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Previous reports of cognitive functioning in ddren with the 22q11 Deletion Syndrome have
reported marked variability in I1Q and achievemiesubtest scores. Studies have begun to explore
neuropsychological function in 22q11 DS howevesuits are inconsistent and the profile incom-
plete. We assessed 40 children ages 5-12 ®ifi 2 DS. Consistent with past results, visual-spatial
memory was significantly lower than verbal mery. Differentially lowered scores were found
only in visual attention, working memory anchotor function. Contrary with some past results
quantitative, verbal ability, and visual spatial memagores were within 1 SD from the standard-
ization sample mean. Motor behavj not typically discussed wittegard to 22g11 DS school-age
children, may be critical to incorporate in neurognitive studies of childne with 22g11 DS. Impli-
cations of these findings are consiced with regard to past results.

The 22911 Deletion Syndrome (22g11 DS) itsfiom a meiotic deletion of DNA at
the g11.2 site on chromosome 22, occurring in 1 of every 4,000 births (du Montcel, mendiz-
abal, Ayme, Sevy, & Philip, 1996). In over 90% of cases the deletion is not transmitted by
either parentde novg Morrow et al., 1995). The deletion cegsult in a range of congenital
anomalies, from fatal to barely detectabled perhaps including heart defects, immunologic
deficits, craniofacial dysmorphologies, velophageal defects such as overt or submucous
cleft palate or inflammation-related pain syndromes (e.g., Ryan et al., 1997). Prior to identi-
fication of a single associated deletionyesal different clinical labels were used, each
reflecting the primary medical disorder e child, including conotruncal anomaly face
syndrome (heart defect with facial dysmuojpgies), velo-cardio-faal syndrome (VCFS,
velopharyngeal, heart, and facial anomalies), and DiGeorge syndrome (immunologic insuf-
ficiency). Although the physical phenotype is heterogeneous, the neuropsychological char-
acteristics are broadly predictable. Reseaschare estimated that 90%—-100% of children
with 22g11 DS are learning disabled (e.qg., Lipson et al., 1991; Shprintzen, Goldberg, Young,
& Walford, 1981) and display early hypotonia, gross and fine motor dyscoordination, expres-
sive language delay, attentional problems, and behavioral anomalies (Gerdes et al., 1999).
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Initial studies of cognitive functioning in school-age children with 22q11 DS used
standard 1Q batteries and school-subjectedmment tests. Markedly higher verbal than
performance 1Q scores were reported (eMpss et al., 1995; Swillen et al., 1997) with
reading and spelling achievement scores sicanifily higher than atimetic scores (e.g.,
Moss et al., 2000). When full-scale 1Qs werecuakdted, they were reported to be in the
low-normal to borderline rangattributable to marked subtest score scatter. Rather than
global impairment, these results indicated marked variability in the cognitive functioning
of children with 22q11 DS.

Recent studies of childrewith 22q11 DS have beguio use neuropsychological
strategies to explore possildeurces of their performandgficits. For example, among
learning disabled children without the debeti arithmetic disabily was associated with
visuospatial deficits (Geary, 1993) and not reading or spelling disability (Rourke, 1991). In
particular, short-term visuospatial memory whswn to be associated with arithmetic skill
in both normally developing and learning impaired populations (Buchannan, Pavlovic, &
Rovert, 1998; Dickey, 1997; Logie, Gilhooly, & Winn, 1994). Wang, Woodin, Kreps-Falk,
& Moss (2000) assessed thirty-six 5-12 years old children with VCFS and found that in
fact (visual) Spatial Memory and not NuemtRecall (KABC subtés; Kaufman & Kaufman,
1983) was differentially lowered, with the mean scaled score for spatial memory 1 SD
below the standardization salepnean. Bearden et al. (200administered a combined
battery of tests to 29 children with@P1 DS ages 5-16 years (mean age $@.35) includ-
ing verbal learning/memory tasks, visuehtning/memory tasks, \BC-IIl subtests com-
prising Verbal Comprehension and PerformaBeganization subscales, and an achievement
test that included word deding, reading comprehension, numerical operations, and math-
ematical reasoning. Only threean scaled score of visugdatial memory (Dot Location
subtest, Children’s Memory Scale; Cohem7pwas more than 1 SD below the standard-
ization sample mean and differed significantly from the verbal memory measure (list-learning
task, California Verbal Learning Test; Delis 949. It was posited that visuospatial deficits
reflected the same functionalrad¥malities contributing to arithmetic impairments in chil-
dren with 22g1l1l DS, in particular right temporal-parietal hemispheric abnormalities
(Bearden et al., 2001).

Visuospatial memory has proven to be amgortant area of investigation among
children with 22g11 DS. However, neuropkglogical characterists of children with
22911 DS are notably complex (Moss et al., 2000), and visuospatial memory deficits may
not fully account for the variety of deficits evident in children with 22q11 DS. Fifty children
with 22q11 DS ages 6—-17 (mean age H33®) were administered tests of memory (Verbal
Learning, Story Memory, and Design Memory subtests from the Wide Range Assessment
of Memory Learning) and executive attenti@rail Making), and a standard 1Q battery
(Woodin et al.,, 2001). Of the subtest mesoores reported, only math achievement,
delayed story recall, Trails B, and the Freedoom Distractibility Index of the WISC-III,

a cluster measure of performance on visual attention and working memory tasks, were 1 or
more SDs below the standardization sampéam A striking deficiency in Trails B was
found, suggesting impaired mental flexibiliyd a loss of visual attentional focus when
utilizing working memory. In this study, design (visual-spatial) memory was within 1 SD
from the mean; nonetheless mean rote verbal memory score (list learning) was significantly
higher than either design mery or story recall(Previously reportederbal/merformance

