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RESEARCH Open Access

A cross-sectional study of the development of
volitional control of spatial attention in children
with chromosome 22q11.2 deletion syndrome
Heather M Shapiro1*, Yukari Takarae2, Danielle J Harvey3, Margarita H Cabaral1 and Tony J Simon1

Abstract

Background: Chromosome 22q11.2 deletion syndrome (22q11.2DS) results from a 1.5- to 3-megabase deletion on
the long arm of chromosome 22 and occurs in approximately 1 in 4000 live births. Previous studies indicate that
children with 22q11.2DS are impaired on tasks involving spatial attention. However, the degree to which these
impairments are due to volitionally generated (endogenous) or reflexive (exogenous) orienting of attention is
unclear. Additionally, the efficacy of these component attention processes throughout child development in
22q11.2DS has yet to be examined.

Methods: Here we compared the performance of a wide age range (7 to 14 years) of children with 22q11.2DS to
typically developing (TD) children on a comprehensive visual cueing paradigm to dissociate the contributions of
endogenous and exogenous attentional impairments. Paired and two-sample t-tests were used to compare
outcome measures within a group or between groups. Additionally, repeated measures regression models were fit
to the data in order to examine effects of age on performance.

Results: We found that children with 22q11.2DS were impaired on a cueing task with an endogenous cue, but not
on the same task with an exogenous cue. Additionally, it was younger children exclusively who were impaired on
endogenous cueing when compared to age-matched TD children. Older children with 22q11.2DS performed
comparably to age-matched TD peers on the endogenous cueing task.

Conclusions: These results suggest that endogenous but not exogenous orienting of attention is selectively
impaired in children with 22q11.2DS. Additionally, the age effect on cueing in children with 22q11.2DS suggests a
possible altered developmental trajectory of endogenous cueing.

Keywords: 22q11.2 deletion syndrome, Velo-cardio-facial syndrome, spatial attention, childhood cognitive develop-
ment, developmental disorders

Background
Chromosome 22q11.2 deletion syndrome (22q11.2DS)
results from a 1.5- to 3-megabase microdeletion on the
long (q) arm of chromosome 22 [1] and occurs in approxi-
mately 1 in 4000 live births [2,3]. Children with this disor-
der have a physical phenotype that might include
cardiovascular abnormalities and cleft palate [4], in addi-
tion to mild to moderate learning impairments and a char-
acteristic cognitive phenotype [5,6]. More specifically, the

characteristic cognitive profile in most children with
22q11.2DS includes non-verbal impairments that stand in
contrast to relative strengths in the verbal domain [7].
These non-verbal impairments include, but are not limited
to, impairments in attention, spatial cognition, quantitative
cognition, and arithmetical processing [8-10].
Simon recently proposed that underlying impairments

in attention may subserve many of the other cognitive
impairments in children with 22q11.2DS [11]. In this
view, the atypical development of attentional processes,
mediated by the genetics of the disorder, cascades into
impairments in magnitude and numerical processing.
Subsequently, these impairments play a fundamental role
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in the characteristic impairments in non-verbal cognitive
function that are recognized as a hallmark of 22q11.2DS.
Thus, a better understanding of attentional development
in children with 22q11.2DS is critical for identifying an
endophenotype of the disorder that is potentially a root
of their cognitive impairments and could be targeted
early in development for therapeutic intervention.
Attention is an important cognitive process by which

task relevant information is selected at the cost of dimin-
ished representations of distracting stimuli [12]. It regu-
lates cognitive processes at many levels and sensory
modalities, including a critical modulatory role of vision
[13]. In the context of daily life, people are exposed to a
broad range of visual stimuli, not all of which are relevant
for their current goals or behavior. Visuospatial attention
helps to focus on spatial locations in the environment
that contain the most relevant visual stimuli. Subse-
quently, response time to a stimulus within the attended
spatial location will be quicker than response time to a
stimulus outside of that location [14]. This effect is
believed to be due to amplified signal processing within
the attended location [15].
Visuospatial attention is not a unitary process, but

rather consists of two primary mechanisms by which one
orients attention [16]. One mode involves voluntary or
endogenous shifts of attention to a relevant location in
space. The other mode of attentional orienting involves
attention capture by a salient external stimulus; this is
referred to as exogenous attention. Both endogenous and
exogenous orienting are important for behavior. Endo-
genous orienting allows one to focus attention on a spe-
cific spatial location based on a particular goal or task at
hand. Exogenous orienting, on the other hand, enables
one to respond to the sudden appearance or onset of a
stimulus that may provide critical new information.
These two mechanisms are not mutually exclusive. A
sudden exogenous stimulus might interrupt endogenous
attention at a particular location, while endogenous
attention might also be utilized to prevent continuous
interruptions at the periphery. Within this context, visual
attention can be best understood as a process of finite
capacity that resolves competing inputs by either
responding reflexively to changes in the environment, or
by selecting goal-directed, volitional orientation [12,17].
Previous research suggests that children with

