of
omission errors [24] and children with ASD showed slower
reaction times than TD [12]. None of these studies con-
trolled for ADHD symptoms in ASD.

Divided attention refers to the ability to focus on two
or multiple aspects in the environment at once. Tasks that
measure divided attention require participants to process
several aspects of information in parallel. Some tasks
instruct participants to divide their attention between aspects
of the environment periodically, reflecting a relatively more
top-down controlled activity (e.g. Trail Making Test-B
(TMT-B); Children’s Color Trails Test 2 (CCTT-2)). Other
tasks require participants to divide their attention in response
to target stimuli, reflecting a relatively more stimulus-driven
activity (e.g. TAP-Divided Attention).
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Across studies strong impairments for ASD- in top-down
divided attention have been reported [14]. Impaired per-
formance of top-down divided attention has been reported
as well for children with ADHD [9, 33, 34], although not
consistently [32], possibly due to subtype specific impair-
ments for ADHD-C compared to ADHD-I [9]. As for
stimulus-driven divided attention contrasting results have
been reported for children with ADHD [24, 31, 35] as well
as ASD- [31, 36]. Direct comparisons of stimulus-driven
divided attention abilities between ASD- and ADHD did
not reveal a differential impairment [31]. To date, no data on
differential impairment of ADHD-C compared to ADHD-I
in stimulus-driven attention is available, and no comparison
to ASD- has been performed.

Supervisory attentional system (SAS)

The SAS comprises two cognitive functions, inhibition and
flexibility, that monitor the basic attention functions [20].
Inhibition is the ability to withhold, stop or slow down
behaviour. Tasks that measure inhibition can be broadly
divided into tasks measuring interference control, the ability
to stop an ongoing response, and impulsivity. Interference
control tasks require participants to suppress an automatic or
prepotent response. In tasks instructing participants to stop
an ongoing response target stimuli are presented, occasion-
ally followed by auditory or visual stop signals, (go-no-go
tasks; the stop-signal paradigm, see [16] for an overview).
Finally, impulsivity refers to commission errors during atten-
tion tasks [14, 32, 34].

For children with ADHD across studies medium effects
have been reported for impairments in stopping an ongo-
ing response [16] as well as impulsivity [32, 34]. Small to
medium effects have been reported for an ADHD specific
impairment in interference control [25, 37, 38], but findings
were not consistent [10, 26]. Studies differentiating between
ADHD-C and ADHD-I report a specific impairment of inter-
ference control for ADHD-C [9, 33]. Impairments in inter-
ference control have also been reported for ASD [10-12],
but without accounting for the influence co-morbid ADHD
symptoms. When the influence of co-morbid ADHD symp-
toms is controlled for, ASD- performance across various
inhibition tasks has found to be unimpaired [14].

Cognitive flexibility implies a switch in the focus of
attention on a perceptual, cognitive or response level in
order to respond to the environment in different ways [20].
Tasks that measure cognitive flexibility include measures
of spatial shifting of attention (re-orienting), cross-modal-
ity shifting, and (cognitive) set shifting. Furthermore,
cross modality and set shifting tasks may differ in task
instruction: in explicit flexibility tasks the participant is
instructed to shift focus explicitly, in implicit flexibility

tasks there is no such instruction (i.e. the participant needs
to initiate the shift spontaneously in order to succeed).

Children with ADHD re-orient their attention compa-
rable to TD [26, 39]. Only small effects for re-orienting
impairments in children with ASD have been reported
[40], and, accordingly, no differential impairment in re-
orienting efficiency has been reported for ASD- as com-
pared to ADHD [26]. Studies testing explicit flexibility
task performance in ADHD reported divergent results
[10, 24, 41]. For children with ASD a slower perfor-
mance [12] as well as more errors compared to TD have
been reported [10, 12]. Whether explicit flexibility is dif-
ferentially impaired in ASD compared to ADHD is not
clear, as the influence of co-morbid ADHD or subclinical
ADHD-symptoms was not controlled, even in the studies
directly comparing explicit flexibility task performance
between ASD and ADHD [10, 41]. The influence of co-
morbid ADHD in ASD on implicit flexibility abilities has
been studied more frequently. That is, across studies chil-
dren with ASD- showed specific impairments in implicit
Sflexibility compared to TD [14], as well as compared to
ADHD- [13].

