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On therelationship between mathematics and
visuospatial processing in Turner syndrome
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Introduction

Advanced mathematics is a uniquely human abiliag #merges as a function of basic
numerical and visuospatial competencies (Dehadiid,;Dehaene et al., 1999). Evidence from
studies of infant behavior highlight humans abitiydiscern numerical information from
visuospatial displays within hours after birth fid&t al., 2009). Throughout development, many
of the core concepts that underlie mathematics, (@.dinality, cardinality) develop through
repeated interactions with low-level non-verbal euical magnitudes and visuospatial stimuli
(Ansari, 2008). Within typically developing poputats, associations between numeracy and
visuospatial reasoning are evident in infancy,paeslictive of mathematical aptitude years prior
to the onset of language (Lauer and Lourenco, 2@®) persist throughout development (Geer
et al., 2019; Moéhring et al., 2018; Rittle-Johnsoml., 2019)

. The onset of language and other key developmanitestones ultimately assist in the
development of mathematical abilities by attribgtansymbolic representation (e.g., Arabic
digits) to non-verbal numerical quantities (Dehg&td1). Despite language’s role in
mathematics, evidence suggests that one’s ahilitjyscern low-level numerical information
(e.g., numerical magnitude) from visuospatial digplstrongly predicts mathematical aptitude
throughout life (Halberda et al., 2008; Libertuskt 2012).

Disruption of basic low-level numerical abilitiesassociated with inhibited mathematical
capability throughout development (Halberda et201Q8; 2012; Libertus et al., 2012; 2011,
Mazzocco et al., 2011). For example, students lediming disabilities specific to mathematics
(e.g., dyscalculia) demonstrate significantly po@@proximate numerical discrimination
performance than typically achieving students, thiglrelationship persists even after
controlling for domain-general math abilities (Mazeo et al., 2011). Moreover, in this sample,
children’s low-level numerical ability failed tofterentiate low achieving from typically
achieving students, suggesting that deficits te cmmmerical processing is relegated specifically
to individuals with math learning disability. Fuettmore, dyscalculia has also been associated
with poor visuospatial processing skills, suggesthmat deficits in visuospatial reasoning may be
a domain general cause of math learning disal§ipng et al., 2009). Taken together, these
results and others (Irwin, 1996; Simon et al., 2008hlight the overlapping relationship
between visuospatial perception and one’s matheaiatbilities (Ansari, 2008; Baker and
Reiss, 2015; Dehaene, 2011; Halberda et al., 2042y, 1996; Izard et al., 2009; Libertus et al.,
2011).

The specific nature of this relationship has imaotimplications for patient populations,
such as children and adults with Turner syndronoendr syndrome (TS) is a relatively common
(1 in 1,900) genetic abnormality that occurs in&ems and results from the complete or partial
loss of one sex chromosome (Baker and Reiss, ZDdenport et al., 2007). While overall I1Q
commonly remains intact in this population, indivéds with TS are at a greater risk for
difficulties with mathematics and visuospatial i@@ag compared to their peers (Baker and
Reiss, 2015; Hong et al., 2009; Rovet, 1993; Sietal., 2008). Interestingly, deficits within
these domains may be further isolated to individudisystems of math and visuospatial
cognition. For example, meta-analysis of all stadierestigating math processing in individuals
with TS highlights a pronounced performance defititnath problems that require explicit
calculation (e.g., addition, subtraction, multiplion, division) compared to non-calculation
math questions (e.g., bisection, counting, digimparison, reading numbers, transcoding
numbers) (Baker and Reiss, 2015). Similarly, ceitdwith TS have been shown to
underperform their peers on some tests of visu@patasoning (e.g., visuo-perceptual), but not
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others (e.g., tactile-spatial), thus supportingthes of modularity in the development of spatial
skill (Temple and Carney, 1995). Furthermore, despoincident difficulties in both cognitive
domains, not all visuospatial processing defioaiimon within individuals with TS are related

to their math difficulties, indicating that suchostialls may arise from distinct
neuropsychological deficits (Hong and Reiss, 2044zzocco, 2001). For instance, visuospatial
tasks that focus on the spatial location (i.e.,nehaspects of a display may be more related to
the math deficits seen in TS as compared to tésitddcus on the object (i.e., what) aspects of a
display (Mazzocco et al., 2006). Taken togethesséhfindings and others (Simon et al., 2008)
indicate that not all visuospatial domains areealiksofar as their relationship to mathematics in
TS.