22q11.2DS might have impairments in visuospatial atten-
tion [11,18-20]. One study tested endogenous orienting
in children with 22q11.2DS [8] using the classic Posner
cueing task, which requires participants to respond to a
stimulus that appears at lateral spatial locations following
either a valid or invalid central symbolic spatial cue [14].
In the study by Simon et al., children with 22q11.2DS
demonstrated a significantly longer response time follow-
ing an invalid endogenous, central arrow, cue when

compared to typically developing children, suggesting
impaired attention orienting when disengaging from an
invalidly cued location and reorienting to the location at
which a target appeared. Another recent study also
examined visual spatial attention in children with
22q11.2DS [21] by measuring their “orienting index”,
which is a subcomponent of the attention network test
that compares the effects of invalid relative to valid cues
in an exogenously cued task design. In contrast to the
previous study that examined endogenous orienting, the
results of this study did not show a greater invalidity cost
in children with 22q11.2DS, although their response
times were significantly slower to all cue types than those
of typically developing children. Collectively, these stu-
dies demonstrate different levels of impairment with
respect to different attentional modes in children with
22q11.2DS, suggesting a dissociation between endogen-
ous relative to exogenous orienting in this population.
Unfortunately, however, it is difficult to critically evaluate
these differences since they stem from separate studies
that involved different participants performing different
experiments. In order to draw more rigorous conclusions
about the nature of attention orienting in children with
22q11.2DS, it is necessary to carry out an experiment
that compares the performance of the same individuals
on the same task relative to typically developing children.
Thus, this is one of the aims of the current study.
The second aim of this study was to examine possible

developmental differences in visuospatial attention in chil-
dren with 22q11.2DS relative to typically developing (TD)
children. It is important to consider that 22q11.2DS is a
neurodevelopmental disorder and thus will have differen-
tial effects on mind and brain particularly during early and
middle childhood. Furthermore, evidence suggests that
endogenous and exogenous modes of orienting follow dif-
ferent developmental time courses [17]. Typically develop-
ing young children are capable of adult-like behavior in
exogenous visual attentional cueing paradigms, suggesting
that the underlying mechanisms of exogenous visual
orienting develop early [22,23]. By contrast, endogenous
orienting appears to follow a more protracted develop-
mental time course. While children demonstrate the abil-
ity to orient their attention following an endogenous cue,
it is not until approximately 8 years of age that they are
able to sustain this volitional attention [24]. Developmen-
tal trajectories of attentional orienting have not been
examined in 22q11.2DS, despite their likely functional sig-
nificance. The developmental span of attentional dysfunc-
tion in 22q11.2DS is not known but even if it eventually
resolves, compromised attentional functioning during
childhood will affect many aspects of cognitive develop-
ment, including academic achievement.
In sum, the overarching goals of the current study

were to examine the nature and extent of impairments
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in endogenous and exogenous visuospatial attention
through middle to late childhood development in
22q11.2DS. This was accomplished by testing children
with 22q11.2DS and age-matched typically developing
(TD) children on a behavioral task that presents endo-
genous and exogenous cueing conditions in a within-
subjects design. In order to examine possible develop-
mental differences, age effects were examined in a
cross-sectional analysis across the age range of 7 to 14
years.
In the results of the current study we found that, as a

group, 7 to 14-year-old children with 22q11.2DS showed
impaired reorienting to invalidly cued locations under
endogenous, but not exogenous, cueing task demands.
Additionally, these impairments were due exclusively to
performance differences in younger children with
22q11.2DS. Older children with 22q11.2DS did not
demonstrate impairments on these tasks relative to TD
children, and no age effects were found in the TD group.
Thus, the results indicate a selective atypical developmen-
tal trajectory of at least one aspect of attentional control in
children with 22q11.2DS. Specifically, younger children
are impaired relative to TD individuals in endogenous but
not exogenous orienting of attention conditions while
older children with 22q11.2DS were not significantly
impaired relative to their TD peers.