Taken together, impairments in basic attention func-
tions and EF for ADHD-C, ADHD-I, as well as ASD-
were observed in comparison to TD. However, direct
comparisons of ADHD-C, ADHD-I with ASD- are clearly
needed to obtain more insight into the specificity of these
impairments, i.e. ADHD-subtype specific impairments as
well as ASD- specific impairments. The first aim of the
present study was therefore to compare the basic atten-
tion and EF profiles of children with ADHD-C, ADHD-I,
and ASD- based on the multi-component attention model
of van Zomeren and Brouwer [20]. The second aim was
to explore whether attention problems and hyperactive-
impulsive behaviour across and within groups differen-
tially predicted neurocognitive impairments in children
with ASD- as compared to in ADHD-I and ADHD-C.
First, we hypothesized that the attention profile of chil-
dren with ADHD-C, ADHD-I and ASD- revealed an over-
all worse performance than TD across measures of basic
attention function (i.e. tonic alertness, phasic alertness,
focused attention, stimulus-driven divided attention) and
both SAS components (interference control, impulsivity,
re-orienting attention, explicit flexibility). We expected
that the performance of children with ADHD-C, ADHD-I
and ASD- across basic attention and SAS components sig-
nificantly differed from TD. Furthermore, we expected that
children with ADHD-C and ADHD-I showed relatively
more impaired basic attention profiles compared to ASD-.
In addition, we expected ADHD symptoms to predict neu-
rocognitive impairments in ADHD-C and ADHD- as well
as ASD-.
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Methods

Participants

Four samples of children were included (ASD-, ADHD-I,
ADHD-C, TD), aged 6.5-16.5 years. All subjects were
male and had a full scale IQ above 75. The groups were

Table 1 Sample characteristics: age, IQ, CBCL, DCL-ADHD

matched for age. Average I1Q was higher in TD than in
ADHD-I and ADHD-C, F =4.495, df = (3, 122), p < 0.01.
Sample characteristics are presented in Table 1. Exclu-
sion criteria for all groups were obsessive—compulsive
and depressive disorder, epilepsy, fragile X syndrome,
dyslexia, dyscalculia, visual or hearing impairments,
premature birth and birth weight less than 2000 g. All
children who received psychopharmacological treatment

ASD (N =23) ADHD-I (N =23) ADHD-C (N =58) TD (N =22) Group differences Post hoc
F value (df) p value
Age, M (SD) 10.04 (2.3) 9.91 (1.8) 9.76 (1.8) 9.77 2.4) 0.116 (3, 122) 0.950 -
1Q, M (SD) 104.96 (18.3) 98.17 (12.2) 102.33 (11.2) 112.00 (13.0) 4.495 (3, 122) <.01 TD > ADHD-C/
ADHD-I
DCL-ADHD, M 8.73 (3.55) 18.82 (3.81) 20.95 (3.83) 4.41 (3.55) 136.027 (3,122) <.01 ADHD-C/ADHD-
(SD) Inattention 1I/> ASD > TD
DCL-ADHD, M 4.044 (3.08)  8.39(3.55) 20.81 (3.99) 3.553.32) 195.288 (3, 122) < .01 ADHD-C > ADHD-I,
(SD) ASD, TD
Hyperactivity/Impul- ADHD-I > ASD, TD
sivity
DCL-ADHD, M 12.78 (4.81)  27.22(5.39) 41.76 (6.39) 7.95 (5.91) 243.171 (3, 122) < .01 ADHD-C/ADHD-I >
(SD) ASD/TD
Total score ADHD-C > ADHD-I
CBCL, M (SD) 68.78 (9.8) 70.09 (7.81) 72.20 (8.83) 51.95(2.99) 34.785(3,120) <.01 ADHD-C/ADHD-I/
Attention problems ASD > TD
Withdrawn 68.78 (10.0)  62.48 (7.48) 61.98 (7.48) 50.86 (1.73)  20.631 (3, 120) <.01 ADHD-C/ADHD-I/
ASD > TD
Somatic complaints ~ 58.83 (8.83)  59.96 (8.93) 61.75 (9.30) 55.55 (6.427) 2.787 (3, 120) <.05 -
Anxious/Depressed  65.57 (9.04)  60.30 (7.70) 65.30 (9.33) 51.64 (2.63) 16.589(3,120) <.01 ADHD-C/ADHD-I/
ASD > TD
Social symptoms 71.96 (8.52) 62.78 (9.48) 64.30 (10.31) 51.91 (3.15) 19.293 (3, 120) <.01 ADHD-C/ADHD-I/
ASD > TD
ASD > ADHD-C/
ADHD-I
Thought problems 70.43 (12.44) 59.00 (9.56) 61.79 (9.39) 50.82 (2.65) 17.113(3,120) <.01 ADHD-C/ADHD-I/
ASD > TD
ASD > ADHD-C/
ADHD-I
Delinquent behaviour 60.57 (7.56)  62.48 (7.77) 64.59 (8.68) 52.05(3.36) 14.401 (3,120) <.01 ADHD-C/ADHD-I/
ASD > TD
Aggressive behaviour 63.00 (10.93) 63.87 (10.16) 71.29 (10.43) 51.77 (3.25) 22.279(3,120) <.01 ADHD-C/ADHD-I/
ASD > TD
ADHD-C > ADHD-I,
ASD
Internalizing 67.13 (9.15) 62.43 (6.24) 65.09 (9.12) 48.68 (6.46) 24.754(3,120) <.01 ADHD-C/ADHD-I/
ASD > TD
Externalizing 61.83 (9.74)  63.09 (9.37) 69.04 (8.55) 47.09 (7.54)  30.059 (3, 120) <.01 ADHD-C/ADHD-I/
ASD > TD
ADHD-C > ASD
Total score 68.83 (8.50)  66.30 (7.28) 70.29 (7.96) 4795 (6.39) 46.884 (3, 120) <.01 ADHD-C/ADHD-I/

