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Abstract

Children with very low birth weight (VLBW, < 1500 g) or very
pre-term birth (VPTB, < 32 weeks gestational age or GA) have
more mathematics disabilities or deficiencies (MD) and higher
rates of mathematics learning disabilities (MLD) than nor-
mal birth weight term-born children (NBW, > 2500 g and > 36
weeks GA). MD are found even in children without global dis-
orders in cognition or neurosensory status and when IQ is con-
trolled, and they are associated with other learning problems
and weaknesses in perceptual motor abilities and executive
function. Factors related to poorer mathematics outcomes in-
clude lower birth weight and GA, neonatal complications, and
possible abnormalities in brain structure. While little is known
about the nature of MD in these children, studies of MLD in
other neurodevelopmental disorders and in children with
learning disabilities provide useful models for further inves-
tigation. Further investigation of the neuropsychological and
neuropathological correlates of distinct types of mathematics
difficulties is also needed. Studies along these lines will yield
information about the unique features of MD in children with
VLBW/VPTB and about the nature and origins of poor mathe-
matics achievement more generally.

Keywords: very low birth weight, mathematics learning dis-
abilities, neuropsychological impairment

Advances in neonatal intensive care have resulted in in-
creasing numbers of survivors with very low birth weight
(VLBW, <1500 g, 3 Ibs. 5 0z.) or very preterm birth (VPTB, <
32 weeks gestational age, or GA) (Hintz et al., 2005). Although
GA cut-offs provide a more meaningful basis for classifying
the degree of prematurity, information on GA can be unre-
liable and birth weight markers are frequently used instead
of GA to classify the degree of prematurity and fetal growth
restriction. For this reason, children have been identified in
the literature by either criterion and are referred to here as
children with VLBW/VPTB. These children have high rates
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of neurological and other medical complications at birth and
they are at risk for a variety of neurodevelopmental problems
(Taylor, in press). Developmental consequences of VLBW/
VPTB range from cerebral palsy and mental retardation to
more subtle deficits in cognitive abilities, academic achieve-
ment, and behavior in survivors without major handicapping
conditions. Children born at more extreme degrees of VLBW/
VPTB, such as those with extremely low birth weight (< 1000
g, 21bs. 3 0z.) or extremely preterm birth (GA < 28 weeks) are
at substantially higher risk for these disorders than are chil-
dren with higher birth weight or GA.

Deficits in academic achievement occur in all basic skill ar-
eas (Klebanov et al., 1994; Saigal et al., 2000; Grunau et al., 2002;
Anderson et al., 2003; Schneider et al., 2004; Feder et al., 2005;
Litt et al., 2005; Taylor et al., 2000, 2006). These deficits are evi-
dent by school entry, persist throughout the school-age years,
and are costly to treat (Chaikind and Corman, 1991; Saigal et
al., 2000; Pharoah et al., 2003; Roth et al., 2004; Lefebvre et al.,
2005). Many survivors have relatively selective impairments
in academic skills, possibly related to specific neuropsycho-
logical weaknesses (Litt et al., 2005). Problems in mathematics
are especially common but poorly understood.

In this article, we first review findings documenting the
adverse effects of VLBW/VPTB on mathematics skills and
summarize knowledge regarding factors related to these
skills. Because the nature of mathematics difficulties in chil-
dren with VLBW/VPTB has not been described in detail, we
then consider studies of these problems in other populations,
including children with other neurodevelopmental disorders
and with developmental learning disabilities. These stud-
ies suggest ways to enhance knowledge of mathematics out-
comes in children with VLBW/VPTB. In the final section we
summarize methodological weaknesses of existing studies
and promising directions for future research. Throughout the
paper, the generic term mathematics disabilities (MD) refers
to mathematics problems or deficiencies more broadly, while
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mathematics learning disabilities (MLD)
refers to problems that are not accom-
panied by low global cognitive ability
(e.g., as defined by IQs < 80-85) or neu-
rosensory disorders, such as cerebral
palsy, vision, or hearing impairments.

