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Abstract

Preschoolers with spina bifida (SB) were compared to typically developing (TD) children on tasks

tapping mathematical knowledge at 36 months (n = 102) and 60 months of age (n = 98). The

group with SB had difficulty compared to TD peers on all mathematical tasks except for

transformation on quantities in the subitizable range. At 36 months, vocabulary knowledge,

visual–spatial, and fine motor abilities predicted achievement on a measure of informal math

knowledge in both groups. At 60 months of age, phonological awareness, visual–spatial ability,

and fine motor skill were uniquely and differentially related to counting knowledge, oral counting,

object-based arithmetic skills, and quantitative concepts. Importantly, the patterns of association

between these predictors and mathematical performance were similar across the groups. A novel

finding is that fine motor skill uniquely predicted object-based arithmetic abilities in both groups,

suggesting developmental continuity in the neurocognitive correlates of early object-based and

later symbolic arithmetic problem solving. Models combining 36-month mathematical ability and

these language-based, visual–spatial, and fine motor abilities at 60 months accounted for

considerable variance on 60-month informal mathematical outcomes. Results are discussed with

reference to models of mathematical development and early identification of risk in preschoolers

with neurodevelopmental disorder.
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INTRODUCTION

Spina bifida (SB) is a common congenital neurodevelopmental disorder that affects the

development of the spine and brain and is associated with a modal cognitive and academic

phenotype (Dennis, Landry, Barnes, & Fletcher, 2006); in academics this includes better-

developed word reading than mathematical skills (Ayr, Yeates, & Enrile, 2005; Barnes &

Dennis, 1992; Barnes et al., 2002, 2006; Fletcher et al., 2004, 2005). Because SB is

associated with a high rate of math disability and the condition is diagnosed before or at

birth, SB affords an opportunity to investigate early math abilities and their cognitive

predictors in this disorder.

Approximately 50% of children and adolescents with SB who are not intellectually disabled

have math difficulties, and over half of these children have specific math difficulties (or

MD); that is, difficulties in math that are not accompanied by problems in reading (or RD)

(Fletcher et al., 2005). Cognitive studies of single- and multi-digit arithmetic in school-age

children with SB show that the difficulties of those with MD or MD+RD (Ayr et al., 2005;

Barnes et al., 2002, 2006) are remarkably similar to those of children with no

neurodevelopmental disorder who have MD and MD+RD (e.g., Hanich, Jordan, Kaplan, &

Dick, 2001; Raghubar et al., 2009). In adults with SB, math skills are stronger predictors of

level of independence than IQ or literacy levels (Dennis & Barnes, 2002; Hetherington,

Dennis, Barnes, Drake, & Gentili, 2006). Although the nature of mathematical difficulties in

school age children and adults with SB is becoming better understood, little is known about

early developing math abilities in SB and the neurocognitive underpinnings of their early

mathematical performance.

Correlates of Early Mathematical Development

Visual–spatial processes and early math—Visual–spatial abilities (encoding and

mental manipulation of spatial information) and visual–spatial memory (ability to remember

spatial locations or spatial sequences) may be particularly important in mathematical

performance in young children and in new mathematical learning in older children (review

in Raghubar, Barnes, & Hecht, 2010). Based on longitudinal studies, both preschool visual–

spatial abilities (Assel, Landry, Swank, Smith, & Steelman, 2003) and visual–spatial

working memory (Bull, Espy, & Wiebe, 2008) predict math achievement in the early grades.

It has been suggested that preschoolers use mental models, which are nonverbal

representations of the mathematical situation, to accomplish some mathematical tasks,

particularly those involving transformations on quantity (Mix, Huttenlocher, & Levine,

2002). An association between visual–spatial memory and quantity transformation tasks,

such as object-based arithmetic and inversion, has been found for preschoolers (Rasmussen,

Ho, & Bisanz, 2003), consistent with the idea that visual mental models are used to solve

these problems (Bisanz, Sherman, Rasmussen, & Ho, 2005).

SB is associated with deficits in some aspects of visual–spatial processing (e.g., Dennis,

Fletcher, Rogers, Hetherington, & Francis, 2002; Dennis et al., 2006). However, visual–

spatial abilities are only weakly related to single- and multi-digit arithmetic in school-age

children with and without SB (Ayr et al., 2005; Barnes et al., 2002, 2006), although they are

related to other domains of mathematics, including geometry and estimation (Barnes et al.,
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2002). Given that visual spatial abilities may be used in the development of mental models,

which in turn predict performance on informal mathematical tasks, the relation of visual

spatial abilities to early math in SB is of considerable interest and has not been studied.

Language-based abilities and early math skills—Language-based abilities such as

word knowledge, verbal working memory, and phonological skills predict performance on

some mathematical tasks in both preschoolers and school-age children (Durand, Hulme,

Larkin, & Snowling, 2005; LeFevre et al., 2010; review in Raghubar et al., 2010). Language

is thought to be important for mapping number words and symbols, representing exact

number (Dehaene, Piazza, Pinel, & Cohen, 2005), and using verbal strategies to solve some

types of mathematical problems (Jordan, Kaplan, Olah, & Locuniak, 2006). Phonological

processes, specifically phonological awareness and phonological working memory, are

related to learning the number–word sequence in children from kindergarten to third grade

(Krajewski & Schneider, 2009), predict growth in early math achievement (Hecht, Torgesen,

Wagner, & Rashotte, 2001), are related to math disabilities (Simmons & Singleton, 2008;

Swanson & Jerman, 2006), and mediate individual differences in direct retrieval of answers

to small addition problems (De Smedt, Taylor, Archibald, & Ansari, 2009). In school age

children with SB, phonological ability is only weakly related to arithmetic skills (Barnes et

al., 2006). However, little is known about the relation between language-based abilities such

as vocabulary knowledge and phonological processes and early mathematical skills in either

typically developing preschool children or in preschoolers with SB.

Fine motor abilities and early math—Finger gnosis has been linked to achievement in

math in the early school grades (Noel, 2005). Such findings have been used to argue for

common neural representations of fingers and numbers because of their functional

developmental connections through the use of fingers to count and calculate (e.g.,

Butterworth, 1999). Fine motor skills involved in finger counting and pointing may also help

young children compensate for limited working memory capacity by avoiding having to

internally store a mental representation of each counted object (Alibali & DiRusso, 1999).

Finger agility has also been linked to an ability to use fingers to perform counting and

calculation procedures (Penner-Wilger et al., 2007). Older children with SB use their fingers

more often than typically developing children when solving single digit arithmetic problems

(Barnes et al., 2006). The influence of fine motor skills on math in preschoolers with SB

may be of particular importance because the brain anomalies associated with SB affect fine

motor skills such as finger function (Dennis et al., 2006; Friedrich, Lovejoy, Shaffer,

Shurtleff, & Beilke, 1991; Lomax-Bream, Barnes, Copeland, Taylor, & Landry, 2007; Wills,

1993).

Mathematical performance may draw on language-based, visual–spatial, and finger

representations to greater or lesser extents depending on the cognitive characteristics of the

child, the age of the child, and whether particular mathematical problems can be solved

using different strategies (Ansari & Dhital, 2006; Bull, 2007; LeFevre et al., 2010). Whether

preschoolers with SB and typically developing preschoolers differ in the neurocognitive

abilities they bring to bear in performing informal mathematical tasks is unknown.
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The Present Study

This study has two aims: (1) to compare the performance of children with SB and their

typically developing peers at 36 months and 60 months of age on measures of informal

mathematical abilities that have been found to predict later math achievement in longitudinal

studies (Jordan, Kaplan, Locuniak, & Ramineni, 2007; Jordan et al., 2006); and (2) to

determine what neurocognitive abilities are related to different mathematical skills at each

age in children with SB and in age peers.

Based on theories of mathematical development in which informal mathematical knowledge

acquired by preschoolers forms the foundation for the acquisition of formal mathematical

abilities at school-age (Ginsburg, Klein, & Starkey, 1998), we hypothesize that difficulties

in mathematics might be present as early as 36 and 60 months of age, such that preschoolers

with SB will score lower than their typically developing (TD) peers on both standardized

and experimental tests of informal mathematical knowledge. We also hypothesize that by 60

months of age, in comparison to TD peers, children with SB will demonstrate deficits on

those informal math skills thought to draw more heavily on visual–spatial abilities (e.g.,

object-based arithmetic) and show less difficulty on math skills thought to be more strongly

related to verbal ability (e.g., oral counting). Given differences in the neurocognitive profiles

of children with SB and TD children, we ask whether the patterns of relations between math

performance and abilities in domains other than mathematics (e.g., visual–spatial, language,

fine motor) might differ between groups.