ASD > TD
ADHD-C > ASD

ASD Autism spectrum disorder, ADHD-I Attention deficit hyperactivity/disorder predominantly inattentive type, ADHD-C Attention deficit/
hyperactivity disorder combined type, TD Typically developing, N Sample size, DCL-ADHD Diagnostic checklist for attention deficit hyperac-
tivity disorder, M Mean, SD Standard deviation, RTV Reaction time variability, RT Mean reaction time, CBCL Child behaviour checklist
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with stimulants were asked to withdraw medication 24 h
(immediate release) respectively 48 h (extended release)
prior to testing. No other medication was allowed. Chil-
dren were recruited and tested in the University Hospital
Departments of Child and Adolescent Psychiatry, Psycho-
somatics and Psychotherapy in Frankfurt and Homburg,
Germany. The study was approved by the local ethical
committees and was done in accordance with the 1964
Helsinki declaration and its later amendments or compa-
rable ethical standards. Informed consent was obtained
from all individual participants and their parents prior to
inclusion in the study.

ASD group

Twenty-three children with ASD aged 6.8-16.5 years old (M
= 10.0 years, SD = 2.2 years) with a mean IQ of 104.9 (SD
= 13.0) participated. Nineteen were diagnosed with High
Functioning Autism, 4 with Asperger’s Disorder, and one
with pervasive developmental disorder—not otherwise spec-
ified. The diagnosis was made by an experienced clinical
psychologist or psychiatrist using the gold standard instru-
ments Autism Diagnostic Observation Schedule (ADOS [42]
and autism diagnostic interview-revised (ADI-R [43]), and
was based on DSM-IV-TR criteria [44]. Only children who
met diagnostic criteria of ASD in both ADOS and ADI-R
were included in this sample. Parents were additionally
asked to complete the Child Behaviour Checklist (CBCL)
[45]. ADHD-I or ADHD-C were excluded in the ASD group
by standard clinical assessment and specific ADHD rating
(see below).

ADHD-I group

In the ADHD-I group, 23 children aged 7.0-13.4 years old
(M =9.9,SD = 1.8) with an average IQ of 98.2 (SD = 12.2)
were included. The diagnosis of ADHD-I was made using
the structured Diagnostic Interview for Children and Ado-
lescents, parent version (Kinder-DIPS [46]). On the basis
of this interview, a German DSM-IV TR based diagnosis
checklist, the DCL-ADHD [47] was completed to establish
criteria for ADHD-I. Additionally, parents completed the
CBCL. ASD was excluded by standard clinical assessment
by an experienced clinical psychologist or psychiatrist as
well as screening by the Social Communication Question-
naire [48].

ADHD-C group

Similarly to the diagnostic procedure of the ADHD-I group,
the Kinder-DIPS and DCL-ADHD was administered to
establish a diagnosis of ADHD-C. Parents also com-
pleted the CBCL. This sample included 58 children aged

6.5-15.3 years old (M = 9.7, SD = 1.9) with an average 1Q
of 102.3 (SD = 11.2). ASD was excluded by standard clini-
cal assessment by an experienced clinical psychologist or
psychiatrist as well as screening by the Social Communica-
tion Questionnaire [48].

