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Abstract Impairment in the executive control of attention
has been found in youth with chromosome 22q11.2 deletion
syndrome (22q11.2DS). However, how this impairment is
modified by other factors, particularly age, is unknown.
Forty-six typically developing and 53 children with
22q11.2DS were tested with the attention networks task
(ANT) in this cross-sectional study. We used logarithmic
transform and linear modeling to assess age effects on the
executive index of the ANT. Mixed modeling accounted
for between subject variability, age, handedness,
catecholamine-O-transferase (COMT; codon 158) genotype,
and gender on performance for all experimental conditions
(cue×flanker) and their two-level interactions. Children
with 22q11.2DS showed a relative, age-dependent execu-
tive index impairment but not orienting or alerting network
index impairments. In factorial analysis, age was a major
predictor of overall performance. There was a significant
effect of the 22q11.2DS on overall performance. Of note,
children with 22q11.2DS are specifically vulnerable to
incongruent flanker interference, especially at younger
ages. We did not find an overall effect of COMT genotype
or handedness. Children with 22q11.2DS demonstrated
age-related impairment in the executive control of attention.
Future investigation will likely reveal that there are

different developmental trajectories of executive attentional
function likely related to the development of schizophrenia
in 22q11.2DS.
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Introduction

Chromosome 22q11.2 deletion syndrome (22q11.2DS;
OMIM accession nos. 188400, 192430, and 145410) is
caused by a commonly occurring (∼1:4,000 live births
(Oskarsdottir et al. 2004; Tezenas Du Montcel et al. 1996))
microdeletion on the long arm of chromosome 22. The
deletion confers on children a variety of physical and
psychological phenotypes (Gothelf et al. 2008; Robin and
Shprintzen 2005). In addition, they have mild, general
intellectual impairment in both verbal and nonverbal
domains, though most are more affected in the latter (De
Smedt et al. 2007). Various aspects of attention might
underlie the nonverbal cognitive impairments. For example,
selective/spatial attention has been related to spatial and
numerical processing impairment (Simon et al. 2005; Bish
et al. 2005) and more recently to temporal processing
(Simon 2010) while executive aspects of attention (such as
inhibition) have been related to impairments in cognitive
control, such as working memory (Gothelf et al. 2007;
Kates et al. 2007).

It is possible to test several attentional systems with a
single task, the attention networks task (ANT). Fan et al.
(2002) created the ANT to efficiently assay the function of
three proposed attention networks with distinct functional–
anatomic correlations (Posner and Petersen 1990). Named
for their function, these networks are the executive,
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orienting, and alerting networks. The alerting network is
responsible for overall vigilance, the orienting network
directs attention to salient stimuli or locations, and the
executive network maintains control, by processes such as
inhibiting response to irrelevant stimuli. The ANT uses
flanker interference (Eriksen and Eriksen 1974) to test the
executive network, spatial cueing (Posner 1980) to test the
orienting network, and unpredictably occurring nonspatial
cues to test the alerting network. For flanker interference,
nontarget arrows are presented alongside the target arrow,
either pointing in the same direction (congruent) or in the
opposite direction (incongruent). Fan et al. (2002) proposed
that specific contrasts between the different flanking, spatial
cueing, and alerting conditions defined performance indices
that represent each network. For example, the executive
index is calculated by subtracting a performance measure
(e.g., reaction time) on congruent flanking conditions from
performance on incongruent flanking conditions. It has
been reported that these performance indices did not
correlate and have appeared statistically independent in
typically developing adults (Fan et al. 2002) and in children
(Konrad et al. 2005; Rueda et al. 2004).