IQ differences and reading/matfifferences also were repdited.) Thus in this sample
lowered visual spatial memory scores waceompanied by even memarked impair-

ment on measures of visual attention/executive function ability.
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Neuropsychological investigation of the 22d1% syndrome is relatively new, reports
are still inconsistent, and the profile is incdetp. Visual-spatial memory deficits have been
given much consideration but studies do noeagdhat functioning in this domain is in fact
differentially lowered among children with @21 DS. One report has hinted that the most
severe impairment may be in visual attemtimd working memory—perhaps a special class
of impairment likely to impact functioning in other cognitive areas and on many types of
tests. Motor function in school-age children with 22q11 DS has rarely if ever been assessed
or discussed despite the frequently reportegdift IQ difference between verbal and per-
formance scores. Early hypotonia and mabnormalities are common among children
with 22q11 DS before the age of 3 (Gerdes et al., 1999), but whether motor deficits extend
into the school years is relatively unexplored in the literature. In addition to clarifying the
needs of children with 22q11 DS, more fully characterizing their neuropsychological pro-
files can provide meaningful links between specific genes and the developing brain, perhaps
eventually becoming apipable to a variety of genetic and neuropsychological disorders.

To contribute to past findings we adnsit@red IQ and neuropsychological tests sim-
ilar to those used previousind increased the numberdifmains assessed. The Stanford
Binet IQ battery (S-B; Thorndike, Hagen, Sattler, 1986) was used to assess verbal,
guantitative, and memory abilities. @hNEPSY Developmental Neuropsychological
Battery for Children (Korkman, Kirk, & Kemp, 1998) was used to asses neuropsychological
functioning in language, visual and verbalmuey, visual-spatial processing, sensorimotor
functioning, and attention and executive function.

We predicted lower mean scaled scorefoantitative as congred to Vocabulary
subtests (S-B). We also predicted lowesam scaled scores for Bead Memory (S-B) as
compared to Sentence RecallB$ Studies of unaffected populations have demonstrated
functionally segregated neural systemsthe human cortex for location memory and
memory for faces (e.g., Courtndyngerleider, Keil, & Haxbyl996). To begin to explore
the relationship between these memory functiarshildren with 22q11 DS we predicted
lower mean scaled scores for Bead Menasycompared to Memory for Faces (NEPSY).
Also based on past findings we predicted mezaled scores greater than 1 SD below the
standardization sample mean on tests of arithmetic (Quantitative, S-B), visual-spatial
memory (Bead Memory, S-B), visual attention (Visual Attention Omissions, NEPSY),
and executive function ability (Auditory Attention Response Set and Tower, NEPSY).
Hypotonia and motor delays have been reported in a majority of pre—school-age children
with 22g11 DS (e.g., Gerdes et al., 1999) dmet relatively unexplored in school-age chil-
dren with 22q11 DS. Given their early delays predicted mean scaled scores greater
than 1 SD below the standardization sample mean on all tests of motor function, including
fine motor dexterity (Finger-Tapping, NEPS¥actile/kinesthetic awareness (Imitating
Hand Positions, NEPSY), and graphomatontrol (Visuomotor Precision, NEPSY).

METHOD
Participants

These data are from an ongoing longitudinal study of children with the 22q11 Dele-
tion Syndrome and include 40 children ages 5-12 years. Parents learned of our project
through website postings, bilagres sent to genetic cowhars, doctors’ offices, speech
and language specialists, and parent supporpg. Prior to enrollment in the study all
children were confirmed positive for the 22qlietlen via fluorescence in situ hybridization
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(FISH) assay. Potential participants were edel if they or their parents were not fluent

in the English language. All children werenuedicated at the time of testing. The tests
and testing procedures were explained to therps by study staff and to child participants

by their parents. Consent forms were sent to parents for review approximately 1 month in
advance of scheduled testing. Child verhasent and parental informed consent was
obtained on the first morning of testingagurto the start of assessment procedures.

Procedures

All tests were conducted by a licensdadhical psychologist or by one of four
specially trained neuropsychological testerth a minimum 2 years’ child testing and
treatment experience at the doml training level and supervised by a licensed clinical
psychologist. All tests were completed twmo consecutive mornings. To control for
circadian effects all test sessions were completedday.Parents waited immediately
outside the testing room for their childrand were available to the children whenever
breaks were needed. Breaks were pravidecording to the needs of the child;
imposed breaks were taken every 50 minutes for children who did not request them
sooner.

The Stanford-Binet Intelligence Scale, 4th Ed. (S-B; Thorndike et al., 1987) is
comprised of 15 subtests that assess f@meral areas of cognitive function, including
Verbal Reasoning, Visual Reasoning, Qitative Reasoning, and Short-Term Memory.
The method and content of the S-B subtesthased three decades of research, and the
standardization samples are large and update. Four subtests from this battery
assessed cognitive functions included in the hypotheses: arithmetic ability (Quantitative),
verbal ability (Vocabulary), visual-spatiademory (Bead Memory), and verbal memory
(Memory for Sentences). The NEPSY J@@opmental Neuropsychological Battery
(Korkman et al., 1998) was comprehensively standardized using 1,000 American school-
children and assesses language, memosyosgipatial function, sensorimotor function,
attention, and executive function. NEPSY @dt$ that assess areas previously reported
to be impaired in children with 22g11 r&clude Memory for Names (verbal memory),
Visual Attention Omissions (visual inafttéon), Auditory Attention Response Set
(working memory), and Tower (executive abi)itffhree NEPSY subtests assess differ-
ent aspects of seusorimotor functiongliding Finger Tapping, Imitating Hand Posi-
tions, and Visuomotor Precision. Table loyides brief descriptions of each subtest
analyzed.

