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DEVELOPMENT OF INATTENTION, IMPULSIVITY, AND
PROCESSING SPEED AS MEASURED BY THE d2 TEST:
RESULTS OF A LARGE CROSS-SECTIONAL STUDY IN
CHILDREN AGED 7–13
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The Netherlands
The development of three aspects of selective attention was studied in 451 Dutch schoolchildren attending second to sixth grade. Selective attention was measured with the d2 Test of
attention. The largest age differences were found for processing speed that continued to
improve until the sixth grade. Impulsivity, as measured by the percentage of errors of commission, decreased until the fourth grade. Inattention, measured by the percentage of errors
of omission, was stable in all grades. Processing speed and impulsivity were correlated with
the score on the Attention Problems subscale of the Child Behavior Checklist. These results
imply that selective attention continues to develop, at least, until the end of elementary
school. The findings are support for a step-wise model of cognitive development (P. Anderson,
2002).
Keywords: Selective attention; Cognitive development; Interindividual variance.

Attentional processes are important for normal functioning in daily life. An adequate attention is a prerequisite for normal performance on the majority of neuropsychological tests (Cooley & Morris, 1990). Recently, investigators became interested in how
different aspects of attention develop in children, both in normally developing children
(Klenberg, Korkman, & Lahti-Nuuttila, 2001; Klimkeit, Mattingley, Sheppard, Farrow, &
Bradshaw, 2004; Lin, Hsiao, & Chen, 1999; McKay, Halperin, Schwartz, & Sharma,
1994; Rebok et al., 1997; Ruff & Lawson, 1990; Stahl & Pry, 2005) and in children with
developmental disorders, such as attention deficit/hyperactivity disorder (ADHD; Brodeur &
Pond, 2001; Drechsler, Brandeis, Földényi, Imhof, & Steinhausen, 2005; Marakovitz &
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Campbell, 1998). The main conclusion of these studies was that attentional functioning
develops in spurts throughout childhood and adolescence. This development seems to
parallel the growth spurts in the maturation of the brain, particulary of specific areas in the
prefrontal cortex (Gogtay, Giedd, Lusk, et al., 2004; Klingberg, Vaidya, Gabrieli,
Moseley, & Hedehus, 1999; Sowell & Jernigan, 1998; Thatcher, 1991). A recent model
placed this differential cognitive development in a theoretical framework (P. Anderson,
2002). The present study focused on selective attention, the ability to attend to relevant
stimuli and to ignore irrelevant stimuli (Baron, 2004; R. A. Cohen, 1993; Tannock,
2003). It is critical for the majority of other cognitive processes because it is needed for
selecting incoming sensory information, encoding information in memory, retaining and
manipulating information into working memory, and successfully executing goaldirected behavior (Smith & Jonides, 1999). Based on the model named above (P. Anderson,
2002), we investigated the differential development of subprocesses within selective
attention.
Previous studies of the development of selective attention across childhood
yielded inconsistent results as to the age until most improvement occurs. McKay and
colleagues (1994) did not find differences in performance between children aged 7 to
11 years (n = 62) and adults (n = 16, aged 21 to 48 years), whereas Brodeur and Pond
(2001) reported better performance in 9- to 11-year-old children (n = 18) than in 6- to
8-year-old children (n = 14). Rebok and colleagues (1997) found a significant improvement from 8 to 10 years (n = 289). Klimkeit and colleagues (2004) found the largest
improvement between the ages of 8 and 10 years, with a plateau in performance between
10 and 12 years of age (n = 40). Klenberg and colleagues (2001) also reported that development was complete by 10 years (n = 400). In summary, selective attention appears to be
fully developed by about 10 years of age.
However, selective attention encompasses different processes, such as speed and
accuracy (Manly et al., 2001). These processes may have distinct developmental patterns
and they have not been examined by all of the above mentioned studies. Interestingly,
McKay and colleagues (1994), who failed to detect group differences in selective attention, used speed as the sole outcome measure. Brodeur and Pond (2001) and Rebok and
colleagues (1997) reported on both speed and accuracy, whereas Klenberg and colleagues
(2001) used a speed-accuracy trade-off as the dependent measure. In contrast, Klimkeit
and colleagues (2004) used four types of errors besides speed, among others misses and
premature responses. In the present study of how selective attention develops with age in
schoolchildren in the second to sixth grades of regular primary school, we adopted a similar approach. Three aspects of selective attention were studied, namely processing speed
(number of items processed), impulsivity (percentage of errors of commission), and inattention (percentage of errors of omission). We expected performance on these aspects to
be optimal by the fourth grade, when children are about 10 years, based on the results of
the above described studies (Brodeur & Pond, 2001; Klenberg et al., 2001; Klimkeit et al.,