Several studies have reported a specific impairment in
the executive network when testing children with
22q11.2DS on the ANT. Sobin et al. (2004) detected
impairments in executive network performance in 32
children with 22q11.2DS compared with their typically
developing siblings. In addition to the original ANT
indices, they compared the flanker and cueing conditions’
independent effects on performance measures (reaction
time, accuracy, and missed trials). On post hoc testing,
they found that increased errors and missed trials occurred
significantly more often in the incongruent flanking
condition. Their results were consistent with prior reports
based on neuropsychological tests that suggested impaired
mental flexibility and poor visual attentional focus in these
children (Woodin et al. 2001). Bish et al. (2005) also found
impaired performance specific to the executive index of the
ANT. Hypothesizing impaired flanker interference process-
ing, they analyzed sequences of flanking trial conditions to
assess adaptation to incongruent flanker information.
Generally, when participants are confronted with an
incongruent flanking trial, they tend to adapt by becoming
more efficient if on the next trial they are again confronted
by incongruent flankers. Referred to as the Gratton effect
(Gratton et al. 1992), this pattern is assumed to indicate
efficient control of cognitive resources. However, Bish et
al. (2005) found that, as a group, children with 22q11.2DS
demonstrated an inability to benefit from a prior incongru-
ent flanker trial. Using a modification of the same task,
Takarae et al. (2009) reported that, while most children with
22q11.2DS in her study did adapt when an extended series
of three incongruent flankers was presented, there was a

small group that did not. The notable thing about this
nonadapting group was that all shared a particular variant of
the catecholamine-O-transferase (COMT) gene, located in
the chromosome 22q11.2 deleted region. A codominant
COMT polymorphism results in a substitution at polypep-
tide position 158 yielding a low (Met158) or high (Val158)
activity form of the enzyme COMT. COMT is involved in
dopamine catabolism, and its synaptic degradation, partic-
ularly in the prefrontal cortex (Chen et al. 2004). While
many factors affect its impact (Tunbridge et al. 2006), this
COMT Val158Met polymorphism affects prefrontal cortex-
dependent cognitive function (e.g., (Bilder et al. 2002; Egan
et al. 2001; Joober et al. 2002; Malhotra et al. 2002)),
which includes attentional control measured by flanker task
performance (Blasi et al. 2005). It was a subgroup of those
with COMT Met158 who failed to adapt in the study by
Takarae et al. (2009). In summary, many children with
22q11.2DS demonstrate ANT performance impairment
specific to the executive network and altered conflict
adaptation and this difference may be modulated by the
Val158Met polymorphism of COMT.

Impairment in the executive control of attention is
evident in schizophrenia and is measurable by the ANT
(Wang et al. 2005). It has been proposed that schizophrenia-
related cognitive impairments may be a risk factor for
schizophrenia in 22q11.2DS (e.g., (Lewandowski et al.
2007)). Already, there is some limited evidence that
standardized measures dependent on executive functioning
might be associated with psychotic symptoms in youth with
22q11.2DS (Antshel et al. 2010; Gothelf et al. 2005;
Rockers et al. 2009). As 22q11.2DS is a genetic model
for the development of schizophrenia (relative risk of ∼25)
(Bassett and Chow 1999; Murphy and Owen 2001),
specific schizophrenia-related impairments serve as endo-
phenotypes for further investigation. Despite detection of
schizophrenia-related impairments in small samples of
youth with 22q11.2DS, little is known about how they
develop. An understanding of the development and mech-
anism of schizophrenia-related executive dysfunction in
people with 22q11.2DS will provide clues to its biology in
schizophrenia.

We do not assess conversion to schizophrenia longitudi-
nally in the current study. However, unlike prior studies of
executive attention in 22q11.2DS, we have accrued data
from a large-enough sample to allow us to assess age as a
factor in the executive control of attention. This allows us
to assess whether or not development is typical with respect
to the executive control of attention for the group. We
hypothesized that our study group of children with
22q11.2DS, some of whose performance has been reported
elsewhere (Takarae et al. 2009), would show a specific
impairment on the executive control of attention. Moreover,
reflecting atypical development, we hypothesized that the
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executive control of attention in 22q11.2DS will differ
relative to typically developing children as a function of
age. Also, distinct from prior investigations, the current
sample size permits us to simultaneously evaluate candidate
effect modifiers such as the COMT polymorphism, sex
(Antshel et al. 2005) and handedness on performance.

