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AIM The aim of this study was to compare the approximate number system acuity in
children born extremely preterm aged 6 years 6 months and typically developing, age-

METHOD This population-based follow-up study included 65 children born before 27

ABBREVIATIONS
w Weber fraction
EPT Extremely preterm children
1D Typically developing children
ANS Approximate number system
acuity
WISC-IV Wechsler Intelligence Scales milliseconds.

for Children IV

MAR Minimal angle of resolution

gestational weeks (35 males, 30 females; mean gestational age 25.4wks [SD 1.1wk]; mean
birthweight 789g [SD 158gl) and 47 typically developing children (24 females, 23 males) at
the age of 6 years 6 months. A battery of cognitive tests was administered, including a

computerized test for measuring approximate number system acuity and tests for general
cognition, working memory, processing speed, and visual attention. Approximate number
system outcome measures were means of Weber fraction (w) values and response time in

RESULTS The 43 extremely preterm children in whom usable data were obtained performed
significantly worse than the typically developing children on the approximate number system
task (w=0.30 [SD 0.23] vs. 0.17 [SD 0.13]; p=0.003) and were significantly slower (response

time=2934ms [SD 1102ms] vs 2376ms [SD 310ms]; p=0.002). The differences remained when
adjusting for differences in other cognitive functions (p=0.03).

INTERPRETATION Preterm birth has a negative impact on an individual’s ability to rapidly
approximate and compare numbers of visually presented items. This deficiency is thought to
be a consequence of dorsal stream dysfunction. Future studies will investigate whether this
deficiency is correlated with lower mathematical proficiency in this group of children.

The survival rate of preterm children is increasing dramati-
cally worldwide, particularly in the most immature infant
groups, owing to advances in perinatal medicine." The
most immature infants are, however, also the most vulnera-
ble, and concerns over mortality rates are now being
replaced with concerns about morbidity and long-term
sequelae.

Preterm birth places children at risk of impaired motor,
cognitive, behavioural, and visual development.” Although
there are well-established lines of research into the acute
and long-term medical complications for which these chil-
dren are at risk,’ there is much to be learned about their
more subtle and often later discovered cognitive and
visual-perceptual deficiencies. These deficits range from
lower general and specific cognitive functions to problems
with attention and visual perception.*’

The most commonly reported visual-spatial processing
difficulties amongst preterm children include problems with
the perception of motion, depth, and simultaneous percep-
tion, as well as the ability to survey a complex scene.®’
Problems with global and local processing are also
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common.® These visual-spatial abilities are thought to be
mediated by a dorsal stream network, connecting the pri-
mary visual cortex with the parietal lobes, and this hypothe-
sis has been confirmed previously in a human neuroimaging
study.” This pattern of visual problems is seen in develop-
mental disorders such as Williams syndrome and autism, as
well as in preterm populations, and has therefore led to the
formation of the dorsal stream vulnerability hypothesis,
which states that the dorsal stream is particularly vulnerable
to disorder and insult during development.*'°

While most language deficits in preterm groups can be
explained by the level of general IQ,"" mathematical diffi-
culties remain, even when taking general cognition into
account, and are seen even when language abilities are rel-
atively preserved.* This particular pattern of cognitive defi-
cits fits well with the dorsal stream deficiency hypothesis,
since both basic visual-spatial processes and more advanced
mathematical processing are thought to rely heavily on
areas of the dorsal posterior parietal cortex.'?"?

One core numerical ability, the ability to quickly esti-
mate and compare numbers of items, is known as the
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approximate number system. All humans share the basic
capacity to estimate numbers of items from input across all
sensory modalities using imperfect ‘noisy’ mental magni-
tudes that are normally distributed around the number to
be represented."* The noise in these numerical representa-
tions increases as the numbers get larger and this feature
of the approximate number system yields an estimation
performance that adheres to Weber’s law, whereby success
at discriminating two estimated numbers depends on their
ratio rather than their absolute difference.”” The amount
of noise associated with representing a particular number
is not fixed over development and sharpens throughout
infancy and childhood and well into adulthood.'"® How-
ever, there is also considerable variation in approximate
number system acuity between individuals of all ages.'®*°

To date, there are only a few studies that have looked at
the development of the approximate number system in
atypically developing populations. Piazza et al.'® and
Mazzocco et al.”” demonstrated that children with dyscal-
culia (a severe learning disability specific to mathematics)
have significantly worse approximate number system acuity
than age-matched peers without dyscalculia. This suggests
that less accurate approximate number system representa-
tions may be related to difficulty in mathematics for children
from the lowest end of the mathematics achievement scale. In
addition, children with dyscalculia do not show a modulation
in their parietal cortex activation when engaging in a numeri-
cal comparison task and have less grey matter density in these
regions compared with children without dyscalculia.*!**
Furthermore, people with Williams syndrome, a rare genetic
disorder that is characterized by strong social and linguistic
skills but poor visual-spatial processing, have severe numeri-
cal estimation deficits.”’

