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Abstract The validity of the DSM-IV subtypes is a
recurring diagnostic debate in attention deficit/hyperactivity
disorder (ADHD). Laboratory measures, such as the test of
everyday attention for children (TEA-Ch) can help us
address this question. TEA-Ch is a test battery covering
different aspects of everyday attention relating to selective
and sustained attention and attentional control. The aim of
the current study was to investigate whether this instrument
can differentiate between combined (ADHD-C) and inat-
tentive subtype (ADHD-I) of ADHD. Subjects were recrui-
ted from a multidisciplinary ADHD outpatient unit and
tested free of medication. Sixty-four children with a diag-
nosis of ADHD were included (38 with ADHD-C; 26 with
ADHD-I). The control group was 76 children recruited from
primary and secondary schools. Children with ADHD
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performed worse than controls on 6 out of 9 TEA-Ch sub-
tests. However a regression analysis revealed that TEA-Ch
subtests made only a marginal contribution to the correct
classification of ADHD, once the effects of IQ and age are
controlled. Confirmatory factor analysis in our ADHD group
demonstrated that the three factor structure achieved a poor
fit. More detailed analysis suggested that inferior perfor-
mance on the tasks designed to test vigilance was not the
result of deficient-sustained attention. ADHD-C and ADHD-I
showed very few differences across tasks. In conclusion, our
results provided not much support for the value of the
ADHD-C and ADHD-I distinction in predicting difficulties
in everyday attention.

Keywords Attention deficit/hyperactivity disorder -
Subtypes - Test of everyday attention for children

Introduction

Attention deficit/hyperactivity disorder (ADHD) is one of the
most prevalent psychiatric conditions of childhood, and is
characterized by pervasive behavioral symptoms of hyper-
activity, impulsivity and/or inattention. As a result of these
symptoms, children with ADHD are often impaired in a wide
range of daily activities, such as learning, social and emotional
functioning [21]. Following the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR) ADHD has three
subtypes: ADHD predominantly inattentive subtype (ADHD-I),
ADHD predominantly hyperactive/impulsive subtype
(ADHD-H) and ADHD combined subtype (ADHD-C) [1].
Discriminant validity and utility of these three subtypes of
ADHD continued to be questioned [2, 5,7,9, 17, 18, 24, 31].

On a neuropsychological level, evidence for a different
cognitive profile in ADHD-I and ADHD-C is not
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compelling. Barkley postulated a model of ADHD in which
only ADHD-C and ADHD-H, but not ADHD-I, was asso-
ciated with executive function (EF) deficits, such as response
inhibition, visual working memory, planning, cognitive
flexibility and verbal fluency [3, 4]. A relatively consistent
finding is that problems with inhibition are linked with
ADHD-C. However, this is contradicted by other studies that
demonstrated problems in inhibitory control are not only
exclusive to ADHD-C, but also found in ADHD-I. Likewise,
some studies found more problems in the broader EF domain
in ADHD-C than in ADHD-I, but other studies failed to
replicate this [10, 15, 18, 20, 26]. Interestingly, most of the
limited number of studies failed to find significant differ-
ences between ADHD-C and ADHD-I on measures of
selective, sustained or divided attention. One study found
that on a test of vigilance, performance of ADHD-C deteri-
orated faster than that of ADHD-I [8], suggesting a specific
deficit in sustained attention for ADHD-C (but see [33]).

In the present study, we used a relatively new battery
assessing different aspects of attention, as a neuropsycho-
logical research tool in ADHD. The test of everyday
attention for children (TEA-Ch) was developed as a mod-
ification of the test of everyday attention (TEA) [22]. The
development of the TEA-Ch was model-based and theory-
driven, built as it was on the tripartite model of attention
proposed by Posner and Peterson [28].

On the face of it ADHD should be related to deficits on a
number of subscales of the TEA-Ch. A limited number of
studies have addressed this issue [12, 14, 22, 32] (for a review

of these studies, see Table 1). In all of these studies, significant
differences were found between children with ADHD and
normal controls on some subtests, although the pattern across
studies was inconsistent. There were major methodological
differences between these studies that might account for this
lack of consistency. These included the number of subjects,
the selection of subtests of TEA-Ch used, the choice to use
normal or clinical controls and the extent to which medication
status use was properly controlled. Therefore, at present, it is
difficult to draw firm conclusions about aspects of everyday
attention in ADHD as measured with the TEA-Ch. In addition,
some open questions remain, such as whether subtype dif-
ferences are present on the TEA-Ch.