Methods

Participants

A total of 106 children between 7 and 14 years of age
participated in this study. The protocol was approved by the
Institutional Review Board at the University of California,
Davis, and all participants and their parents consented to
take part. None had participated in our initial study (Bish et
al. 2005) but some (27 with 22q11.2DS and 13 typically
developing (TD) control participants) had participated in
another (Takarae et al. 2009). This report (Takarae et al.
2009) was of a study of trial adaptation and COMT
genotype. We do not report or use any ANT outcome
variables or analyses reported elsewhere. 46 of the
participants were TD and 60 had 22q11.2DS as determined
by fluorescence in situ hybridization (FISH) testing.
Participant characteristics are given in Table 1.

Attention networks task

We used a version of the ANT that was modified from the
original children’s ANT (Rueda et al. 2004) as in our prior
study (Takarae et al. 2009). We replaced each fishlike
stimulus with a friendly alien flying an arrow-shaped
spaceship with an arrow on its side. We also used a central
(not at the target location), neutral cue in place of the
original double cue. We also arranged the trials in such a
way as to provide for several runs of three incongruent
flanker trials in a row (see Takarae et al. (2009) for details).
Flanker interference (executive) had the following condi-
tions: (1) congruent (flanking arrows in the same direction
as the stimulus arrow), and (2) incongruent (flanking

arrows in the opposite direction). The spatial cueing
(orienting) conditions were the following: (1) valid (cue at
the target location), (2) invalid (cue opposite the target
location), and (3) neutral (cue appears at the central fixation
point). We tested the Alerting system by comparing
response times on trials in which neutral cues were
presented to those where there was no cue. To manipulate
predictability, primarily for this condition, intertrial inter-
vals were pseudorandomly distributed at 200 ms intervals
between 400 and 1,600 ms between the last trial and the
onset of the cue. An interstimulus interval of 400 ms
elapsed between the appearance of the cue and the target.

Genetic analysis

Determination of COMT polymorphism using serum or
saliva samples was completed by PCR and restriction
enzyme digest as previously described (Takarae et al.
2009).

Data analysis

Data were processed using MatLab (version 7.4) on an
Apple OS X platform to generate outcome variables from
raw data. Trials with response times less than 150 ms were
excluded as anticipatory trials. Such exclusions were rare
for participants included in analysis; no more than four
trials of 144 were excluded for any individual due to
anticipation. Trials 2.5 standard deviations from the mean
of the condition were excluded as outlying trials. Partic-
ipants with error rates >50% for any condition were
excluded. Because of this, seven participants were excluded
from the 22q11.2DS group leaving 53 for analysis. None of
the TD group was excluded. These participants differed
significantly from the other children with 22q11.2DS in that
they were younger (mean (SD) age in months 97.1 (12.9)
versus 128.8 (24.2); Mann–Whitney U=327.5; p<0.001).
Six of the seven children who were excluded provided
genetic material available for analysis. All of these six had
the COMT Met158 allele, a characteristic that trends towards
significance when compared with the other participants

Table 1 Participant characteristics

Diagnostic group Comparison

22q TD t test Pearson’s chi-square Unequal variances (p)

Age (months) (mean (SD), N) 128.8 (24.2), 53 120.5 (28.6), 46 −1.548 0.125

Male sex (N (valid %a)) 25 (47.2%) 25 (54.3%) 0.580 0.476

Right handed (N (valid %)) 38 (76.0%) 39 (88.6%) 2.523 0.112

COMT Val158Met (N (valid %)) 26 (55.3%) N/A

a Percentage of the number of participants without a missing value
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with 22q11.2DS of whom 55.3% have the Met158 allele
(p=0.070; Fisher’s exact test, two-tailed). Gender and
handedness did not differ.