METHOD

Participants

This study is part of a longitudinal project on cognitive, motor, and social development in

children with SB in Toronto, Ontario, and Houston, Texas. Starting in 1997, children with

SB were identified by treating neurosurgeons and pediatricians and recruited into the study

and examined several times between 6 and 60 months of age. Detailed inclusion and

exclusion criteria for the larger study are in Lomax-Bream et al. (2007). In the current study,

children from this larger group were excluded if: (1) they did not have complete correlates

data (i.e., language, visual–spatial, fine motor variables) within an assessment point; (2)

their performance on more than one mathematical task at each assessment point was

unreliable; and (3) they had global intellectual impairment (i.e., their scores on both

Vocabulary and Pattern Analysis subtests of the Stanford-Binet-IV [SB-IV: Thorndike,

Hagen, & Sattler, 1989] were more than 2 standard deviations (SD) below the population

mean at 36 months, and their scores on both Picture Vocabulary and Spatial Relations

subtests from the Woodcock Johnson Tests of Cognitive Abilities-Revised [WJ-R:

Woodcock & Johnson, 1989] were more than 2 SD below the population mean at 60

months) (Table 1). This resulted in the loss of two children with SB at 36 months of age and

at 60 months of age. Differences in numbers of participants on tasks within an assessment

most often reflect lack of reliability for a task as coded by assessors (e.g., child fatigue,

behavior). Differences in numbers between assessments were most often due to the inability

of the family to attend the second assessment. At 60 months, SB-IV Quantitative was added

after testing had begun, accounting for the lower sample size for this task.
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The distribution of participants was relatively equal between the two sites. Most of the

children had hydrocephalus treated with a diversionary shunt; nine children had arrested

hydrocephalus and no shunt. The majority had lower spinal lesions below L1 (87% and 89%

depending on the sample at each time point).

Table 1 shows the distributions of gender, ethnicity, and socioeconomic status (SES) as

assessed with the Hollings-head (1975) four-factor scale. The sociodemographics of the

Texas and Ontario sites differed because the Texas site included more children of Hispanic

origin. The TD group had a higher SES than the group with SB [(t(95) = 12.46, p<.001 at 36

months; t(90) = 3.25, p<.01 and at 60 months], mainly reflecting the greater number of

economically disadvantaged Hispanic children with SB in Texas. Consequently, SES was

used as a covariate in analyses involving group comparisons. Groups differed in gender with

more female participants in the group with SB (χ2(1) = 5.84; p<.05 at 36 months; χ2(1) =

9.08; p<.01 at 60 months). Gender was not used as a covariate as it was not associated with

math outcomes.

Measures and Procedures

Participants were assessed in a single session lasting between 1.5 and 3 hours depending on

the assessment. Most were assessed at facilities associated with the project and some were

assessed in their homes. Consent was obtained from parents in accordance with the

institutional review boards at the University of Texas Health Science Center at Houston and

the Toronto Hospital for Sick Children.

Preschool math measures at 36 months—The Test of Early Mathematics Ability-2

or TEMA-2 (Ginsburg & Baroody, 1990) measures informal mathematics skills. The first

several items measure counting small and larger sets of objects, showing number using

fingers, quantity comparison including understanding of “more,” and understanding of

cardinality. The test yields an age-standardized math quotient (internal consistency

coefficient = .95 at 3 years of age). Because 36 months is the entry level for the test and to

provide a larger range of scores at this age, we also used an experimental score derived by

giving children credit for each correct answer they provided on the test (e.g., some items

contain more than one question, but require that all be answered correctly to score 1 point),

Preschool math measures at 60 months

Counting principles: In this measure of counting knowledge (Briars & Siegler, 1984;

Gelman & Galistell, 1978), a hand puppet pointed to and counted colored dots on a page (12

dots for half of the trials, and 16 for the other half). Children were instructed to tell the

puppet whether or not he/she was counting correctly. This measure assessed knowledge of

one-to-one correspondence (one counting tag is applied to each object), stable order (number

tags must be applied in an invariant order), and cardinality (the last number counted refers to

the total quantity) principles.

The puppet counted correctly on 8 trials and incorrectly on 16 trials. One-to-one

correspondence was violated on 4 trials (e.g., puppet skipped counting a dot); stable order on

6 trials (e.g., reversing two numbers in a count); and cardinality on 6 trials (e.g., puppet
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gives an incorrect answer when he is asked “how many things he counted”). Because we did

not have different hypotheses corresponding to each principle, correct detection of counting

errors was collapsed across principles, consistent with procedures used in other studies (e.g.,

LeFevre et al., 2006). Unconventional counts (e.g., puppet counted all blue then all red dots)

were administered, but not analyzed, given the findings of LeFevre et al. (2006) and

Kamawar et al. (2010) suggesting a curvilinear relation between age and the acceptance of

these as correct counts that is moderated by individual differences in numeration abilities.

Oral counting: Procedural counting was measured by asking children to count as high as

they could (Miller, Smith, Zhu, & Zhang, 1995). The score was the highest number counted

without any errors, with correct counts above 100 capped at 100.

Object-based arithmetic: In this task (based on Jordan, Huttenlocher, & Levine, 1992), the

child watched the examiner place poker chips (from the examiner’s box of 10 chips) on the

examiner’s mat. Then a screen was placed in front of the array to occlude the array from the

child, and the child watched while the examiner added chips all at one time to the array

(addition) or removed chips all at one time from behind the screen (subtraction). Children

could not see the current quantity behind the screen but clearly saw the quantity that was

added or removed. Children were then asked to use their chips (from their box of 10 chips)

to match the quantity that was hidden after the transformation. Explicit quantity information

was used in the instructions (e.g., “How many do I have under here now? Show me on your

mat. Make yours like mine”). There were 12 trials (half addition and half subtraction). Five

problems involved small size sets in the subitizable range (subitizing refers to the ability to

discern exact quantity without counting up to 3 or 4; in this study, problems with quantities

in the subitizable range involved a sum of 3 or less for addition and a subtrahend of 3 or less

for subtraction; 1+1; 2−1; 2+1; 3−1; 3−2) and seven problems involved quantities of 4 or

greater (sum or subtrahend 4 or greater; 1+3; 2+2, 4−1, 4−3, 4−2, 1+4, 2+3). Two

demonstration items involving matching of one and two chips without covering the display

were given followed by a matching phase (see Jordan, Huttenlocher, & Levine, 1994) in

which the examiner placed between one and five disks on her mat, covered the display and

asked the participant to make the same number on his/her mat. The task was discontinued

for children who obtained less than two correct on matching, resulting in the loss of one

participant from each group.

Stanford-Binet IV Quantitative (Thorndike et al., 1989): For 5-year-olds, items measure

quantitative concepts including matching on the basis of number using blocks, counting

using blocks, and addition using blocks and pictures.

Language-Based, Visual–Spatial, and Fine Motor Predictors—At 36 months,

measures of visual–spatial ability (Pattern Analysis from the SB-IV), vocabulary knowledge

(Vocabulary from the SB-IV), and fine motor skill (Purdue Pegboard, both hands) were used

as predictors of mathematical performance. At 60 months, visual–spatial ability was

measured using the Spatial Relations subtest of the WJ-R, vocabulary was assessed with

WJ-R Picture Vocabulary, phonological awareness was assessed using a composite score

combining the Elision and Sound Matching subtests from the Comprehensive Test of
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Phonological Processing (Wagner, Torgesen, & Rashotte, 1999), and fine motor skill was

measured using Purdue Pegboard.

RESULTS

36-Month Math Group Comparisons

At 36 months, analysis of covariance (ANCOVA) controlling for SES showed that the group

with SB was lower than the TD group on the TEMA-2 Math Quotient, F(1,98) = 10.57; p < .

01; η2 = .10, and on the TEMA-2 experimental score, F(1,98) = 4.10; p < .05; η2 = .04

(Table 2).

60-Month Math Group Comparisons

In ANCOVAs covarying for SES, the group with SB scored lower than the TD group on

Oral Counting, F(1,95) = 8.08; p < .01; η2 = .08; Large Set Object-Based Arithmetic

F(1,90) = 6.44; p < .05; η2 = .07); Counting Principles, F(1,87) = 9.81; p < .01; η2 = .10;

and SB-IV Quantitative, F(1,79) = 4.36; p < .05; η2 = .05. No differences were found on

Small Set Object-Based Arithmetic, F(1,93) < 1(Table 2).

Correlations among the non-math predictors at 36 months and 60 months are in Tables 3a

and 3b, respectively.

Non-Math Correlates of 36-Month Math Outcomes

Correlations among the non-math predictor variables (language, visual–spatial, and fine

motor) and the TEMA-2 at 36 months are in Table 4a. Tests comparing the size of the

correlations between groups revealed no significant findings. Hierarchical regressions were

conducted to examine the predictors of math outcomes and to determine whether these

varied as a function of group. The regressions included group in the first block, all of the

non-math predictors in the second block, and the interaction between group and each of

these predictors in the third block. The overall model accounted for 46% of the variance in

TEMA-2 scores. The non-math correlates accounted for additional unique variance above

that accounted for by group membership, F(3,85) = 15.97; p < .001; R2 change = .31, with

vocabulary, visual–spatial ability, and fine motor skills, emerging as significant predictors.