Evidence for MD And MLD in Chil-
dren with VLBW/VPTB

Compared with groups of children
with normal birth weight children born
at term (NBW, > 2500 g and 37 weeks
GA), VLBW/VPTB cohorts consistently
score at lower levels on tests of mathe-
matics and receive lower teacher ratings
of classroom performance in mathemat-
ics (Klebanov et al., 1994; Botting ef al.,
1998; Saigal et al., 2000; Taylor ef al., 2002;
Anderson et al., 2003; Hagen et al., 2006).
The tests of mathematics skills adminis-
tered in these studies have been limited
to age standardized measures that as-
sess accuracy in carrying out a range of
arithmetic operations, most typically us-
ing either the Arithmetic subtest of the
Wide Range Achievement Test (WRAT-
R, WRAT3, WRATH4) or the Calculation
and Applied Problems sub-tests of the
Woodcock Johnson Tests of Achieve-
ment (original or revised versions). The
Arithmetic and Calculation subtests
measure written math skills (e.g., ad-
dition, subtraction, multiplication, di-
vision) and Applied Problems assesses
arithmetic problem solving.

VLBW /VPTB samples score less well
than NBW control groups on mathemat-
ics tests, even when excluding children
with mental retardation or neurosen-
sory disorders (i.e., cerebral palsy, vi-
sion, or hearing impairments) or when
controlling for IQ (Klein et al., 1989; Kle-
banov et al., 1994; Botting et al., 1998;
Saigal et al., 2000; Taylor et al., 2000;
Taylor et al., 2002; Anderson et al., 2003).
Results from several studies also indi-
cate that children with VLBW/ VPTB
have more pronounced impairments in
mathematics than in reading (Klebanov
et al., 1994; Breslau et al., 2001; Taylor et
al., 2002; Anderson et al., 2003).

As further evidence for specific forms
of MD, MLD are also more common in
samples of children with VLBW/VPTB
than in NBW groups. In the first phase
of a longitudinal study conducted in
Cleveland, Ohio, Taylor ef al. (1995) ex-
amined rates of MLD and other forms of
learning disabilities (LD) at mean age 7
years in a population cohort of children
with < 750 g birth weight and matched
groups of children with 750-1499 g birth

weight and with NBW. Only children
without neurosensory disorders and
with standard scores of at least 80 on a
measure of global cognitive ability were
included. Subtests of the Woodcock
Johnson Tests of Achievement-Revised
were administered to assess mathemat-
ics (Calculation and Applied Problems),
reading (Letter/ Word Identification),
and spelling (Dictation). “Low achieve-
ment” LD was defined by standard
scores < 90 on the achievement subtests,
and “discrepancy-based” LD by scores
below expectations (by at least 1.5 stan-
dard errors of the estimate) based on the
child’s global cognitive ability. Results
revealed higher rates of low achieve-
ment LD in the < 750 g group compared
with NBW controls on Calculation, Ap-
plied Problems, and Letter/Word Iden-
tification. The < 750 g group also had
higher rates of discrepancy-based LD
in Applied Problems. Differential rates
of LD between the < 750 g and NBW
groups were particularly large for the
mathematics subtests, with rates of dis-
crepancy-based LD in Applied Prob-
lems of about 60% in the < 750 g group
compared with 15% in the NBW group.
Rates of LD in the 750-1499 g group fell
between those in the other two groups
but were not significantly higher than
those for the children with NBW. Sim-
ilar results were obtained in comparing
the three groups followed in the Cleve-
land longitudinal study in rates of LD
at mean age 11 years (Litt et al., 2005).
The findings from the latter study also
indicated a high degree of concordance
of low achievement LD across the two
assessments.

VLBW/VPTB samples
score less well than NBW
control groups on math-
ematics tests, even when
excluding children with
mental retardation or neu-
rosensory disorders ... or
when controlling for 1Q.

In another study, Grunau ef al. (2002)
identified LD in mathematics, reading,
and written output in a sample of chil-
dren with < 800 g birth weight and in
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NBW controls. Only children with typ-
ical neurological development, with ei-
ther a Wechsler Verbal or Performance
IQ of at least 85, were included, and
mathematics skills were assessed using
the Arithmetic subtest of the WRAT-
R. LD on this and other achievements
tests were identified based on stan-
dard scores of less than 85. The inves-
tigators found that 46% of the < 800 g
birth weight group had LD in Arith-
metic compared with only 7% of the
controls. The results of this study also
documented a high rate of LD across
multiple skill areas, with 10 of 22 chil-
dren having LD in both Arithmetic and
a reading measure. This rate of com-
bined LD in mathematics and read-
ing was similar to that observed in the
study by Litt et al. (2005), where about
half of the children with low achieve-
ment LD in mathematics also had low
achievement LD in reading. Conversely,
these data indicate that a sizable pro-
portion of children with more extreme
low birth weight have isolated MLD.