2004; McKay et al., 1994; Rebok et al., 1997).
We used the d2 Test of attention to measure the different aspects of selective
attention (Baron, 2004; Brickenkamp & Zillmer, 1998; Culbertson & Sari, 1997). Mental
concentration, visual perception, visual scanning ability, and perceptual speed are thought
to be involved in this well-known test that takes 6 minutes to administer (Baron, 2004;
Brickenkamp & Zillmer, 1998). Although the d2 Test has been described as a test of both
selective and sustained attention (Baron, 2004), the duration of 4 minutes and 40 seconds
required for the test after practice and instruction does not approach that of classic
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vigilance or sustained-attention tasks. For example, continuous performance tests usually
last about 14 minutes (Baron, 2004; Lezak, Howieson, & Loring, 2004; Spreen & Strauss,
1998). Also, the prompt that is given every 20 seconds makes this test dissimilar to classic
tests of sustained attention, in which performance is self-monitored (Brickenkamp &
Zillmer, 1998). For these reasons, the d2 Test should be considered primarily a test of
selective attention.
The d2 Test has the advantage over other tests of selective attention that it is short,
can be easily administered, does not require extensive instruction, can be administred to a
large age-range and to groups or individuals alike, and it has good psychometric properties
(Brickenkamp & Zillmer, 1998; Culbertson & Sari, 1997; Culbertson & Zillmer, 1998;
Eser, 1987). It has been used in various European and North American studies (Lufi,
2001; Muller et al., 2003; Olvera, Semrud-Clikeman, Pliszka, & O’Donnell, 2005;
Reimann et al., 2000; Seidl, Peyrl, Nicham, & Hauser, 2000). We do not know of previous
studies that investigated the development of selective attention using the d2 Test.
However, the d2 Test is commonly used in neuropsychological studies of children, among
others in studies of the effect of neurofeedback treatment for ADHD (Fuchs, Birbaumer,
Lutzenberger, Gruzelier, & Kaiser, 2003), the neuropsychological markers of schizophrenia
in adolescents (Klemm, Schmidt, Knappe, & Blanz, 2006; Schreiber, Stolz-Born,
Heinrich, Kornhuber, & Born, 1992), the neuropsychological effects of irradiation for
childhood leukemia (Langer et al., 2002), the remediation of attention deficits (Penkman,
2004), the neuropsychological profiles of children and adolescents with temporal lobe
epilepsy (Lendt, Helmstaedter, & Elger, 1999), the neuropsychological profiles of early
treated children with phenylketonuria (Weglage et al., 1999; Weglage, Pietsch, Funders,
Koch, & Ullrich, 1996), and the influence of methylphenidate on cortical processing of
children with ADHD (Wienbruch, Paul, Bauer, & Kivelitz, 2005). Because children who
have not learned the difference between the characters “d” and “p” cannot be tested with
the d2 Test (Brickenkamp & Zillmer, 1998), we chose to study children in the second (age 7)
and higher grades of school in order to be certain that they had sufficient knowledge of the
characters used.
A child’s development is affected by several age-extrinsic factors. For example,
parental education and occupation have a large impact on problem behavior and attention
problems in 5- to 6-year-old children (Kalff, Kroes, Vles, Bosma, et al., 2001), as does living in a deprived environment (Kalff, Kroes, Vles, Hendriksen, et al., 2001). Factors such
as parental level of education have received little attention in previous studies of selective
attention in children (Brodeur & Pond, 2001; Drechsler et al., 2005; Klimkeit et al., 2004;
McKay et al., 1994), but could be confounders (Bradley & Corwyn, 2002; Jackson, 2003).
We therefore included three age-extrinsic factors: parental level of education, verbal intelligence, and attention problems in daily life. The selection of this last factor allowed us to
study the practical implications and ecological validity of the d2 Test. Attention problems
in daily life were measured with the Attention Problems scale of the Child Behavior
Checklist (CBCL; Achenbach, 1991; translated into Dutch by Verhulst, van der Ende, &
Koot, 1996).
In summary, the aims of this study were to investigate age differences in processing
speed, inattention, and impulsivity in a large sample of healthy Dutch schoolchildren
attending the second to the sixth grade and to study the influence of parental level of education, verbal ability, and attention problems in daily life on this development. We
expected to find no further improvement for the different aspects of selective attention
after the age of 10 years.
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METHOD
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Procedure and Participants
The sampling frame consisted of all children attending the second through sixth
grades of two regular elementary schools in south Limburg, an area in the south of the
Netherlands (250,000 inhabitants). These schools were selected in cooperation with the
Youth Health Care (YHC) Division of the Regional Public Health Institute Maastricht,
The Netherlands. All parents (N = 561) were sent a letter describing the purpose of the
study and were asked to cooperate. Four hundred and eighty-eight parent-pairs (87.0%)