The interaction terms of group with each of the correlates did not account for additional

variance (Table 5).

Non-Math Correlates of 60-Month Math Outcomes

The correlations among math measures and the non-math predictors at 60 months are in

Table 4b. The size of the correlations between groups did not differ. visual–spatial,

phonological, vocabulary, and fine motor abilities were included in all models in the second

block, with group and the interaction of group and each predictor in the first and third

blocks, respectively (Table 6).

Oral counting—The model accounted for 47% of the variance in oral counting. Non-math

abilities accounted for unique variance, F(4,82) = 9.81; p < .001; R2 change = .28, with
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significant contributions from both phonological awareness and visual–spatial ability. The

interaction terms did not account for unique variance.

Counting principles—This model accounted for 42% of variance in error detection. Non-

math abilities accounted for unique variance, F(4,74) = 5.96; p < .001; R2 change = .20, with

phonological awareness emerging as the only significant predictor. The interaction terms did

not contribute to the model.

Quantitative—The model accounted for 32% of the variance in Quantitative scores. Non-

math abilities accounted for additional unique variance, F(4,66) = 6.06; p < .001; R2 change

= .25, with a significant contribution of visual–spatial ability. The interaction terms did not

account for additional variance.

Small set arithmetic—In this model, only the non-math predictors were significant,

F(4,77) = 3.79; p < .01; R2 = .16, specifically, fine motor skill.

Large set arithmetic—This model accounted for 42% of the variance in large set

arithmetic with non-math abilities accounting for significant additional variance, F(4,75) =

10.36; p < .001; R2 change = .34. Visual–spatial ability and fine motor skills emerged as

significant predictors. The interaction terms did not account for additional unique variance.

Predicting 60-month math outcomes from 36 month math and 60 month non-
math abilities—We were interested in whether language-based, visual–spatial and fine

motor abilities from 60 months predicted unique variance in 60-month math outcomes after

controlling for the autoregressive effects of mathematical skills at 36 months (TEMA-2) and

whether such effects varied as a function of group. In longitudinal academic research when

cognitive variables are significant after the inclusion of the autoregressor (measure of

academic skill from an earlier time point), this is taken as evidence of their importance for

the performance of that skill (de Jong & van der Leij, 2002). Here, the skill of interest is

mathematical knowledge and so TEMA-2 performance at 36 months was used as the

autoregressor. The question is whether visual–spatial, language-based, and fine motor skills

are important for mathematical performance at 5 years of age after accounting for the child’s

level of mathematical knowledge from an earlier developmental time-point.

For all analyses group membership was in the first block, raw scores from the TEMA-2

experimental measure from 36 months were entered in the second block, the 60-month non-

math abilities were entered in the third block, and the interaction term of group with each of

the relevant abilities was entered in the fourth block (Table 7).

Oral counting—Non-math abilities accounted for significant variance, F(4,64) = 2.86; p

< .05; R2 change = .11, after accounting for 36-month math performance, with significant

contributions from both phonological awareness and visual–spatial abilities. The inclusion

of the interaction terms did not add significantly to the model.
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Counting principles—The TEMA-2 accounted for additional variance in error detection

when added after group, but neither the predictor abilities nor the interaction terms added

significantly to the model.

Quantitative—Non-math abilities accounted for additional variance after accounting for

36-month math performance, F(4,49) = 2.93; p < .05; R2 change = .16, with visual–spatial

abilities emerging as a significant predictor. The interaction terms did not account for

additional unique variance.

Small set arithmetic—The TEMA-2 significantly predicted small set arithmetic

performance when added after group. However, neither the non-math abilities nor the

interaction terms significantly contributed to the model.

Large set arithmetic—Non-math abilities accounted for unique variance, F(4,59) = 6.30;

p < .001; R2 change = .25, after accounting for 36-month math performance with significant

contributions from visual–spatial and fine motor skills. The inclusion of the interaction

terms did not contribute to the model.

DISCUSSION

SB is a disorder that is associated with a high risk of math disability by school-age (Fletcher

et al., 2005). In this study of preschoolers, we hypothesized that difficulties in mathematics

would be present in 3- and 5-year-old children with SB. Support for this hypothesis raw

provided by the findings that at 36 months, the group with SB had less mathematical

knowledge than TD peers on a standardized test of informal mathematics. At 60 months,

they were less skilled on measures of counting knowledge, oral counting, large set object-

based arithmetic, and a standardized test of quantitative concepts. Thus mathematical

difficulties can be discerned early in development in SB, and these difficulties extend to

most areas of informal mathematics as might be expected based on theories of mathematical

development in which informal mathematical abilities lay the foundation for the

development of formal mathematical skills at school-age (Ginsburg et al., 1998).

Small set object-based arithmetic, involving the ability to copy transformations on quantities

in the subitizable range, was the only math task on which preschoolers with SB did not

differ from their TD peers, and although performance was high, neither group was at ceiling.

It has been hypothesized that quantities in the subitizable range are handled by object files

(Trick & Plyshyn, 1994), which are episodic visual representations involved in the storage

and updating of information about small sets of objects as they move in time and space

(Noles, Scholl, & Mitroff, 2005). Object-based representations, which involve categorical

visual perception, are better developed in SB than other aspects of visual–spatial

performance (Dennis et al., 2002; review in Dennis & Barnes, 2010). Whether object-file

tracking is intact in SB and related to small set arithmetic performance is not known.

Our hypotheses that the group with SB would show relative strengths in math skills

presumed to rely on language-based representations and greater difficulty on tasks thought

to rely on visual–spatial representations were not supported. Although children with SB had
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difficulty on large set object-based arithmetic, which is related to visual–spatial memory in

preschoolers (Rasmussen & Bisanz, 2005), their performance on tasks measuring counting

knowledge and procedures was equally disrupted. Counting is often characterized as

drawing on verbal/phonological abilities, but the findings discussed below suggest that, in

preschoolers, both language-based and visual–spatial processes may be important.

Furthermore, even though verbal and phonological abilities of the group with SB were

average, they were lower than those of the TD group, suggesting that the phonological

representations supporting counting are of lower quality in preschoolers with SB than in

their TD peers.

Because SB is associated with both assets and deficits in the cognitive correlates of math

(Dennis et al., 2006; Dennis & Barnes, 2010), and because a particular mathematical task

may be performed using different strategies or representational systems (Ansari & Dhital,

2006; Bull, 2007), we hypothesized that the correlates of mathematical performance might

differ in preschoolers with SB and their TD peers. The findings revealed similarities rather

than differences between groups.

At 36 months, performance on the TEMA-2 was uniquely related to visual–spatial ability,

vocabulary knowledge, and fine motor skill in both groups. The TEMA-2 assesses a range

of informal mathematical skills in the preschool period (quantity comparison, counting,

comprehension of mathematical language) so it is not surprising that several neurocognitive

abilities predict performance on this measure as mathematical thinking does not reflect a

unitary skill in either younger or older children (Ginsburg et al., 1998; LeFevre, 2000;

LeFevre et al., 2010).

Findings for 60-month mathematical outcomes are discussed for each math task below.

Phonological awareness uniquely predicted the ability to detect violations of counting

principles in both groups. This is consistent with studies of older TD children in which

phonological memory seems to be important for monitoring counting errors (Geary, Hoard,

& Hamson, 1999). For these younger children in the current study, phonological awareness

likely indexes the quality of their phonological representations, which may be important for

monitoring what the puppet says.

Both phonological awareness and visual–spatial ability were uniquely predictive of oral

counting even in the longitudinal analyses accounting for performance on the TEMA-2,

which involves several counting items at age 3. These findings are consistent with a recent

study showing that visual–spatial attention is a unique predictor of performance on both

verbal and nonverbal measures of early numeracy (LeFevre et al., 2010). Although

phonological codes are directly related to learning the first several words in the verbal

counting string (Krajewski & Schneider, 2009), counting into higher numbers may

additionally involve the mapping of verbal number symbols onto space, perhaps reflecting

the emergence of the mental number line in children this age (Dehaene, Izard, Spelke, &

Pica, 2008). Our findings in preschoolers are compatible with adult neuropsychological

studies (Piazza, Mechelli, Price, & Butterworth, 2006) in which counting activates not only

language association areas, but also those regions of brain implicated in other mathematical
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tasks that do not involve counting (Piazza, Mechelli, Butterworth, & Price, 2002).

Importantly, the data suggest that the correlates of what appears to be an overtly verbal task

may include visual–spatial competence during skill development (Ansari et al., 2003;

LeFevre et al., 2010).

Of interest, phonological awareness emerged as the unique language-based predictor at 5

years of age for both oral counting and counting knowledge. As suggested by De Smedt et

al. (2009), phonological awareness, more so than measures of word meaning, tap the quality

of lexical representations, which might be an important mediator of some mathematical

skills such as math fact retrieval. Because counting is a developmental precursor to learning

arithmetic facts, phonological representations might also be important for acquiring those

counting skills that lay the foundation for arithmetic problem solving.