The results from these studies indicate that as8ons between visuospatial processing and
math performance varies across visuospatial subidsraad is mediated by the chromosomal
abnormalities related to TS. These findings haveoitant implications for our understanding of
the relationship between mathematics and visuadpaticessing in general, as well as the role
that TS may have on individual elements of thisriattion. Specifically, identifying the
visuospatial domains that are most closely reladedath performance could further clarify how
these ubiquitous processes interact. Furthermioesetfindings may also elucidate the
neurocognitive precipitants for math deficits idiwiduals with TS. This, in turn, may lead to
novel interventions for improving math performamecd 'S (Butterworth and Kovas, 2013).

For this study, we conducted a longitudinal analydithe relationship between mathematics
and visuospatial processing in age-matched adolegads with and without TS (45,X0
monosomy). Specifically, we hypothesized that sahgios of visuospatial processing, assessed
through a battery of standardized neuropsycholbgiauations, differ in their relationships to
mathematics. Based on previous research, we egpeltdifferences to emerge in visuospatial
domains that target visuomotor skills and spatiedraation (Kesler et al., 2006; Mazzocco et al.,
2006; Temple and Carney, 1995). Moreover, we aypotnesized that the participagroup
affiliation (i.e., TS or control) will influence th relationship and thus highlight the subdomains
of visuospatial processing that are uniquely impadty TS.

Methods

All data reported herein were collected as pa# lmngitudinal assessment of the interaction
between genes, brain development, and behaviadlescent girls with TS and their peers. The
presence of monosomic TS was established in aicgzants via parent of origin analysis. In
order to reduce the likelihood of spurious resdits to inclusion of TS participants with partial
chromosomal loss (i.e., mosaicism), only individuaith classical monosomy (45,X) were
included in the TS group. A total of 112 particip@(Nrymer= 54, mean age = 11.1yrs, range =
7.0— 15.9yrs; Nontroi = 58, mean age = 11.5yrs, range =-61%.3yrs; see Table 1 for
participant demographic breakdown across yearlysvig Stanford) were recruited for
participation and underwent a battery of standadlizeuropsychological assessments once a
year for four years. The majority of individualshnth groups were white (TS = 88.9%, control
= 66.7%), with a similar distribution of black paipants (TS = 3.2%, control = 2.7%). The
control group contained a greater proportion osAgparticipants (TS = 0%, control = 12.7%),
as well as participants who declined to state ttaeie (TS = 0%, control = 18.2%). The inter-
quartile range of household income was slighthhkign the control (IQR = $100,000 -
$200,000 per year) compared to TS group (IQR =Xb; $150,000). No comparisons
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achieved statistical significance after controllfoginflated Type | errors due to multiple

testing. English was the primary language spokeharhome for all participants.

All experimental activities were carried out in amtance with the latest version of the
Declaration of Helsinki, and were approved by ttenrd University Institutional Review
Board. Prior to participation, informed consent watained from the parent or caregiver of each
participant, and informed assent was obtained faoh participant. Trained assessors
administered all tests in the standardized batidriie under the direct supervision of a licensed
clinical psychologist. The test battery includebraad assortment of standardized
neuropsychological, cognitive, and academic acimerg tests, which included but were not
limited to measures of mathematics and visuospag#sdoning. In order to assess a broad range
of visuospatial domains, we employed the followasgessments:

« Wechsler Intelligence Scale for Childrefl Bdition (WISC-IV). Five primary index scores
(visual spatial index, verbal comprehension indlexd reasoning index, working memory
index, and processing speed index) yielded 3 coitgssores to measure cognitive abilities
relevant to assessment and identification of sjpale&rning disabilities.

» The Wide Range Assessment of Visual Motor Abilifd8RAVMA). Assesses three
domains (visual motor, visual-spatial, and fine onpto evaluate visual-motor skills of
children and adolescents.

* The developmental NEuroPSY chological AssessmenP@®¥. Six functional domains
made up of 32 subtests and four delayed tasksatbatesigned to assess cognitive abilities
related to disorders that are typically diagnosechildhood and that are required for success
in an academic environment.