replied: 465 of them gave permission for the investigation and signed an informed consent
(82.9%) and 23 did not (4.1%); 73 did not reply (13.0%).
Information about the parents who did not give permission or did not respond was
obtained anonymously from YHC records, which is permitted by law. There were no significant differences with regard to age and sex between the parents who did not wish to
cooperate, those that did not reply, and randomly selected parents whose child participated
in the study. However, the nonresponding parents had a lower level of educational attainment than the other parents (M = 1.49 vs. 1.70, t = 2.53, p = .013).
Nine children were ill on the day the investigation was scheduled, so 456 children
participated in the study (81.3%). Parents who agreed to cooperate completed a short
questionnaire on their education and occupation, the presence of learning and/or behavior
problems in their child, and the attention problems subscale of the CBCL (Achenbach,
1991; Verhulst, van de Ende, & Koot, 1996). The CBCL is a screening instrument for
behavior problems in children and is completed by parents. The attention subscale
includes 11 items. Each item can be scored as 0 (this problem is not present), 1 (this problem is sometimes present), or 2 (this problem is always present). The attention problems
raw score was used as the outcome variable (maximum possible = 22). The presence of
attention problems did not differ between the grades (F[4, 436] = .94, p = .441).
The data of two children who were previously diagnosed with ADHD by health care
professionals (not based on this investigation) were excluded from the analyses. This low
number of children with ADHD is not representative of the normal Dutch population as
the prevalence is estimated to be 3.8% (Kroes et al., 2001). This distinction is probably
due to the fact that we told the schools and parents we wanted to recruit normally developing children for the study. This may have led parents of children with ADHD to give no
permission or to refrain from responding at all. Secondly, and possibly more importantly,
Dutch children with ADHD are often placed at a school for children with special needs.
Thus, the prevalence of ADHD at regular elementary schools is lower than in the total
population, as children with ADHD aged 7 and higher may have already been placed at a
special needs school. Two children had been diagnosed with dyslexia. Because the results
of the study did not change when these children were excluded, their data was retained.
The data of three other children were not analyzed because these children had completed
the d2 Test with the sheet upside down, and as a result had marked the wrong targets (all
p’s with two dashes). The remaining 451 children (243 boys [54%] and 208 girls [46%])
were aged 7.42 to 13.00 years.
Level of parental education was based on the partner with the highest level of
education (Kalff, Kroes, Vles, Bosma, et al., 2001). The majority of participants came
from middle to highly educated families: 12 parent-pairs (2.7%) had a low level of parental education, 139 parent-pairs (30.8%) a middle level, and 286 parent-pairs (63.4%) a
high level; relevant data for 14 parent-pairs were missing (Directoraat-Generaal voor de
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Arbeidsvoorziening, 1989). Because only a few parent-pairs had a low level of education,
level of parental education was scored on a 2-point scale low/middle (1 point, primary
school to vocational education degree) vs. high (general secondary education to doctoral
degree). Level of parental education did not differ between the grades (F[4,432] = .92,
p = .452). Table 1 shows the characteristics of the participants and their parents.
Children took tests of selective attention, verbal ability, and sense of time (reported
on in a separate paper, Wassenberg et al., 2007) in their classroom. Testing took 30–45
minutes; all tests were administered in the same order to all children. The d2 Test was
administered first to minimize effects of fatigue. Children whose parents had not agreed to
their participation in the study were either present in the classroom during the study
(working on their own) or left the room with their teacher or a teaching assistant. The tests
were administered by a psychologist and psychology graduate who had been trained in
test administration. They were not aware of the specific hypotheses of the study. The ethics commission of the Faculty of Psychology, University of Maastricht, approved the
study.
Instruments
Selective attention was measured with the d2 Test of attention (Brickenkamp &
Zillmer, 1998; Culbertson & Sari, 1997). The d2 Test consists of 14 lines, each containing
47 characters; in total there are 658 items. The test items are composed of the characters
“p” and “d” with one to four dashes, arranged either individually or in pairs above and
below the character. The subject is required to scan across the line to identify and to mark
all “d’s” with two dashes, which can be either above or below the letter. Twenty seconds
per line are allowed, after which the subject is told to continue to the next line by the
Table 1 Demographic Characteristics of the Participants.
Grade
Characteristic
n
Age
EVA
LPE