Visual–spatial and fine motor abilities uniquely predicted large set object-based arithmetic

for both groups. Given that tests of visual–spatial ability and visual–spatial working memory

largely measure similar constructs (Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001),

our findings are consistent with studies relating visual–spatial memory to object-based

arithmetic in typically developing preschoolers (LeFevre et al., 2010; Rasmussen & Bisanz,

2005), and with the idea that mental models are used to solve these types of problems

(Bisanz et al., 2005).

The findings on the relations of fine motor skill and large set object-based arithmetic are

interesting for three reasons: (1) Fine motor skill is typically not assessed in studies of the

correlates of these informal math abilities so the finding that it was a unique predictor of

object-based arithmetic is novel. (2) Because fine motor skill is also a unique predictor of

multi-digit calculation in older TD children (Noel, 2005) and children with SB (Barnes,

Smith-Chant, Landry, 2005), the findings provide evidence for cognitive continuity in

object-based or nonverbal and symbolic arithmetic problem solving. (3) Because fine motor

skill was specifically related to transformations on number and not to other mathematical

abilities, the findings provide evidence for the view that the development of early math skills

is multi-componential (LeFevre et al., 2010).

What is the nature of the relation between fingers and arithmetic? One hypothesis is that

because young children use fingers to solve simple arithmetic problems, fingers and

calculation come to have functional and neural connections (Butterworth, 1999). It is

assumed that fingers are used to represent objects during problem solving. However, in

object-based arithmetic the objects are actually present so children might use their fingers to

help them keep track of the hidden transformation on number. It is also possible that finger

skills are only related to performance on object-based arithmetic tasks when the task

requires a motor response (e.g., vs. Hodent, Bryant, & Houde, 2005). Another possibility for

the relation of fine motor skill and object-based arithmetic is that both may rely on the

integrity of parietal lobes (Penner-Wilger & Anderson, 2008), which are thinned in SB

(Fletcher et al., 2005). Given that finger counting habits moderate the association between

space and number (Fischer, 2008), understanding the connections between finger skills,

visual–spatial ability, and calculation in preschoolers is important.
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Because the abilities that were related to small set object-based arithmetic differed from

those for large set object-based arithmetic, operations on small sets may be processed

differently from those involving transformation on larger quantities. However, most studies

do not separately analyze small and large object-based arithmetic problems. As was argued

for oral counting, these findings underscore the importance of considering that different

strategies and/or representational systems may be involved in mathematical operations that,

on the surface, appear more similar than different.

Recent studies show that mathematical performance in children with and without math

disabilities is predicted by both domain-specific number and domain-general cognitive skills

(Fuchs et al., 2010; Geary et al., 2009; LeFevre et al., 2010). Consequently, we thought that

math performance at 5 years would be predicted by concurrent neurocognitive abilities after

accounting for earlier-developing number abilities at 3 years. The combination of earlier

mathematical skill and later language-based, visual–spatial, and fine motor abilities

accounted for substantial proportions of variance in informal mathematical outcomes. One

view is that it is the combination of early deficits in domain-general and domain-specific

math abilities that best predicts later severe mathematical disability (Geary et al., 2009).

Whether deficits in domain-specific and domain-general abilities at preschool will predict

mathematical disability in school-age children with SB is a question of considerable interest

in our ongoing longitudinal study.

LIMITATIONS AND IMPLICATIONS

Consistent with most studies of early mathematical performance, the current study lacks

measures of strategy-use, which would be helpful in deciding whether the findings for

cognitive correlates reflect differences in the underlying representational systems and

strategies brought to bear in mathematical problem solving. Another limitation is that we

were unable to use all the same tasks at both ages. We also did not include some cognitive

correlates such as working memory that are related to mathematical achievement in younger

and older children with and without SB (Blair & Razza, 2007; Bull et al., 2008; English,

Barnes, Taylor, & Landry, 2009). Finally, although the TD group was average on most

standardized cognitive and academic measures, their vocabulary skills at 60 months were

relatively high, suggesting a cautious approach to the interpretation of group differences on

mathematical tasks.

This is the first study to test the emergence of mathematical difficulties and their correlates

in very young children with SB. The findings have implications for both early identification

of risk and for intervention strategies. Several of the 60-month math tasks measure early

“number sense” (Berch, 2005) and have been useful in predicting later math achievement in

longitudinal studies (e.g., Jordan et al., 2006, 2007). Whether these measures of early

number sense in preschoolers with SB also predict individual differences and growth in their

later mathematical achievement could have implications for the early identification of risk in

these children. Finally, similarities in the neurocognitive correlates of mathematical

performance in TD children and in those with SB suggest that effective math interventions

for TD children might also hold promise for individuals with SB (see Coughlin &

Montague, 2010).

Barnes et al. Page 12

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

This research was supported by grants from the National Institute of Child Health and Development, P01 HD35946,
Spina Bifida: Cognitive and Neurobiological Variability and R01HD046609, Longitudinal Effects of Spina Bifida
on Learning, and by funding from the Canadian Institutes of Health Research and from the CIHR Institute of
Human Development, Child and Youth Health. We thank Stephanie Lane, Michelle Ladd, Monica Gomez, Francis
Leal, and Laura Lomax-Bream for their assistance.

REFERENCES

Alibali MW, DiRusso AA. The function of gesture in learning to count: More than keeping track.
Cognitive Development. 1999; 14:37–56.

Ansari D, Dhital B. Age-related changes in the activation of the intraparietal sulcus during
nonsymbolic magnitude processing: An event-related functional magnetic resonance imaging study.
Journal of Cognitive Neuroscience. 2006; 18:1820–1828. [PubMed: 17069473]

Ansari D, Donlan C, Thomas MSC, Ewing SA, Peen T, Karmiloff-Smith A. What makes counting
count? Verbal and visuo-spatial contributions to typical and atypical number development. Journal
of Experimental Child Psychology. 2003; 85:50–62. [PubMed: 12742762]

Assel MA, Landry SH, Swank P, Smith KE, Steelman LM. Precursors to mathematical skills:
Examining the roles of visual-spatial skills, executive processes, and parenting factors. Applied
Developmental Science. 2003; 7:27–38.

Ayr LK, Yeates KO, Enrile BG. Arithmetic skills and their cognitive correlates in children with
acquired and congenital brain disorder. Journal of the International Neuropsychological Society.
2005; 11:249–262. [PubMed: 15892901]

Barnes MA, Dennis M. Reading in children and adolescents after early onset hydrocephalus and in
their normally developing age-peers: Phonological analysis, word recognition, word
comprehension, and passage comprehension skill. Journal of Pediatric Psychology. 1992; 17:445–
456. [PubMed: 1527679]

Barnes MA, Pengelly S, Dennis M, Wilkinson M, Rogers T, Faulkner H. Mathematics skills in good
readers with hydrocephalus. Journal of the International Neuropsychological Society. 2002; 8:72–
82. [PubMed: 11843076]

Barnes, MA.; Smith-Chant, B.; Landry, S. Number processing in neurodevelopmental disorders: Spina
bifida myelomeningocele. In: Campbell, J., editor. Handbook of mathematical cognition.
Psychology Press; New York: 2005. p. 299-314.

Barnes MA, Wilkinson M, Khemani E, Boudesquie A, Dennis M, Fletcher JM. Arithmetic processing
in children with spina bifida: Calculation accuracy, strategy use, and fact retrieval fluency. Journal
of Learning Disabilities. 2006; 39:174–187. [PubMed: 16583797]

Berch DB. Making sense of number sense: Implications for children with mathematical disabilities.
Journal of Learning Disabilities. 2005; 38:333–339. [PubMed: 16122065]

Bisanz, J.; Sherman, JL.; Rasmussen, C.; Ho, E. Development of arithmetic skills and knowledge in
preschool children. In: Campbell, JID., editor. Handbook of mathematical cognition. Psychology
Press; New York: 2005. p. 143-162.

Blair C, Razza RP. Relating effortful control, executive function, and false belief understanding to
emerging math and literacy ability in kindergarten. Child Development. 2007; 78:647–663.
[PubMed: 17381795]

Briars D, Siegler RS. A featural analysis of preschoolers’ counting knowledge. Developmental
Psychology. 1984; 20:607–618.

Bull, R. Commentary Part II, Section III: Neuropsychological factors. In: Berch, DB.; Mazzocco,
MMM., editors. Why is math so hard for some children? The nature and origins of mathematical
learning difficulties and disabilities. Paul H. Brookes Publishing Co.; Baltimore: 2007. p. 265-278.

Bull R, Espy KA, Wiebe SA. Short-term memory, working memory, and executive functioning in
preschoolers: Longitudinal predictors of mathematical achievement at 7 years. Developmental
Neuropsychology. 2008; 33:205–228. [PubMed: 18473197]

Butterworth, B. The mathematical brain. Macmillan; London: 1999.