Decreased mathematical abilities in preterm children
coupled with their other dorsal stream-mediated vulnera-
bilities lead us to believe that even the fundamental ability
of approximating and comparing visually presented num-
bers of items may be compromised in school-aged children
born extremely preterm. We also hypothesize that this
impairment is specific and not a consequence of a general
cognitive deficit, poor working memory, poor attention, or
slow processing speed.

METHOD

The regional ethics committee in Stockholm approved the
study and written informed consent was obtained from all
parents of the participating children.

Participants

The participants, representing a Stockholm cohort, were
drawn from a national, population-based follow-up study
and consisted of a group of children born extremely
preterm and a comparison group of typically developing
term-born children. The extremely preterm group, which
comprised all surviving infants born before gestational
week 27 (<26wkst6d) in the Stockholm area between
January 2004 and November 2005, were recruited at birth.

1110 Developmental Medicine & Child Neurology 2013, 55: 1109-1114

What this paper adds

® Extremely preterm-born school-aged children showed impaired approximate
number system acuity.

® Approximate number system deficiency persisted when controlling for other
cognitive functions.

® Results support the dorsal stream deficiency hypothesis in preterm children.

Cognitive outcome at 30 months and neonatal brain
imaging on almost the same group has been presented
previously.”* The frequency and stages of retinopathy of
prematurity in the larger but similar national study group
have also been presented.”” The typically developing
children were recruited either at the time of the 30-month
follow-up study or during the present study and were
matched by birth date, sex, hospital, mother’s nationality,
parental education, and parity. For every extremely pre-
term child, up to 10 eligible typically developing children
were chosen and contacted one by one until a willing
participant was found. All children were 6 years 6 months
(SD 2mo) of age at examination.

Approximate number system acuity task

Participants sat at a table approximately 60cm from a
computer screen. The study began with a careful descrip-
tion of the task and practice trials until the child under-
stood the procedure. Participants were shown two arrays
of blue and yellow dots simultaneously displayed on the
screen for 200 ms, displayed too quickly to count, and
asked to say which array was more numerous by naming
the appropriate colour (Fig. 1). The responses were regis-
tered promptly by one of two examiners, who pressed a
colour-coded key on the keyboard.

Both the blue and the yellow arrays contained 5 to 16
dots. The ratio between the arrays varied randomly among
three ratio bins (1.25, 1.67, 2.4). After a careful description
of the task and some practice trials, there were 16 trials of
each ratio, for a total of 48 test trials. In half of the trials,
the two arrays were spatially intermixed, and in the other
half the two arrays were spatially separated to the left and
the right side of the screen. A random half of the trials
involved displays that equated the total blue and yellow
surface area to avoid participants’ use of surface area as a
cue for determining which array was more numerous. In
addition, half of the trials contained more yellow dots and
the other half contained more blue dots. In all trials, indi-
vidual dot sizes varied in order to disrupt the stability of
area or dot size as a cue to number (for further details on
controls for non-numerical dimensions, see Halberda and
Feigenson,'® and Halberda et al.'”). The test-retest reli-
ability of this measure, assessed by Cronbach’s alpha, is
approximately 0.65."7

Cognitive abilities

All cognitive tests were administered on the same day in a
quiet testing room. Block Design, a subtest in the stan-
dardized Wechsler Intelligence Scales for Children IV
(WISC-IV) battery that is highly correlated with Full-
scale IQ, was used as a proxy for general cognitive ability.
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Figure 1: Sample of approximate number system acuity task stimulus.

Processing speed and working memory were measured
with  WISC-IV indexes: Processing Speed Index and
Working Memory Index. Visual attention was measured
with a Developmental Neuropsychological Assessment sub-
test for visual attention.