A complete list and description of all subtestsduse the current study may be found in Table 2

(see Table 3 for performance means and standangserihe primary outcome variable for each

model reported below was participant’s performame¢he Wide Range Achievement Te't 4

Edition (WRAT-4) Math Computation subtest. This coonly used standardized test of math

achievement consists of 40 items of graded diffictilat is administered in a 15-minute session,

and included simple whole number arithmetic, protfdevith fractions and decimals, long

division, percentages, and algebra with exponaemswo unknowns. The test yielded a

composite score and age-appropriate norms that yitdrpretation about grade-appropriate

attainment of mathematical achievement (Wilkinsbalg 2006). In order to assess the
relationship between participant’s performancelemWRAT-4 and each visuospatial measure
we employed linear mixed effects (LME) modelingl Alodels were constructed and evaluated
in R (Team, 2017) using the ‘iIme4’ package (Bated.e2015). LME is optimally suited for
modeling longitudinal data, as it accommodates bathilevel fixed and random-effects to
account for within-subject nested data, and doésaquire that time-points be matched between

participants (Raudenbush and Bryk, 2002).

We started with a basic model containing a randaercept allowing for variation across
participants in terms of their baseline, separately for theaf§ Control groups. Next, we added
a random slope term to allow for individual varetiin terms of how they change over time. The
two model specifications were then compared in ggohp using a likelihood ratio test to
determine whether an additional random slope ternecessary. Comparison of these models

! pearson’s correlation revealed significant colliitgdetween each visuospatial predictor (see Tadhl&Vhile
expected, this has implications for our modeldgnekision of multiple collinear independent variebin the same
model will influence the predictive power of ousubspatial predictors. In order to eliminate inidnsof collinear
predicting variables in our models, each model @ioed only one visuospatial predictor.
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was done to establish the optimal growth model aritwh group and eaclvisuospatial

predictor would be regressed. Similarly, we also comparedetsowith and without allowing for
nonlinear trends by adding a quadratic growth tekfter selection of the optimal growth model,
a total of 8 models were ran, each of which comaia fixed effect for group and one
visuospatial predictor. The significance of eadcbdpstor and their interaction was then assessed.

Results

Prior to modeling, we visually inspected the shape distribution of each data set. All data
were largely normally distributed (see Figures 132a%h) for the TS and control groups and
showed lower performance for the TS group acrosk seeasure. We then produced scatter
plots of each data set that showed group-level mmaad standard error for each measure across
each year of the study (see Figures 1b & 2i-p).l&mo the density plots collapsed across
years, these plots show a clear distinction in groerformance on each task. Furthermore, these
plots show a similar longitudinal trajectory of ses for both groups, which is apparent in the
largely parallel group lines in each plot.

Based on comparisons of models with and withoud@amintercept, and with and without a
guadratic growth term using likelihood ratio tesiy results indicate that adding a random slope
or quadratic term does not improve the fit. Givieis finding, we consistently used random
intercept models imposing a linear trend over tifireble 5 provides the predictor coefficients
and significance for each model. The estimateedfice in WRAT-4 performance across all
testing points was significantly lower for the T@mpared to the control groups within all
models (see Table 5 ‘Group Effect’). Dependinglmnmodel, the average difference in WRAT-
4 performance between the TS and control groupstimated to vary between 14.14 and 29.32
points. The ‘Time Effect’ variable was not signéia within any model, indicating that
participant’s testing session (1-4) did not accdansignificant variance in WRAT-4
performance.

Only four visuospatial variables (i.e., WISC 1V BloDesign, WISC IV Symbol Search,
NEPSY Arrows, and NEPSY Picture Puzzle) signifibaptedicted WRAT-4 performance in
our sample. Furthermore, of these visuospatialipi@d, only WISC IV Block Design and
NEPSY Picture Puzzle were significantly influendsdgroup affiliation. That is, while WISC
IV Symbol Search and NEPSY Arrows significantlygicked WRAT-4 performance, they did
so equally for the Turner and control groups. Cosely, the significant interaction between
group and both WISC IV Block Design and NEPSY RietBuzzle tests indicate that their
association with WRAT-4 performance was signifibaiter-dependent on group affiliation.
These outcomes indicate that TS influences perfocean the WISC IV Block Design and
NEPSY Picture Puzzle tasks.