AT

Boys
Girls
Mean
(SD)
Mean
(SD)
L/M3
High
Mis
Mean
(SD)

2 (n = 82)

3 (n = 86)

4 (n = 102)

5 (n = 92)

6 (n = 89)

41 (50%)
41 (50%)
8.06
(.36)
39.89
(4.25)
25 (30.5%)
56 (68.3%)
1 (1.2%)
1.54
(1.55)

51 (59.3%)
35 (40.7%)
8.99
(.43)
44.72
(4.03)
33 (38.4%)
52 (60.5%)
1 (1.2%)
1.86
(2.23)

58 (56.9%)
44 (43.1%)
10.13
(.41)
47.64
(4.05)
39 (38.2%)
58 (56.9%)
5 (4.9%)
2.15
(2.41)

44 (47.8%)
48 (52.2%)
11.07
(.41)
51.52
(3.25)
29 (31.5%)
60 (65.2%)
3 (3.3%)
1.76
(2.38)

49 (55.1%)
40 (44.9%)
12.09
(.40)
52.88
(3.83)
25 (28.1%)
60 (67.4%)
4 (4.5%)
1.73
(2.29)

Difference1
NS
2<3<4<5<6
2<3<4<5<6
NS
NS

Note. EVA = Estimate of Verbal Ability, mean and SD of the raw score on the Vocabulary subtest of the
RAKIT, maximum possible = 60 (Bleichrodt et al., 1987; Evers et al., 2000); LPE = Level of Parental Education
(Directoraat-Generaal voor de Arbeidsvoorziening, 1989), number of children in each category, L/M = Low/
Middle level of parental education; High = High level of parental education, Mis = Missing data; AT = mean and
SD of the raw score on the attention problems subscale of the CBCL, maximum possible = 22 (Achenbach, 1991;
Verhulst et al., 1996).
1
Differences between grades, calculated by one-way ANOVA with post hoc Bonferroni multiple comparisons,
2 = 2nd grade, 3 = 3rd grade, 4 = 4th grade, 5 = 5th grade, 6 = 6th grade.
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words “stop, next line.” The subject is asked to work as quickly as possible without
making mistakes. The d2 Test can be administered individually or in group format; in the
present study the latter format was chosen. Total administration time for the d2 Test is
6 minutes. The reliability and validity of the d2 Test are reported to be good. More specifically, internal consistency of the total number of items processed ranged from .84 to .98
in different studies, test-retest reliability was .87 in a group of students that were retested
after 6 months, and construct validity was supported in a factor analytic study in which the
d2 Test loaded with other tests of selective attention such as the Stroop Color Word Test
and the Symbol Digit Modalities Test (Brickenkamp & Zillmer, 1998). Reliability and
validity have also been established in studies with children: internal consistency of the
total number of items processed was .93 in a study of 9- to 16-year-old German children
with deviant behavior (Eser, 1987); test-retest reliability was .75 in 18 German adolescents with behavior problems when they were retested after 4 months (Eser, 1987), and
significant correlations of medium to high effect size were found between d2 Test and
Tower of London performance in a study of American children with ADHD (Culbertson &
Zillmer, 1998).
The three outcome measures used in this study were (1) the total number of items
processed, as a measure of processing; (2) the number of misses (errors of omission: d’s
with two dashes that were not marked) divided by processing speed as a measure of inattention, and (3) the number of false alarms (errors of commission: marked d’s with less or
more than 2 dashes or p’s) divided by processing speed as a measure of impulsivity speed
(see d2 Test manual; Brickenkamp & Zillmer, 1998).
Verbal ability (EVA) was estimated with the Picture Vocabulary subtest of the Revised
Amsterdam Child Intelligence Test for children aged 4 years and 2 months to 11 years and 1
month (Bleichrodt, Drenth, Zaal, & Resing, 1987; Evers, van Vliet-Mulder, & Groot, 2000).
The Picture Vocabulary test closely resembles the Peabody Picture Vocabulary test
(Dunn, Dunn, Robertson, & Eisenberg, 1979), a commonly used instrument to estimate