Data Scoring and Analysis

All data were scored by the tester and re-scored by a licensed psychologist. Verbal/
performance domain score differences previposported and variability in test results
across studies of children with 22q11 DS suggested the possibility of wide intra-subtest
score scatter. To consider the validity ofridon and composite scores for these analyses
each participant’s subtest score range wésutated. The spreadf S-B subtest scores
ranged from 2 to 11 with a mean difference of 5.96 4SD93; nearly 2 SDs between
lowest and highest subtest scores). Thea@ of NEPSY subtéscores ranged from
5 to 14 with a mean difference of 9.93 (S[2.75; over 3 standard deviations between
lowest and highest subtest scaled score).every participant, thetatistical difference
between lowest and highest NEPSY scores was signifiqgart .05, NEPSY Manual,



NEUROPSYCHOLOGICAL CHARACTERISTICS OF 22q11 43

Table 1 Description of Stanford-Binetnd NEPSY Subtests Analyzed.

Subtest Task Description
Stanford-Binet
Vocabulary Define the meary of everyday words
Quantitative Match numbers, add, salst, multiply, compute math problems
Bead Memory View, retain, and replicdtem memory bead arrangement patterns
Memory for Sentences Immediately recall sexwes of increasing length and complexity
NEPSY
Memory for Names Learn names associated eéttioon line drawings of children faces
Memory for Faces Identify photos of childre faces seen during exposure trial
Visual Attention Visually scan and masingle and dual targets (timed)
Omissions Number of targets missed
Commissions Number of non-targets marked
Auditory Attention Select awect color cube(s) according to 1 per sec. verbal cues
Single Rule Respond to only one color word
Response Set Retain and respond to thrke s@rds while applying novel rule set
Tower Re-arrange balls on pegatatch display following task rules
Finger Tapping Tap fingers in singpand sequenced patterns (timed)
Imitating Hand Positions Imitateand positions modeled by tester
Visuomotor Precision Guide pencil line withharrow winding boundaries (timed)

Table B.1; Korkman et al., 1998); differences between lowest and highest scaled scores
were found both within and across domaitegaries. Because scatter of this magnitude
invalidates summary scores, domain andnposite scores were not used in these
analyses.

It was noted during scoring that NEPSYolgal Visual Attention scores improved
as a result of faster completion time regardless of the number of omissions or commis-
sions committed. Visual Attention Omission and Commission scores were calculated
using age-appropriate stamdiation sample standard deviations provided in the
NEPSY manual.

A widely used benchmark of notably lowered performance on individual subtests
from a standardized battery is >1 standard deviation below the standardization sample
mean (e.g., Delis, Kaplan, & Kramer, 2001; Spreen & Strauss, 1998). Normally distributed
group scores greater than one standard deviation below the standardization sample mean
indicate a sample mean at or below 16ttceetile. For comparability to past studies of
children with 22q11 DS we adopted this benchmark as well.

Variations in cell sizes are indicated btated degrees of freedom or table cell
size notations. It should be noted thattie Response Set segment of the Auditory
Attention subtest, a task largely dependent on working memory, two children
(females, ages 5.5 and 5.7) were unablestor the rule set (hear red, select yellow;
hear yellow, select red; hear blue, selbkte) and received no score. An additional
four children (two females, 5.5 and 6.4: tmales, 5.5 and 7.2) easily demonstrated in
the sample items that they learned the rule set. However, once the task began they
seemed to lose the rule set, responded incorrectly or randomly with no correct
responses, and stopped responding mid-thegugh. For the purpose of these analyses,
these four children were given a scaled sadrk (scaled score equivalent of “no hits”)
for Response Set.

Data were entered and maintained in a Statview database and analyzed using Statview
Version 3.0 for PC or SAS Version 6.0 for PC. For comparability to the NEPSY, S-B
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scores were transformed to scaled scordls miean = 10, SD = 3; for reference original
S-B scores (mean = 50, SD = 8) were also tabled. Ungdiests were used in preliminary
analyses for gender comparisons. The Kolmogorov-Smirnov one-sample test (Daniel,
1991; Kolmogorov, 1933) was &d to examine distribution nmality for each of the sub-

tests reported. Pairadests were used to examine hypstized differences between verbal
and quantitative performance and between visual and verbal memory ability. For all
secondary (unplanned) analyges .01 to control for Type érror. These included corre-
lation, simple and multiple regression analyses.

RESULTS

Forty children ages 5.2-12.9 confirmgasitive for the 22q11.2 Deletion Syndrome
(23 females, 17 males; mean age 7.7,1SR4) were included ithese analyses. Demo-
graphic characteristics of the sample shown in Takl2. Preminaryt-test comparisons
of mean scaled scores for the subtestset@nalyzed revealatb significant differences
between males and females and the genders were combined.

The score distributions for each subtest we@@mined for bimodality and tested for
normality using the Kolmogorov-Smirnov one-sample tgst (05). The distributions of
all S-B and NEPSY subtest scores includethese analyses were unimodal and normally
distributed.

Pairedt-test was used to examine the hypothesis that Quantitative (QNT) score
mean was lower than Vocabulary (VOC) ssonean. Contrary to previous findings no
difference was apparelitmean difference = .32(37) = .76,p = .40). We examined
other measures of verbal ability to deméne whether they might better capture the
expected difference. S-B QNT and Compretien (CMP) subtest means also did not
differ (mean difference = .76(36) = 1.84,p = .07), and the difference obtained was in
the opposite direction of that predicted. differences were apparent between S-B QNT

Table 2 Social, Clinical, and Academic Demi@phics of Children with 2211 DS.*

Female 58% (23)
Parent Education (SES)**
12-15 Years 77% (62/80)
>16 Years 23% (18/80)
Caucasian 92% (37)
22911 DS FISH***Positive 100% (40)
Mean Age of Detection 37.0 monthe2(6)****
Early Hypotonia with/Motor Delays < Age 3 92% (37)
Walking Mean Age (SD) 17.6 monthsH.4)
Permanent Hearing Loss (Hearing Aid Corrected) 7% (3)
Speech/Language Therapy 83% (33)
Occupational Therapy 68% (27)
Physical Therapy 38% (15)
Regular Education Classroom 18% (7)
Main-streamed Inclusion Classroom 55% (22)
Special Education Classroom 25% (10)
Home-Schooled 2% (1)

Note *N = 40, **Hollingshead Index of Social Positionghingshead & Redlich1958), ***fluorescence in
situ hybridization assay, ***2 outliers confirmed positive at 10.6 ah2.8 years not included in the mean (SD)
calculation.
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and NEPSY verbal ability subtests, includimgtruction Comprehension (mean differ-
ence = .03{(36) = .06,p = .96) or Phonological Processing (mean difference = .20,
t(37) = .57,p = .57).