Discussion

Our results show a clear distinction between TSamdrol groups on math performance that
is persistent over time. Specifically, girls witls Bhowed poorer math performance compared to
their age-matched peers (see Figure 1a), andéfigtdvas consistent across all 4 years of our
study (see Figure 1b). Notably, our random interceqdel closely predicted all participants’
math performance for each year of the study (sger€ilb). These findings are important, as
they indicate high levels of agreement betweenmieseand estimated WRAT-4 performance
outcomes. Furthermore, our results indicate thvég giith TS demonstrate persistent deficits
relative to their peers in each of the visuospatahains that we tested. While visually apparent
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in Figures 1 and 2, these differences were confirstatistically for WRAT-4 performance by
significant Group effects in each model, and farthe@suospatial measure via exploratory
analyses not reported ab8vBoth groups are largely homogenous and norméslyibuted

across scores on each measure (see Figure 1ahg, 3aggesting that subgroups characterized
by distinct neurocognitive profiles are not readifyparent within either group included in our
study. However, such groups may emerge in studiegming a larger sample size, and should
be further explored. Finally, performance differee@cross groups in our study were consistent
over time, which is visually apparent in the laygearallel Group lines across years of study in
Figures 1b & 2i-p.

Taken together, these results may have importgitdations for describing how TS impacts
math and visuospatial processing throughout devedoyp. For example, our results suggest that
neurocognitive deficits associated with TS emewgéyen development, prior to our assessment
at approximately 6 years of age. Indeed, it culyereimains unknown if girls with TS are born
with comparable neurocognitive abilities as th&ers, which then diverge early in development,
or whether such deficits are present at birth. @gtinction is important, however, as it may
help elucidate the neurobiological underpinningpa@dr mathematics in TS. That is, the former
argument may indicate that the neurobiologicalastiructure that is known to support basic
visuospatial and numerical processing (Dehaenel)28Mdisrupted in infants with TS, leading to
atypical behavioral performance on tests of visatigpprocessing and numeracy from birth.
Alternatively, these abilities may be intact inanfs with TS, leading to similar behavioral
performance as neurotypical peers in infancy thaarded developmentally prior to our
assessment. In either case, our results indicategitis with TS follow a similar developmental
trajectory as their peers throughout adolescenspidedecreased overall performance, and
support previous claims that impaired mathematoal visuospatial abilities in TS persist
throughout development (Baker and Reiss, 2015; HongReiss, 2014; Kesler et al., 2006;
Mazzocco et al., 2006; Simon et al., 2008).

Closer inspection of the relationship between #gatial processing and math performance
in our sample revealed inconsistencies across sfmi@ml domains. For instance, only 4 of the 8
visuospatial predictors included in our study ($able 4) were significantly related to math
performance in our sample. The WISC IV Symbol Seared NEPSY Arrows tasks were
equally related to WRAT-4 performance within the &i®l control groups, suggesting that the
visuospatial domains targeted by these tests ggnezkate to math performance equally across
groups. Conversely, our results highlight a sigaifit interaction between group affiliation and
performance on the WISC IV Block Design and NEP$UPe Puzzle tasks, indicating that the
significant relationship between mathematics amdvisuospatial domain targeted by these tasks
differs significantly between adolescents with T ¢eir peers.

A common feature of the Block Design and PicturgzRutasks is their reliance on figure-
ground discriminations. When presented with vistiahuli, humans use cues such as object
size, color, and shape to aid in the perceptiatepth from two-dimensional retinal images.
Ultimately, this useful ability allows us to idefytindividual shapes embedded within a design.
In Ruben’s classic example, the outline of a vasgpparent within the empty space between two
profiles (Figure 3) (Hershenson, 1999); Viewers oanly report a black vase atop a white
background, or two white profiles above a blackkdgacund, and often switch between the two.

2 Exploratory t-test analyses indicated significagtfprmance differences between TS and control grampeach
visuospatial measure when all assessment timepamatsombined. All exploratory analyses were caeaéor
inflated Type | error using the FDR correction mdare.
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As a mathematical analogy, part-whole understandgifegs to a person’s ability to split
equations into individual components. For examfile; 2 = X' requires an understanding that
the two parts (i.e., 1 and 2) may be added togéthind a missing whole (i.e., X). When posed
with ‘1 + X = 3’, the property of equality allowsuo solve for ‘X’ by subtracting ‘1’ from both
sides of the equation. However, in order for astido apply these and other rules, they must
first be able to identify and switch between eletsari the equation. We hypothesize that
disrupted figure-ground perceptual abilities reddi® TS may negatively affect the fundamental
ability to identify and parse the elements of meqjuations. That is, girls with TS may have
difficulty discriminating thepart andwhole elements of an equation, leading to poor overall
math performance compared to their peers. As risgptual deficit is associated specifically
with TS, this may account for the significant GrouPredictor interaction that we observed for
the Block Design and Picture Puzzle tests.