verbal intelligence (Marakovitz & Campbell, 1998). During the Picture Vocabulary test,
the child has to choose one of four pictures that matches the word the experimenter reads
aloud. These words increase in complexity. For the present study, the booklet version of
the Picture Vocabulary test was adapted for use in class, by copying the pictures on sheets
and projecting them onto a white screen. Every child marked his/her answers on an answer
form showing small versions of the same pictures projected on the white screen. Because
some subjects were older than the available norms for the test, the outcome variable was
the total number of correctly chosen pictures (maximum possible = 60). As can be expected,
performance improved linearly with school grade (see Table 1).
Statistical Analyses
The statistical package SPSS 11.5 was used for all analyses. Specific group differences on d2 Test processing speed were analyzed with four separate linear regression
analyses. In these analyses, one of the grades was systematically compared with the others. This was done by including one of four sets of dummy variables. For example, with
the dummy variables of the second grade, the following comparisons were made: second
with third grade, second with fourth grade, second with fifth grade, and second with sixth
grade. No set of dummy variables was needed for the highest grade, because all comparisons had been made already. The second block of linear regression analyses included
the same grade differences as in block 1 but also parental level of education (coded as:
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Figure 1A Distribution of inattention.
Note: Number of errors of omission divided by total number of items processed. The arrow indicates the
borderline (3%) between normal and weak performance.
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low/middle = 1, high = 2), estimate of verbal ability (continuous), CBCL attention problems scale raw score (continuous), and sex (to control for possible differences, coded as:
boy = 1, girl = 2).
To analyze impulsivity and inattention, we first visually inspected the distribution of
these variables, to check for normality (see Figures 1A and B). As can be seen in Figure 1,
relatively few impulsive errors were made, whereas inattentive errors were more common.
Neither of the two measures was distributed normally. Thus, the two variables could not
be analyzed continuously. The cutoff points between “normal” and “weak” was placed at
3.0% for inattention, and at 1.0% for impulsivity, because at these points the curves
started to bend (see arrows in Figures 1A and B). Using these cutoff points, 27.1% of the
participants showed weak inattention and 31.3% showed weak impulsivity. More conservative cutoff points were considered, but these made the groups of children who were

300
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10

Figure 1B Distribution of impulsivity.
Note: Number of errors of commission divided by total number of items processed. The arrow indicates the
borderline (1%) between normal and weak performance.
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characterized by weak performance too small to enable meaningful prediction. For example, when the cutoff points were placed at 6.0% for inattention and 4.0% for impulsivity,
only 6.2% respectively 4.7% of participants showed weak performance. Inattention and
impulsivity were then analyzed by logistic regression analysis (normal = 0, weak = 1),
using the same approach as described above. Alpha value was set at .05 for all analyses.
RESULTS