Pairedt-tests were also used to test perfance differences omemory tests. As
suggested by past studies mean scoreBdéad Memory (BDM) were found to be signi-
ficantly lower than those for Sentmn Memory (SNM; mean difference <1.47, 95%
C.l. =-2.69,.25,1(35) =-2.45,p = .02). The difference in @an scaled scores of BDM
and Memory for Faces approached but didreath significance in the predicted direction
(mean difference =1.02,t(38) =-1.66,p = .10).

The means, SDs, score ranges, and peofatildren scoring above the mean on S-B
and NEPSY subtests were calculated (Tablaa4). Consistent with past reports mean
scaled scores more than 1 SD below tlamdardization sample mean (<7.0) included
Visual Attention Omissions (VOM) (visual inattention) and Auditory Attention Response

Table 3 Stanford-Binet Subtest Means, SDsnBes, % Above the Mean, and Cell Sizes.*

Subtest Mean (SD)** Range SS10 )
Vocabulary 8.5 (2.5) [46.1/6.7] 4-15 30% (40)
Quantitative 8.7 (2.4)46.5/6.3] 4-14 32% (38)
Bead Memory 7.5(2.7) [43.3/7.1] 1-14 16% (39)
Sentence Memory 9.0 (2.3) [47.2/6.1] 4-14 32% (37)
Comprehension 8.1 (2.2) [44.8/5.9] 4-13 23% (39)
Visual Reasoning 8.5 (3.3) [47.4/6.1] 5-14 36% (39)
Pattern Analysis 7.9 (2.3) [44.5/6.1] 3-12 22% (36)
Digit Memory 9.2 (2.1) [47.9/5.5] 6-12 44% (26)***

Note *ages 5.2-12.9\ = 40, **original S-B mean§Ds in [ ], mean = 50, SB 8, ***Digit Memory subtest
entry level is typically 8+ years

Table4 NEPSY Subtest Means, SDs, RangésAbove the Mean, and Cell Sizes.*

Subtest Mean (SD) Range $30 )
Memory for Names 8.5(3.2) 2-14 45% (39)
Memory for Faces 8.6 (3.2) 2-15 45% (40)
Narrative Memory 7.5 (3.0) 1-15 27% (40)
Visual Attention (global) 8.3 (2.5) 2-13 40% (40)
Omissions 6.5 (2.8) 1-11 17% (40)
Commissions 9.2 (2.2) 4-12 50% (40)
Auditory Attention 83 (2.7) 3-13 41% (33)
Single Rule 8.6 (2.8) 3-13 46% (39)
Response Set 6.8 (3.7) 1-13 29% (37)
Tower 8.0 (3.0) 3-15 32% (40)
Finger Tapping 6.8 (4)2 1-13 35% (39)
Imitating Hand Psitions 6.5 (3.0) 1-13 13% (39)
Visuomotor Precision 5.6 (2.5) 1-11 7% (40)
Instruction Comprehension 8.7 (2.7) 1-14 41% (40)
Phonological Processing 8.5 (2.7) 3-15 40% (40)
Speeded Naming 7.9 (3.9) 1-17 28% (39)
Arrows 8.3(2.8) 2-13 37% 32)
Design Copying 7.2 (2.7) 2-12 25% (40)

Note *ages 5.2—12.9\ = 40



46 C.SOBIN ET AL.

Set (ARS; inability to maintain and apply a rule set). Additionally, mean scaled scores for
the three motor subtests adnstered were all greater thHaSD below the mean, including
Finger-Tapping (FTP; simple motor dexteJjtymitating Hand Positions (IHP; tactile/
kinesthetic awareness), and Visuomotor Rieai (VMP; graphomotor control). Contrary

to two studies (Bearden et al., 2001; Wanglet2000) and consistent with one (Woodin

et al., 2001), BDM mean scaled score withiw 1 SD from the mean. Contrary to past
findings mean scaled score fQuantitative (QNT) was also within 1 SD from the stand-
ardization sample mean. Contrary to ouedictions Tower meascaled score was not
greater than 1 SD below the standardization sample mean.

Secondary Analyses

Findings in the primary analyses that diyed from the predictions raised several
guestions regarding impairment in childreith 22q11 DS, and we addressed these in
secondary analyses. To controt ioype | error alpha was set po< .01. Sample age was
used to examine the unexpected findinghofdifference between quantitative and verbal
measures. It was noted that difficulty with S-B QNT items appeared linked to an increase
in the level of abstraction and mental flexibility necessary to solve them (discussed on
page XX). The sample here analyzed includeiddren from a moreestricted age range
(5-12) and lower mean age (#2.4) than in past studies (e.g., Woodin et al., 2001, ages
6-17, mean age 10433.2). If 22g11 DS math failures wepartly attributable to the level
of abstraction and mental flexibility requiregst age might be inversely associated with
S-B QNT scores. Using simple linear regression analysis we attempted to predict QNT
scores from test age. The slope of the regipedine was significantly less than zero indi-
cating that as participant age increa€adiT scores tended tbecrease (slope =45; 95%

C.l. =—.75/-.15; 35 = -3.0;p = .005;Y = 12.2— .45X; r? = 20%). While test age accounted

for a relatively small percentage of variation in Quantitative test scores, this result may
indicate that significant diffences between measured quatitie and verbal ability are
more likely to occur among older samples of children with 22q11 DS.