Interestingly, disruption of the relationship beemenumber and visuospatial properties in TS
may also be indicative of a specific deficit in@e cognitive function related to the perception
of number. Specificallypumber sense — the ability to perceive and discriminate noneérb
guantities on the basis of number — is thoughtta Bhared evolutionary ability that forms the
cognitive foundation for our uniquely human numatriabilities such as mathematics (Dehaene,
2011). Disruption of number sense in humans mayifestrbehaviorally in a manner similar to
other forms of math learning disabilities such gscdlculia (Price et al., 2007). However, given
the differing underlying cause of math deficitsvoe¢n TS and other groups with similar
behavioral phenotypes, the optimal course of treatrmay differ. That is, instead of arising
from deficits in domain general processes sucloas gxecutive processing, attention, or
working memory, which affect many educational damancluding math, women with TS may
struggle with mathematics because of a specificil@l their ability to perceive and process
numerical information from a visuospatial displ&yture studies should investigate this
hypothesis in greater detail.

While our results and others indicate that manetspof visuospatial cognition are
related to math performance, the degree to whiklrateurocognitive deficits common to TS
inhibit mathematics in this group is intriguing.rfostance, girls and women with TS often
demonstrate deficits, relative to their peersests of attention, executive function, working
memory, cognitive flexibility, and abstract reasan{Hart et al., 2006; Lepage et al., 2011).
Within typically developing populations, these damgeneral abilities have been associated
with specific subsets of mathematics. For instaR@ssinger-Das and colleagues report that
attention problems were significantly related todeints’ calculation performance, whereas
executive functioning issues were significanthatetl to performance on applied math problems
(Hassinger-Das et al., 2014). Within the TS popoiatassociations between math and domain
general skills are not consistently reported (Hehgl., 2009), suggesting that numerical
processing deficits may be more associated withemaay-specific deficits in this group
compared to their executive functioning abilitis4&agzocco and Hanich, 2010). However, a
consistent finding within the TS population is ambatic decline in math performance when a
timing restriction is in effect (Baker and Reis818). These findings indicate that processing
speed related to mathematics and number-relategrisdanay be uniquely affected in girls with
TS, which in turn has a significantly negative ughce on their math performance. Future
research is needed to fully elucidate the relatignbetween domain general processes on
mathematics in the TS population.
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Our findings may have significant implications faptimal approaches to math education for
girls with TS. For instance, understanding part-helationships is a key ability required to
solve mathematical problems (Irwin, 1996), and M@y prime target of focus when teaching
math to girls with TS. Specifically, extended effoto improve the ability to identify and parse
elements of an equation, especially early in maiming, may help address math learning
deficits that are specific to TS. These efforts rhayeinforced by introducing figure-ground
perceptual training into the educational plan afdzen with TS, with the goal of improving
basic perceptual abilities prior to the introductaf complex math concepts. Furthermore,
training basic numerical competencies (Park anaiBya, 2014; 2013; Thompson and Opfer,
2008; Valle-Lisboa et al., 2016) by improving vispatial processing in collaboration with
enhancement of other cognitive abilities such &tetwve functioning, attention, and working
memory may prove particularly beneficial for the g&ulation. Importantly, in each instance,
training may be given in the form of a computertadiet-based application that embeds each
element in a game-like application (Halberda et24112; Park and Brannon, 2014; Valle-Lisboa
et al., 2016).

We experienced a large amount of participant ettriacross the duration of our study (see
Table 1). A large component of our longitudinaldstihat was not presented here is the use of
structural and functional MRI to assess the nedeaklopment of the girls in our cohort. As
such, participation at each time point was contmggon participant’s adherence to our MRI
protocol, and multiple participants were lost tantoon life occurrences that restricted this
adherence (e.g., braces). Other common reasoesitorg our study included moving away
from the region, financial restrictions, or lossmterest. Notably, our analysis approach (i.e.,
linear mixed effects modeling) is robust to missilaga (Raudenbush and Bryk, 2002), and thus
minimized the impact of attrition on our result©wever, as mentioned above, a larger or more
generalizable participant sample may highlight intgoat characteristics that were missed in our
results. Moreover, as psychosocial functioning $1i3 known to change over time (Bga et
al., 2014), it may be important to interrogate degelopmental relationship between social
factors (e.g., psychosexual development, persorthfaamily resources, socio-economic status,
etc.), mathematics, and visuospatial reasoning.
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Figure 1. WRAT-4 score distributions