Figure 2A shows the processing speed of children in the different grades. The linear regression model for processing speed was significant (F[8, 418] = 38.20, p < .001;
R2 = 42.20%). The total number of items processed increased significantly and linearly
over the grades, with each grade performing better than the previous grade. Of the ageextrinsic variables studied, only one was significantly correlated with processing speed:
“having more attention problems in daily life” was correlated with a slower performance.
Specific grade differences and other statistics are reported in Table 2.
Inattention
Figure 2B shows the proportion of children per grade who made more inattentive
errors than the 3.0% cutoff point. The logistic regression model for inattention was not
significant (Chi-square = 8.80, df = 4, p = .066). To control whether the relation between
grade and inattention was underestimated because inattention was dichotomized, we conducted a Spearman correlation analysis (nonparametric). Results showed a significant
association with a small effect size (r = −.11, p = .002) that did not change the implications of the above described results (J. Cohen, 1992).
Impulsivity
Figure 2B also shows the proportion of children per grade who made more impulsive
errors than the 1% cutoff point. The logistic regression models for impulsivity were significant (Chi-square = 74.38, p < .001). All group differences were found to be significant,
except those between grades 4, 5, and 6 (see Table 2). In other words, impulsivity

number of items processed
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Figure 2B Inattention and impulsivity over the grades.

Table 2 Regression Models for Processing Speed and Inhibitory Control.
Processing speed
Differences
2nd < 3rd grade
2nd < 4th grade
2nd < 5th grade
2nd < 6th grade
3rd < 4th grade
3rd < 5th grade
3rd < 6th grade
4th < 5th grade
4th < 6th grade
5th < 6th grade
Sex
EVA
LPE
AT

B

SE

b

45.56
70.85
95.82
117.84
25.29
50.26
72.28
24.97
46.99
22.02
6.36
−.21
−5.31
−2.82

7.92
8.58
10.04
10.80
7.24
8.20
8.78
7.31
7.77
7.24
4.61
.60
4.82
1.05

.30
.48
.64
.76
.17
.33
.47
.17
.30
.14
.05
−.02
−.04
−.10

Inhibitory control
P value
.000
.000
.000
.000
.001
.000
.000
.000
.001
.002
.168
.726
.271
.008

B

SE

OR

P value

−.99
−1.70
−1.82
−2.52
−.71
−.83
−1.53
−.12
−.82
−.70
.35
−.04
.39
.13

.36
.42
.51
.59
.35
.41
.50
.40
.48
.47
.24
.03
.25
.05

.37
.18
.16
.08
.49
.44
.22
.89
.44
.20
1.41
.96
1.48
1.14

.006
.000
.000
.000
.040
.045
.002
.766
.087
.138
.154
.194
.109
.009

Note. B = Unstandardized regression coefficient, SE = Standard error, b = Standardized regression coefficient,
OR = Odds ratio, EVA = Estimate of Verbal Ability, raw score on the Vocabulary subtest of the RAKIT
(Bleichrodt et al., 1987; Evers et al., 2000); LPE = Level of Parental Education, scored on a 3-point scale ranging
from 1 (low) to 3 (high), (Directoraat-Generaal voor de Arbeidsvoorziening, 1989); AT = raw score on the attention problems subscale of the CBCL (Achenbach, 1991; Verhulst et al., 1996).