Associations between participant aged asubtest scores were considered from
another perspective. Associations with agenatexpected among age-normed tests. Positive
associations between age and subtest meandeficient range miglstuggest that deficits
reflect developmental delay rather than impairment. Simple linear regressions were used
to predict performance score on the basis of test age for those functions found to be defi-
cient (>1 SD below standardization sampilean). No significant associations between
test age and lowered mean scores were foquad@1). (FT: slope = 0.302 = 3%,t,, = 1.0,

p =.31; IHP: slope =0.18,r? = 2%,t,, = —.85,p = .40; VMP: slope =0.03,r2 < 1%, tzg =
~0.16,p = .87; VOM: slope =-0.10,tz = -0.52,r2 < 1%,p = .61; ARS: slope = 0.56,
tss = 2.25,r% = 13%,p = .04) In this cross-sectionsample, there was no evidence of
developmental improvement in areas of lowered performance.

Areas of differentially lowered ability ithis sample of children with 22q11 DS
included visual attention (VOM), working mmry (ARS), fine motor dexterity (FTP),
kinesthetic processing (IHP), and fine motmntrol (VMP). To examine the possible
influence of lowered ability in these areas on other subtests noted to require one or more of
these functions we examined their associations. One subtest, NEPSY Comprehension of
Instructions, required the acquisition, organization, and active maintenance of auditorially
perceived (verbal) information (working memipARS) for responding. Subtests requir-
ing visual attention (discrimination of visual displays, VOM) included S-B BDM and
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Table 5 Summary of Simultaneous Regression Predicting Bead Memory Performance from Visual Attention
Omissions and Imitating Hand Positions.*

Variable B B SEp p
Visual Attention Omissions 1420 .456 .140 .001
Imitating Hand Positions .170 .206 126 [.187]

Note *ages 5.2—12.9\ = 38

Pattern Analysis, and NEPSY Memory for Nangdifferentiating simple cartoon drawings
of children’s faces for association withmas). No non-motor subtest required repetitive
finger movements (FTP). Three subtestsureed manipulation and accurate placement of
small objects utilizing both kinesthetic presang (IHP) and fine motor control (VSP): S-B
BDM (large beads) and Pattern Analyg¢ssnall blocks), and NEPSY Design Copying
(pencil).

Single-order correlationg (< .01) were found for four of the five considered sub-
tests with one or more identifleareas of deficit: S-B BDM (IHP= .40; VOMr = .41), S-B
Pattern Analysis (VSP=.42), NEPSY Memory for Names (VOM= .45), and NEPSY
Comprehension (ARE=.48). (Mean subtest inter-celation for NEPSYstandardization
sample = .12, NEPSY Manual, Table Elges 362—-365, Korkman et al., 1998.) Three
simple regression models for predicting Pattern Analysis, Memory for Names and Com-
prehension scores, and a multiple regressimlel for predicting Bead Memory score
were constructed according to these singlefoadsociations. All four regression analyses
were statistically significant though the strength of associations tended to be weak: As
Visual Motor Precision scores increased Patfaralysis scores tended to increase (slope
=.38; 95% C.I. = .09/.68;,= 2.7;p = .01;Y = 5.8 + .38Xy? = 18%); as Visual Attention
Omissions scores increased (improvedjfggenance on Memory for Names tended to
increase (slope =.51; 95% C.I. = .18/.84= 3.1;p=.004;,Y=5.2 + 51Xr2=21%); as
Auditory Attention Response Set scores increased Comprehension of Instructions scores
increased (slope = .36; 95% C.| = .13/.68= 3.2;p = .003;)Y=6.4 + .36X:r? = 23%).

The final model attempted to predict Bead Memory score from Imitating Hand Positions
and Visual Attention @nissions scores (Table 5). Kinegtheawareness/fine motor control
was less associated than the single-ordeetadion suggested, wheas the influence of
visual attentional ability was moderately predictive (slope = .42; 95% C.I. = .18 7L,

3.0; p = .001,r2 = 33%). Possible implications ofebe associations will be considered
below.

DISCUSSION

IQ and neuropsychological batteries were administered to 40 children with 22q11
DS ages 5.2-12.9, and performance scare® evaluated and compared with previous
reports of cognitive and neuropsychologicalfpenance in this population. Several find-
ings were consistent with past resufissignificant difference was found between meas-
ures of visual spatial and verbal memoryd @cores in a deficient range were found on
tests of visual attention and working memory. Visual spatial memory ability within a normal
range was consistent with one previous report. In addition impairment was indicated on all
three types of motor behavior assessed inaiufiive motor dexterity, kinesthetic awareness,
and visual motor precision.
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Testers’ qualitative notes supported the quantitative findings. With regard to visual
attention, only a few childreappeared impulsive duringgtscanning task although many
seemed unable to visually match target items in both ordered and random displays. Their
scanning lacked strategy and they frequently re-examined items while missing an abun-
dance of targets. The Response Set segmeheocfuditory Attention task was difficult
for most of the children regardless of theirdli score. They appeat taxed, anxious, or
overwhelmed, actively sought encouragement sumport, and at times entirely lost the
novel instruction set, slipping back into the more automatic response (red for red, yellow
for yellow). Participants’ hand movementsreveisibly dyscoordinated, clumsy, and inac-
curate, and they appeared unable to reguataeement force and direction. When modeling
the tester’'s hand positions it was common for children across the age range to be unaware
of their postural errors. Wheattempting to guide a pencil through a winding trail, pencil
lines were weak, poorly controlled, and vetgw or very haphazard; an immature pencil
grip was typical for the 5- arfityear-olds. Overalthe children in this sample were warm,
personable, eager to succeed, and proutledf accomplishments. Nonetheless, between
subtests most children required attentionadirection, encouragement to maintain focus,
and frequent reminders of task and testing goals.