A. Distribution of WRAT scores for the Turner syndre and control groups for all 4 years combinedil&ibwer
on average for the TS group, the distribution ajres were normal for both groups. B. Average WRA®res
across all four years. Each solid point represr@sobserved mean WRAT score for each time poind,the bars
represent standard deviation. The transparent poipresent our random intercept models’ estimatdRIAT
outcome at each time point.
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Figure 2. Visuospatial test score distributions

A-H. Density plots for each test. These plots show the distribution of scores for the Turner and control groups separately, and included data from al time points. The control group
consistently outperformed the Turner group on each test, which is apparent in the right-shift along the x-axis (i.e., test score) for the blue (i.e., control) compared to red density
curves. I-P. Group means and standard deviations for each test stratified across test years. The y-axis of each plot is held constant for each test. Consistently higher scores for the
control group are seen here as a greater y-axis intercept for the blue compared to red lines. Furthermore, these plots show a general consistency in the distribution of scores across
each year, which is apparent in the largely paralld group lines on each scatter plot. These results indicate that the devel opmental pattern of responding to each test is similar
between members of the Turner and control groups. It isimportant to note that due to participant attrition the final year of study contained relatively few (n = 18, Nrymer = 6)

participants.
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Figure 3. Rubin’s vase
This visual illusion depicts the silhouette of as&an black and the profiles of two inward-lookiiages in

white. The figure-ground distinction made by thaibrduring visual perception determines which image

seen.




Table 1. Participant demographics across successive testing time points

Group Visit 1 Visit 2 Visit 3 Visit 4
N Age Height | N Age Height | N Age Height | N Age Height
Tume 5s 1050 12040 | .. 1144 13534 |, 1221 13824 | . 1326 137.6
(238) (11.95) (262 (12.41) (238) (11.31) (260) (7.55)
1034 14144 1142 147.87 1217 150.85 1281 156.05
Control 58 o07) (1497 | ® (209 (1225 |*® (193 @51 |? (@159 (607




Table 2. Standardized test battery items and qegnTi

WRAT 4 = Wide Range Achievement Test 4, WISC IWechsler Intelligence Scale for Children IV, WRAVMA
= Wide Range Assessment of Visual Motor AbilitilEPSY = Developmental Neuropsychological Assessment
Internal Consistency was measured with Cronbachagnd Test-Retest Stability was assessed by arfish
transformation.

Internal
Consistency/ _ .
Tests Stability Description Domain
Coefficients
Measures an individuals’ ability to perform basic
WRAT 4 ! : :
mathematics computations through counting,
Math 0.89/0.84 . e ; . Math
. identifying numbers, solving simple oral problennsla
Computation . . -
calculating written mathematics problems.
WISC IV Measures nonverbal concept formation and requires
A N I Perceptual
Block 0.86/0.81 perceptual organization, spatial visualization and .
X o Reasoning
Design abstract conceptualization.
Involves perceptual reasoning ability without aexpe
WISC IV . . .
Matrix 0.89/0.85 component. Perceptl_JaI match_mg, attention to detail Percept_ual
! ' ' concentration, analogic reasoning and serial reagon Reasoning
Reasoning .
are required for successful performance.
Assesses the speed and accuracy of visual-motor
coordination, speed of mental operation, attentiona
WISC IV skills, visual acuity, visual scanning, trackingps- Processing
; 0.85/0.81 < o o
Coding term memory for new learning, cognitive flexibility Speed
and handwriting speed. This test requires the ¢bild
copy symbols that are paired with other symbols.
Involves perceptual discrimination, speed and
accuracy, visual scanning attention and concentrati
WISC IV " L : .
short-term memory, and cognitive flexibility. Thisst  Processing
Symbol 0.79/0.68 . lud . isual dinati d . d
Search includes minor visual-motor coordination, and reesii Spee
the child to look at a symbol and decide whethér it
present in an array of other symbols.
Provides a measure of spatial skill by presenting
visuospatial tasks developmentally arranged in
WRAVMA increasingly difficult order. The child marks which
: 0.81/0.89  choice “goes best” with the item standard. Theexdirr Visuospatial
Matching o . ; . .
choice is heavily dependent on visuospatial skilish
as perspective, orientation, rotation, and size
discrimination.
Measures integrated visual-motor abilities and iregu
WRAV_MA 0.75/0.81 the child to use fine motor ab|I|t|§s to copy QimghaF Visuomotor
Drawing are developmentally arranged in order of increasing
difficulty.
A non-motor subtest that measures the child’stgtit
NEPSY judge the direction and orientation of lines. Tieist . .
Arrows 0.74/0.79 requires the child to choose the arrow(s) thattpoin Visuospatial
directly to the center of a target.
Measures non-motor aspects of visual perceptiois. Th
test requires visual integration, intact local @®sing,
NEPSY . . .
; visual scanning, and an understanding of part-wholgl. .
Picture 0.89/0.83 . . . A isuospatial
Puzzle relationships of visual scenes. The child is asked