Factors Related to MD

Degree of Low Birth Weight/GA

The extent of MD varies along a con-
tinuum or “gradient” in proportion to
the degree of VLBW/VPTB (Klebanov et
al., 1994; Saigal et al., 2000; Taylor et al.,
2000; Anderson et al., 2003; Schneider et
al., 2004). Breslau et al. (2004) found a
gradient effect on mathematics skills ex-
tending up to 2500 g birth weight. Spe-
cifically, MD in the low birth weight
group relative to NBW controls were
greater for children with VLBW but
were also found in children with 2001~
2500 g birth weight. A similar gradient
is evident in studies of MLD. For exam-
ple, Taylor et al. (1995) found that chil-
dren with < 750 g birth weight had a
higher rate of LD in Applied Problems
than children with 750-1499 g birth
weight; and Johnson and Breslau (2000)
found that the rate of MLD among male
children increased with lower birth
weight throughout the <2500 g range.

Medical and Brain Correlates

Poorer mathematics skills at school-
age are related not only to the degree of
VLBW/VPTB but also to neonatal com-
plications and postnatal neurological
abnormalities. In the Cleveland VLBW
sample, scores on the Woodcock-John-
son Calculation and Applied Problems
subtests at 7 years were independently
associated with more neonatal compli-
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cations and lower birth weight (Taylor
et al., 1998). Other studies indicate asso-
ciations of poorer mathematics perfor-
mance with more severe intraventric-
ular hemorrhage, chronic lung disease
(defined by placement on a ventila-
tor for at least 36 weeks corrected age),
treatment with postnatal steroids, nec-
rotizing enterocolitis (infection and in-
flammation of the intestines), and lon-
ger neonatal hospitalization (Vohr et al.,
2003; Sherlock et al., 2005; Taylor et al.,
2006; Short et al., 2007).

Postnatal medical factors related to
poorer educational outcomes include
subnormal head circumference, vision
problems, and abnormalities in brain
structure. Peterson et al. (2006) observed
that smaller head circumference at age 8
years was associated with lower scores
on Calculation in children with VLBW
from the Cleveland longitudinal study.
These differences were found even when
controlling for neurosensory abnormal-
ity, SES, sex, weight for GA, and neona-
tal medical complications. In examining
outcomes of retinopathy of prematurity
in a sample of children with 1250 birth
weight, Msall et al. (2004) noted that
poor visual acuity was associated with
lower teacher ratings of mathematics. To
our knowledge, only two studies have
examined the postnatal neuropatholog-
ical correlates of mathematics skills in
children with VLBW/VPTB. Using mag-
netic resonance imaging (MRI), Isaacs
et al. (2000) measured hippocampal vol-
umes in a sample of adolescents with
VLBW/VPTB accompanied by neonatal
respiratory disease. Compared with age-
matched adolescents with normal birth
histories, the VLBW/VPTB group had
a selective impairment in mathematics
computation that was accompanied by
reduced bilateral hippocampal volumes.
Group differences were not found in to-
tal intracranial volume, suggesting that
structural alternations in the hippocam-
pus may have contributed to the VLBW/
VPTB group’s MLD. In a subsequent
study, Isaacs et al. (2001) compared chil-
dren from this same cohort whose scores
in mathematics computation fell below
expectation based on IQ with children
from the cohort whose scores were con-
sistent with IQ. MRI-based analysis re-
vealed a reduction in brain volume in
the group with MLD that was isolated to
the left intraparietal lobe.

Based on evidence from functional
MRI (fMRI), Dehaene et al. (2003) has
postulated three brain regions that con-
tribute uniquely to mathematics skills:

an area of the intraparietal sulcus un-
derlying quantity processing, a region
in the left angular gyrus responsible
for verbal processing of numbers, and
a posterior superior parietal system re-
lated to spatial attention. Frontal brain
regions are also selectively activated
during mathematics tasks (Rickard et
al., 2000). Patterns of activation that
vary from those found in adults or chil-
dren without VLBW/ VPTB would pro-
vide insights regarding compensatory
brain organization. As illustrated by an
fMRI study of children with phonolog-
ical processing disorder (Noble et al.,
2006), one possible outcome of such in-
vestigation is that children with activa-
tions in brain regions not typically en-
gaged in mathematics tasks may have
better mathematics skills than children
with more typical, though perhaps di-
minished, activations. Several studies
have observed atypical activations in
response to cognitive tasks in survivors
of VLBW/VPTB, supporting the pos-
sibility of compensatory mechanisms
(e.g., Nosarti et al., 2006). To our knowl-
edge, however, no studies of these chil-
dren have examined activation patterns
during mathematics tasks.