Methods
Participants
Forty-six children with chromosome 22q11.2 deletion
syndrome (21 female, 25 male) and thirty-seven typically
developing (TD) comparison children (18 female, 19
male), from 7 to 14 years of age, participated in the
study. In order to examine age effects, each diagnostic
group was divided into younger and older age groups by
a median split. Thus, a younger group consisted of parti-
cipants from 7.0 to 10.9 years of age, and an older group
consisted of participants from 11.0 to 14.9 years of age.
In the children with 22q11.2DS, the deletion was con-
firmed by fluorescence in situ hybridization (FISH) test-
ing. Data on IQ (from WASI or WISC III/IV) were
available for 44 children with 22q11.2DS and 33 TD par-
ticipants. Range of full-scale IQ (FSIQ) was 52 to 103 for
children with 22q11.2DS and 92 to 135 for TD children.
Attention deficit/hyperactivity disorder (ADHD) was
diagnosed in accordance with the parent-rated Swanson,
Nolan, and Pelham IV Rating Scale (SNAP-IV) [25] and
was assessed in 32 participants with 22q11.2DS. The par-
ents of all participants provided written informed consent
based on protocols approved by the Institutional Review
Board at the University of California, Davis. Table 1
depicts the demographic information for children in each
group.

Procedure
All participants completed the “endogenous-exogenous”
cueing experiment (Figure 1). This experiment was
adapted from Dennis et al.’s design (2005) where children
are presented with four black squares that are located to
the left, right, above, and below a central fixation cross
[26]. The central fixation cross was 0.95° high and wide
when viewed at a distance of 60 cm, and the squares
were 1.91° in diameter, each located 3.82° from the center
of the fixation cross. The participants were instructed to
maintain fixation on the black cross and press a button
when a target appeared in one of the boxes. Prior to the
appearance of the target, however, the participants were
presented with a cue for 150 ms. In the endogenous con-
dition, the cue was a predictive central arrow that
pointed to the likely location of the target. This arrow
was valid (pointed to the correct location of the subse-
quent target) on 80% of the trials and invalid (pointed
towards the opposite spatial location) on the other 20%.
Thus, on any given trial, the target would only appear in
one of two locations: the correct location or the one box
located in the opposing spatial location on the other side
of the fixation cross. In the exogenous cueing condition,
the cue was a non-predictive luminance change in one of
the peripheral boxes. This cue appeared with 50% invalid
probability to avoid creating expectancy effects that
could result in endogenous cueing. The time lapse from
the offset of the cue to the onset of the target (also
known as stimulus onset asynchrony or SOA) was either
200 ms or 750 ms in order to examine possible differ-
ences in the time course of cueing. Subsequently, the
target was presented and participants responded via but-
ton press on a response pad that had buttons in spatial
locations that mirrored those of the four boxes on the
computer screen. Participants were instructed to press
the button corresponding to the spatial location of the
target.
After being given instructions and two demonstration

trials (one for the endogenous and exogenous condition,
respectively), the participants completed 10 practice
trials of each. The full experiment contained 80 trials of

Table 1 Demographic data on children with 22q11.2DS
and TD children

22q11.2DS TD

n Mean age in
years (SD)

n Mean age in
years (SD)

Gender Female 21 10.38 (1.96) 18 9.45 (2.32)

Male 25 10.70 (2.42) 19 10.55 (2.14)

Relative
age

Younger 28 9.09 (1.22) 25 8.69 (1.24)

Older 18 12.83 (1.21) 12 12.77 (1.11)

Total 46 10.56 (2.20) 37 9.99 (2.29)
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each cueing condition, broken into two blocks of 40
trials for each condition. The blocks were interleaved so
that an endogenous block followed an exogenous block
and vice versa.