Barnes et al. Page 13

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Coughlin J, Montague M. The effects of cognitive strategy instruction on the mathematical problem
solving of adolescents with spina bifida. Journal of Special Education. 2010 doi:
10.1177/0022466910363913.

de Jong PF, van der Leij A. Effects of phonological abilities and linguistic comprehension on the
development of reading. Scientific Studies of Reading. 2002; 6:51–77.

De Smedt B, Taylor J, Archibald L, Ansari D. How is phonological processing related to individual
differences in children’s arithmetic skills? Developmental Science. 2009; 13:508–520. [PubMed:
20443971]

Dehaene S, Izard V, Spelke E, Pica P. Log or linear? Distinct intuitions of the number scale in western
and Amazonian indigene cultures. Science. 2008; 30:1217–1220. [PubMed: 18511690]

Dehaene, S.; Piazza, M.; Pinel, P.; Cohen, L. Three parietal circuits for number processing. In:
Campbell, JID., editor. Handbook of mathematical cognition. Psychology Press; New York: 2005.
p. 433-453.

Dennis M, Barnes M. Math and numeracy in young adults with spina bifida and hydrocephalus.
Developmental Neuropsychology. 2002; 21:141–155. [PubMed: 12139196]

Dennis M, Barnes MA. The cognitive phenotype of spina bifida meningomyelocele. Developmental
Disabilities Research Reviews. 2010; 16:31–39. [PubMed: 20419769]

Dennis M, Fletcher JM, Rogers S, Hetherington R, Francis D. Object-based and action-based visual
perception in children with spina bifida and hydrocephalus. Journal of the International
Neuropsychological Society. 2002; 8:95–106. [PubMed: 11843078]

Dennis M, Landry SH, Barnes M, Fletcher JM. A model of neurocognitive function in spina bifida
over the life span. Journal of the International Neuropsychological Society. 2006; 12:285–296.
[PubMed: 16573862]

Durand M, Hulme C, Larkin R, Snowling M. The cognitive foundations of reading and arithmetic
skills in 7- to 10-year olds. Journal of Experimental Child Psychology. 2005; 91:113–136.
[PubMed: 15890173]

English LH, Barnes MA, Taylor HB, Landry SH. Mathematical development in spina bifida.
Developmental Disabilities Research Reviews. 2009; 15:28–34. [PubMed: 19213013]

Fischer MH. Finger counting habits modulate spatialnumerical associations. Cortex. 2008; 44:386–
392. [PubMed: 18387569]

Fletcher JM, Copeland K, Frederick J, Blaser SE, Kramer LA, Northrup H, Dennis M. Spinal lesion
level in spina bifida meningomyelocele: A source of neural and cognitive heterogeneity. Journal of
Neurosurgery. 2005; 102(Suppl. 3):268–279. [PubMed: 15881750]

Fletcher, JM.; Dennis, M.; Northrup, H.; Barnes, MA.; Hannay, HJ.; Landry, S.; Francis, DJ. Spina
bifida: Genes, brain, and development. In: Glidden, L., editor. International review of research in
mental retardation. Elsevier; San Diego, CA: 2004. p. 63-117.

Friedrich WN, Lovejoy MC, Shaffer J, Shurtleff DB, Beilke RL. Cognitive abilities and achievement
status of children with myelomeningocele: A contemporary sample. Journal of Pediatric
Psychology. 1991; 16:423–428. [PubMed: 1941424]

Fuchs LS, Geary DC, Compton DL, Fuchs D, Hamlett CL, Bryant JD. The contributions of numerosity
and domain-general abilities to school readiness. Child Development. 2010; 81(5):1520–1533.
[PubMed: 20840238]

Geary DC, Bailey DH, Littlefield A, Wood P, Hoard MK, Nugent L. First-grade predictors of
mathematical learning disability: A latent class trajectory analysis. Cognitive Development. 2009;
24:411–429.

Geary DC, Hoard MK, Hamson CO. Numerical and arithmetical cognition: Patterns of functions and
deficits in children at risk for a mathematical disability. Journal of Experimental Child
Psychology. 1999; 74:213–239. [PubMed: 10527555]

Gelman, R.; Galistell, CR. Harvard University Press; Cambridge, MA: 1978. The child’s
understanding of number.

Ginsburg, HP.; Baroody, AJ. Test of early mathematics ability. 2nd ed.. Pro-Ed.; Austin, TX: 1990.

Ginsburg, HP.; Klein, A.; Starkey, P. The development of children’s mathematical thinking:
Connecting research with practice. In: Damon, W.; Sigel, IE.; Renninger, AK., editors. Handbook

Barnes et al. Page 14

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



of child psychology: Child psychology in practice. 5th ed.. Vol. 4. John Wiley & Sons Inc.; NJ:
1998. p. 401-476.

Hanich LB, Jordan NC, Kaplan D, Dick J. Performance across different areas of mathematical
cognition in children learning difficulties. Journal of Educational Psychology. 2001; 93:615–626.

Hecht SA, Torgesen JK, Wagner RK, Rashotte CA. The relations between phonological processing
abilities and emerging individual differences in mathematical computation skills: A longitudinal
study from second to fifth grades. Journal of Experimental Child Psychology. 2001; 79:192–227.
[PubMed: 11343408]

Hetherington R, Dennis M, Barnes M, Drake J, Gentili F. Functional outcome in young adults with
spina bifida and hydrocephalus. Child Nervous System. 2006; 22:117–124.

Hodent C, Bryant P, Houde O. Language-specific effects on number computation in toddlers.
Developmental Science. 2005; 8:420–423. [PubMed: 16048514]

Hollingshead, J. A four-factor index of social position. Author; New Haven, CT: 1975.

Jordan NC, Huttenlocher J, Levine SC. Differential calculation abilities in young children from
middle- and lower-income families. Developmental Psychology. 1992; 28:644–653.

Jordan NC, Huttenlocher J, Levine SC. Assessing early arithmetic abilities: Effects of verbal and
nonverbal response types on the calculation performance of middle- and low-income children.
Learning and Individual Differences. 1994; 6:413–432.

Jordan NC, Kaplan D, Locuniak MN, Ramineni C. Predicting first-grade math achievement from
developmental number sense trajectories. Learning Disabilities Research & Practice. 2007; 22:36–
46.

Jordan NC, Kaplan D, Olah LN, Locuniak MN. Number sense growth in kindergarten: A longitudinal
investigation of children at risk for mathematics difficulties. Child Development. 2006; 77:153–
175. [PubMed: 16460531]

Kamawar D, LeFevre J-A, Bisanz J, Fast L, Skwarchuk S-L, Smith-Chant B, Penner-Wilger M.
Knowledge of counting principles: How relevant is order irrelevance? Journal of Experimental
Child Psychology. 2010; 105:138–145. [PubMed: 19793588]

Krajewski K, Schneider W. Exploring the impact of phonological awareness, visual-spatial working
memory, and preschool quantity-number competencies on mathematics achievement in elementary
school: Findings from a 3-year longitudinal study. Journal of Experimental Child Psychology.
2009; 103:516–531. [PubMed: 19427646]

LeFevre J-A. Research on the development of academic skills: Introduction to the special issue on
early literacy and early numeracy. Canadian Journal of Experimental Psychology. 2000; 54:57–60.
[PubMed: 10881390]

LeFevre J-A, Fast L, Skwarchuk S-L, Smith-Chant BL, Bisanz J, Kamawar D, Penner-Wilger M.
Pathways to mathematics: Longitudinal predictors of performance. Child Development. 2010;
81(6):1753–1767. [PubMed: 21077862]

LeFevre J-A, Smith-Chant BL, Fast L, Skwarchuk S-L, Sargla E, Arnup JS, Kamawar D. What counts
as knowing? The development of conceptual and procedural knowledge of counting from
kindergarten through grade 2. Journal of Experimental Child Psychology. 2006; 93:285–303.
[PubMed: 16360166]

Lomax-Bream LE, Barnes M, Copeland K, Taylor HB, Landry SH. The impact of spina bifida on
development across the first three years. Developmental Neuropsychology. 2007; 31:1–20.
[PubMed: 17305435]

Miller KF, Smith CM, Zhu J, Zhang H. Preschool origins of cross-national differences in mathematical
competence: The role of number-naming systems. Psychological Science. 1995; 6:56–60.

Mix, KS.; Huttenlocher, J.; Levine, SC. Quantitative development in infancy and early childhood.
Oxford University Press; New York: 2002.

Miyake A, Friedman NP, Rettinger DA, Shah P, Hegarty M. How are visuospatial working memory,
executive functioning, and spatial abilities related? A latent-variable analysis. Journal of
Experimental Psychology: General. 2001; 130:621–640. [PubMed: 11757872]

Noel M. Finger gnosia: A predictor of numerical abilities in children? Child Neuropsychology. 2005;
11:413–430. [PubMed: 16306017]

Barnes et al. Page 15

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Noles NS, Scholl BJ, Mitroff SR. The persistence of object file representations. Perception &
Psychophysics. 2005; 67:324–334. [PubMed: 15973783]

Penner-Wilger, M.; Anderson, ML. An alternative view of the relation between finger gnosis and math
ability: Redeployment of finger representations for the representation of number. In: Love, BC.;
McRae, K.; Sloutsky, VM., editors. Proceedings of the 30th Annual Cognitive Science Society;
Austin, TX: Cognitive Science Society. 2008; p. 1647-1652.