Several studies of chil-
dren with VLBW/VPTB
have found that selective

deficits in mathemat-
ics are accompanied by
specific cognitive weak-
nesses, most often in the
domains of visual spa-
tial and perceptual motor
abilities and executive
function.

Cognitive Correlates

Several studies of children with
VLBW/VPTB have found that selective
deficits in mathematics are accompanied
by specific cognitive weaknesses, most
often in the domains of visual spatial and
perceptual motor abilities and executive
function. Rickards et al. (2001), for exam-
ple, found deficits in mathematics but
not in reading or spelling in comparing
their VLBW cohort at age 14 years with
a NBW group. The VLBW cohort also

had impairments on tests of visual pro-
cessing, visual memory, and visual per-
ceptual organization, but not in most IQ
subtests. In another VLBW sample, Klein
et al. (1989) found only deficits in mathe-
matics and perceptual motor skills when
analysis was limited to children with
normal IQ. Similarly, in comparing their
< 750 g birth weight and NBW groups,
Taylor et al. (2002) observed that only
differences in mathematics and a percep-
tual planning factor composite remained
when controlling for IQ.

Studies that have directly examined
the cognitive correlates of mathematics
skills in VLBW/VPTB samples reveal
associations with both general ability
as assessed by IQ and multiple specific
neuropsychological skills. To illustrate,
Taylor et al. (2006) found that measures
of global mental processing, executive
function, motor skills, and picture nam-
ing were related to Woodcock-John-
son Calculation at mean age 8 years in
a cohort of children with < 1000 g birth
weight. Assessment of a sample with
< 800 g birth weight by Grunau et al.
(2002) revealed correlations of Arithme-
tic scores on the WRAT-R with Wechsler
Verbal IQ and performance on a design
copying test. In a further study of this
cohort, weaknesses in Arithmetic were
also associated with deficits in motor
coordination (Holsti ef al., 2002).

Other studies suggest that specific
neuropsychological skills are related
to mathematics achievement even after
taking global cognitive ability into ac-
count. Taylor et al. (1998) showed that
measures of attention administered to
children in the Cleveland longitudinal
study at 7 years were related to perfor-
mance on Woodcock-Johnson Calcula-
tion and Applied Problems when con-
trolling for IQ. Later follow-up of this
sample at 11 years revealed that mea-
sures of perceptual planning and verbal
working memory in the children with
VLBW were each associated with math-
ematics performance independent of IQ
(Litt et al., 2005). Findings from struc-
tural equation modeling of this data set
by Taylor et al. (2002) suggest that the
effects of VLBW on mathematics out-
comes were mediated by some of these
same measures, providing even stron-
ger support for a neuropsychological
basis of MD in this sample.

Results from several studies indicate
that cognitive abilities in early child-
hood can forecast later MD. Sullivan
and McGrath (2003) observed associa-
tions between motor performance at 4



MATHEMATICS DEFICIENCIES IN VLBW or VPTB CHILDREN

years and mathematics at 8 years in a
sample comprised of children with < 34
weeks GA and healthy NBW controls.
Botting et al. (1998) demonstrated a sim-
ilar association between motor skills at
age 6 years and performance on a writ-
ten mathematics test at 12 years in chil-
dren with VLBW and their classmate
controls. In another longitudinal study,
Schneider ef al. (2004) found that a com-
posite of mathematics reasoning, size
estimation, and visualization given to
a VLBW/ VPTB cohort and matched
NBW controls was related to tests of IQ
and letter, number, and phonological
knowledge administered 2 years ear-
lier. Finally, Breslau et al. (2001) found
that mathematics skills as measured by
the Woodcock-Johnson Psycho-Educa-
tional Battery-Revised at age 11 years
in their sample of children with < 2,500
g birth weight and NBW controls was
predicted by IQ, perceptual motor, and
phonological processing tasks admin-
istered at age 6 years. IQ at age 6 years
also predicted mathematics skills in this
sample at 17 years (Breslau et al., 2004).