Data analysis
In order to examine overall performance differences
between groups, we measured participants’ response time
and accuracy for each combination of cueing conditions.
Response time (RT) was measured as the time lapse from
the onset of the target alien to the participant’s button
press. Only trials in which participants responded cor-
rectly were selected for analysis, and trials with response
times less than 150 ms were excluded as anticipatory.
Additionally, trials outside of 2.5 standard deviations
from their mean of a particular condition were excluded
as outliers. The median RT for each condition was
selected from the remaining trials.
Since children with developmental disorders typically

have lower accuracy on behavioral tasks, we combined
RT with accuracy to generate an adjusted response time
that takes performance into account. We calculated
adjusted RT by dividing the raw RT by the accuracy for a
particular condition using the formula adjusted RT =
RT/accuracy. Using this adjustment, the RT remains

unchanged with 100% accuracy and is increased in pro-
portion to the number of errors. This measure accounts
for speed/accuracy trade-offs and has been used to exam-
ine spatial cueing in children in previous studies
[8,19,27]. Paired t-tests and two-sample t-tests were used
to compare adjusted median RTs between conditions
within a group or between groups.
Ultimately, the adjusted median RT was used to gener-

ate cue cost, a comprehensive outcome measure that
describes the cost of reorienting attention following an
invalid relative to a valid cue. We calculated cue cost by
subtracting the adjusted median valid RT from the
adjusted median invalid RT. A larger cue cost is indica-
tive of a longer time necessary to disengage from an inva-
lidly cued location, and can be interpreted as impaired
attention orienting.
Due to the design of the task, there are multiple mea-

surements per person. These include cue type: endogenous,
exogenous; direction: right, left, up, down; and SOA: 200,
750 ms. In order to utilize all of the data available for each
individual and to test specific hypotheses regarding differ-
ences between TD children and children with 22q11.2DS,
repeated measures regression models were fit to the data.
Initial models included main effects for cue type, diagnosis,
target direction, SOA, and age (dichotomized as young/old
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Figure 1 Endogenous-exogenous cueing task.
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by median split) as well as the interaction between diagno-
sis and cue-type to directly test for differences between the
groups on the types of cues. Further models investigated
differences by age including interactions between age and
cue type, age and diagnosis, and the three-way interaction
between age, diagnosis, and cue type. An interaction
between SOA and diagnosis was also considered to assess
differences between groups on SOA. An exchangeable cor-
relation structure was assumed for the repeated measures
allowing for different variability between the groups,
because performance of children with 22q11.2DS is much
more variable than that of TD children. Assumptions of
this model were checked and were met by the data. All
analyses were conducted in SAS using a confidence level of
0.95 (alpha = 0.05).

Results
General cueing effects
Consistent with existing data, both groups had signifi-
cantly greater response times to invalid relative to valid
trials for endogenous and exogenous cueing conditions
(P < 0.001 for both groups, both conditions) (Figure 2a).
Additionally, the cue cost (response time difference
between invalid minus valid trials) was significantly lar-
ger for all children on endogenous relative to exogenous
trials for both groups (P < 0.001) (Figure 2b). Finally,
children with 22q11.2DS had significantly larger cue
cost when compared to TD children on endogenous
(P < 0.001), but not exogenous trials (P = 0.10).
Although children with 22q11.2DS appear to respond

more slowly to all trial types (valid and invalid) relative
to TD children, these differences were not statistically
significant (P > 0.1) (Figure 2a).

Cueing and age effects
For deeper analysis, we divided the two groups into
younger (7.0 to 10.9 years) and older (11.0 to 14.9 years)
age groups by a median split. Overall, older TD children
had significantly quicker response times on endogenous
and exogenous trials relative to their younger counter-
parts (P < 0.001 for valid and invalid trials for both cue-
ing conditions) (Figure 3a). Older children with
22q11.2DS were only significantly faster than their
younger counterparts on invalid endogenous trials (P =
0.005). Younger children with 22q11.2DS had signifi-
cantly larger cue cost on endogenous trials when com-
pared to older children with 22q11.2DS (P < 0.001)
(Figure 3b). In contrast, there was no difference in per-
formance by age for TD children on endogenous trials
(P = 0.99). Older children with 22q11.2DS performed
comparably to older TD children (P = 0.54) as well as
to younger TD children (P = 0.47) on endogenous trials.
Thus, the group difference in performance on endogen-
ous trials is due exclusively to performance differences
in younger children with 22q11.2DS. Alternative models
using age in years found that an increase of one year of
age was associated with greater improvement in children
with 22q11.2DS than TD children on endogenous trials
(P = 0.004) supporting the results found using a median
split of the ages. In particular, an increase of one year of
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age in children with 22q11.2DS was associated with a
34.5-unit decrease in cue cost on endogenous trials,
while in TD children the decrease was only 2.5 units. In
contrast to endogenous cueing, children with 22q11.2DS
did not show a change in cue cost as a function of age
on exogenous trials (P = 0.35) (Figure 3b). The same
was true with TD children (P = 0.19). Therefore, these
findings further strengthen the evidence for a different
pattern of endogenous but not exogenous orienting in
children with 22q11.2DS compared to their age-matched
typical counterparts.