Penner-Wilger, M.; Fast, L.; LeFevre, J.; Smith-Chant, BL.; Skwarchuk, S.; Kamawar, D.; Bisanz, J.
The foundations of numeracy: Subitizing, finger gnosia, and fine-motor ability. In: McNamara,
DS.; Trafton, JG., editors. Proceedings of the 29th Annual Cognitive Science Society; Austin, TX:
Cognitive Science Society. 2007; p. 1385-1390.

Piazza M, Mechelli A, Butterworth B, Price CJ. Are subitizing and counting implemented as separate
or functionally overlapping processes? Neuroimage. 2002; 15:435–446. [PubMed: 11798277]

Piazza M, Mechelli A, Price CJ, Butterworth B. Exact and approximate judgments of visual and
auditory numerosity: An fMRI study. Brain Research. 2006; 1106:177–188. [PubMed: 16828717]

Raghubar KP, Barnes MA, Hecht SA. Working memory and mathematics: A review of developmental,
individual difference, and cognitive approaches. Learning and Individual Differences. 2010;
20:110–122.

Raghubar K, Cirino P, Barnes M, Ewing-Cobbs L, Fletcher J, Fuchs L. Errors in multi-digit arithmetic
and behavioral inattention in children with math difficulties. Journal of Learning Disabilities.
2009; 42:356–371. [PubMed: 19380494]

Rasmussen C, Bisanz J. Representation and working memory in early arithmetic. Journal of
Experimental Child Psychology. 2005; 91:137–157. [PubMed: 15890174]

Rasmussen C, Ho E, Bisanz J. Use of the mathematical principle of inversion in young children.
Journal of Experimental Child Psychology. 2003; 85:89–102. [PubMed: 12799163]

Simmons FR, Singleton C. Do weak phonological representations impact on arithmetic development?
A review of research into arithmetic and dyslexia. Dyslexia. 2008; 14:77–94. [PubMed:
17659647]

Swanson HL, Jerman O. Math disabilities: A selective meta-analysis of the literature. Review of
Educational Research. 2006; 76:249–274.

Thorndike, RL.; Hagen, EP.; Sattler, JM. Stanford-Binet Intelligence Scale. 4th ed.. Riverside;
Chicago: 1989.

Trick LM, Plyshyn ZW. Why are small and large numbers enumerated differently? A limited-capacity
preattentive stage in vision. Psychological Review. 1994; 10:80–102. [PubMed: 8121961]

Wagner, R.; Torgesen, JK.; Rashotte, CA. Comprehensive test of phonological processing. Pro-Ed.;
Austin, TX: 1999.

Wills KE. Neuropsychological functioning in children with spina bifida and/or hydrocephalus. Journal
of Clinical Child Psychology. 1993; 22:247–265.

Woodcock, RM.; Johnson, MB. Woodcock-Johnson Psychoeducational Battery – Revised. DLM
Teaching Resources; Allen, TX: 1989.

Barnes et al. Page 16

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 17

T
ab

le
 1

D
es

cr
ip

tiv
e 

in
fo

rm
at

io
n 

on
 s

pi
na

 b
if

id
a 

an
d 

co
nt

ro
l g

ro
up

s

36
 M

on
th

s 
of

 a
ge

60
 M

on
th

s 
of

 a
ge

SB
C

on
tr

ol
SB

C
on

tr
ol

A
ge

 (
m

on
th

s)
37

.5
6

37
.9

2
61

.8
3

61
.2

9

Se
x 

(f
em

al
e)

65
%

42
%

68
%

38
%

H
ol

lin
gs

he
ad

 S
E

S
32

.8
2*

45
.2

7
33

.0
6*

42
.8

2

E
th

ni
ci

ty

 
A

fr
ic

an
 A

m
er

ic
an

9%
2%

13
%

2%

 
C

au
ca

si
an

60
%

70
%

52
%

65
%

 
H

is
pa

ni
c

28
%

15
%

35
%

24
%

 
O

th
er

2%
13

%
0

9%

SB
-I

V
 V

oc
ab

ul
ar

y
94

.9
4*

10
7.

66
—

—

SB
-I

V
 P

at
te

rn
 A

na
ly

si
s

83
.7

7*
10

2.
49

—
—

W
J-

R
 P

ic
tu

re
 V

oc
ab

ul
ar

y
—

—
93

.8
9*

11
2.

65

W
J-

R
 S

pa
tia

l R
el

at
io

ns
—

—
86

.1
5*

10
4.

65

C
T

O
PP

 S
ou

nd
 M

at
ch

in
g

—
—

8.
83

*
10

.0
8

C
T

O
PP

 E
lis

io
n

—
—

8.
05

*
10

.0
4

Ph
on

ol
og

ic
al

 A
w

ar
en

es
s 

C
om

po
si

te
—

—
6.

02
*

10
.4

3

Pu
rd

ue
 P

eg
s

1.
77

0.
62

3.
43

*
6.

46

N
ot

e.

* D
en

ot
es

 a
 s

ig
ni

fi
ca

nt
 g

ro
up

 d
if

fe
re

nc
e.

 V
al

ue
s 

ar
e 

st
an

da
rd

 s
co

re
s 

ex
ce

pt
 f

or
 P

ur
du

e 
Pe

gs
 w

hi
ch

 w
as

 n
um

be
r 

of
 e

rr
or

s 
at

 3
6 

m
on

th
s 

an
d 

pe
gs

 p
la

ce
d 

at
 6

0 
m

on
th

s.
 S

B
-I

V
 =

 S
ta

nf
or

d-
B

in
et

 I
nt

el
lig

en
ce

Sc
al

es
, F

ou
rt

h 
E

di
tio

n;
 W

J-
R

 =
 W

oo
dc

oc
k-

Jo
hn

so
n 

T
es

t o
f 

C
og

ni
tiv

e 
A

bi
lit

ie
s—

R
ev

is
ed

; C
T

O
PP

 =
 C

om
pr

eh
en

si
ve

 T
es

t o
f 

Ph
on

ol
og

ic
al

 P
ro

ce
ss

in
g;

 P
ho

no
lo

gi
ca

l A
w

ar
en

es
s 

C
om

po
si

te
 =

 C
T

O
PP

 S
ou

nd
M

at
ch

in
g 

an
d 

C
T

O
PP

 E
lis

io
n 

ra
w

 s
co

re
s.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 18

T
ab

le
 2

M
at

h 
ou

tc
om

es
 a

t 3
6 

an
d 

60
 m

on
th

s 
of

 a
ge

 f
or

 s
pi

na
 b

if
id

a 
an

d 
co

nt
ro

l g
ro

up
s

T
as

k

SB
C

on
tr

ol

n
M

SD
n

M
SD

36
 M

on
th

s 
of

 a
ge

T
E

M
A

-2
 M

at
h 

Q
uo

tie
nt

*
51

81
.4

7
10

.6
1

51
91

.9
6

13
.4

3

T
E

M
A

-2
 E

xp
er

im
en

ta
l S

co
re

*
51

10
.9

0
10

.2
0

51
18

.1
2

12
.4

8

60
 M

on
th

s 
of

 a
ge

C
ou

nt
in

g 
Pr

in
ci

pl
es

*
41

10
.1

7
4.

12
49

13
.5

5
3.

87

O
ra

l C
ou

nt
in

g*
45

25
.8

4
18

.0
8

53
45

.8
5

32
.9

2

SB
-I

V
 Q

ua
nt

ita
tiv

e*
29

7.
07

3.
20

53
9.

45
4.

15

Sm
al

l s
et

 o
bj

ec
t-

ba
se

d 
ar

ith
m

et
ic

43
3.

65
1.

41
53

3.
79

1.
43

L
ar

ge
 s

et
 o

bj
ec

t-
ba

se
d 

ar
ith

m
et

ic
*

42
2.

55
2.

10
51

3.
69

2.
21

N
ot

e.

* D
en

ot
es

 a
 s

ig
ni

fi
ca

nt
 g

ro
up

 d
if

fe
re

nc
e 

af
te

r 
co

va
ry

in
g 

fo
r 

th
e 

ef
fe

ct
 o

f 
SE

S;
 S

B
-I

V
 =

 S
ta

nf
or

d-
B

in
et

 I
nt

el
lig

en
ce

 S
ca

le
s,

 F
ou

rt
h 

E
di

tio
n.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 19

T
ab

le
 3

a

C
or

re
la

tio
ns

 a
m

on
g 

36
-m

on
th

 p
re

di
ct

or
s

V
oc

ab
ul

ar
y

V
is

ua
l–

sp
at

ia
l a

bi
lit

y
F

in
e 

m
ot

or
 s

ki
lls

C
SB

C
SB

C
SB

V
oc

ab
ul

ar
y

—
—

.4
9*

*
.3

1*
.3

4*
.0

1

V
is

ua
l–

sp
at

ia
l a

bi
lit

y
—

—
—

—
.5

2*
*

.3
4*

N
ot

e.