Sex and Age Differences in Mathematics
Outcomes

Some studies of children with
VLBW/VPTM  suggest more MD
and MLD in males than in females
(O’Callaghan et al., 1996; Johnson and
Breslau, 2000), though other investiga-
tions have not found sex differences in
this population (e.g., Saigal et al., 2000;
Taylor et al., 2000; Grunau et al., 2004).
With respect to potential age differ-
ences in MD, impairments on tests of
mathematics achievement in VLBW/
VPTB cohorts are evident from the early
school-age years and persist into ado-
lescence and young adulthood (Saigal et
al., 1990; Taylor et al., 1995; Botting et al.,
1998; Saigal et al., 2000; Rickards et al.,
2001; Hack et al., 2002). To our knowl-
edge, only two studies have examined
changes in mathematics performance
longitudinally in children with low birth
weight. Saigal et al. (2000) observed a
greater decline in standard scores on
the Arithmetic subtest of the WRAT-R
from ages 8 years to adolescence (12—
16 years) in a subsample of their cohort
with <750 g birth weight compared with
full-term controls. They suggest that the
decline may reflect increases with age in
demands on conceptual skills and writ-
ten computations. Breslau et al. (2004),
however, found stable MD across age in
following their sample of children with
2500 g birth from ages 11 to 17 years.
The differences between these two stud-

ies may reflect the greater concentration
of higher risk children in the cohort fol-
lowed by Saigal et al. (2000). While few
longitudinal studies have been con-
ducted, evidence to date suggests that
the presence of early MD is a marker of
ongoing impairment and is unlikely to
reflect developmental lag.

Because testing has been
restricted to compos-
ite measures of compe-
tencies, this research has
not differentiated the ef-
fects of VLBW/VPTB on
different types of mathe-
matics skills, such as the
ability to retrieve math-
ematics facts, carry out
procedures for solving
written or story prob-
lems, apply mathemat-
ics concepts, or engage in
nonverbal or visual-spa-
tial reasoning.

Methodological Critique of the Exist-
ing Literature on Mathematics Out-
comes of VLBW/VPBT

Studies of the effects of VLBW/
VPTB on mathematics have been sub-
ject to the same methodological limi-
tations that have plagued research on
other outcomes (Aylward, 2005). To be-
gin with, the consequences of VLBW/
VPTB vary across eras and centers due
to subtle differences in perinatal and
neonatal management practices (Pinto-
Martin et al., 2004; Vohr et al., 2004).
For this reason, outcomes are expected
to vary to some extent across sites and
birth cohorts. Second, many past stud-
ies have failed to carefully match NBW
comparison groups to VLBW/VPTB
samples or to control for background
factors, such as socioeconomic status,
histories of educational interventions,
genetic background and parenting char-
acteristics, and prenatal drug and alco-
hol exposures, in analysis of group dif-
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ferences. A recent population study
confirmed the importance of the home
environment and early learning experi-
ences as influences on subsequent math-
ematics achievement at 10 years (Mel-
huish et al., 2008). The consequences
of VLBW/VPTB on mathematics skills
may be best assessed in studies that take
as many of these other factors into ac-
count as is feasible. Third, MD are typ-
ically described only for total VLBW/
VPTB samples, rather than in high-risk
subgroups classified according to birth
weight/GA, neonatal complications, or
postnatal neurological status. Research
on “person-level” effects, as opposed to
the more traditional emphasis on “vari-
able-level” effects, supports the viability
of this subgrouping approach (Muthen
and Muthen, 2000). Other limitations
include the need to consider the effect
of major handicapping conditions, such
as generalized mental deficiency and
neurosensory deficits in evaluating out-
comes, and to document effects in terms
of group differences in both mean per-
formance and impairment rates.
Methodological weaknesses that are
particularly limiting in understanding
the effects of VLBW/VPTB include the
failure of past studies to assess distinct
types of MD, examine theory-based hy-
potheses regarding underlying neuro-
psychological competencies, and track
developmental changes in mathematics
skills. Because testing has been restricted
to composite measures of competen-
cies, this research has not differenti-
ated the effects of VLBW/VPTB on dif-
ferent types of mathematics skills, such
as the ability to retrieve mathematics
facts, carry out procedures for solving
written or story problems, apply mathe-
matics concepts, or engage in nonverbal
or visual-spatial reasoning. Past stud-
ies have also neglected to examine the
nature of errors on mathematics tasks
for clues as to the basis of incorrect an-
swers to problems. A related problem
is that, unlike the broader field of MLD
research, research on MD in children
with VLBW/VPTM has been largely
atheoretical and in general has failed
to explore associations of MD with dis-
tinct cognitive functions such as work-
ing memory, processing speed, men-
tal flexibility, and attentional control.
With respect to longitudinal follow-up,
few studies have assessed mathemat-
ics skills in children with VLBW/ VPTB
across age, and none to our knowledge
has examined different types of mathe-
matics skills or error types over time.
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Relevant Research on Other Neurode-
velopmental Disorders and on Devel-
opmental MLD