The main outcome variable was the adjusted reaction
time. Median reaction time (RT) of combined correct and
incorrect responses for each experimental condition was
calculated. RTs, three for flanking and four for cueing, were
adjusted for performance by dividing by one minus the
error rate for their respective cueing or flanking condition
(AdjRT), that is AdjRT=RT/(1% error). Such a reaction
time adjustment is a well established way to account for
speed accuracy trade-off (Townsend and Ashby 1983).
Given the notable positive skew of the unimodal distribu-
tions of AdjRT for each condition, we used median rather
than mean as a measure of central tendency. Then, for each
individual, we calculated three indices. The alerting index
was calculated for an individual by subtracting the median
AdjRT of all trials with a neutral (central) cue from the
median AdjRT of all trials with no cue. The orienting index
was calculated by subtracting the median AdjRT of valid
trials from the median AdjRT of invalid trials. The
executive index was calculated by subtracting the median
AdjRT for all congruent trials from the median AdjRT of all
incongruent trials.

The effect of age on the executive index was modeled by
simple linear regression. The executive index was natural
logarithm transformed before analysis to remedy non-
normality of residuals and unequal variances between the
diagnostic groups. Several participants had executive
indices below zero after processing. To avoid taking a
logarithm of a negative number, 150 adjusted milliseconds
were added to the executive index. However, one typically
developing participant had an executive index that was
−420.24 adjusted milliseconds and was therefore excluded
as an outlier. Age was centered at 80 months, the age of the
youngest participant, to provide a baseline for estimating
age-specific differences. Letting del22q represent a zero–
one indicator variable coding the presence of 22q11.2DS,
the regression model was:

Ln executive indexþ 150 msð Þ
¼ b0 þ b1 Age� 80 monthsð Þ þ b2del22q

þ b3 Age� 80 monthsð Þ»del22qþ ":

To address the effects of the three flanking conditions
and four cueing conditions, a mixed-model 3×4 factorial
analysis was carried out, adjusted for the effects of age,
handedness, and gender on performance. To preserve
power, we limited ourselves to studying the two-way
interactions. The outcome was reaction time under each of
the 3� 4 ¼ 12 cue×flanker conditions. The median reac-
tion time across all trials for each condition was divided by

the error rate to generate AdjRT. AdjRT was transformed by
adding 1 to their value and taking the natural logarithm,
LnAdjRT, to reduce variance spread at extreme values and
correct the positively skewed distribution of raw scores.
The mixed model allowed for a random intercept to account
for within-child correlation in performance. Fixed factors
were: cue type, flanker type, presence or absence of
chromosome 22q11.2 microdeletion, age (in months), sex,
and handedness, as well as two-way interactions. In the
group with 22q11.2DS, we also investigated the COMT
Val158Met polymorphism (rs4680). Models were built using
PASW version 18.0 in a forward, stepwise fashion. A factor
was included if a type III sum of squares demonstrated a
significant contribution to the model, p≤0.05. Once
included, a factor was not excluded until a type III sum of
squares analysis demonstrated no trend, p≥0.10. All
factors, first main effects and then interactions, were
entered in an arbitrary sequence and then, as a secondary
analysis, in a reverse sequence to assess reliability of the
stepwise algorithm. The results were the same in both
directions. For significant group or two-way interactions,
pairwise comparisons were subsequently carried out. p
Values were Bonferroni corrected to adjust for multiple
comparisons.

Results

ANT indices

ANT index performance is presented in Table 2. As in prior
reports, performance on the executive index differed
between those with 22q11.2DS and TD control participants.
We found no correlations between these indices (data not
shown). Further investigation of the relationships between
these networks is not the focus of this study, but is currently
being investigated by our lab.

Executive function levels are plotted by age and diagnostic
group in Fig. 1. Age trends, group differences, and a
difference in age trends between groups accounted overall
for 11% of variation in executive performance in a linear
regression model (r=0.375; p=0.002). The model estimates
that at 6 2/3 years (80 months), TD children have a mean
executive index of 88 (95% confidence interval (CI), 31 to
163) adjusted ms while those with 22q11.2DS have an
executive index of 276 (95% CI, 61 to 707) adjusted
milliseconds. For TD children, age did not significantly
predict performance (β=−0.002; p=0.441). However, for
those with 22q11.2DS, the executive index reduced by 0.9%
per month of age (β=−0.009; 95% CI=−0.017 to −0.001;
p=0.035). Since data are modeled on a logarithmic scale, the
variation, a SE of ±0.4% per month age, has a higher impact
on performance at a younger age as observed in the raw data
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(Fig. 1). Because of this variation and its distribution by age,
we modeled other candidate effect modifiers: COMT geno-
type, gender and handedness. Furthermore, because the ANT
tests several attention networks simultaneously, we estimated
the effects of flanking and cueing using mixed models.