Statistical analysis

We calculated two different measures of approximate number
system acuity for each participant: the average response time
across all trials and the Weber fraction (w). To find each indi-
vidual child’s w value, we fit each child’s responses over all tri-
als with a commonly used psychophysical model:'*?

n —m

* 100

~ erfc

2 V2w, /n? + n}

where 7, is the number of the larger set, 7, is the num-
ber of the smaller set, and erfc is the complementary
error function. This model has only a single free para-
meter (w), which indexes the amount of imprecision in
the underlying Gaussian representations (i.e. the standard
deviaton of the Gaussian number representations, such
that SD,, = nxw). Larger w values indicate larger SDs
and thereby poorer discrimination of the system across
all ratios and numbers. The best fitting w value was
determined for each child wusing the least-squares
method, which minimizes the sum of the squares of the
residuals of the data from the curve (for further details
on the model and fitting procedures, see Halberda
et al.!”).

All data were collected and encoded for computerized
analysis with the use of spss for Windows software version
19 (IBM Corporation, New York, NY, USA). Differences
between groups on continuous variables were analysed with
independent Student’s #-tests. Statistical tests of associa-
tions between the approximate number system acuity mea-
sures and covariates were examined using a general linear
model, where the dependent/outcome variable was a com-

bined measure of approximate number system acuity as
defined below (see ‘Results’, second paragraph). The fixed
factor in the model was group (extremely preterm vs typi-
cally developing children) and the covariates were Block
Design, Working Memory Index, Processing Speed Index
(WISC-1V), and visual attention scores on the Develop-
mental Neuropsychological Assessment. All statistical tests
were two sided. p values of <0.05 were considered statisti-
cally significant.

RESULTS

Sixty-five extremely preterm children were eligible for the
present study. Fifty-four of them participated and 11 extre-
mely preterm children, who previously participated in ear-
lier testing waves, declined to participate or did not answer
the invitation for this testing wave. Forty-three of those 54
children (80%; 21 males, 22 females) provided usable data.
Eleven children failed to complete the test: two because of
insufficient visual acuity and nine for behavioural or cogni-
tive reasons (i.e. they could not pay attention long enough
to complete the task or did not understand the instruc-
tions). In the group of typically developing children, 43
out of 47 children provided usable data. Data from two
children were lost as a result of equipment problems, one
child did not understand the task, and one child declined
to participate. All of the participants with usable data had a
binocular visual acuity above 0.4 logMAR (20/50 Snellen
acuity) and a Full-scale IQ above 70. Gestational ages and
birthweights of the 65 eligible extremely preterm children
are shown in Figure 2.

Extremely preterm children were significantly slower
and had significantly greater w values than typically devel-
oping children (Table I; see also Fig. 3). Thus, for all fur-
ther analyses, we combined response time and w value into
a single measure of approximate number system acuity,
equal to the mean of the z score values of w value and
response time. As expected, extremely preterm and
typically developing children differed significantly on this

combined measure of approximate number system acuity
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Figure 2: Gestational age and birthweight of all 65 eligible extremely preterm children. Bold lines represent medians and boxes represent interquartile

ranges. Declined refers to the 11 extremely preterm children who declined participation. Incomplete ANS results refers to the 11 extremely preterm

children who failed in completing ANS task. Complete ANS results refers to the 43 extremely preterm children who produced usable ANS results. The

extremely preterm children who produced usable ANS results had significantly (*) higher gestational age and birthweight than the other extremely pre-

term children. ANS, approximate number system.

Table I: Approximate number system acuity measures for the two study
groups

Extremely pre- Typically devel-

term children,  oping children, t statistic
n=43; mean n=43; mean (degrees
(SD) (SD) of freedom) p
Weber 0.30 (0.23) 0.17 (0.13) 3.12 (67) 0.003
fraction
Response 2934 (1102) 2376 (310) 3.2 (48.6°) 0.002
time, ms

®The fact that degrees of freedom is not a whole number reflects
an unequal distribution of variance in response times.

(=431 [degrees of freedom 53.1], p<0.001). The differ-
ences in both approximate number system measures
remained significant even when excluding the six outliers
in the group of extremely preterm children. No associa-
tions were found between gestational age, birthweight, ret-
inopathy of prematurity stage, ocular motor dysfunction,
or sex and approximate number system acuity in either
group (not shown).