Research on MLD in children with
other  neurodevelopmental condi-
tions and on developmental MLD pro-
vides useful models for future studies
of mathematics outcomes of VLBW/
VPTB. Specific problems in this area are
characteristic of a number of neurode-
velopmental disorders besides VLBW/
VPTB, including Turner syndrome,
fragile X syndrome, chromosome
22q11.2 deletion syndrome, hydroceph-
alus and spina bifida myelomeningo-
cele (SBM), acute lymphocytic leuke-
mia, and traumatic brain injury (Ayr
et al., 2005; Barnes et al., 2007). Investi-
gation of patterns of errors in arithme-
tic computation suggests distinct types
of problems in some of these popula-
tions. Two studies found that children
with hydrocephalus made more proce-
dural errors on written problems (e.g.,
borrowing across multiple zeros), but
not more errors in fact retrieval (e.g., 2
+7) or visually based errors (e.g., due to
misalignment of rows or columns), than
comparison groups without this condi-
tion (Barnes et al., 2002; Ayr et al. 2005).
The children with hydrocephalus as-
sessed by Barnes et al. (2002) also scored
below typically developing controls
on tests of geometry, division, mental
computation, magnitude estimation,
time and money concepts, and prob-
lem solving. In a study using similar
methods, girls with Turner syndrome
made more operation errors (e.g., sub-
tracting instead of adding) and align-
ment errors (e.g., incorrect placement
of decimal points) than girls with frag-
ile X syndrome, whereas the groups did
not differ in procedural errors (Maz-
zocco, 1998). Investigations of strategy
use during mental computation and as-
sociations of written computation errors
with neuropsychological skills provide
further evidence for disorder-specific
sources of MLD (Mazzocco, 1998, 2001;
Ayr et al., 2005; Barnes et al., 2006). The
unique correlates of different disor-
ders may well reflect their distinct pa-
thologies. A related observation from
studies of children with developmental
MLD is that specific types of MLD have
distinct neuropsychological correlates
(Geary, 1993; Mazzocco, 2001; Fuchs et
al., 2005).

Another clue from studies of MLD in
other populations is the importance of
considering comorbid reading disabil-

ity. Barnes et al. (2006) observed more
procedural errors in children with SBM
who had MLD than in children with
SBM without MLD regardless of read-
ing status. However, only the subset
with MLD plus reading disability made
more errors in fact retrieval than typi-
cally developing children. The children
with combined mathematics/reading
disabilities, moreover, performed com-
putations more slowly than children
without reading disability. Studies of
developmental MLD also show that the
nature of mathematics problems var-
ies in relation to presence or absence
of comorbid reading disability. Chil-
dren with isolated MLD have more cir-
cumscribed deficits in fact retrieval and
progress more rapidly in mathemat-
ics than children with combined dis-
abilities (Geary et al., 2000; Jordan et al.,
2003). Postulated mechanisms for poor
fact retrieval include deficient phono-
logical representations, failure to inhibit
memory for closely related facts, diffi-
culties in manipulating nonverbal rep-
resentations, and generally slow infor-
mation processing (Jordan et al., 2003;
Barnes et al., 2006). Landerl et al. (2004)
identified a group of children with de-
velopmental MLD who did not have
impairments in language or nonverbal
abilities, suggesting cases of MLD with
a relatively pure form of impaired nu-
merosity processing.

Research on MD in chil-
dren with other neurode-
velopmental conditions
and on developmental
MLD provides useful
models for future studies
of MID in children with
VLBW/ VPTB.