Contrary to past findings differences betm quantitative and verbal skills were not
observed, and quantitative scores were neatgr than 1 SD belothe standardization
sample mean. Consideration of subtest items supported the notion that S-B QNT item
difficulty, scaled to challenge ability amss the age range, was linked to increasing
demands on abstraction and mental flexibility. The first 12 items required the participant
to match, count, order, or add (dots ocefli Children throgh age 6.5 scored at the mean
by completing only these items. The next 6 items were solved with pictures (e.g., seven
apples are shown as the child is askedy6li give three away how many are left?”) and
children through age 9.5 scoratithe mean by solving these. Not until item 19 is a prob-
lem presented that required mental manigpaitaof recalled numbetoncepts (e.g., what
is the smallest whole number that can baddid by 3 and 67?). It seemed reasonable to
suspect that underlying deficits in abstraction and working memory could lower test per-
formance among older children whose scores weraesult of errors on (abstract) items
not attempted by younger children. The Brhat significant invese association between
age and quantitative performance in this relatively young sample may be indirect evidence
of this effect. It is likely that abstractionility should be directly measured, studied, and
described in children with 22g11 DS, as well as experimentally controlled and considered
in studies of their academic, cognét, and neuropsychological status.

Consistent with past results short-term visual spatial memory was found to be sig-
nificantly worse than sentence recall. Howeddferent from two previous reports and
consistent with one, mean visual spatial memory score was not greater than 1 SD below
the standardization sample mean in this grofiphildren. Differetially lowered visual-
spatial memory scores previously reportecdbagichildren with 22q11 DS were obtained
using a monochrome dot location task (eBgarden et al., 2001), whereas scores within
1 SD from the mean on visual-spatial memoryeveeported in a study that used a design
memory task (Woodin et al., 2001). The BBad Memory task used colorful plastic
shapes (blue, red, or whiteres, balls, or disks). Compateca monochromatic dot location
task, perhaps the S-B task enhanced perdoce by increasing interest level and thus
perhaps attention and persistence. Exployategression analysis estimated that 33% of
the variance of visual-spatial memory merhance in this sample was accounted for by
visual attentional ability. If interest level heightens visual attention, test that use attractive
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materials may improve children’s visual spatial memory ability. If so, this raises questions
regarding the role of attention in the development of visual spatial memory function, and
perhaps broader issues regarding brain netwamkisthe interaction of persistence, visual
attention, and visual memory function. Bddress these, studies specially designed to
experimentally control the hypothesized functions are required.

Differentially lowered scores greaterath 1 SD from the standardization sample
mean on tests of visual attention and working memory are consistent with past studies that
showed performance 1 or more SDs below the mean only on Trails B, a subtest that
requires visual attention, mental flexibility, and working memory (Woodin et al., 2001).
Tower subtest mean within 1 SD from the standardization sample mean was perhaps
inconsistent with lowered Response Set scormesking memory). However, past studies
have noted floor and ceiling effects on Towestdéefor adults (Humes, Welsh, Retzlaff, &
Cookson, 1997) and similar effects may havuenced these results as well. Solutions
for the first four items could be solved through simple matching and without mental visu-
alization of response options. Children agds 3 achieve a score within 1 SD from the
mean by completing only these items. Subsequent items progress in difficulty but are
dependent on the child perceiving essentiailg concept—the notion of temporary place-
ment. Once a child discovers this, the mid-level items (though not the three most difficult
ones) are relatively simpl&@hese task attributes couatcount for both floor and ceiling
effects and other tests ofaputive function are needed.

Secondary analyses were completed tm@re whether lowered scores on measures
of attention, executive function, and motor dexterity might be associated with performance
on subtests in other (conceptually segregatednains. Although the results perhaps are
not surprising, they provide a statistical demonstration of the influence of visual attention
and executive function on performance in the other domains examined. In future studies, it
will be important to statistically control for impairment in visual attention and working
memory when examining other domain functions in children with 22q11 DS.

Motor performance was consistently lowered in this sample. Lowered mean scores
were found in all areas of motor abilitysessed. Motor impairment was not correlated
with age and thus did not appear to reftelopmental delay, although this issue should
also be examined in longitudinal data. Motor deficits previously reported among pre-school
children (e.g., Gerdes et al., 1999) appear to continue into early and middle childhood
among children with 22q11 DS.

Motor functioning in children with 22g11 DS merits more recognition and should be
incorporated into the study and interpretation of their cognitive and neuropsychological
performance. For example, performance (@g., Wechsler Intelligence Scales) include
scores from timed and untimed subtests dependent on graphomotor control and fine motor
coordination. Past findings of 10 or more IQ point differences between verbal and perfor-
mance |Q scores may be partly attributabl&atdile/kinesthetic processing and graphomo-
tor control impairment in children with 22q11 DS. Our exploratory analyses suggested one
possible direct influence of rtar impairment on the completion of a block design test and
there may be more. Many cognitive, neuropsychological, and neurocognitive tests utilize
materials that require manipulation and completion under timed conditions.

With regard to etiology, motor impairment and learning disorders have been found
to co-occur (e.g., Berninger & Rutberg, 1992; Waber & Bernstein, 1994), perhaps
suggesting a shared source of impairmenfuoctions often considered “segregated.” As
an example, evidence now sugtgethat the cerebellum—caomonly associated only with
the development of motor ability—may be functionally intertwined during development
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with basal ganglia and dorsal lateral poatal cortex (C/BG/DLPFC; Diamond, 2000).
Among children with 22q11 DS, a recent brain-imaging study revealed volumetric anomalies
in the head of the caudate (Sugama et24lQ0), the primary output structure of the
DLPFC (e.g., Selemon & Goldman-Raki®8B). Thus this model may be specifically
useful for the further study of attention, working memory, and motor deficits identified in
this sample of children with 22q11 DS. C/BG/DLPFC seems to become most activated
when tasks are challenging versus easy, novel versus familiar, changing versus fixed, and
timed versus untimed (Diamond, 2000). Reklii few neuropsychological tests for chil-
dren provide a means to quantify or control for these aspects of performance within func-
tional domains. Tasks that tap a fulleray of functions governed by C/BG/DLPFC
networks may provide one approach for further considering the primary sources of neurop-
sychological impairment in children with 22q11 DS.