identify and match salient visual details outsifléhe
picture with details in a picture.




Table 3. Subtest performance means and standard errors. Values are aggregated across al
time points

M easur e Subtest Turner Control
mean(se) mean(se)
WRAT-4 Mathematics 97.4(15.9) 113.9(12.9)

WISC Block Design  8.7(2.8) 12.1(2.76)
Matrix Reasoning 10.0(3.2) 13.4(2.9)

wiIsC Coding 68(31)  10.4(3.2)
Symbol Search  8.1(2.8) 11.4(2.8)

Match 92.9(15.2) 107.8(13.8)

WRAVMA Drav 90.2(15.2)  109.4(17.4)
NEPSY Arrows 7.0(3.7) 10.9(2.4)

Picture Puzzle 7.3(3.8) 11.5(3.1)




Table 4. Correlation between visuospatial variables of interest

WISC
WISC — WISC — WISC "\ \vRAVMA WRAVMA NEPSY
Block Matrix v
Design Reasoning Coding Symbol Match Draw Arrows
Search
WISC IV Matrix Reasoning  0.578 - - - - - -
WISC IV Coding 0.529 0.445 - - - - -
WISC IV Symbol Search 0.540 0.458 0.661 - - - -
WRAVMA Match 0.598 0.649 0.436 0.463 - - -
WRAVMA Draw 0.538 0.425 0.495 0.430 0.471 - -
NEPSY Arrows 0.649 0.579 0.488 0.517 0.629 0.504 -
NEPSY Picture Puzzle 0.667 0.617 0.504 0.497 0.592 0.473 0.636

All coefficients are significant (p < 0.05)



Table 5. LME predictor coefficients and significanc

The ‘group effect’ provides an estimated differelrt®/RAT-4 performance between the TS and Controligs. This difference
was significant within all models, and was estirdatevary between 14.14 and 29.32 points. WRAT#gomance did not vary
across time, and there were no significant intesastwith the Time variable. The ‘WISC IV Symbolé8eh’ and ‘NEPSY
Arrows’ measures significantly predicted WRAT-4 foemance for both groups equally. The significargdictor x group
interaction indicates that the predictive significa of the visuospatial predictor included in theded is influenced by group
affiliation. Asterisks (*) and bold numbers indieatignificance of p < 0.05.

! Predictor coefficients and significance

Group Time  Visuospatial Predictor x  Timex Timex Timex Group X

1

i

1 Effect Effect Predictor Group Group  Predictor Predictor
WISC IV Block Design | -29.32* -1.53 -0.03 1.55% 2.33 0.15 -0.26
WISC IV Matrix Reasoning 1 -14.14* 0.1¢ 0.57 -0.0Z -0.2¢ -0.01 0.01
WISC IV Coding | -20.53 -0.13 0.46 0.86 0.89 0.01 -0.12
WISC IV Symboal Search 1 -14.58* 5.39 1.71* -0.91 -7.06 -0.47 0.69
WRAVMA Match | -3057* -6.56 0.04 0.16 10.39 0.06 -0.10
WRAVMA Draw | -25.22* 2.66 0.09 0.12 4.14 -0.02 -0.05
NEPSY Arrows | -14.48* 4.0C 117+ 0.03 -3.84 -0.32 0.2¢
NEPSY Picture Puzzle | -24.55* 4.03 -0.14 1.12* -3.08 -0.30 0.15