Effects of cue location
We next looked at response time to valid and invalid
endogenous cues as a function of the target’s final loca-
tion (left, right, up, or down, respectively). We directly
compared these response times for targets on the hori-
zontal meridian (appearing to the left or right of fixation)
(Figure 4a) versus the vertical meridian (targets appearing
up or down relative to fixation) (Figure 4b). On both
endogenous and exogenous trials, children with
22q11.2DS and TD children had significantly smaller cue
cost for trials that were cued in the upward location rela-
tive to downward cues (P < 0.001) (Figure 4c).
On endogenous trials, younger children with

22q11.2DS produced larger cue costs when compared to
older children with 22q11.2DS for all four cue locations
(P < 0.001). By contrast, TD children did not show any
difference in performance as a function of age on endo-
genous trials (P = 0.99). Young children with 22q11.2DS

produced larger cue cost for spatial cues in the down-
ward location when compared to young TD children (P <
0.001), but this difference was not true for older children
(P = 0.54). On exogenous trials, there were no significant
differences between younger and older children on cue
location for either TD children (P = 0.19) or children
with 22q11.2DS (P = 0.35). Younger children with
22q11.2DS were similar to younger TD children (P =
0.24) for all spatial cue locations on exogenous trials.
Older children with 22q11.2DS also performed compar-
ably to TD children for all cue locations on exogenous
trials (P = 0.27).

Effects of SOA
On both endogenous and exogenous trials, children with
22q11.2DS and TD children had faster response times to
targets that appeared at 750 ms SOA relative to 200 ms
(P < 0.005 for both groups, all conditions) (Figure 5a).
On endogenous trials, children with 22q11.2DS had lar-
ger cue cost relative to TD children at an SOA of 750 ms
(P = 0.02), but not at 200 ms (P = 0.17) (Figure 5b). Addi-
tionally, younger children with 22q11.2DS produced sig-
nificantly larger cue costs relative to older children with
22q11.2DS at both 200 and 750 ms SOA on endogenous
trials (P < 0.001). There was no difference in performance
as a function of age for TD children at either SOA on
endogenous trials (P = 0.99). Also on endogenous trials,
young children with 22q11.2DS produced larger cue cost
relative to young TD children at an SOA of 750 ms (P <
0.001) and 200 ms (P = 0.001). There were no differences
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in cue cost on endogenous trials between the groups by
SOA at the older ages (P > 0.35). There were no group or
age-related differences by SOA on cue cost for exogenous
trials (P > 0.10) (Figure 5b).

Clinical correlates
Although children with 22q11.2DS had significantly
lower full-scale IQ (FSIQ) relative to TD children (P <
0.001), there was no correlation between FSIQ and
endogenous or exogenous cue cost either for children
with 22q11.2DS (P = 0.57 and P = 0.73) or TD children
(P = 0.60 and P = 0.70). Of the 32 children with
22q11.2DS on whom we had information about ADHD
status, 15 (47%) met DSM-IV criteria for ADHD. Com-
paring cue cost for individuals with ADHD relative to
those without showed that there were no differences
(P = 0.97 and P = 0.20 for endogenous and exogenous
trials, respectively). For younger children with
22q11.2DS, 12 of 24 (50%) were diagnosed with ADHD
relative to 3 of 8 (37.5%) older children with 22q11.2DS.
There was no interaction of ADHD status and age
either with cue cost for endogenous (P = 0.77) or exo-
genous (P = 0.53) trials.

Discussion
This study replicates the facilitation effect seen in a Pos-
ner cueing paradigm, such that participants’ response
time (RT) to a cued location is quicker than to an
uncued location [14]. It further replicates our previous
finding that children with 22q11.2DS were impaired on
an endogenous attentional task with central, symbolic
cues [8]. Thus, the current study indicates that
responses to invalid attentional cues are not globally
impaired in children with 22q11.2DS but rather are
selectively impaired under volitional but not reactive
control and that this impairment might reduce with age.
Although not statistically significant, it appeared that
children with 22q11.2DS might respond more slowly to
all trial types (valid and invalid) relative to TD children
overall. This finding would be consistent with an effect
seen on every other attentionally demanding task on
which we have tested children with 22q11.2DS. We
have consistently found that, on any task that requires
the engagement of attention, children with 22q11.2DS
demonstrate significantly slower RTs relative to their
TD peers [28]. Thus, an overall group difference in RT
would likely be a general attention effect that is not spe-
cific to the cueing task at hand. By looking at the differ-
ence scores (invalid minus valid RT), we will be able to
best examine the specific group effects of endogenous
and exogenous orienting.
Group differences in response to cue type (endogenous