appeared to be optimal in the fourth grade. Of the age-extrinsic variables studied, only the
level of attention problems in daily life was correlated with impulsivity: children who
were highly impulsive had more attention problems in daily life. To control whether the
relation between grade and inattention was underestimated because impulsivity was
dichotomized, we conducted a Spearman correlation analysis (nonparametric). Results
showed a significant association with a medium effect size (r = −.44, p < .001) that did not
change the implications of the above described results (J. Cohen, 1992).
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DISCUSSION
We investigated processing speed, inattention, and impulsivity in a large population
of Dutch schoolchildren in grades 2 to 6, using the d2Test of Attention. These three
processes are regarded as aspects of selective attention (Brickenkamp & Zillmer, 1998;
Klimkeit et al., 2004; Manly et al., 2001). In addition, we controlled for several variables
that may alter the development of selective attention, namely attention problems in daily
life as reported by the parents, parental level of education, and verbal ability, as an
estimate of intelligence. Most importantly, the results of this study indicated a differential
development of the three aspects of selective attention. More specifically, no age-related
improvement was found for level of inattention, indicating complete development in or
before the second grade, level of impulsivity had stabilized in the fourth grade, and
processing speed continued to improve into the sixth grade. These findings could be
interpreted in light of Peter Anderson’s model (2002) on the development of executive
functioning. Executive function is an umbrella term for various processes that are responsible for purposeful, goal-directed behavior (P. Anderson, 2002; Lezak et al., 2004). In his
model, based on cognitive and neuroimaging studies, Anderson proposes four executive
domains that follow different developmental trajectories. Simple aspects of executive
functioning develop before more complex ones. Inattention and impulsivity are regarded
as part of the Attentional Control domain that develops fastest and is relatively mature by
9 years. Processing speed, on the other hand, is part of the Information Processing
domain that is relatively mature by 12 years of age, but not completely established until
midadolescence or early adulthood (P. Anderson, 2002). Based on this model, one would
expect that processing speeds develop longer than inattention and impulsivity, consistent
with our results. Thus, our findings are strong support for a step-wise model of cognitive
development (V. A. Anderson, Anderson, Northam, Jacobs, & Catroppa, 2001; Casey,
Tottenham, Liston, & Durston, 2005; De Bellis et al., 2001; Eslinger, Flaherty-Craig, &
Benton, 2004; Gogtay, Giedd, & Rapoport, 2002; Gogtay, Giedd, Lusk, et al., 2004;
Klingberg et al., 1999; Paus, 2005; Sowell & Jernigan, 1998; Steinberg, 2005; Thatcher,
1991).
With regard to processing speed, we found an improvement into the sixth grade (age
12 years). Differences in processing speed decreased gradually over the grades, but
remained significant. In other words, we did not find a plateau in performance after the
fourth grade (age 10 years), as was expected. This finding is interesting in light of previous
studies reporting that processing speed is already optimal by the age of 7 (McKay et al.,
1994) or 10 years (Brodeur & Pond, 2001; Klimkeit et al., 2004). This discrepancy could
be due to the use of different selective attention tasks in which the number and nature of
the distracters and the duration of the task varied from study to study, and to differences in
sample size. Most importantly, the above mentioned studies all used experimental computerized paradigms whereas we employed a neuropsychological paper-and-pencil
approach. Our results are more consistent with those of Hale (1990) and Kail (1991, 1996,
2000), who investigated processing speed not within a selective attention paradigm but as
a separate cognitive function using reaction time tests. They showed that the reaction
times of children and adolescents continued to decrease until the age of about 15, when
adult levels were reached. This prolonged development of processing speed has been
explained by neural processes such as myelinization and synaptogenesis (Kail, 1996;
Travis, 1998). We conclude that processing speed of selective attention continues to
develop for longer than previously thought to be the case.
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Age-extrinsic variables are of importance when studying cognitive development
because they can explain interindividual variance. We controlled for three such factors in
our analyses of age differences in selective attention, namely, attention problems in daily
life, parental level of education, and level of verbal ability. Attention problems in daily
life, as reported by the parents on the CBCL (Achenbach, 1991; Verhulst et al., 1996),
were correlated with processing speed and impulsivity. This confirms the ecological validity
of the d2 Test of Attention. The results clearly showed that children with more attention
problems in daily life performed slower and made more impulsive errors. Although these
results may seem intuitive, they are contradictory to findings in children with ADHD.
These children show clinical levels of attention problems in daily life, but they have been
found to perform normally on tasks of selective attention (Booth et al., 2005; Hooks,
Milich, & Lorch, 1994; Huang-Pollock, Nigg, & Carr, 2005; Manly et al., 2001). The sustained attention component of the task used might be associated with this contradiction:
longer tasks have a stronger sustained attention component, and sustained attention is
known to be compromised in ADHD (Manly et al., 2001). However, this appears not to be
the case, because the duration of the d2 Test (4 minutes and 40 seconds) falls between
Manly and colleagues’ tasks (2001; 1 minute to 84 seconds) and Huang-Pollock and