TD group

Twenty-two TD children, aged 6.7-15.2 years (M = 9.8, SD
= 2.3) with a mean IQ of 112.0 (SD = 13.0) were included.
TD had no psychiatric history and showed T-scores below
67 on all subscales of the CBCL [45]. Means and SD all
questionnaires scales and subscales are presented in Table 1.

Measures

All participants completed six subtests of the computerized
test battery TAP (Tests of Attentional Performance) version
2.1 [49].

Intensity of attention: alertness and sustained attention

The alertness task consists of two parts. In the ‘tonic alert-
ness’ condition, the participant is required to respond to a
visual stimulus (‘X” presented on the screen) by pressing a
button. In the ‘phasic alertness’ condition, an acoustic stimu-
lus (warning tone) appears prior to the presentation of the
visual stimulus. The time span between the warning tone
and the appearance of the stimulus was random (between
300 and 700 ms). The conditions are presented in an ABBA-
design (A = tonic alertness, B = phasic alertness). Measures
of tonic alertness comprised the mean reaction time (RT)
and variability in reaction time (RTV; standard deviation of
the mean) during the tonic alertness condition. Measures of
phasic alertness were calculated as the difference in reac-
tion time between the phasic- and tonic alertness condition.

Sustained attention Due to technical difficulties, we were
not able to obtain sufficient measures of sustained attention
for meaningful statistical analysis.

Selectivity of attention: focused- and divided attention

The go/no-go task requires the participant to select two pat-
terns out of five by pressing the response button. During the
task, one pattern at a time is presented in the center of the
screen and the participant has to decide whether it refers to
the two target stimuli. The dependent measures are RT, RTV,
and omission errors (focused attention).

In the divided attention task a 4 X 4 matrix is displayed
on the screen, in which crosses continuously change their
position,. The participant has to press a button whenever
the crosses form a square. Simultaneously an alternat-
ing sequence of low and high sounds is presented to the
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participant. In the case of inconsistency in this order, the
participant has to press the button. Total amount of commis-
sion and omission errors, mean RT and RTV measures were
calculated (divided attention).

Supervisory attentional system (SAS)

In the covert shift of attention task the participant has to
focus a fixation point in the center of the screen. Then an
arrow (= cue stimulus) appears that indicates the expected
side of a cross (= target stimulus). For 80% of the trials
this cue was valid. The participant is instructed to press the
response button when the cross displays. RT, RTV and com-
mission errors across both conditions were calculated (re-
orienting of attention).

Commission errors of the go/no-go task (described
above) were used to measure impulsivity.

In the incompatibility task the participant is instructed
to fixate on a central point on the screen. During the task,
arrows pointing either to the left or right appear on either
the left or right side of the screen. The participant is asked
to only react to the direction the arrow is pointing. During
compatible trials, pointing direction and location of appear-
ance are the same; during incompatible trials these param-
eters differ. RT, RTV, and incompatible false reactions were
calculated (interference control).

In the flexibility task two buttons are allocated in the front
of the participant, corresponding to the respectively left and
right side of the computer screen. During the task, stimuli
from two competing shape categories (angled and round)
are presented simultaneously. The participant has to respond
alternately to the location of the respectively angled or the
round stimuli on the screen. RT, RTV and false reactions
were calculated (explicit cognitive flexibility).

ADHD symptom severity

Severity of ADHD symptoms for all children were obtained
using the Diagnostic Checklist for Attention Deficit Hyper-
activity Disorder (DCL-ADHD) and the ADHD rating scale
for parents (FBB-ADHD). The DCL-ADHD and the FBB-
ADHD are disorder-specific questionnaires from the DISYPS-
KJ based on DSM-IV-TR and ICD-10 criteria with each item
measuring ADHD symptom severity on a 3-point scale [47].
The Inattention- and Hyperactivity/Impulsivity symptom
domain scores show good factorial validity as well as internal
consistency (Cronbach’s a respectively 0.88 and 0.84) [50].
The DCL-ADHD is the expert version of the FBB-ADHD and
was rated by a trained clinician based on information from the
Kinder-DIPS. For 11 children in the control group and 7 chil-
dren in the ASD- group DCL-ADHD data was missing; thus
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FBB-ADHD data was recoded to obtain the same measures of
ADHD symptom severity for all cases.