Fi
ne

 m
ot

or
 =

 P
ur

du
e 

Pe
gs

; V
is

ua
l–

sp
at

ia
l a

bi
lit

y 
=

 S
B

-I
V

 P
at

te
rn

 A
na

ly
si

s;
 V

oc
ab

ul
ar

y 
=

 S
B

-I
V

 V
oc

ab
ul

ar
y.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 20

T
ab

le
 3

b

C
or

re
la

tio
ns

 a
m

on
g 

60
-m

on
th

 p
re

di
ct

or
s

P
ho

no
lo

gi
ca

l a
w

ar
en

es
s

V
is

ua
l–

sp
at

ia
l a

bi
lit

y
F

in
e 

m
ot

or
 s

ki
lls

V
oc

ab
ul

ar
y

C
SB

C
SB

C
SB

C
SB

Ph
on

ol
og

ic
al

 a
w

ar
en

es
s

—
.4

1*
*

.4
1*

*
.3

0*
−

.0
3

.4
2*

*
.4

2*
*

V
is

ua
l–

sp
at

ia
l a

bi
lit

y
—

—
.3

4*
.1

9
.4

2*
*

.2
0

Fi
ne

 m
ot

or
 s

ki
lls

—
—

—
.2

5
−

.1
5

N
ot

e.

Fi
ne

 m
ot

or
 =

 P
ur

du
e 

Pe
gs

; V
is

ua
l–

sp
at

ia
l a

bi
lit

y 
=

 W
J-

R
 S

pa
tia

l R
el

at
io

ns
; P

ho
no

lo
gi

ca
l A

w
ar

en
es

s 
=

 C
om

po
si

te
 o

f 
C

T
O

PP
 S

ou
nd

 M
at

ch
in

g 
an

d 
C

T
O

PP
 E

lis
io

n;
 V

oc
ab

ul
ar

y 
=

 W
J-

R
 P

ic
tu

re
 V

oc
ab

ul
ar

y.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 21

T
ab

le
 4

a

C
or

re
la

tio
n 

m
at

ri
x 

am
on

g 
pr

ed
ic

to
rs

 a
nd

 o
ut

co
m

es
 a

t 3
6 

m
on

th
s 

of
 a

ge

F
in

e 
m

ot
or

 s
ki

lls
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

V
oc

ab
ul

ar
y

SB
C

SB
C

SB
C

T
E

M
A

-2
 M

at
h 

Q
uo

tie
nt

.1
4

.3
9*

*
.2

9*
.5

4*
*

.5
5*

*
.5

2*
*

N
ot

e.

Fi
ne

 m
ot

or
 =

 P
ur

du
e 

Pe
gs

; V
is

ua
l–

sp
at

ia
l a

bi
lit

y 
=

 S
B

-I
V

 P
at

te
rn

 A
na

ly
si

s;
 V

oc
ab

ul
ar

y 
=

 S
B

-I
V

 V
oc

ab
ul

ar
y.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 22

T
ab

le
 4

b

C
or

re
la

tio
n 

m
at

ri
x 

am
on

g 
pr

ed
ic

to
rs

 a
nd

 o
ut

co
m

es
 a

t 6
0 

m
on

th
s 

of
 a

ge

F
in

e 
m

ot
or

 s
ki

lls
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

P
ho

no
lo

gi
ca

l a
w

ar
en

es
s

V
oc

ab
ul

ar
y

SB
C

SB
C

SB
C

SB
C

C
ou

nt
in

g 
pr

in
ci

pl
es

.0
6

.1
7

.4
4*

*
.1

5
.5

5*
*

.4
1*

*
.3

0
.3

4*

O
ra

l c
ou

nt
in

g
.2

5
.2

2
.3

4*
.5

2*
*

.2
9*

.5
9*

*
.1

6
.3

5*
*

Q
ua

nt
ita

tiv
e

.2
9

.2
7*

.7
1*

*
.3

6*
*

.4
3*

.1
7

.4
2*

.3
2*

Sm
al

l s
et

 o
bj

ec
t-

ba
se

d 
ar

ith
m

et
ic

.3
6*

.3
7*

*
.1

8
.1

2
.1

4
.3

0*
−

.0
5

.1
7

L
ar

ge
 s

et
 o

bj
ec

t-
ba

se
d 

ar
ith

m
et

ic
.4

5*
*

.5
0*

*
.4

6*
*

.4
8*

*
.2

7
.3

6*
*

−
.1

0
.3

6*

N
ot

e.

Fi
ne

 m
ot

or
 =

 P
ur

du
e 

Pe
gs

; V
is

ua
l–

sp
at

ia
l a

bi
lit

y 
=

 W
J-

R
 S

pa
tia

l R
el

at
io

ns
; P

ho
no

lo
gi

ca
l A

w
ar

en
es

s 
=

 C
om

po
si

te
 o

f 
C

T
O

PP
 S

ou
nd

 M
at

ch
in

g 
an

d 
C

T
O

PP
 E

lis
io

n;
 V

oc
ab

ul
ar

y 
=

 W
J-

R
 P

ic
tu

re
 V

oc
ab

ul
ar

y.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 23

T
ab

le
 5

H
ie

ra
rc

hi
ca

l r
eg

re
ss

io
n 

fo
r 

T
E

M
A

-2
 a

t 3
6-

m
on

th
s 

of
 a

ge

P
re

di
ct

or
s

B
SE

β
t

p

T
E

M
A

-2
 M

at
h 

Q
uo

ti
en

t

St
ep

 1
R

2  
= 

.1
4 

**

 
G

ro
up

10
.0

4
2.

63
.3

8
3.

82
<

.0
01

St
ep

 2
Δ

R
2  

= 
.3

1 
**

 
G

ro
up

−
1.

09
2.

78
−

.0
4

−
.3

9
.6

96

 
Fi

ne
 m

ot
or

1.
41

.6
6

.2
0

2.
15

.0
34

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

1.
26

.5
2

.2
9

2.
43

.0
17

 
V

oc
ab

ul
ar

y
1.

17
.3

0
.3

9
3.

90
<

.0
01

St
ep

 3
Δ

R
2  

= 
.0

1

N
ot

e.

* p 
<

 .0
5

**
p 

<
 .0

1.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 24

T
ab

le
 6

H
ie

ra
rc

hi
ca

l r
eg

re
ss

io
ns

 f
or

 m
at

h 
ou

tc
om

es
 a

t 6
0-

m
on

th
s 

of
 a

ge

P
re

di
ct

or
s

B
SE

β
t

p

O
ra

l c
ou

nt
in

g

St
ep

 1
R

2  
= 

.1
3 

**

 
G

ro
up

20
.8

8
5.

83
.3

6
3.

58
<

.0
01

St
ep

 2
Δ

R
2  

= 
.2

8 
**

 
G

ro
up

4.
97

6.
54

.0
9

.7
6

.4
50

 
Fi

ne
 m

ot
or

.7
0

1.
25

.0
6

.5
6

.5
76

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

1.
75

.7
2

.2
6

2.
45

.0
16

 
PA

1.
79

.4
7

.4
1

3.
85

<
.0

01

 
V

oc
ab

ul
ar

y
−

.2
4

.7
3

−
.0

3
−

.3
2

.7
49

St
ep

 3
Δ

R
2  

= 
.0

6

C
ou

nt
in

g 
pr

in
ci

pl
es

St
ep

 1
R

2  
= 

.1
7 

**

 
G

ro
up

3.
26

.8
2

.4
1

3.
95

<
.0

01

St
ep

 2
Δ

R
2  

= 
.2

0 
**

 
G

ro
up

1.
40

.9
8

.1
8

1.
43

.1
57

 
Fi

ne
 m

ot
or

.0
2

.1
9

.0
1

.1
2

.9
08

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.0
8

.1
1

.0
8

.7
1

.4
83

 
PA

.2
0

.0
7

.3
3

2.
89

.0
05

 
V

oc
ab

ul
ar

y
.1

9
.1

1
.1

9
1.

66
.1

01

St
ep

 3
Δ

R
2  

= 
.0

5

Q
ua

nt
ita

tiv
e

St
ep

 1
R

2  
= 

.0
6 

*

 
G

ro
up

2.
04

.9
9

.2
4

2.
05

.0
44

St
ep

 2
Δ

R
2  

= 
.2

5 
**

 
G

ro
up

−
.6

0
1.