Understanding of MD in children
with VLBW/VPTB would be advanced
by applying similar methodologies to
this population. We know little about
the nature of arithmetic error types in
these children or about differences in
mathematics skills in relation to accom-
panying reading disability. It is likewise
unclear if children with deficits in arith-
metic computations are prone to dif-
ficulties in magnitude estimation, ge-

ometry, and money or time concepts,
which would have important implica-
tions for survivors” long-term adaptive
functioning. Although many children
have isolated MLD, researchers have
not characterized the nature and neu-
ropsychological correlates of their dif-
ficulties in mathematics. Investigations
of this sort would advance knowledge
of the varieties of MD in children with
VLBW/ VPTB and help identify charac-
teristic impairments.

Conclusions and Future Directions

Advances in neonatal intensive care
over the last several decades have re-
sulted in survival of increasing num-
bers of children with wide-ranging de-
velopmental disabilities. The majority
of these disabilities comprise relatively
subtle learning and cognitive deficien-
cies in children without gross distur-
bances in mental ability or neurosen-
sory function (Saigal and Rosenbaum,
2007). Academic deficits are most pro-
nounced in the area of mathematics,
though reading, spelling, and writing
are also adversely affected in many chil-
dren. Scores on mathematics tests are
lower for VLBW/VPTB cohorts than for
NBW controls even when children with
major handicapping conditions are ex-
cluded from analysis or when IQ is con-
trolled. VLBW/VPTB cohorts also have
higher rates of MLD than NBW con-
trols. These disabilities are frequently
accompanied by LD in other domains,
such as reading and written output
(Grunau et al., 2002). However, MLD in
children with VLBW/VPTB are more
selective in nature than are reading and
other speech and language-related dis-
abilities (Samuelsson et al., 1999, 2000;
Wolke et al., 2008).

That fact that MLD in children with
VLBW/VPTB are correlated with def-
icits in perceptual motor skills and ex-
ecutive function independent of 1Q pro-
vides further testimony to the selective
nature of these problems (Litt et al.,
2005). The combination of deficiencies
in both mathematics and visual-percep-
tual skills, together with the high prev-
alence of abnormalities in white matter
(Edgin et al., 2008), raises the possibil-
ity that MLD in these children are sim-
ilar to the nonverbal LD described by
Rourke (1993). However, injury to other
brain structures, such as the hippocam-
pus and parietal gray matter (Isaacs et
al., 2000, 2001) may also contribute to
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MLD. Furthermore, potential implica-
tions for mathematics skills of insults
to fronto-striatal and parietal-occipital
pathways and the cerebellum are as yet
unexplored (Allin et al., 2001; Jakobson
et al., 2001; Woodward et al., 2006).

A Dbetter understanding of the MD
and treatment needs of children with
VLBW/VPTB can be promoted in sev-
eral ways. First, more comprehensive
assessments of mathematics skills are re-
quired to clarify the nature of their MD.
Examples include measures of errors or
fluency in fact retrieval and numerical
operations, computational strategies,
magnitude estimation, and compre-
hension of mathematics concepts (Maz-
zocco, 1998, 2003; Ayr et al., 2005; Ger-
sten et al., 2005; Barnes et al., 2006). Such
assessments may reveal subtle weak-
nesses that would otherwise go unde-
tected and that may help to identify the
unique features of MD in this popula-
tion. Study of associations and dissocia-
tions between distinct varieties of MLD
and disorders in reading or neuropsy-
chological skills may also be useful in
determining the types of problems to
which children with VLBW/ VPTB are
most vulnerable. The literature on MLD
in this and other child populations sug-
gests that multiple cognitive skills con-
tribute to development of mathematics
skills. A major goal of research involv-
ing children with VLBW/VPTB is to
isolate the reasons for their MD. A plau-
sible working hypothesis is that some
of these deficiencies are due to global
cognitive weaknesses affecting learning
more generally, while other problems
reflect insult to brain regions or circuits
of particular relevance to mathematics.

Like other developmental outcomes
of VLBW/VPTB, mathematics skills
vary considerably within cohorts. This
variability can be attributed to sev-
eral factors. Biological risks for poorer
mathematics outcomes are lower birth
weight or GA, neonatal medical com-
plications, and postnatal abnormalities
in head circumference and brain struc-
ture. Other potential influences on these
outcomes include prenatal exposures
to drugs or alcohol, family and genetic
background, past learning experiences,
and behavioral dispositions and moti-
vation. Contextual factors, such as the
academic demands and the supports
available to meet these demands, may
be of additional importance is assess-
ing mathematics performance at school.
Consideration of these multiple risk

and protective factors will clarify the ef-
fects of VLBW/VPTB and enhance pre-
diction of individual outcomes.