Procedure

All tasks were completed in a small and quiet room, and
were administered in a fixed order (i.e. alertness task, flex-
ibility task, divided attention task, Go/Nogo task, incompat-
ibility task, covert shift of attention task). The participants
were instructed verbally according to testing standard by the
administrators. Additionally, a short introduction of the test
procedure was presented on the monitor. The session lasted
6070 min.

Statistics

Statistical analysis was carried out using IBM SPSS windows
version 22 [51]. Profile analysis was used to compare neuro-
cognitive attention- and EF profiles between groups. Group
differences in the overall level of attention and EF function-
ing in terms of overall level of impairment (between groups
effect) and group-specific impairment (within group/between
group interaction effects) were tested using repeated measures.
Separate analyses were conducted for basic attention functions
and SAS components, as well as for reaction times, standard
deviations and error rates. When groups performed signifi-
cantly different across tasks (i.e. before correction for multiple
comparisons), additional ANCOVAs were conducted to test
for group-specific impairments. Group differences in phasic
alertness were calculated separately, as phasic alertness per-
formance was calculated by differences in mean RT between
tonic and phasic alertness conditions. The effect of age on
neurocognitive functioning was controlled for by including age
as covariate in all models. To obtain an estimate of the influ-
ence of IQ on neurocognitive performance, sensitivity analysis
was added by re-running models showing group differences
by including IQ as additional covariate. False Discovery Rate
(FDR) was used to account for multiple comparisons [52].
To explore the relation between attention- and hyperac-
tivity/impulsivity symptom domain scores and neurocogni-
tive impairments, symptom domain scores, clinical group,
and interaction term for symptoms scores and clinical group
were entered as predictors in linear regression models with
measures of neurocognitive performance as dependent vari-
ables. Age was controlled for as covariate in the model.

Results

Results are presented across measures of basic attention- and
SAS components (for all relevant parameters regarding basic
attention components and SAS components see respectively
Tables 2 and 3).
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Fig. 1 Basic attention components profiles

Differences in basic attention profiles
between ADHD-C, ADHD-I, ASD- and TD

Children with ADHD-C, ADHD-I, ASD- and TD did not
differ in the overall mean reaction time (RT) across measures
of attention intensity (fonic alertness) and attention selectiv-
ity (divided attention, focused attention), F = 0.333, df = (3,
121), p = 0.801, p. = 0.801. Furthermore, no group dif-
ferences were observed in mean RT for any of the basic
attention functions, Pillai’s Trace = 0.219, F = 1.389, df
= (6, 242), p = 0.219, p, = 0.270. The overall SD of RT
across measures of attention intensity (phasic alertness),
attention selectivity (divided attention, focused attention)
was not different between groups, F = 1.340, df = (3, 121),
p =0.265, p. = 0.316 and groups also showed no specific
differences in SD for any of the basic attention functions,
Pillai’s Trace = 0.038, F = 0.771, df = (6, 242), p = 0.593,
p. = 0.627. Groups did also not differ in the overall amount
of false reactions across measures of attention selectivity
(divided attention, selective attention), F = 1.050, df = (3,
121), p = 0.373, p. = 0.418, but marginal group differences
were found for specific measures of attention selectivity
(Fig. 1: within group/between group interaction effect: Pil-
lai’s Trace = 0.103, F =2.179, df = (6, 242), p = 0.046, p,. =
0.077; including 1Q: Pillai’s Trace = 0.122, F =2.592, df =
(6, 240), p = 0.019). More specifically, groups differed in the
amount of omission errors as measure of divided attention, F
=3.752,df = (3, 121), p = 0.013, p. = 0.034, ;112, = 0.085,

' ' '
re-orienting attention interference control  explicit flexibility

Fig.2 SAS profile (mean RT)

Fig.2 SAS profile (mean RT)

but not in the amount of comission errors as a measure of
divided attention, F = 0.926, df = (3, 121) p = 0.430, p, =
0.468, nor omission errors as a measure of focused attention,
F=1217,df = (3, 121), p = 0.307, p. = 0.355. Children
with ASD- made more omission errors compared to TD (p
= 0.013, p, = 0.034), ADHD-C (p = 0.001, p, = 0.004),
but only a trend for differences compared to ADHD-I (p =
0.050, p. = 0.079) was found. Finally, no group differences
were found for the difference in mean RT between the pha-
sic- and tonic alertness conditions, F'= 0.418, df = (3, 121),
p=0.740, p. = 0.761).

To summarize, children with ADHD-C, ADHD-I, and
ASD- did not show an overall worse performance than TD
across measures of basic attention functions. In addition, no
differential impairments for basic attention functions were
found for the ADHD subtypes, but instead for ASD- com-
pared to ADHD-C.