The main aim of the current study was to investigate
differences between ADHD-C and ADHD-I in terms of
aspects of everyday attention and to extend the analyses of
previous studies by comparing subjects with ADHD and
normal developing controls on all TEA-Ch subtests. To this
end, we implemented the full range of the TEA-Ch atten-
tional items in a large, well characterized, clinically eval-
uated sample of children with ADHD.

Methods
Subjects

140 (Age M = 10.19 year; SD = 2.85, range = 6-16)
ADHD (n = 64; ADHD-C n = 38; ADHD-I n = 26) and

Table 1 Schematic overview of studies using the test of everyday attention for children in children with ADHD

Study Number Results Remarks
subjects
Manly et al. [22] 24 ADHD ADHD # controls: for Score!DT and walk, Three subtests were not assessed: Map

15 Controls . ;
multiple testing)

63 ADHD
23 Clinical controls

Heaton et al. [12]

Don’t Walk (after controlling for IQ and

ADHD # clinical controls: Score, Walk,
Don’t Walk, Code Transmission, Creature
Counting, Opposite Worlds

Post hoc comparison: ADHD-C

Mission, Creature Counting, Code
Transmission

Clinical control group
No control for medication

No correction for multiple testing, if done
only borderline significant for Score!

(n = 36) = ADHD-I (n = 21)

Hood et al. [14] 15 ADHD

16 Controls !
Counting

Baseline: ADHD # controls: Score!, Sky
Search DT, Walk, Don’t Walk, Creature

Three subtests were not assessed: Map
Mission, Score!DT, Code Transmission

No RCT

Improvement after medication: Score!, Walk,
Don’t Walk, Opposite Worlds (both

conditions)

Sutcliffe et al. [32] 18 ADHD

18 Controls

Baseline: ADHD # controls: Score!, Walk,
Don’t Walk, Opposite Worlds (both
conditions)

Improvement after medication: Score!, Walk,
Don’t Walk, Opposite World (both
conditions)

Only three subtests were assessed: Score!,
Opposite World and Walk, Don’t Walk

No RCT

RCT randomized control trial
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Table 2 Total sample
characteristics

ADHD combined ADHD inattentive Control
N 38 26 76
Age (years) 8.85 £ 2.10% 9.73 £ 2.51* 11.02 + 3.02
Sex (male, %) 76%" 65%° 46%

FSIQ

Co-morbid disorders
One co-morbid disorder
Two co-morbid disorders
Learning disorders
Motor skill disorders
Tic disorders
PDD
Disruptive disorders”
Eating disorders
Mood disorders

a < Q P
Test resglts for FSIQ are Anxiety disorders
presented in standard score

units, mean = 100, SD = 15 Adjustment disorders

° Significant different from Enuresis
controls Medication

¢ Significant difference Ritalin®
between ADHD-C and ADHD-I Ritalin MR

101.61 =+ 10.26° 100.65 + 9.64° 109.33 £ 11.22

39% 38%
16% 8%
16% 35%
0% 8%
11% 4%
5% 0%
18% 0%
3% 0%
8% 0%
8% 0%
3% 4%
0% 4%
16% 2%
2% 0%

(Mann—Whitney test)

control children (n = 76) took part in the study. The ADHD
cases were seen in our polyclinic of the university hospital
and received a formal ADHD diagnosis, based on the criteria
of the DSM-IV-TR. The diagnosis was based on parent
interview with the Schedule for Affective Disorders and
Schizophrenia for School-Age Children, Present Version
(K-SADS-P) [16]. Pervasiveness of symptoms was required
with the attention subscale of the teacher report form above
the 95th percentile. An ADHD diagnosis required evidence
of impairment in two settings (i.e. home and school). The
control group was recruited from several regular primary and
secondary schools, and were also participants in a large
developmental study. No participants had a history of pre-
maturity (PML < 36 weeks), head trauma or any neuro-
logical and/or psychiatric disorder according to their parents.
Exclusion criteria for all subjects were neurological prob-
lems, IQ < 80, treatment with psycho stimulants within 48 h
prior to testing. Table 2 presents characteristics separately
by clinical diagnostic group. The study protocol is approved
by the Committee of Medical Ethics of the University Hos-
pitals of Leuven, and assent was obtained for children and
informed consent for adolescents and their parents.