Finally, to determine whether the differences in approxi-
mate number system acuity between extremely preterm
and typically developing children are the result of group
differences in general cognitive function, working memory,
information processing speed, or visual attention, we used
a general linear model, with the combined measure of
approximate number system acuity as the dependent vari-
able, group (extremely preterm vs typically developing) as
the fixed factor, and Block Design, Working Memory
Index, Processing Speed Index (WISC-IV), and visual
attention scores on the Developmental Neuropsychological
Assessment as covariates. We found significant approxi-
mate number system acuity differences between extremely
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preterm and typically developing children, even when
adjusting for these general cognitive abilities (F75=4.92,
$=0.03). The R’ value for the general linear model was
0.312 compared with 0.181 when the other cognitive abili-
ties were not included in the analysis, indicating that half
of the variance in approximate number system acuity could
be accounted for by the other cognitive abilities.

DISCUSSION

The aim of the current study was to compare children
born extremely preterm with typically developing children
on their basic numerical approximation and comparison
abilities. The results confirmed our hypothesis that extre-
mely preterm school-aged children have specific deficien-
cies in this ability compared with typically developing
peers, even when accounting for differences in general
cognitive function, visual attention, working memory, or
processing speed. Given that approximate number system
acuity appears to be a dorsal stream-mediated ability,'? our
findings add to the growing number of dorsal stream-
mediated deficits that are frequently documented to be
impaired in this population.*’

This was a population-based follow-up study of all survi-
vors aged 6 years 6 months born extremely preterm in the
Stockholm area from January 2004 to November 2005.
Although 83% of the extremely preterm group participated,
one-fifth of them failed to complete the task. All participants
who succeeded in completing the task had a total IQ above
70 and an attention span that allowed them to complete the
task. Furthermore, these participants had higher birth-
weights and gestational ages than those who failed to pro-
duce usable data or did not participate (Fig. 2). Our results,
therefore, most probably represent the performance of only
the higher-functioning individuals in this extremely preterm
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Figure 3: Histogram of Weber fraction and response time (ms) in the two study groups. EPT, extremely preterm children; TD, typically developing children.

cohort, because it is known that the more immature individ-
uals and those who weighed less at birth are often those with
the lowest function and poorest outcomes.”*® There is,
however, every reason to place confidence in our findings,
despite the fact that they probably represent a best-case sce-
nario for the extremely preterm group. The performance of
the typically developing group was very similar to that of
previously reported groups around 6 years 6 months of age
(w=0.17 in the present study and 0.18 in Halberda and
Feigenson'®). In contrast, the extremely preterm children
were both significantly slower and less accurate on the
approximate number system task than the typically develop-
ing children. The preterm birth disadvantage remained on a
group level, even when outliers were excluded, which shows
that the results can be generalized to the extremely preterm
group as a whole, and are not the result of a subgroup of a
few low-performing individuals.

It is interesting to note that there was no correlation
between any of the approximate number system measures
and gestational age at birth or birthweight, which suggests
a more complex causality. Indeed, previous studies indicate
that the correlations between neonatal events and long-
term neurological and visual outcome are complex and
multifaceted, and probably include the level of maturity at
birth, neonatal morbidity, and postnatal growth impair-
ment.>?” Another explanation of the lack of correlation
might be the narrow span of gestational age in the group
of participants that managed to complete the task (23+4d
to 26+6d). The ones who failed to complete the approxi-
mate number system task were born at a significantly lower
gestational age, and therefore failure to complete the task
can be considered a result in and of itself. With this in
mind, there was a significant difference in the approximate
number system acuity task completion with regards to
gestational age and birthweight.

Extremely Preterm Children’s Approximate Number System Kerstin Hellgren et al.

The differences between the extremely preterm and the
typically developing groups were significant regardless of
the approximate number system measure used (w value,
response time, and combined w value and response time).
Many perceptual and cognitive tasks are subject to a cer-
tain degree of speed-accuracy trade-off (i.e. slower
response times are associated with greater accuracy and
vice versa). However, previous work using the approximate
number system acuity task has shown that both speed and
accuracy are meaningful estimates of approximate number
system acuity (i.e. the worst-performing participants tend
to be both slower and less accurate than the better-per-
forming participants).'”*® For this reason, we sought to
combine our measures of reaction time and accuracy into a
single estimate of approximate number system acuity in the
present study. When the performance of the extremely
preterm group was examined at the individual level, before
combining the w value and response time, some interesting
patterns emerged. Some individuals were slow and accurate
while others were quick but inaccurate. Both response
types are considered to be problematic in a pedagogical
environment, and this provided further justification for our
decision to combine the two measurements into one, mea-
suring overall approximate number system acuity.