ANT factorial analysis

Table 3 shows group means of median reaction time and
error rate for each condition. Overall, it appears that those
with 22q11.2DS were globally impaired on the ANT with

both slower reaction times and more errors in all con-
ditions. We assessed the effect of presence of 22q11.2DS
on the natural logarithm of error-adjusted raw reaction time
(LnAdjRT). The highly variable ANT performance in the
group with 22q11.2DS prompted our use of a mixed linear
model.

Cue type, flanker type, presence or absence of chromosome
22q11.2 microdeletion, age (in months), sex, handedness, and
their two-way interactions were entered in a stepwise forward
fashion. Surviving factors and model parameters are presented
in Table 4. Age was the dominant predictor of performance,
interacting with both cue and flanker effects. Figure 2 aids in
interpretation of the model parameters. It demonstrates that
as they become older, children perform better when
confronted with flanker interference in general. It shows an
interaction between age and flanker effects within the
22q11.2DS group. The effect of the 22q11.2DS itself is
large, a 14.3% cost. Males received a substantial benefit,
though not statistically significant, which is diminished
relative to females on the incongruent condition.

Within the 22q11.2DS group analysis

We excluded TD children to focus on 22q11.2 specific
factor effects including the effect of the COMT Val158Met
polymorphism. As above, all factors including the COMT
polymorphism and their two-way interactions were entered
in a stepwise forward fashion. Surviving factors and
parameter estimates are presented in Table 5. The incon-
gruent flanker effect is large, resulting in a 67% reaction
time cost at 80 months of age. Age significantly improves
performance on incongruent flanking conditions above all
other conditions, cueing or flanking. Of note, the effect of
any type of cue is not seen to be mediated by age as it was
when both study groups were entered into model. A deeper
analysis of the sources of variance within the 22q11.2DS
group for the Orienting and Alerting networks is being
prepared for separate manuscript (Simon, Harvey, and
Stoddard, in preparation). In addition, gender is not a
significant factor that determines performance. COMT
genotype did not significantly contribute to the model nor
interact with either cue or flanking condition.
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Fig. 1 The effect of age on the executive index. For each participant,
the median reaction time, adjusted for error, of trials with congruent
flankers is subtracted from the median-adjusted reaction time of trials
with incongruent flankers. This executive index differs in an age-
dependent fashion between those with 22q11.2DS and typically
developing control participants. The variation within groups appears
most prominent at the younger ages (80 months) for both groups.
Group performance converges at adolescence. A fit line with 95% CI
is shown for the typically developing group, but is omitted for
children with 22q11.2DS where a line does not describe the
distribution of their raw performance by age

Group Number Mean (SD) Comparisona

t (df) p

Alerting Index TD 46 −9.9 (66.9) −1.287 (81.8) 0.202
22q11.2DS 53 15.5 (124.8)

Orienting Index TD 46 124.8 (110.0) −0.473 (96.4) 0.637
22q11.2DS 53 135.6 (117.0)

Executive Index TD 46 80.0 (137.6) −2.053 (84.4) 0.043
22q11.2DS 53 158.6 (236.5)

Table 2 Efficiency of the
attention networks

a Independent samples, two-tailed,
t test with equal variances not
assumed
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Discussion

We demonstrate that executive control of attention is
substantially affected by age in a large group of children with
22q11.2DS. While impairment exists in the whole group of
children with 22q11.2DS, it is more pronounced and variable
for children who are younger. When testing typically
developing children, Rueda et al. (2004) found that they
approached adult performance by about age 7 years on the

executive network subtask of the ANT. We found the same
result in our typically developing group. However, perfor-
mance for those with 22q11.2DS was distributed across age
in a funnel shape, suggesting that a subgroup of children
with 22q11.2DS may have a delayed development in the
processing of flanker interference. In our second analysis, we
demonstrate the relative effect of several factors that
determine ANT performance in children with 22q11.DS.
Of note, children with 22q11.2DS are specifically vulnerable