12
−

.0
7

−
.5

3
.5

95

 
Fi

ne
 m

ot
or

.3
3

.2
1

.2
1

1.
60

.1
15

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.3
6

.1
3

.3
8

2.
73

.0
08

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 25

P
re

di
ct

or
s

B
SE

β
t

p

 
PA

−
.0

3
.0

8
−

.0
5

−
.4

1
.6

85

 
V

oc
ab

ul
ar

y
.1

8
.1

3
.1

8
1.

35
.1

83

St
ep

 3
Δ

R
2  

= 
.0

1

Sm
al

l s
et

 o
bj

ec
t-

ba
se

d 
ar

ith
m

et
ic

St
ep

 1
R

2  
= 

.0
0

 
G

ro
up

.0
4

.3
0

.0
2

.1
4

.8
89

St
ep

 2
Δ

R
2  

= 
.1

6 
**

 
G

ro
up

−
.7

5
.3

7
−

.2
8

−
2.

04
.0

45

 
Fi

ne
 m

ot
or

.2
1

.0
7

.4
2

3.
00

.0
04

 
V

is
ua

l–
sp

at
ia

l
−

.0
2

.0
4

−
.0

5
−

.3
7

.7
14

 
PA

.0
4

.0
3

.2
1

1.
59

.1
16

 
V

oc
ab

ul
ar

y
.0

0
.0

4
−

.0
0

−
.0

1
.9

93

St
ep

 3
Δ

R
2  

= 
.0

1

L
ar

ge
 s

et
 o

bj
ec

t-
ba

se
d 

ar
ith

m
et

ic

St
ep

 1
R

2  
= 

.0
6 

*

 
G

ro
up

1.
04

.4
8

.2
4

2.
17

.0
33

St
ep

 2
Δ

R
2  

= 
.3

4 
**

 
G

ro
up

−
.7

1
.5

1
−

.1
6

−
1.

39
.1

69

 
Fi

ne
 m

ot
or

.3
5

.1
0

.4
2

3.
51

.0
01

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.1
9

.0
6

.3
7

3.
10

.0
03

 
PA

.0
4

.0
4

.1
1

.9
9

.3
25

 
V

oc
ab

ul
ar

y
−

.0
4

.0
6

−
.0

8
−

.6
7

.5
04

St
ep

 3
Δ

R
2  

= 
.0

2

N
ot

e.

PA
 =

Ph
on

ol
og

ic
al

 A
w

ar
en

es
s.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 26

T
ab

le
 7

H
ie

ra
rc

hi
ca

l r
eg

re
ss

io
ns

 o
f 

m
at

h 
ou

tc
om

es
 a

t 6
0-

m
on

th
s 

of
 a

ge
 c

on
tr

ol
lin

g 
fo

r 
th

e 
au

to
re

gr
es

si
ve

 e
ff

ec
ts

 o
f 

m
at

h 
sk

ill
 a

t 3
6-

m
on

th
s 

of
 a

ge

P
re

di
ct

or
s

B
SE

β
t

p

O
ra

l c
ou

nt
in

g

St
ep

 1
R

2  
= 

.1
3 

**

 
G

ro
up

20
.8

9
6.

41
.3

7
3.

26
.0

02

St
ep

 2
Δ

R
2  

= 
.1

7 
**

 
G

ro
up

14
.3

1
6.

04
.2

5
2.

37
.0

21

 
T

E
M

A
1.

04
.2

6
.4

2
4.

00
<

.0
01

St
ep

 3
Δ

R
2  

= 
.1

1 
*

 
G

ro
up

7.
57

7.
36

.1
3

1.
03

.3
08

 
T

E
M

A
.5

9
.3

3
.2

4
1.

81
.0

76

 
Fi

ne
 m

ot
or

.5
0

1.
40

.0
5

.3
6

.7
23

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

1.
62

.8
1

.2
5

1.
99

.0
50

 
PA

1.
13

.5
5

.2
5

2.
04

.0
46

 
V

oc
ab

ul
ar

y
−

.7
6

.8
8

−
.1

1
−

.8
7

.3
86

St
ep

 4
Δ

R
2  

= 
.0

4

C
ou

nt
in

g 
pr

in
ci

pl
es

St
ep

 1
R

2  
= 

.1
5 

**

 
G

ro
up

2.
96

.9
0

.3
9

3.
30

.0
02

St
ep

 2
Δ

R
2  

= 
.1

9 
**

 
G

ro
up

2.
04

.8
3

.2
7

2.
45

.0
17

 
T

E
M

A
.1

5
.0

4
.4

5
4.

12
<

.0
01

St
ep

 3
Δ

R
2  

= 
.0

6

 
G

ro
up

1.
42

1.
07

.1
9

1.
33

.1
89

 
T

E
M

A
.1

0
.0

5
.3

0
2.

05
.0

45

 
Fi

ne
 m

ot
or

.0
6

.2
0

.0
5

.3
2

.7
48

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.0
6

.1
2

.0
7

.5
1

.6
10

 
PA

.1
6

.0
8

.2
6

2.
01

.0
49

 
V

oc
ab

ul
ar

y
−

.0
4

.1
3

−
.0

4
−

.2
8

.7
78

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 27

P
re

di
ct

or
s

B
SE

β
t

p

St
ep

 4
Δ

R
2  

= 
.0

6

Q
ua

nt
ita

tiv
e

St
ep

 1
R

2  
= 

.0
8 

*

 
G

ro
up

2.
38

1.
13

.2
7

2.
10

.0
41

St
ep

 2
Δ

R
2  

= 
.0

8 
*

 
G

ro
up

1.
76

1.
13

.2
0

1.
55

.1
27

 
T

E
M

A
.1

0
.0

4
.2

9
2.

20
.0

32

St
ep

 3
Δ

R
2  

= 
.1

6 
*

 
G

ro
up

−
.3

0
1.

32
−

.0
4

−
.2

3
.8

22

 
T

E
M

A
−

.0
0

.0
6

−
.0

1
−

.0
5

.9
57

 
Fi

ne
 M

ot
or

.3
2

.2
4

.2
2

1.
35

.1
83

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.3
5

.1
6

.3
8

2.
24

.0
29

 
PA

−
.0

2
.1

0
−

.0
3

−
.1

6
.8

72

 
V

oc
ab

ul
ar

y
.1

3
.1

7
.1

4
.8

1
.4

24

St
ep

 4
Δ

R
2  

= 
.0

2

Sm
al

l s
et

 o
bj

ec
t-

ba
se

d 
ar

ith
m

et
ic

St
ep

 1
R

2  
= 

.0
1

 
G

ro
up

.2
2

.3
4

.0
8

.6
4

.5
24

St
ep

 2
Δ

R
2  

= 
.1

0 
*

 
G

ro
up

.0
2

.3
4

.0
1

.0
5

.9
63

 
T

E
M

A
.0

4
.0

2
.3

2
2.

60
.0

12

St
ep

 3
Δ

R
2  

= 
.1

2

 
G

ro
up

−
.4

3
.4

1
−

.1
5

−
1.

03
.3

07

 
T

E
M

A
.0

3
.0

2
.2

2
1.

44
.1

55

 
Fi

ne
 M

ot
or

.1
6

.0
8

.3
2

2.
09

.0
41

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

−
.0

4
.0

5
−

.1
3

−
.8

7
.3

88

 
PA

.0
6

.0
3

.2
6

1.
81

.0
75

 
V

oc
ab

ul
ar

y
−

.0
3

.0
5

−
.0

9
−

.6
1

.5
46

St
ep

 4
Δ

R
2  

= 
.0

0

L
ar

ge
 s

et
 o

bj
ec

t-
ba

se
d 

ar
ith

m
et

ic

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barnes et al. Page 28

P
re

di
ct

or
s

B
SE

β
t

p

St
ep

 1
R

2  
= 

.0
8 

*

 
G

ro
up

1.
26

.5
3

.2
9

2.
39

.0
20

St
ep

 2
Δ

R
2  

= 
.1

0 
**

 
G

ro
up

.9
5

.5
2

.2
2

1.
84

.0
70

 
T

E
M

A
.0

60
.0

2
.3

2
2.

73
.0

08

St
ep

 3
Δ

R
2  

= 
.2

5 
**

 
G

ro
up

−
.3

0
.5

6
−

.0
7

−
.5

3
.5

96

 
T

E
M

A
.0

3
.0

3
.1

6
1.

22
.2

26

 
Fi

ne
 m

ot
or

.3
2

.1
1

.4
0

2.
96

.0
04

 
V

is
ua

l–
sp

at
ia

l a
bi

lit
y

.1
6

.0
7

.3
1

2.
35

.0
22

 
PA

.0
4

.0
4

.1
2

.9
0

.3
70

 
V

oc
ab

ul
ar

y
−

.1
1

.0
7

−
.2

2
−

1.
64

.1
06

St
ep

 4
Δ

R
2  

= 
.0

2

N
ot

e.

PA
 =

 P
ho

no
lo

gi
ca

l A
w

ar
en

es
s.

* p 
<

 .0
5

**
p 

<
 .0

1

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 September 22.