These data represent a first step in nfiollg delineating the cognitive strengths and
weaknesses of children with the 22q11 Deletsyndrome. However, as suggested above,
additional measures are neededully capture the types dafeficits that characterize the
cognitive development of children with the 22g11 Deletion Syndrome. When more data
have been collected, formalgfite analyses will be criticaor defining a neurocognitive
phenotype associated with the 22q11 Deletion Syndrome.

Limitations

Past results were replicatettecorroborated withlternate tests of agparable abilities,
explanations of inconsistencies were ofterand areas of notably lowered performance
not previously incorporated in neuropsychological studies of children with 22q11 DS
were discussed. However, the findings sseg areas of impairment not completely or
directly captured by the measures used. Lowv&st score means for attention and working
memory were quantitatively apparent only olested aspects of the subtests provided by
the NEPSY battery. Global Visual Attention and global Auditory Attention scores were
within 1 SD from the standardization samphean. Only indirect evidence of lowered
abstract ability was found and no NEPSY subtest seemed to directly capture this important
aspect of cognitive function. Response Set (Aigeared to be a good measure of working
memory, however, because two children dombt learn the rule set and four children
became overwhelmed by the tadliring completion; other testvith lower gradients are
needed for characterizing working memory in this population.

We selected the NEPSY for its coveragaetfiropsychological domains, and it pro-
vided broad comparative results. However, this replication of visual attention and working
memory impairment requires more focused detailed evaluation of these domains. We
attempted to explore the influence of idewtifiareas of deficit on performance in other
domains. Purer tests that assess componentsual attention, auditory working memory,
aspects of motor behavior, and abstractidahtyalare necessary fahe neuropsychological
characterization of children with 22q11 DS.

Examining associations between test results and school performance would have
enhanced the interpretation of these data. However, preliminary review of school records
revealed wide variability in grading strategies for remediated children (e.g., grading on the
basis of altered tests, individual improvementpecial distributions). Moreover, all children
in this sample were provided with rematifbon at some point during development (see
Table 2), but this factor could not be controlled quantitatively due to marked variation in
type, quality, frequeng and consistency.
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The age range of children in sample wdatieely broad. Our observations have sug-
gested that in this population the patterns of neurocognitive strengths and weaknesses shift
with age. Future studies will be neede@dtourately characterizegmeurocognitive pheno-
type of children with the 22q11 Deletiogri#irome at various points of development.

Several of the analyses heeported relied on comparisons to standardization sample
means, which limits the conclusions that camizevn. In future studies, it would be addi-
tionally informative to compare the performance of children with 22q11 DS to a control
sample of children with learning disabilities who are without the 22q11 deletion. With
regard to the NEPSY, parent educatiorl{ yrs.—10%; 12—15 yrs.—60%:;16 yrs.—30%)
was approximated by our sample; however, none of our parents had less than a high
school education (see Table 2). Also, unlike the standardization groups, this sample
included mostly White children (93%) asngpared to 68% White, 15% African American,

11% Hispanic, and 6% other in the NEPSahstardization sampl&/hether these findings
apply to non-White children with 22q11 Of parents of lower educational level (< 12
years) requires further study.

AUTHOR NOTE

The authors would like to thank our families for their ongoing participation in and
heartfelt commitment to our work. In addition, we would like to thank Rosemary Collier
for her help in maintaining the database. Teisearch was supported by a grant from the
Child Health and Human Development Branch of the National Institutes of Health (K08-
HDO040321, CS) and also by a General CthiResearch Centgrant (M01-RR00102)
from the National Center for Research Resources, National Institutes of Health.

REFERENCES

Bearden, C. E., Woodin, M. F., Wang, P. P., Moss, E., McDonald-McGinn, D., Zackai, E., Emmanuel, B.,
& Cannon, T. D. (2001). The neurocognitive phgpe of the 22q11.2 deletion syndrome: Selec-
tive deficit in viswal-spatial memoryJournal of Clinical and Expémental Neuopsychology23,
447-464.

Berninger, V. W., & Rutberg, J1992). Relationship of finger fution to beginning writing: Appli-
cation to diagnosis ofvriting disailities. Developmental Medicine and Child Neurolo@,
198-215.

Buchanan L., Pavlovic, J., & Rovert, J. (1998). The contribution of visuospatial working memory
to impairments in faciabrocessing and arithmetic in Turner syndroBein and Cognition,
37, 72-75.

Cohen, M. J. (1997Children’'s Memory Scal&an Antonio, TX: Psychological Corporation, Harcourt
Brace & Company.

Courtney, S. M., Ungerleider, L. G., Keil, K., & Hax J. V. (1996). Object and spatial visual working
memory activate separate neural systems in human cOeesbral Cortexf, 39-49.

Daniel, W. W. (1991)Biostatistics: A foundation for angis in the health scienceldew York:
Wiley.

Delis, D. C., Kaplan, J., Kaplan, E., Ober, B. 2994). California Verbal Learning Test for Children.
San Antonio, TX: Psychological Corporation, USA.

Delis, D. C., Kaplan, E., & Kramer, J. (2001).IB&aplan Executive Furation System. San Antonio,
TX: The Psychological Corp., Harcour.