Although children born extremely preterm invariably
display a worse outcome in terms of general cognition and
often score between a half to a whole standard deviation lower
on tests of general cognition,’® studies have demonstrated
that mathematics problems persist even when adjusting for
general 1Q.*?” Although approximate number system acuity
is a much more fundamental numerical ability than mathe-
matical ability, previous studies have found a small but consis-
tent link between approximate number system acuity and
school mathematics ability.'”?%*® Therefore, it is possible
that some of the deficits in mathematics that have been
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reported in extremely preterm children can be accounted for
by differences in approximate number system acuity rather
than differences in general cognition.

Performance on the approximate number system task has
not yet, to our knowledge, been evaluated in groups of pre-
term children born at later gestational ages. However, there
is reason to believe that they might also be at risk of deficits
on this task, as they are at risk of other cognitive deficits.

Limitations

The limitation of this study is the relatively small number of
observations, most likely limited to the highest functioning
individuals in the extremely preterm group. Therefore,
non-significant results must be interpreted with caution. The
significant differences found between extremely preterm
children and typically developing peers, however, are clear.

CONCLUSION

In summary, children born extremely preterm had more
difficulty approximating and comparing visually presented
numbers of items than term-born children, even when con-
trolling for general cognitive level, visual attention, work-
ing memory, and processing speed. The difficulties that

extremely preterm children have on this dorsal stream-
mediated task supports the dorsal stream vulnerability
hypothesis: that the dorsal stream is especially vulnerable
to early insult. Future studies will reveal whether these dif-
ficulties can be related to higher-level mathematical abili-
ties and other neonatal data.

ACKNOWLEDGEMENTS
We thank all of the participating children and parents and the
Express Study Group; Lena Jacobson for participating in the plan-
ning of the study and in the testing of approximate number systemy;
Eva Eklof for performing the WISC-IV assessments; Jonina
Hreinsdottir and Lena Falkman for performing the visual acuity
assessments; the research nurse Lena Swartling; and Lene Martin
and Peter Wanger who participated in the planning of the study.
This research was funded by Jerring Foundation, Ogonfonden,
Swedish Society of Medicine, Foundation Crown Princess Marga-
reta Labor Board for the Visually Impaired, Sigvard & Marianne
Bernadottes Forskningsstiftelse for Barnogonvard, VR 2011-3981,
Stockholm County Council, and Karolinska Institutet. The funders
above have provided only financial assistance to the project and have
had no influence over the study or its conclusions. The views of the
authors do not necessarily reflect those of the funders listed above.

REFERENCES

—

. Costeloe K, Hennessy E, Gibson AT, Marlow N, Wil-

kinson AR. The EPICure study: outcomes to discharge

motion coherence and ‘dorsal-stream vulnerability’. Neu-

ropsychologia 2003; 41: 1769-84.

20.

Mazzocco MM, Feigenson L, Halberda J. Impaired acuity

of the approximate number system underlies mathematical

from hospital for infants born at the threshold of viabil- 11. Wolke D, Samara M, Bracewell M, Marlow N, EPICure learning disability. Child Dev 2011; 82: 1224-37.

ity. Pediatrics 2000; 106: 659-71. Study Group. Specific language difficulties and school 21. Price GR, Holloway I, Rasanen P, Vesterinen M, Ansari
2. Aarnoudse-Moens  CS, Weisglas-Kuperus N, van achievement in children born at 25 weeks of gestation D. Impaired parietal magnitude processing in develop-

Goudoever JB, Oosterlaan J.  Meta-analysis  of or less. 7 Pediatr 2008; 152: 256-62. mental dyscalculia. Curr Biol 20075 17: R1042-3.

neurobehavioral outcomes in very preterm and/or very 12. Nieder A, Dehaene S. Representation of number in the 22. Molko N, Cachia A, Riviere D, et al. Functional and

low birth weight children. Pediatrics 2009; 124: 717-28. brain. Annu Rev Neurosci 2009; 32: 185-208. structural alterations of the intraparietal sulcus in a
3. Volpe JJ. Brain injury in premature infants: a complex 13. Kitada R, Kito T, Saito DN, et al. Multisensory activa- developmental dyscalculia of genetic origin. Neuron

amalgam of destructive and developmental disturbances. tion of the intraparietal area when classifying grating 2003; 40: 847-58.