Table 4 Surviving factors and interactions

Selected factorsa Mixed model estimates of fixed effects on LnAdjRT

Estimate (β) (×102)b Standard error (×102) Significance (p)c Description (eβ followed by specified significant condition)

Age −0.651 0.0868 <0.001 0.65% benefit per month of age.

Age×flanker −0.145 0.0410 0.009 0.15% benefit per month on incongruent flankers.

Age×cue No significant specific interactions.

Flanker 26.9 5.44 <0.001 30.8% cost on incongruent flankers.

Diagnosis 13.4 4.15 0.039 14.3% cost to those with 22q11.2DS.

Diagnosis×flanker No significant specific interactions.

Gender No significant specific interactions.

Gender×flanker 7.2 3.51 0.011 7.5% cost to males on incongruent flankers

Cue×flanker No significant specific interactions.

Variance

Residual 1.95 0.09 2.0% of the total variation

Participants 3.43 0.54 3.5% of the total variation

a Determined by type III sum of squares (see “Methods” for criteria)
b Some parameters were set to 0 because they are used as the reference parameter for modeling. They are diagnosis=typically developing, gender=female,
flanker=single, and cue=valid. For interactions, if any condition tested contains a reference, that estimate is set to 0
c For clarity, parameter estimates are reported only if the factor it modifies significantly contributed to the model. For example, age×flanker survived entry
criteria, but of the age×flanker interactions, only the age by incongruent condition significantly contributed to the model and is presented here. Despite
inclusion of the cue×flanker interaction in the model due to a type III sum of squares significance of p=0.042, none of the 12 specific cue×flanker
possibilities significantly contributed to the mixed linear model. This may be due to the large number of paired comparisons to be considered or their
colinearity. p Values are Bonferroni adjusted for 23 comparisons

Cue condition Flanker type

22q11.2 DS (N=53) Typically developing (N=46)

None Congruent Incongruent None Congruent Incongruent

Median response times (ms)

None 832 908 980 749 846 874

Neutral 806 886 975 724 803 886

Valid 731 740 861 653 712 756

Invalid 814 915 1,001 786 804 921

Error rates (%)

None 3.8 5.6 8.9 2.9 3.3 2.1

Neutral 4.2 3.5 10.1 2.1 3.9 6.6

Valid 4.3 5.5 5.6 1.8 2.4 3.4

Invalid 5.2 4.4 7.3 3.6 1.4 3.3

Table 3 Median reaction time
and error rate means for each
condition by diagnostic group
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to incongruent flanker interference, especially at younger
ages. As a group, they have a 67% adjusted reaction time
cost relative to their performance on trials with no flankers at
80 months of age. However, this impairment lessens rapidly,
by ∼0.92% per month age afterwards. Thus, this study
replicates smaller studies on two independent samples
showing specific executive index impairment (Bish et al.
2005; Sobin et al. 2004), provides new information about the
magnitude and specificity of the impairment on the
incongruent flanking condition, demonstrates the effect of
age and factors associated with cognitive impairment in
22q11.2DS, and suggests a statistical approach to account for
variability in the 22q11.2DS group (Sobin et al. 2004).

As before (Takarae et al. 2009), we did not find an overall
effect of the COMT Val158Met polymorphism on flanker

interference. However, Takarae et al. (2009) did find that all
children who failed to adapt to a series of three incongruent
flanking trials (n=6 of 27) had the COMT Met158 polymor-
phism. All 27 of these children were included in this study.
However, unlike this earlier analysis, we did not analyze the
relationship of the COMT Val158Met polymorphism to trial
to trial adaptation to flanker interference. Trial to trial
adjustment on conflict tasks is a more dynamic and engaging
way to measure cognitive systems managing conflict than
simple flanker interference tasks (e.g. (Carter and van Veen
2007)). Of the seven excluded from the study for random-
appearing performance, six were genotyped all of whom had
the Met158 polymorphism. The exclusion of these individuals
biased the study against finding an association between
Met158 and impaired performance on flanking conditions.