Differences in Supervisory Attention System (SAS)
profiles between ADHD-C, ADHD-I, ASD- and TD

Children with ADHD-C, ADHD-I, ASD- and TD differed
only marginally in the overall mean RT across measures of
SAS components re-orienting attention, interference con-
trol and explicit flexibility (mean RT: F = 2.853, df = (3,
121), p = 0.040, p. = 0.070), but mean RT differed signifi-
cantly between groups for specific SAS components (Fig. 2;
within group/between group interaction effect: Pillai’s
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Trace = 0.127, F = 2.743, df = (6, 242), p = 0.013, p,. =
0.034; including 1Q: Pillai’s Trace = 0.124, F = 2.625, df
= (6, 240), p = 0.017). When compared on the level of the
specific tasks, however, neither group differences in mean
RT for SAS components re-orienting attention, interfer-
ence control and explicit flexibility reached statistical sig-
nificance, F' = 1.755, df = (3, 121), p = 0.159, p. = 0.203,
F=2.608,df=(3,121),p=0.055, p. = 0.081; F = 2.524,
df=(3,121), p =0.061, p. = 0.087).

Groups did not differ in the overall SD across measures of
SAS components re-orienting attention, interference control
and explicit flexibility (F = 2.668, df = (3, 121), p = 0.051,
p. = 0.079). In contrast, SD differed significantly between
groups for specific SAS components (Fig. 3; within group/
between group interaction effect: Pillai’s Trace = 0.129, F
=2.773, df = (6, 242), p = 0.013, p,. = 0.034; including 1Q:
Pillai’s Trace = 0.126, F = 2.698, df = (6, 240), p = 0.015).
Group differences for the SD of the RT measuring re-ori-
enting attention (F = 3.206, df = (3, 121), p = 0.026, p. =
0.064), interference control (F =3.117,df = (3, 121), p =
0.029, p. = 0.065, and explicit flexibility (F = 3.006, df = (3,
121), p = 0.033 p,. = 0.066) did not withhold correction for
multiple testing.

Groups significantly differed in the overall amount of
false reactions across measures of SAS components re-
orienting attention, impulsivity, interference control and
explicit flexibility (Fig. 4; F = 8.704, df = (3, 121), p =
0.000, p. = 0.000, ;1,2, = 0.177, also when 1Q was included
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Fig.3 SAS profile (SD mean RT)
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@ Springer

as covariate F = 7.143, df = (3, 121), p = 0.000). Children
with ADHD-C showed a higher amount of false reactions
across measures of SAS components than TD (p = 0.000,
p. = 0.000) and ASD- (p = 0.002, p. = 0.007), but only a
trend towards differences compared to ADHD-I (p = 0.03,
p. = 0.065). Specific group effects were found for SAS-
components re-orienting attention (F = 8.785, df = (3,
121), p = 0.000, p. = 0.000, 17[2, = 0.179), interference
control (F =5.532, df = (3, 121), p = 0.001, p, = 0.004,
;15 = 0.120). Group differences for for explicit flexibility
did not withold correction for multiple testing (F = 2.847,
df = (3, 121), p = 0.040, p, = 0.070). Impulsivity (F =
2.125,df = (3, 121), p = 0.101, p,. = 0.133) did not differ
across groups (Fig. 4).

For SAS component re-orienting attention, ADHD-C
specific impairments were found: children with ADHD-C
made more comission errors compared to TD (p = 0.000,
p. = 0.000), ASD- (p = 0.000, p. = 0.000), as well as
ADHD-I (p = 0.000, p. = 0.000). In interference control
children with ADHD-C differed significantly from TD (p
= 0.000, p. = 0.000), but only a marginally significant
difference to ADHD-I (p = 0.034 p, = 0.066) and no dif-
ference to ASD- (p = 0.077, p, = 0.106) was observed.

To summarize, the SAS profile of ADHD-C showed
a relatively more severe overall level of impairments
compared to ASD- and TD, characterized by a higher
overall rate of false reactions, as well as SAS-specific
impairments.
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Dimensional ADHD symptom scores
and impairments in basic attention and SAS
components

To evaluate whether ADHD symptoms predict neurocogni-
tive impairments in ADHD-C, ADHD-I as well as ASD-,
neurocognitive impairments for ADHD or ASD- were
regressed on dimensional symptom scores of the inatten-
tion- and hyperactivity/impulsivity domain, clinical group
and an interaction term for clinial group and dimension sym-
pom scores.