In view of the fact that MD are more
severe and selective in children with
more extreme low birth weight or low
GA, a sensible research strategy would
be to focus on this segment of the
VLBW/VPTB spectrum. It may also be
useful to isolate high-risk subgroups
with specific types of neonatal medical
complications, such as chronic lung dis-
ease or neonatal brain insults. More in-
formation on residual neuropathology
present at the time of follow-up from
MRI would also illuminate the neural
mechanisms contributing to mathemat-
ics difficulties, as would fMRI studies
of brain activations during mathemat-
ics tasks.

Another important research direc-
tion is the study of early markers of
mathematics difficulties in children with
VLBW/VPTB and of the longer-term ef-
fects on academic progress and adult
functioning. MD in school-age chil-
dren are associated with weaknesses in
global cognitive ability, perceptual mo-
tor skills, and academic readiness prior
to or shortly after school entry (Breslau
et al., 2001, Hansen et al., 2002; Sulli-
van and McGrath, 2003; Schneider et al.,
2004). However, we know little about
associations of neuropsychological im-
pairments with early mathematics skills
such as number concepts and count-
ing. Longitudinal investigations have
the potential to discover atypical trajec-
tories of skill development and identify
factors associated with these trajecto-
ries (Ansari and Karmiloff-Smith, 2002).
Cross-age assessment of distinct types
of mathematics skills and investigation
of age differences in their cognitive cor-
relates, as exemplified in a study by Ayr
et al. (2005), would also provide infor-
mation on developmental changes in
the nature of mathematics difficulties in
this population. We do not know if MD
in some areas, such as mathematics rea-
soning, emerge with age as distinct dis-
abilities or represent the cumulative ef-
fects of poorly developed basic skills
in domains such as fact retrieval, math
procedures, or mental representations
of number. Evidence for increasing def-
icits across age in perceptual motor
skills and executive function in children
with < 750 g birth weight (Taylor et al.,
2004) suggests that this subset of survi-
vors may be especially prone to increas-
ing difficulties in higher-level mathe-
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matics skills, but this possibility has not
been tested.

Given the frequency of math prob-
lems in children with VLBW/ VPTB, in-
terventions will be required to improve
these outcomes. Methods that would
have special relevance for children with
VLBW/VPTB would be those that take
into account their weaknesses in ex-
ecutive function, memory, and non-
verbal abilities as well as their relative
strengths in language (Litt et al., 2005;
Taylor, in press). Approaches similar to
those used in previous studies of chil-
dren with developmental MLD would
be appropriate given the needs of these
children for structure and explicit strat-
egy training, extended practice, and
help in applying skills across multi-
ple settings and problem types (Barnes,
2008). Because outcomes of VLBW/
VPTB are variable and needs may
change with advancing age, flexibility
will be required in accommodating to
individual learning characteristics.

A related research direction is to ex-
plore reasons why many children with
more extreme degrees of VLBW/ VPTB
function well academically despite
high-risk birth (Anderson et al., 2003).
Acquisition of mathematics skills in
these children may reflect relatively less
severe neonatal brain insult but may
also be related to greater brain plastic-
ity or effective academic instruction. If
so, study of these “’success stories”” may
suggest ways to optimize the develop-
ment of mathematics skills.

Research directed toward improved
understanding of the nature and ori-
gins of MD in VLBW/VPTB samples
will have several benefits. Practical ben-
efits include information on the types
and cognitive underpinnings of MD,
so that these deficits can be more accu-
rately identified and instructional inter-
ventions targeted to core areas of im-
pairment. Knowing the types of MD
to which children with VLBW/VPTB
are most vulnerable will also help in
designing interventions that may be
broadly applicable to this population.
Scientific benefits include the opportu-
nity to examine specific neuropsycho-
logical and neural correlates of MD.
Children with VLBW/VPTB are not
only at high risk for selective deficits
in mathematics but also have specific
forms of neuropsychological impair-
ment and neuropathology. Localized
brain insults are in the very regions hy-
pothesized to be most critical to math-
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ematics skills. Study of these children
thus affords a unique opportunity to in-
vestigate cognitive and neural factors
underlying specific forms of MD. Addi-
tional scientific advantages include op-
portunities to examine the influence of
comorbid reading disabilities on math-
ematics achievement and to explore the
possibility that some children may have
deficits in numeracy skills that can not
fully explained in terms of domain-gen-
eral neuropsychological impairments.
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