Fig. 2 Effect of diagnosis and age on flanking conditions. These
profile plots demonstrate the overall effect of diagnosis and age on
performance. Units are the natural logarithm of the error-adjusted
reaction time (LnAdjRT; see “Methods”). The interaction between the

diagnosis of 22q11.2DS and age is apparent for the incongruent
flanking condition (middle profile plot) where the typically develop-
ing children display a similar flanker interference profile across all age
groups. Error bars represent standard error of the mean

Table 5 22q11.2DS only: surviving factors and interactions

Selected factorsa Mixed model estimates of fixed effects on LnAdjRT

Estimate (β) (×102)b Standard error (×102) Significance (p)c Description (eβ followed by specified condition)

Age −0.684 0.158 <0.001 0.69% benefit per month of age

Age×flanker −0.231 0.078 0.025 0.23% additional benefit per month of age on
incongruent flankers

Flanker 51.4 9.9 <0.001 67% cost on incongruent flankers

Cue 17.1 1.9 <0.001 19% cost on invalid cues

14.8 1.9 <0.001 16% cost on no cue

17.2 1.9 <0.001 19% cost on neutral cue

Variance

Residual 2.6 1.6 2.6% of the total variation

Participants 4.6 1.0 4.7% of the total variation

a Determined by type III sum of squares (see “Methods” for criteria)
b Some parameters were set to 0 because they are used as the reference parameter for modeling. They are diagnosis=typically developing, gender=female,
flanker=single, and cue=valid. For interactions, if any condition tested contains a reference, that estimate is set to 0
c For clarity, parameter estimates are reported only if the factor it modifies significantly contributed to the model. For example, age×flanker survived entry
criteria, but of the age×flanker interactions, only the age by incongruent condition significantly contributed to the model and is presented here. p Values are
Bonferroni adjusted for eight comparisons
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The most significant characteristic of these excluded children
was their young age. Interestingly, the effect of age has been
suggested (Takarae et al. 2009; Tunbridge et al. 2006;
Gothelf et al. 2005) as an explanation of inconsistent reports
with regards to the COMT Val158Met polymorphism in
22q11.2DS that have tested a variety of aspects of cognition
(Baker et al. 2005; Bearden et al. 2004; Kates et al. 2006;
Shashi et al. 2006). None of these studies, including this one,
accounted for the effects of the common synonymous SNPs
in COMT which are known to determine its protein
expression (Nackley et al. 2006).

The flanker task embedded in the ANT tests conflict
processing and its associated anatomical areas (Fan et al.
2005), specifically the ability to monitor and inhibit the
processing of irrelevant stimuli that would generate an
incorrect response. Though these adolescents with
22q11.2DS have a typically appearing executive index,
the examination of flanker effect shown in Fig. 2 reveals
otherwise. It appears that they do not demonstrate the
typical profile of either facilitation by response-congruent
distracters or interference by response-incompatible dis-
tracters. Post hoc analysis (Fig. 3) reveals that they were
impaired in resolving incongruent flanker interference
relative to typically developing adolescents. These obser-
vations are consistent with the theory of anterior cingulate
gyrus dependent conflict processing that has been frequent-
ly shown to be impaired in individuals with schizophrenia
and attention deficit/hyperactivity disorder (ADHD) (e.g.,
(Carter and van Veen 2007)). Both syndromes are prevalent
in people with 22q11.2DS. However, we did not find a
correlation between executive index and ADHD symptom

severity in any category as measured by the Swanson,
Nolan, and Pelham Questionnaire, 4th revision (Swanson
1992). Of note, when testing the executive control of attention
with the ANT, others have also unexpectedly found (Nestor
et al. 2007) and replicated (Urbanek et al. 2009) reduced
incongruent flanker interference in patients with chronic
schizophrenia that is similar to the pattern in our results.