versus exogenous) revealed that children with 22q11.2DS
had larger cue costs on endogenous trials relative to exo-
genous trials when compared to TD children. This sug-
gests that our sample of children with 22q11.2DS have
specific impairments in endogenous orienting when com-
pared to age-matched TD individuals. On the other hand,

Valid Invalid500

600

700

800

900

1000

A
dj

us
te

d 
R

T 
(m

s)

Endo
 

 

 

 

TD−Left
TD−Right
22q−Left
22q−Right

Left Right Up Down 

50

150

250

350

C
ue

 C
os

t (
m

s)

Valid Invalid
Exo

500

600

700

800

900

1000

A
dj

us
te

d 
R

T 
(m

s)

 

TD−Up
TD−Down
22q−Up
22q−Down

Valid Invalid
Endo

 Valid Invalid
Exo

Endo
Left Right Up Down 

Exo

*

{

{

*

{

{

a

b

c

Figure 4 Spatial location effects on the endogenous-
exogenous cueing task.

Shapiro et al. Journal of Neurodevelopmental Disorders 2012, 4:5
http://www.jneurodevdisorders.com/content/4/1/5

Page 7 of 12



children with 22q11.2DS performed comparably to TD
children on exogenous trials, suggesting that they were
not impaired when reflexively orienting to exogenous sti-
muli. After further analyzing the data, however, it became
evident that the specific impairment in endogenous cue-
ing might not be true of all children with 22q11.2DS.
An analysis of age effects revealed that the younger (7

to 10 years), but not older (11 to 14 years), children with
22q11.2DS were impaired on endogenous orienting of
attention. This suggests that the orienting impairment
seen in 22q11.2DS does not necessarily persist at the
same level throughout childhood, but that initially
delayed volitional orienting improves with age. This
hypothesis will have to be directly tested in the future
through longitudinal studies that are more appropriate
for directly testing patterns of development. Evidence
shows that, even in TD individuals, endogenous orienting
of attention follows a more protracted time course of
development relative to exogenous orienting, with endo-
genous orienting improving up to approximately 8 years
of age [17]. Our results support that endogenous orient-
ing was already fully developed in the younger TD indivi-
duals (ages 7 to 10 years), because there was no
difference in performance between this group and the
older TD individuals (ages 11 to 14 years). In contrast,
the younger children with 22q11.2DS performed signifi-
cantly less well than their older counterparts, suggesting
that endogenous attentional control might be develop-
mentally delayed in children with 22q11.2DS.
We also examined the effect of other variables in the

endogenous-exogenous cueing task to see which factors
might play a role in the observed impairment in endo-
genous cueing in younger children with 22q11.2DS.

These variables included the different target locations
(left, right, up, down) and SOAs of different lengths (200
ms and 750 ms, respectively). The motivation behind
including these different factors was to examine possible
differences in spatial and temporal elements of cueing.
We found that, although there were no factors specific to
endogenous cueing impairments in children with
22q11.2DS, there were interesting spatial and temporal
effects that appeared collectively in both groups. First of
all, both children with 22q11.2DS and TD children had
significantly larger cue cost for cues toward the lower
quadrant relative to the upper quadrant of the screen
(Figure 4e). This difference was due to quicker response
time to valid cues and slower response time to invalid
cues in the downward direction relative to the upward
direction (Figure 4c). The faster response time to valid
cues in the downward direction is consistent with Pre-
vic’s theory of visual search (1990), which posits that
visual attention can be divided into two categories: peri-
personal and extrapersonal. The peripersonal system per-
tains to activities requiring visual search within a range
near to our bodies, for tasks that might involve reaching
and other visuomotor coordination, and this system
tends to be biased towards the lower visual field. On the
other hand, the extrapersonal system is generally used in
visual search and has bias towards the upper visual field.
Since the endogenous-exogenous cueing task is a visuo-
motor task that takes place only 60 cm from the partici-
pant, then it would be the peripersonal attention system
that mediates this task and it is here where children with
22q11.2DS appear to have a delayed developmental abil-
ity to volitionally control their attention. This suggests
that children with 22q11.2DS have impaired attentional
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control within their peripersonal space, and this impair-
ment plays a role in their overall neurocognitive pheno-
type. As Ladavas et al.’s review [29] demonstrates, even
typical and brain-damaged adults demonstrate consider-
able activity-dependent plasticity in their non-unitary,
body part-centered, representations of peripersonal
space. Thus it is quite likely that, due to impairments in
volitional control of endogenous attention, children with
22q11.2DS develop with atypical mappings of periperso-
nal space that affects their ability to accurately represent
the relationship of their body parts to objects in space, of
the relationship of objects in space to one another, and of
the scale and shape of the space surrounding them. This
might be a factor in the motor impairments that have
been reported in young children with 22q11.2DS [30,31]
as well as their developing representations of magnitude
and number, which also seem to be scaffolded by periper-
sonal spatial representations implemented by parietal sys-
tems [32,33].
In addition to cueing visual attention at different