Instruments
Psychiatric evaluation

The K-SADS-P is a semi-structured diagnostic interview
for children and adolescents aged 6-18 years, based on

DSM-IV-TR diagnostic criteria [16]. The symptoms are
coded as present or absent. It covers all the most frequent
psychiatric disorders in childhood and adolescence. In the
present study, symptoms of ADHD, oppositional defiant
disorder and conduct disorder were assessed for all chil-
dren. For other psychiatric conditions, the screening
questions were used first and only the full criterion list was
applied further if the screening was positive.

Neuropsychological measures

WISC-1II Intelligence was evaluated with the Dutch
adaptation of the Wechsler Intelligence Scale for Children
(WISC-III) [19]. The WISC-III comprises five verbal and
five non-verbal subtests, and yields separate scores for
verbal 1Q (VIQ), non-verbal or performance 1Q (PIQ), and
full-scale 1Q (FSIQ).

TEA-Ch The Dutch adaptation of the TEA-Ch was
administered to all subjects [23]. The subtests of the
TEA-Ch are thought to measure selective attention (Sky
Search and Map Mission) divided and sustained attention
(Score!, Sky Search DT, Score! DT, Walk, Don’t Walk and
Code Transmission), and attentional control (Creature
Counting and Opposite Worlds). The standardization
sample consisted of Dutch speaking children between the
ages of 6 and 16 years. Confirmatory factor analysis (CFA)
in this population replicated the original three factor
structure. Most TEA-Ch subtests show adequate to strong
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test-retest reliability. Although the TEA-Ch consists of 9
subtests, there are 10 scores used in the analysis.

Sky Search The child must rapidly and accurately circle
paired ‘spaceship’ stimuli presented amid unpaired
distracters. In the control condition, the child has to circle
paired stimuli on a page without any distractors. Sub-
tracting the control condition from the test condition pro-
vides an attention score, based on the speed and accuracy,
independent of the influence of motor efficiency.

Map Mission The child has to circle each appearance of a
specific symbol on a detailed city map within 1 min. The
dependent variable is the number of correct responses.

Score! Participants silently count the number of target
tones they hear on a CD. There are 10 trials, with tones
ranging in number from 9 to 15 and presented at varying
intervals. The dependent variable is the total of the cor-
rectly counted trials.

Sky Search Dual Task (DT) The child simultaneously
performs the Sky Search and Score! tasks. A measure of dual-
task decrement is calculated, which consists of the perfor-
mance decrement conferred by the dual-task load, relative to
the participant’s performance on the visual search task alone.

Score! Dual Task (DT) The child listens for an animal
name distractor in a tape recorded ‘news broadcast’ while
simultaneous counting of audio-taped tones (Score!). The
dependent variable is the total number of correct answers
for both tasks.

Walk, Don’t Walk Go-tones are presented at a regular
pace with a no-go tone that occurs unpredictably within the
sequence of go-signals. On go-signals, the subject has to
mark the footprint on a path (“walk”). On the no-go-tone,
the subject has to withhold marking the footprint (“don’t
walk”). The dependent measure is the number of times the
subject successfully withholds the response to the no-go
signal (maximum score of 20).

Code Transmission The child listens for 12 min to an
audiotaped recording of single digit numbers presented at
2-s intervals and has to respond with the number that
precedes the occurrence of all double five-digit sequences.
There are 40 target presentations and the score is the
number of correct responses.

Creature Counting Children count °‘creatures’ aligned

along a path. Counting is regulated by printed arrows.
Arrows pointing up indicate the need to count upward,

@ Springer

‘down’ pointing arrows signify a shift to counting down.
The dependent measure is the total number of correct trials
and the total time needed for the correct trials.