An ASD-specific impairment was found for basic atten-
tion component divided attention (omission errors). Neither
dimensional inattention symptoms across groups or within
ASD predicted measures of divided attention (inattention;
Bsp = 0.028, 1(125) = 0.308, p = 0.768, inattention*group;
Psp = — 0.145, 1(125) = — 0.718, p = 0.474). Dimensional
hyperactivity/impulsivity symptoms across groups or within
ASD did also not predict measures of divided attention
(hyperactivity/impulsivity; g = — 0.068, #(125) = — 0.747,
p = 0.456; hyperactivity/impulsivity*group; fgp = — 0.245,
#(125) = — 1.915 p = 0.057).

The highest effect-size for an ADHD-C specific was
found for SAS component re-orienting attention (comis-
sion errors). Inattention did not predict comission errors as
a measure of re-orienting attention (fgp, = — 0.011, #(125)
= — 0.088, p = 0.930), and the effect of inattention symp-
tom severity on the rate of comission errors did not differ
between groups (inattention*group; fgp = 0.073, #(125)
= 0.188, p = 0.851. Differences in severity of hyperactiv-
ity/impulsivity symptoms neither predictedct the rate of
comission errors as a measure of re-orienting attention
across- or within a specfic group (hyperactivity/impulsiv-
ity; fsp = 0.148, #(125) = — 0.598, p = 0.551, hyperactivity/
impulsivity*group; fgp = — 0.252, #(125) = — 0.560 p =
0.567).

Discussion

Our first study aim was to compare the basic attention
and EF profiles of children with ADHD-C, ADHD-I, and
ASD- by testing the comprehensive multicomponent atten-
tion model of van Zomeren and Brouwer [20]. Against our
predictions, the attention profile of children with ADHD-C,
ADHD-I and ASD- did not reveal an overall worse perfor-
mance than TD across measures of basic attention functions
(i.e. tonic alertness, phasic alertness, focused attention,
stimulus-driven divided attention). However, across meas-
ures of SAS components (interference control, impulsiv-
ity, re-orienting attention, explicit flexibility), the profile of
ADHD-C revealed a strong impairment compared to ASD-
and TD, less so to ADHD-I. Furthermore, an ASD- specific

impairment for the basic attention component divided atten-
tion was found, as well as ADHD-C specific impairments of
SAS components interference control and re-orienting atten-
tion. Effects for specific impairments were medium- to large
sized, and a large effect was found (i.e. ;7]2, = 0.177) for the
overall impairment of ADHD-C across SAS-components.
Increased commission errors in different motor and cogni-
tive inhibition tasks are a well replicated finding in children
with ADHD-C [53, 54], and the results of the present study
confirm these findings.

The specific impairments for ASD- in stimulus-driven
divided attention is in line with previously reported ASD-
specific impairments in impaired divided attention across
modalities [31, 55], and the well replicated impaired visuo-
spatial and visuo-motor processing abilities in ASD [56], as
the divided attention task relies on a fast and correct alloca-
tion of a specific spatial position in the visual field. This
divided attention deficit may also underlie reduced joint
attention, which is a core deficit in ASD [57].

The specific impairments reported for ADHD-C in inter-

ference control are partly supported by previously reported

small to medium effects [25, 37, 38], but see [10, 26]. Sub-
type-specific differences for ADHD-C in interference con-
trol compared to ADHD-I have been reported previously [9,
33]. In addition, specific impairments in interference control
have been reported for ASD [10-12]. In contrast to previous
studies, the present study controlled for co-morbid ADHD
in ASD and differentiated between ADHD subtypes. Given
the direction of the effects in the context of low power, our
results therefore provide support for a differential impair-
ment of interference control for ADHD-C. Finally, a large-
sized ADHD-C specific impairment was found for re-orient-
ing attention as measured by commission errors on a covert
attention task, which is not supported by the literature [26,
39]. Since tasks were administered in a fixed order, with the
covert attention task being the last task, the impaired perfor-
mance may in fact reflect impaired performance in sustained
attention rather than in re-orienting attention. ADHD spe-
cific impairments in sustained attention have been described
by many studies, in children and adolescents [11, 30, 31, 58].
Taken together, findings suggest that attention impairments
in ADHD-C are not limited to SAS-components, but are
complemented by impairments in the basic attention com-
ponent sustained attention.