Lancet Neurol 2009; 8: 110-24. orientation: a functional magnetic resonance imaging 23. Ansari D, Donlan C, Karmiloff-Smith A. Typical and
4. Taylor NM, Jakobson LS, Maurer D, Lewis TL. Differ- study. 7 Neurosci 20065 26: 7491-501. atypical development of visual estimation abilities. Cortex

ential vulnerability of global motion, global form, and 14. Feigenson L, Dehaene S, Spelke E. Core systems of 2007; 43: 758-68.

biological motion processing in full-term and preterm number. Trends Cogn Sci 2004; 8: 307-14. 24. Skiold B, Vollmer B, Béhm B, et al. Neonatal magnetic

children. Newuropsychologia 2009; 47: 2766-78. 15. Dehaene S, Akhavein R. Attention, automaticity, and resonance imaging and outcome at age 30 months in
5. Atkinson J, Braddick O. Visual and visuocognitive devel- levels of representation in number processing. 7 Exp Psy- extremely preterm infants. 7 Pediatr 2012; 160: 559-66.

opment in children born very prematurely. Prog Brain chol Learn Mem Cogn 1995; 21: 314-26. 25. Austeng D, Killen KB, Ewald UW, Jakobsson PG,

Res 2007; 164: 123-49. 16. Halberda J, Feigenson L. Developmental change in the Holmstrém GE. Incidence of retinopathy of prematurity
6. Hard AL, Aring E, Hellstrom A. Subnormal visual per- acuity of the ‘number sense’: the approximate number in infants born before 27 weeks’ gestation in Sweden.

ception in school-aged ex-preterm patients in a paediat- system in 3-, 4, 5-, and 6-year-olds and adults. Dev Psy- Arch Ophthalmol 20095 127: 1315-9.

ric eye clinic. Eye (Lond) 2004; 18: 628-34. chol 2008; 44: 1457-65. 26. Johnson S, Wolke D, Hennessy E, Marlow N. Educa-
7. Hellgren K, Hellstrom A, Jacobson L, Flodmark O, 17. Halberda ], Ly R, Wilmer J, Naiman D, Germine L. tional outcomes in extremely preterm children: neuro-

Wadsby M, Martin L. Visual and cerebral sequelae of Number sense across the lifespan as revealed by a mas- psychological correlates and predictors of attainment.

very low birth weight in adolescents. Arch Dis Child Fetal sive internet-based sample. Proc Natl Acad Sci USA 2012; Dev Neuropsychol 20115 36: 74-95.

Neonatal Ed 2007; 92: F259-64. 109: 11116-20. 27. Kiechl-Kohlendorfer U, Ralser E, Pupp Peglow U,
8. Santos A, Duret M, Mancini J, Gire C, Deruelle C. Pre- 18. Piazza M, Facoetti A, Trussardi AN, et al. Developmen- Pehboeck-Walser N, Fussenegger B. Early risk predictors

term birth affects dorsal-stream functioning even after tal trajectory of number acuity reveals a severe impair- for impaired numerical skills in 5-year-old children born

age 6. Brain Cogn 2009; 69: 490-4. ment in developmental dyscalculia. Cognition 2010; 116: before 32 weeks of gestation. Acta Paediatr 2013; 102:
9. Haxby JV, Grady CL, Horwitz B, et al. Dissociation of 33-41. 66-71.

object and spatial visual processing pathways in human 19. Halberda J, Mazzocco MM, Feigenson L. Individual dif- 28. Libertus ME, Feigenson L, Halberda J. Preschool acuity

extrastriate cortex. Proc Natl Acad Sci USA 1991; 88: 1621-5. ferences in non-verbal number acuity correlate with of the approximate number system correlates with

10. Braddick O, Atkinson J, Wattam-Bell J. Normal and maths achievement. Nature 2008; 455: 665-8. school math ability. Dev Sci 2011; 14: 1292-300.

anomalous development of visual motion processing:

1114 Developmental Medicine & Child Neurology 2013, 55: 1109-1114