Opposite Worlds This task consists of two conditions: a
control (‘same world’) and an attentional control (‘opposite
worlds’) condition. In the ‘same world’, the child has to
read out digits 1 and 2 that are displayed in a mixed, quasi-
random array. In the ‘opposite worlds’, participants are
asked to say the opposite for each digit. The difference
between the mean time needed to complete the ‘opposite
worlds’ trials and the mean time needed to complete the
‘same world’ trials is the dependent variable.

The TEA-Ch consists of five tasks designed to measure
sustained attention. However, the standard scoring of these
tasks does not allow the assessment of whether there is a dif-
ferential decrement in attention across the task session, implied
by the concept of sustained attention deficit. In the current
paper, therefore, if a significant effect was found on one of these
tasks we also analyzed the pattern of change over time.

Analysis

First, univariate ANCOVAs were performed for the nine
subtests of the TEA-Ch. Age and total 1Q were entered as
covariates into the analyses. To control for multiple
testing, we used the conservative Bonferroni’s correction
(=o/number of comparisons): This was adjusted to
o = 0.005 (9 subtests, but 10 comparisons). If a significant
effect of group emerged then post hoc comparisons, using
the Bonferroni’s post hoc test, were performed. A binary
logistic regression analysis was performed to identify
which, if any, tests made independent contributions to
differentiating ADHD cases from controls. Both age and
1Q were included in these analyses by regressing them on
test scores and then using the standardized residual as the
predictor in the model. Repeated measures, with age and
FSIQ as covariates, were conducted for the analysis of the
performance on the ‘sustained’ attention tasks, with section
as the within-subject variable. CFAs were performed to
determine whether the three factor structure of the TEA-Ch
could be replicated in our control and ADHD samples. In
line with the theoretical recommendations [6], several fit
indices were used to assess the model fit: %°, y°/df (CMIN/
df), root mean square error approximation (RMSEA), the
goodness-of-fit index, the adjusted goodness-of-fit (AGFI)
and the comparative fit index (CFI). A statistical non-sig-
nificant y° value and a CMIN/df < 3 indicate an acceptable
model. Values of RMSEA up to 0.08, GFI and CFI > 0.90,
and AGFI > 0.85 indicate proper fit. All statistical proce-
dures were carried out using the SPSS-16 statistical pack-
age and Lisrel 8.71 for CFA.
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Results

The analysis with a-set at P = 0.05 threshold revealed
seven differences on six subtests between ADHD and
control groups (Creature Counting: accuracy and speed,
Code Transmission, Map Mission, Score!, Score!DT and
Walk, Don’t Walk). Correcting for multiple tests reduced
this to just two subtests: Creature Counting (accuracy and
speed) and Code Transmission (see Table 3). The six sub-
tests for which there was a significant effect of group were
included as predictors in a logistic regression model. In the
first model, we used scores uncorrected for age and IQ.
76.7% of subjects were correctly classified [y%(7,
n = 120) = 41.45, P < 0.001]. Two test scores contributed
significantly to this model: Code Transmission [Wald >
(1) =4.16, P = 0.04, odds ratio = 0.90] and Creature
Counting accuracy [Wald y* (1) = 4.12, P = 0.04, odds
ratio = 0.67]. When age was controlled, the percentage
correct classification was 73.3% [12(7, n = 120) = 39.38,
P < 0.001]. One additional variable contributed signifi-
cantly to the model: Map Mission [Wald »* (1) = 5.77,
P = 0.02, odds ratio = 0.55], Code Transmission [Wald 12
(1) =4.67, P =0.03, odds ratio = 0.49] and Creature
Counting accuracy [Wald y* (1) = 4.23, P = 0.04, odds
ratio = 0.51]. When age and 1Q were controlled, the per-
centage correct classification dropped to 69.2% [1*(7,
n = 120) = 26.11, P < 0.001]. Only one score contributed
significantly to the model: Map Mission [Wald »?
(1) =4.23, P = 0.04, odds ratio = 0.64]. There was a
significant difference between ADHD-C and ADHD-I for
the subtest Creature Counting (accuracy but not speed). For
the subtest Code Transmission, no significant difference
between ADHD-C and ADHD-I was found. Both groups
performed significantly worse than the control group. Fur-
thermore, there was no differential effect of time on task
suggesting that differences between ADHD children and
controls are not due to sustained attention deficits. CFA in
the control sample shows for most fit indices that the three-
factor structure achieved a mediocre fit [;{2 = 32.86 (24),
P > 0.05; CMIN/df = 1.46; RMSEA = 0.073 (0.0; 0.13);
GFI = 0.91; AGFI = 0.82; CFI = 0.88]. In contrast, CFA
shows for all indices that the three-factor structure in our
ADHD group achieved a poor fit [y° = 39.71 (24),
P < 0.05; CMIN/df = 1.88; RMSEA = 0.11 (0.042; 0.17);
GFI = 0.86; AGFI = 0.73; CFI = 0.81].