spatial locations, we also included two different SOAs
(200 ms and 750 ms, respectively) in order to examine
the time course of attention orienting in children with
22q11.2DS and TD children. We found that both groups
collectively had significantly longer response times to
targets that appeared at an SOA of 200 ms relative to
750 ms (Figure 5a), a phenomenon that is characteristic
for short versus long SOAs. Additionally, children with
22q11.2DS had a significantly larger cue cost relative to
TD children only at an SOA of 750 ms (Figure 5b). We
hoped that by comparing the effects of a short (200 ms)
versus a long (750 ms) SOA, we might observe inhibi-
tion of return (IOR) in the two groups. IOR is a well-
documented phenomenon that describes exogenous
attention orienting as it follows a characteristic time
course of early facilitation followed by later inhibition
[34,35]. Within our data, we see that response times to
targets appearing 750 ms after valid exogenous cues are
greater than those appearing 750 ms after valid endo-
genous cues (Figure 5a). On the other hand, neither
group showed a difference in response times for valid
exogenous relative to valid endogenous cues at 200 ms
SOA. The increase in response time following valid exo-
genous cues at 750 ms SOA is consistent with the inhi-
bition of return phenomenon that occurs at longer
SOAs. This difference was apparent in both groups and
did not differ between groups.
After taking spatial and temporal factors into account,

the most reliable factor that predicted impairment in
endogenous cueing in children with 22q11.2DS was age.
Younger children with 22q11.2DS were consistently
impaired on endogenous trials when compared to both
older children with 22q11.2DS and younger TD children.
The impairment in endogenous cueing for younger

children with 22q11.2DS might be related to abnormal
brain structure or function. Structural imaging studies of
children with 22q11.2DS demonstrated reductions in
occipital, parietal, temporal, and cerebellar regions when
compared to TD children [36-39]. Among the areas with
greatest reductions in gray matter volume included
regions of the posterior parietal lobes and posterior fron-
tal cortex. Evidence also shows regions of enlargement in
superior frontal cortex, the right insula, and superior,
middle, and transverse temporal cortex [36]. In addition
to gray matter differences, Simon et al. also reported dif-
ferences in fractional anisotropy (FA), which charac-
terizes the degree of coherence of water diffusion, and
can be used as a measure of white matter integrity [40].
Specifically, they found that children with 22q11.2DS had
abnormal patterns of FA relative to TD children in
regions of the frontal and parietal lobes that are strongly
associated with attentional function, and that these differ-
ences correlated differently in the two groups with per-
formance on an endogenous cueing task. Barnea-Goraly
et al. also found abnormal FA values in the left supra-
marginal and angular gyri in children with 22q11.2DS
[41]. Most recently, Srivastava et al. reported age differ-
ences in the degree of cortical gyrification between chil-
dren with 22q11.2DS and TD children within the age
range of 6 to 15 years [42]. Importantly, the regions of
cortex that significantly differed as a function of age
included parietal structures that are functionally relevant,
in typical individuals, for attentional tasks. Although a
direct link is not explicitly clear, it is possible that these
structural abnormalities might be related to the impair-
ments in endogenous cueing in 22q11.2DS, given that
endogenous cueing is largely mediated by a dorsal net-
work that includes the dorsal posterior parietal cortex
and superior frontal cortex [43].
Studies in adults with 22q11.2DS suggest that impair-