While schizophrenia-related cognitive impairments in chil-
drenwith 22q11.2DS is of particular interest, direct associations
between cognitive impairment and the development of
psychotic disorders in 22q11.2DS have yet to be established
(Lewandowski et al. 2007; Antshel et al. 2010; Gothelf et al.
2005; Rockers et al. 2009). Like all but one of these former
studies, we do not examine the presence of clinical psychosis
and link it to schizophrenia-associated impairment in the
executive control of attention. However, our analysis does
provide further information about more specified
schizophrenia-related cognitive impairment in 22q11.2DS
with some caveats. Firstly, while flanker interference demands
the cognitive operations of conflict monitoring, it also depends
on other cognitive operations, specifically priming (Mayr et
al. 2003). These effects are not a sufficient alternative
explanation for the involvement of impaired conflict process-
ing, and its previously observed effects might be accounted
for by study design (Botvinick et al. 2004). Secondly, little is
known about its neural substrate and functioning in children
which differs from adults (Konrad et al. 2005) in typical
populations and might be even more different and more
variable in the case of congenital disorders. This is particularly
important in 22q11.2DS in which schizophrenia-related
functional neural connectivity (Sigurdsson et al. 2010) and
anatomic neural connectivity are atypical, e.g., (Karayiorgou
et al. 2010). Together with our prior reports (Bish et al. 2005;
Takarae et al. 2009), these results strongly motivate theoret-
ically guided investigations of specific impairments in
cognition and their relationship to the development of
psychotic disorders in 22q11.2DS.

This study has several limitations. The ANT was designed
as a rapid test of several attention networks rather than a
complete survey of the executive control of attention.
However, in a population with known spatiotemporal process-
ing impairments, the ANT is a well-validated and effective
method of testing the executive control of attention as it
simultaneously probes other attentional systems for interac-
tions. A limitation in the factorial analysis is the possible over
fit of the model to the data because a stepwise selection
includes only significant factors. However, the inclusion of
factors already known to affect executive control of attention
(age, gender, and COMT polymorphism) and spatial process-
ing (handedness) protects against spurious associations. The
purpose of the second analysis was to assess their effect of
covariates on flanker interference rather than discover new
associations. Despite multiple pairwise comparisons in the
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Fig. 3 Effect of diagnosis on flanker effect. This bar graph represents the
effect of incongruent flanker interference and congruent flanker
facilitation in the third age tertile (12.3 to 14.9 years; n=9 each group).
Contrasts between the conditions with and without flankers represent
flanker facilitation (congruent flanker condition—no flanking condition)
and interference (incongruent flanker condition—no flanking condition).
Compared to typically developing adolescents (n=9), those with
22q11.2DS (n=9) show a reduced reaction time cost to interference
(Mann–Whitney U=13; p=0.015) but not to facilitation (Mann–Whitney
U=40; p=0.965). Error bars represent the 95% CI of the median
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second analysis, there is limited risk of type I error as mixed
models make a conservative inference of significance for
fixed factors and the Bonferonni familywise correction is
severe. There are many factors not assessed in this study
which might be related to our results including other genetic
effects, prescription drug effects, other somatic disease
effects, and prior interventions, such as cardiac surgery, with
cognitive sequelae. This pattern of impairment we observed
may not be specific to 22q11.2DS with respect to other
neurodevelopmental disorders. However, because a genetic
lesion is identified in 22q11.2DS, how this pattern changes
over time and its functional consequences will prepare for
studies of their genetic determinants.

This study demonstrates how age affects the executive
control of attention in a group of children with 22q11.2DS.
It demonstrates that cross-sectional cognitive research in
22q11.2DS with summary measures of performance for
groups with a wide age range may not be valid, risking type
II error. It also suggests that there may be a critical
developmental window for detection of some types of
cognitive impairment. This is especially important for
studies seeking associations between cognitive impairment
a risk factor for the later development of schizophrenia or
studies of the pathogenesis of schizophrenia in 22q11.2DS.
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