Discussion

The aim of the present study was to investigate whether
differences exist in everyday aspects of attention for chil-
dren with ADHD-C and ADHD-I, and whether each of
these groups differs from controls without ADHD. Once

adjusted for multiple testing children with ADHD were
found to perform worse on two subtests: Creature Counting
(accuracy and speed) and Code Transmission. For four
other tasks, a marginally significant effect was apparent:
Map Mission, Score!, Score!DT and Walk, Don’t Walk.
The results of the logistic regression analysis illustrated
that there is not much evidence that these subtests made
independent contributions to differentiating ADHD cases
from controls. Therefore, the diagnostic utility of the
TEA-Ch for the clinical assessment of ADHD is limited. In
addition, considering the three-factor structure of the
TEA-Ch our results demonstrate an inconsistent picture of
subtests that differentiate between ADHD and controls.
Effects were seen on at least one, but never all tasks loading
on a factor: selective attention (Map Mission, but not Sky
Search), sustained attention (Score!, Score!DT, Walk,
Don’t Walk, Code Transmission, but not Sky Search DT)
and attentional control (Creature Counting, but not Oppo-
site Worlds). To some extent, this may be explained by the
presence of ceiling effects for some tasks (e.g. Sky Search:
more than 50% of subjects obtained a score above 18;
[22]). The results of our CFAs suggest that the factor
structure of the TEA-Ch is different in the control and
ADHD groups. As far as subtype differences are con-
cerned, effects were seen only on one of the two tasks
measuring attentional control (Creature Counting). Fur-
thermore, ADHD-C performed significantly worse than
ADHD-I for accuracy and not speed. ADHD-I and control
children perform equally well on Creature Counting.
Although this finding suggests a selective deficit in atten-
tional control in ADHD-C, we did not find a significant
effect on another subtest measuring attentional control,
Opposite Worlds. Why should this be the case? There are
some fundamental differences in the underlying mecha-
nism needed for good performance on the two tasks.
Opposite Worlds can be considered as a Stroop-like task.
Interference control suppressing the dominant response of
reading what you see (say 2 when you see 1) is essential for
good performance on this task. Two recent meta-analyses
revealed that Stroop interference deficits cannot be found
consistently in ADHD [30, 34]. The absence of a group
effect on Opposite Worlds is in keeping with these studies.
Good performance on Creature Counting requires that one
can switch between two cognitive sets. Two classic neu-
ropsychological measures, Wisconsin Card Sort Test [11]
and trail making test [29] have been extensively used to
assess set shifting in ADHD. A recent meta-analysis study
reported moderate effect sizes for ADHD on these tests
(d = 0.46 and 0.55, respectively) [35]. No differences
between ADHD-C and ADHD-I were observed on these
measures. Despite the fact that Creature Counting relies on
set shifting and one cannot exclude other cognitive func-
tions as being implicated. Indeed, it remains unclear
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Table 3 Results of test of everyday attention for children (TEA-Ch) with adjusted means and standard error (SE)

ADHD-C n = 30-38

ADHD-I n = 21-26 Controls n = 76

Selective attention

Sky Search (attention score) 5.13 £0.28
Map Mission (accuracy) 24.99 + 1.30
Attentional control
Creature Counting (accuracy) 459 +0.28*°
Creature Counting (speed) 5.01 £ 0.27°
Opposite Worlds (speed) 7.89 £ 0.96
Sustained attention
Score! (accuracy) 7.10 £ 0.34
Sky Search DT (speed) 8.29 £ 1.65
Score DT (accuracy) 13.82 £ 0.44
Walk, Don’t Walk (accuracy) 12.39 £ 0.51
Code Transmission (accuracy) 28.66 + 0.99°