ments in attention are persistent throughout adulthood
when compared to typical controls [44,45]. Additionally,
adults with 22q11.2DS demonstrate neuroanatomical
abnormalities in regions shown to be important for atten-
tion [46-48]. Thus, existing evidence does not necessarily
suggest that general attentional processing will continue
to improve in older individuals with 22q11.2DS. How-
ever, visual spatial attention consists of a number of dif-
ferent components, not all of which share similar
developmental courses or neural substrates. Our study
was limited to a highly focused assessment of two critical
components of the input selection component of visual
attention [28]. Van Amelsvoort et al. [44] assessed the
continuous performance vigilance aspect of attention in
adults while Chow et al. [45] primarily assessed cognitive
control using the Stroop and Trails A/B tests. Given
broad differences between those studies and ours in the
type of attentional processing being assessed, along with
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the fact that we have not tested adults with 22q11.2DS on
our endogenous-exogenous cueing paradigm, we cannot
speak to what a third and more mature developmental
time point might look like for this component of atten-
tion. What we can say is that within our sample of 7 to
14-year-old children with 22q11.2DS, the older children
performed comparably to typically developing peers on
an endogenous cueing task on which the younger chil-
dren were impaired. Thus, between the youngest and old-
est ages at which we tested different children with
22q11.2DS, our data indicate that some strategy or com-
pensatory processing appears to become available that
mitigates the impairment seen in the younger age group.
This poses very interesting questions about the specific
components of attention that might be of relative
strength at certain developmental time periods in this
population and points to the very clear need for longitu-
dinal studies in order to determine if this proposed
account is supported by following young children
through the critical early to middle school age range.
It is well established that rates of ADHD are highly ele-

vated in children with 22q11.2DS [49]. Within our sam-
ple, 47% of the children with 22q11.2DS who were tested
for ADHD met criteria for the disorder in accordance
with DSM-IV criteria. The presence of this disorder,
however, had no relation to performance on either the
endogenous or exogenous cueing task. Thus, we can say
that preexisting general impairments in clinical measures
of attentional function do not account for the results that
we see, and that the underlying impairment in endogen-
ous orienting is not necessarily driving increased rates of
ADHD. One reason that we might not see a correlation
here is due to the specificity of the attentional compo-
nent that is being measured in the endogenous-exogen-
ous cueing task. Importantly, full-scale IQ also did not
co-vary with performance on the task either in children
with 22q11.2DS or TD children, thus eliminating IQ as a
factor that might impact results. Other factors that would
be important to consider include psychiatric diagnosis
and medication status. Unfortunately, we do not have
this data on our current sample, but it is information that
warrants careful consideration in the future.
In sum, the age effect on endogenous cueing in

22q11.2DS poses interesting questions regarding neuro-
cognitive development in this population. One possibility
is that younger children with 22q11.2DS initially have an
immature or atypically organized dorsal attention net-
work that ultimately becomes more mature and/or typi-
cal at an age that is slightly delayed relative to TD
children. Another possibility is that, with age, children
with 22q11.2DS find other compensatory mechanisms
for efficient endogenous orienting. These are questions
that can be examined in the future by longitudinal beha-
vioral and imaging studies. Additionally, since attention

is critical to cognition, this posits the question as to
whether or not the developmental delay in volitional con-
trol of attention is just another measure of developmental
delay in 22q11.2DS, or if this is a more critical basic
impairment that actually drives global delays as measured
by IQ and school performance by compromising the abil-
ity to select and focus on salient information. In other
words, given that endogenous attention is developmen-
tally delayed, might this play a causative role in the
abnormal development of other neural and cognitive pro-
cesses? While this is not a question that can be answered
within the scope of the present study, it is definitely an
important question for future research.

Conclusions
A cross-sectional analysis is an important preliminary
step for a comprehensive evaluation of the development
of attention in children with 22q11.2DS and TD chil-
dren. When compared to TD children, children with
22q11.2DS demonstrate selective impairments in endo-
genous, but not exogenous, cueing. This suggests a spe-
cific attentional impairment in 22q11.2DS that is related
to volitional, but not reflexive, orienting of attention.
The specificity of the impairment in endogenous cueing,
in conjunction with the age effect in 22q11.2DS, is sug-
gestive of specific neural and cognitive characteristics
that develop differently in children with 22q11.2DS and
which may have a critical impact on the development of
spatial and numerical mental representations and possi-
bly on wider cognitive function.
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