Diamond, A. (2000). Close interrelation of tapdevelopment and codivie development and of
the cerebellum and prefrontal cort@&tild Developmen{/1, 44-56.



52 C.SOBIN ET AL.

Dickey, D. H. (1997). Spatial ability measurernen the Kaufman AssessmnteBattery for Children
in the assessment of dyscalcubdssertation Abstract International, 58A0081.

du Montcel, S. T.Mendizabal, H., Ayme, S., 8¢, A., & Philip, N. (1996). Prevalence of the 22q11
microdeletionJournal of Medial Genetics33, 719.

Geary, D. C. (1993). Mathematical disabilitiesgBitive, neuropsychological and genetic components.
Psychological Bulletin114, 345-362.

Gerdes, M., Solot, C., Wang, P., Moss, E., LaRossa, D., & Riall, P. (1999). Cognitive and
behavior profile of preschool chilein with chromosome 22q11.2 deletidmmerican Journal of
Medical Genetics35, 127-133.

Hollingshead, A. B., & Redlich, F. C. (1958ocial class and mental illneddew York: Wiley.

Humes, G. E., Welsh, M. CRetzlaff, P., & Cookson, N. (1997). Towers of Hanoi and London:
Reliability and validityof two executive test®\ssessmend, 249-257.

Kaufman A. S., & Kaufman, N. L. (1983aufinan Assessment Battery for Childr&icle Pines,
MN: American Guidance Service.

Kolmogorov, A. N. (1933). Sulla determinazioempirical di una Igge di distribuizioneGiornale
dell'lstitute Italiano degli Altuari4, 83-91.

Korkman, M., Kirk, U., & Kemp S. (1998). NEPSY: A Neuredelopmental Neuropsychological
Assessment. The Pdyalogical Corporation, San Antonio, TX

Lipson, A., Yuille, D., AngelM., Thompson, P., Vandervoord, & Beckenham, B. (1991). Velo-
cardio-facial (Shprintzen) syndrome: An important syndrome for the dysmorphologist to recognize.
Journal of Medtal Genetics28, 596—604.

Logie, R. H., Gilhooly, K. J., & Wynn, V. (1994Counting on working menng in arithmetic problem
solving.Memory and Cognitior22, 395-410.

Morrow, B., Goldberg, R., Carlso C., Gupta, R. D., Sirotkin, H., Collins, J., Dunham, L.,
O’Donnell, H., Scambler, P. J., Shprintzen,&Kucherlapati, R. (1996 Molecular definition
of the 22911 deletions in velo-cardio-facial syndromaserican Journal of Human Genetics,
56, 1391-1403.

Moss, E., Wang, P. P., McDonald-McGinn, D. Nkerdes, M., Dacosta, A. M., Christensen, K.,
Driscoll, D. A., Emanuels, B. S., Batshaw, M, & Zackai, E. H. (1995). Characteristic cognitive
profile in patients witta 22911.2 deletion: Verb#D exceeds nonverbal I@merican Journal of
Human Geneticg7, 42.

Moss, E. M., Batshaw, M. L., Solot, C. B., Gesd M., McDonald-McGinn, D. M., Driscoll, D. A,
Emanuel, B. S., ZackaE. H., & Wang, P. P. (2000). ®hoeducational profile of the 22q11.2
microdeletion: A complex patterdournal of Pediatrics134, 193—-198.

Rourke B. P. (Ed.). (1991)Neuropsychological validation déarning disability subtypesNew
York: Guilford Press.

Ryan, A. K., Goodship, J. A., Ngon, D. |, Philip, N., Levy, A.& Seidel, H. (1997). Spectrum of
clinical features associatedthvinterstitial chromosome 22gHeletions: A European collaborative
study.Journal of Medtal Genetics34, 798-804.

Selemon, L. D., & Goldm&Rakic, P. S. (1988). Common codi@and subcortidaarget areas of
the dorsolateral prefrontal and per$or parietal corties in the rhesus monkey: Evidence for a
distributed neural neork subserving spatially guided behavidournal of Neurosciences,
4049-4068.

Shprintzen, R. J., Goldberg, R., Young, D., &lfv&d, L. (1981). The velaardio-facial syndrome:
A clinical and geetic analysisPediatrics,67, 167-172.

Spreen, O., & Strauss, E. (1998).compendium of neuropsychological tedtew York: Oxford
University Press.

Sugama S., Bingham, P. M., Wang, P. P., Mosll.B<obayashi, H., & EtoY. (2000). Morphometry
of the head of the caudate rew$ in patients with velocardasfial syndrome (del 22q11.2cta
Paediatrica,89, 546-549.

Swillen, A., Devriendt, K., Legius, E., Bkens, B., Dumoulin, M., Gewilling, M., &
Fryns, J. P. (1997). Intellence and psychosocial adjoent in velo-cardio-facial



NEUROPSYCHOLOGICAL CHARACTERISTICS OF 22q11 53

syndrome: A study of 37 children and adolescents with VCKsirnal of Medical
Genetics 34, 453-458.

Thorndike, R. L., Hagen, E. P& Sattler, J. M. (1986). The Stanford-Binet Intelligence Scale:
Fourth Edition. IL:Riverside, Itasca, IL

Waber, D. P., & Bernstej J. H. (1994). Repetitive graphorapboutput in learning-disabled and
nonlearning-disabled childreithe repeated patterns teBevelopmental Neuropsycholodyd,
51-65.

Wang, P. P., Woodin, M. F., Kreps-Falk, R., & 849 E. M. (2000). Research on behavioral pheno-
types: Velocardiofacial syndrome (22q11.Revelopmental Medicine & Child Neurologd?,
422-427.

Woodin, M., Wang, P. P., Aleam D., McDonald-McGinn, D.Zackai, E., & Moss, E. (2001).
Neuropsychological profile of children aadolescents with the 22g11.2 microdeletiGenetics
in Medicine,3, 34-39.