Limitations of our study firstly concern the relatively sim-
ple computer-based tests that were applied to measure the
various attention components and EF, which may affect gen-
eralisation to everyday situations. Next to the fixed admin-
istration order, another limitation was the small sample size
and consequently low power, which did not allow testing for
small and medium effects. Although power was sufficient to
interpret group differences, as we have detected large effects,
small to medium effect size differences between groups may
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have remained undetected and can thus not be excluded. In
contrast, power was sufficient to detect a small to medium
effect of a single regression component. Thus, the lack of
association of dimensional measures of inattention and
hyperactivity-impulsivity beyond group effects emphasizes
the importance of specific basic attention and EF impair-
ments in ADHD-C, ADHD-I and ASD-. Previous studies
did find ADHD symptom severity to be associated with neu-
rocognitive performance across ADHD and ASD samples
[10, 59], and within ADHD [7-9] and ASD samples [60,
61]. Some of those studies used composite scores derived
from multiple neurocognitive measures instead of single
neurocognitive measures to control for the specific influence
of each task/cognitive subdomain [9, 60]. In addition, the
majority of these studies did not include group status in the
analysis [7, 8, 59, 60]. The effects between ADHD symptom
severity and neurocognitive performance may consequently
not have extended beyond group status.

Another limitation is the IQ difference between TD and
both ADHD groups. This reflects the typical IQ distribu-
tion in ADHD, which is often below TD samples [62] and
therefore corroborates the classification of our groups. Fur-
thermore, since results did not change when IQ was included
as covariate, one can assume that the IQ differences did not
influence study results. Finally, only male participants were
included in the analysis. In future research girls should be
brought into focus in order to analyse possible gender effects
on attention performance in ASD and ADHD.

In summary, ADHD-C showed disorder specific impair-
ments across SAS tasks and specific impairments in inter-
ference control. Impairments in basic attention functions
were not found for both ADHD subtypes, but impairments
for sustained attention in ADHD-C cannot be excluded due
to limitations in study design. The attention/EF profile of
ASD- showed impairments in the basic attention compo-
nent divided attention. Overall, study findings support dis-
order and subtype specific attention profiles, which refute
the idea of a continuum of ADHD-I, ADHD-C, and ASD
with increasing cognitive impairments [6], at least in the
area of the neuropsychology of attention. Based on twin
studies, it has been reported that common genetic factors
[63, 64] underlie the phenotypic overlap between ASD and
ADHD [65]. Thus, the hypothesis that ASD and ADHD
represent alternate expressions of an underlying continuum
has been proposed, with ADHD as a less severely impaired
subtype within the ASD spectrum [1]. Statistical approaches
that allow to compare whether a particular disorder rep-
resent a discrete entity, or one end of a continuum, point
towards ASD as a discrete entity, but ADHD as a continuous
trait [66]. Across diagnostic borders of ADHD and ASD,
however, support for an underlying continuum in terms of
behavioral symptoms, as well as for the degree of (cogni-
tive) impairment has been reported [6]. In the present study,

@ Springer

the ADHD sample showed elevated parent reported social
problems compared to TD, but not to ASD-, and the ASD-
sample showed elevated parent reported attention prob-
lems compared to TD (see Table 1). In accordance with
the overarching disorder hypothesis, ASD- should have
shown the most severe impairments relative to ADHD-C
and ADHD-I. In contrast, our results clearly demonstrated
the ‘pure’ ADHD-C subtype to be most severely impaired
on a neurocognitive level. Additionally, significantly higher
CBCL total scores for ADHD-C compared to ASD- (see
Table 1) indicate a higher overall level of psychiatric and
behavioral symptoms for ADHD-C relative to ASD-. The
disorder-specific impairments for ADHD-C and ASD-
found in the present study furthermore support qualitative,
rather than quantitative differences in neurocognitive pro-
files between disorders. Thus, even though our study did
not statistically examine whether neurocognitive functions
and symptom data across diagnostic borders of ADHD
and ASD represent a discrete entity or a continuum, our
results do argue against the idea of a continuum of ADHD-I,
ADHD-C and ASD with increasing cognitive impairments
in ASD. Accurate classifications of differential and over-
lapping impairments in attention functioning could support
the search for shared and non-shared genetic mechanisms
involved in the onset and susceptibility to develop ADHD or
ASD-. Furthermore, comparing cognitive profiles between
disorders in addition to research on ‘central deficits’ in
ADHD and ASD- not only broadens our knowledge on the
clinical manifestation of disorders, but may in addition lead
to insights that may be directly applied in clinical practice.
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