colleagues’ task (2005; 20 minutes).
As Baron (2004) stated, “the minimal length required for a test to elicit failure to
sustain attention is still debated” (p. 223). Although selective attention tasks are always
shorter than classic vigilance tests, they are not consistently shorter than sustained attention
tasks. Rather, their duration overlaps considerably in the child ADHD literature: sustained
attention tests take as little as 3 minutes to as long as 30 minutes, whereas selective attention tasks last somewhere between 1 and 20 minutes (Brodeur & Pond, 2001; Corkum &
Siegel, 1993; Hooks et al., 1994; Manly et al., 2001). Thus, test duration is not the most
important variable when it comes to distinguishing children with and without ADHD
using a sustained attention task (Corkum & Siegel, 1993). Rather, children with and without ADHD can be best differentiated with a task that the child must attend to consistently
because of short stimulus exposure duration, relatively short interstimulus interval, and
higher percentage of targets (Corkum & Siegel, 1993; Hooks et al., 1994). The d2 Test of
attention requires constant attending and responding to and has a high percentage of targets. This may explain the association we found between selective attention as measured
by the d2 Test and subclinical attention problems in daily life in children attending regular
education.
Parental level of education is a recognized mediator of cognitive development in
general (Bradley & Corwyn, 2002; Kalff, Kroes, Vles, Bosma, et al., 2001) but we did not
find it to be correlated with selective attention. Although our sample size was more than
large enough to find subtle influences, we may not have found an effect because the mean
level of parental education was relatively high in our sample. In other words, there may
have been too few children in our sample whose parents had a low level of educational
attainment. With regard to verbal ability, we did not find an association to any aspect of
selective attention measured with the d2 Test. In a previous study of 435 first- and secondgrade children, it was found that children with higher verbal intelligence performed better
on tasks of selective attention with high, but not low, processing demands (Pascualvaca
et al., 1997). More specifically, verbal intelligence did not influence performance on the
standard version of a digit cancellation test but it was related to performance on the distracted version of this test. Thus, we can conclude that d2 Test performance is not related
to verbal intelligence, possibly because of low processing demands.
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Cultural factors may be of influence on the measurement of attention, for what is considered to be abnormal in one culture may be more acceptable in another. This was confirmed in a
recent review that found great variations among the prevalence rates of ADHD in countries
worldwide, ranging from 2.2% to 17.8% (Skounti, Philalithis, & Galanakis, 2007). This indicates that there could be a difference in the extent to which inattentive behavior is accepted in
Dutch relative to, for example, American classrooms, which would reduce the generalizability
of our results. However, we believe the influence of cultural factors was minimized because
the d2 Test and the CBCL attention problems subscale we employed to measure attention are
standardized and frequently used in several nationalities (Achenbach, 1991; Baron, 2004;
Brickenkamp & Zillmer, 1998; Culbertson & Sari, 1997; Spreen & Strauss, 1998).
The results of this study have to be considered in light of several limitations. First, inattention and impulsivity were dichotomized in normal and weak performance. The choice of
these cutoff points was, to a certain extent, arbitrary. Second, the total number of items processed may be a less valid way to measure processing speed than, for example, reaction times.
Both these limitations are related to the use of the d2 Test for selective attention. However, we
felt that these limitations were outweighed by the advantages of the d2 Test compared to other
selective attention tests, such as high reliability and validity, short administration time, and
suitability for group-based approaches. Third, cross-sectional samples are obviously less suitable for developmental research than longitudinal samples. This underscores the need for
large-scale longitudinal investigations in selective attention and other aspects of cognitive
development. Fourth, the group-based investigation took place in the classroom. Such a typically noisy context might be problematic for the assessment of attention. We minimized these
distractions by administering the d2 Test first so concentration was optimal and fatigue minimal, and by providing detailed explanation and practice before administering the test. In addition, two investigators were present in each classroom during administration; one focused on
reporting the 20 seconds interval and the other walked around to help with potential problems.
Fifth, because of the association between attention and learning challenges, it is unfortunate
that we do not know whether any of the participants of this study had been retained in a grade
because of poor scholastic progress or had been provided with remedial tutorial assistance
(Baron, 2004; Cooley & Morris, 1990; Tannock, 2003).
In summary, in a large cross-sectional study we found that inattention did not
change between the second and sixth grade, impulsivity had stabilized by the fourth grade,
and processing speed continued to improve into the sixth grade. These findings support a
step-wise model of cognitive development (P. Anderson, 2002), by which simple aspects
of a cognitive function develop before more abstract aspects. Our study emphasizes the
importance of breaking attention down into its subcomponents so subtype differences can
be identified. This will enable early and more optimal detection and remediation of attentional weaknesses and deficits.
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