458 +0.34 4.42 +0.20
25.36 + 1.51 29.55 + 0.91
5.64 + 0.33° 5.91 + 0.19
495 +0.31° 3.92 4+ 0.17
7.15 + 1.15 5.82 + 0.68
7.30 + 0.40 8.16 + 0.24
6.35 + 1.65 341+ 1.15
13.11 £+ 0.52 14.91 £+ 0.32
11.92 + 0.61 13.73 £+ 0.36
28.92 + 1.17° 33.46 £ 0.69

The results are structured, using the three factor structure of Manly (Manly et al.)

All nine subtests were assessed and 10 scores were used for the analysis

The number of subjects can differ between subtests because not all children were able to complete some subtests

 Post hoc comparison, significant subtype difference
® Post hoc comparison, significant different from controls

whether switching is a separate operation or is the culmi-
nation of other cognitive processes, such as working
memory, task activation, or response suppression. Appli-
cation of more refined paradigms in ADHD and its sub-
types are warranted to clarify this issue. The TEA-Ch is
constructed to assess everyday aspects of attention, but at
least three subtests (Creature Counting, Opposite Worlds
and Walk, Don’t Walk) rely also on EF. According to the
hypothesis of Barkley one could expect that ADHD-C will
perform worse on all three tasks in comparison with
ADHD-I. However, our results do not suggest that ADHD-C
is characterized by a generalized EF deficit.

Both ADHD-C and ADHD-I performed significantly
worse on Code Transmission. A more detailed analysis of
the results indicated that neither ADHD-C nor ADHD-I
demonstrated a more pronounced vigilance decrement than
the control group as a function of time on task. This
indicates that there is no problem with sustained attention
in the ADHD patient group, but potentially a problem with
alerting/arousal [25, 27, 28]. However, for this task, the
participants need not only to stay alert, but also have to
keep the last three numbers in mind. Our results do not
allow us to say whether arousal or working memory
problems or an interaction of both are at the origin of the
problems ADHD children encounter on this task.

The study had a number of limitations. Our sample was
heterogeneous. We did not exclude children with ADHD
and co-morbid disorders because a sample of children with
pure ADHD and no co-morbid conditions would be
unrepresentative of the clinical population. When children
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with co-morbid conditions were removed from the analy-
sis, our pattern of findings remained unaffected. Unfortu-
nately, sample size limitations make it difficult to further
explore the impact of specific co-morbid problems. In the
present study, we used the DSM-IV-TR guidelines to
define ADHD subtypes. Recent research on the Sluggish
Cognitive Tempo (SCT) type suggest that individuals with
SCT may constitute a purer form of the ADHD-I subtype
that is categorically different from the ADHD-C type [24].
However, a categorical approach using DSM-IV-TR or
SCT criteria can be questioned, on the grounds that
symptom threshold and ‘purity’ of subtypes are unresolved
issues. Therefore, some authors argue that the possibility of
finding differences between ADHD-C and ADHD-I is
limited by using the DSM-IV-TR criteria [13].

From a clinical point of view, this study provides further
evidence against the discriminant validity of ADHD-C and
ADHD-I subtypes as defined by DSM-IV-TR. Children
with ADHD, irrespective of subtypes demonstrated some
problems on the TEA-Ch. The authors of the TEA-Ch
caution that the TEA-Ch is not diagnostic of a psychiatric/
behavioral disorder. The results of our logistic regression
analysis confirm that the TEA-Ch cannot be used in iso-
lation to diagnose ADHD. In addition, our results suggest
one should be cautious when interpreting the scores of the
TEA-Ch on a number of grounds. We did not replicate the
three-factor structure in our ADHD group. Furthermore,
poor performance on code transmission did not seem to be
the result of problems with sustained attention. From this
final perspective, our results support the evidence that
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children with ADHD do not demonstrate problems with
sustained attention.
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