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Abstract

Preterm birth is associated with low mathematical skills in children. This study on five-year-old
Finnish children investigated whether mathematical skill profiles would differ between
prematurely and full-term born children and how such profiles and other cognitive skills would
be related. Mathematical skills included digit knowledge, spontaneous focusing on numerosity,
arithmetic, counting and geometric skills. The investigated cognitive skills were phonological
processing, working memory, instruction comprehension, speeded naming, inhibition and
visuomotor skills. The participants were 119 preterm children with birth weight less than 1501 g
and 100 full-term born children with normal birth weight. The results of latent profile analyses
showed that preterm and full-term born children differed in both number and shape of latent
mathematical skill profiles, indicating quantitative and qualitative disparities. After controlling
for birth weight or gestational age, maternal education, and other cognitive skills phonological
processing, visuospatial working memory and speeded naming were uniquely associated with
prematurely born children’s five mathematical profiles. In full-term born children, only verbal
working memory was related to their four mathematical profiles.

Keywords: prematurely born; VLBW; early mathematical skills; spontaneous focusing on

numerosity; cogntive skills
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Early Mathematical Skill Profiles of Prematurely Born and Full Term Born Children

1. Introduction

Advances in medical care favour increasing survival rates of children who are born
preterm or with a very low birth weight (VLBW) (Zeitlin et al., 2013). A recent action report
involving 184 countries shows that more than one out of 10 babies are born preterm, and preterm
birth rates are rising in most of these countries (Blencowe et al., 2013). In addition to the
increased risk of severe disabilities, many of these children have neurodevelopmental problems
that are reflected in persistently lower academic achievement. Specifically, when comparing
prematurely and full-term born children in various academic areas, the largest difference has
been found in mathematics (Aarnoudse-Moens, Smidts, Oosterlaan, Duivenvoorden, &
Weisglas-Kuperus, 2009). Despite increasing research on prematurely born children’s
mathematical skills at a general level, little is known about the variability of mathematical skill
profiles in this population or how domain-general cognitive skills are related to different
strengths and weaknesses in their mathematical skills. Furthermore, most studies have
investigated prematurely born children’s mathematical skills only during formal schooling. This
is problematic since early intervention before school entry would be the most effective way to
prevent specific problems in mathematical development, and a better understanding of the
unique issues of this population would aid in developing diagnostic tools for the recognition of
at-risk children and designing targeted, early mathematical interventions. The current study aims
to fill these knowledge gaps concerning VLBW prematurely born children’s mathematical skill

profiles and their cognitive correlates well before formal schooling.
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1.1. Mathematical Skills and other Cognitive Skills — Evidence from Research on
Prematurely Born Children

Several studies have reported prematurely born and/or VLBW children’s lower
performance in mathematics, which could not be exclusively explained by general cognitive
functioning indicated by the intelligence quotient (IQ) (Guarini et al., 2014; Johnson, Wolke,
Hennessy, & Marlow, 2011; Simms et al., 2015; Taylor, Espy, & Anderson, 2009) or by serious
neurocognitive impairments (Grunau, Whitfield, & Fay, 2004; Jackel & Wolke, 2014; Johnson et
al., 2011; Pritchard et al., 2009). It has been suggested that mathematical difficulties of
prematurely born children are related to subtle cognitive deficiencies (Simms et al., 2013; Taylor
et al., 2009), such as visuospatial processing (Geldof, van Wassenaer, de Kieviet, Kok, &
Oosterlaan, 2012; Johnson et al., 2011) and perceptual motor abilities (Verkerk, Jeukens-Visser,
van Wassenaer-Leemhuis, Kok, & Nollet, 2013), and executive functions, such as processing
speed and working memory (Mulder, Pitchford, & Marlow, 2010; Rose, Feldman, & Jankowski,
2011). Birth weight was a robust predictor of calculation and problem solving in early school
years (Espy et al. 2009).

Cross-sectional findings on the relations between prematurely born and/or VLBW
children’s mathematical and other cognitive skills have been confirmed by longitudinal studies,
which indicate that their mathematical skills at school age are predicted by preschool, general
cognitive skills such as 1Q, perceptual motor skills and phonological processing (Breslau,
Johnson, & Lucia, 2001; Johnson et al., 2011), motor performance (Sullivan & McGrath, 2003),
global cognitive functioning and visuospatial processing skills (Assel, Landry, Swank, &

Steelman, 2003; Johnson et al., 2011).
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In these previous studies, all mathematical skills were measured when the children were
already enrolled in formal education. Only a few studies on prematurely born and/or VLBW
children have examined how different domain-general cognitive skills were related to
mathematical skills before school. Espy and colleagues (2004) studied the relation between pre-
schoolers’ mathematical skills and executive functions in a sample of both full-term and preterm
born children. Working memory and inhibition were related to a mathematical composite score
after controlling for maternal education and child vocabulary (Espy et al., 2004). In a nationally
representative panel study involving over 10,000 four-year-old children, late preterm children
had significantly lower composite scores than their full-term born peers in terms of mathematical
skills covering number sense, counting, operations, geometry and pattern recognition, even after
controlling for parents’ education, socioeconomic status and complications at birth
(Nepomnyaschy, Hegyi, Ostfeld, & Reichman, 2012). In an Austrian sample, five-year-old
prematurely born children scored significantly lower in numerical skills than their full-term peers
(Kiechl-Kohlendorfer, Ralser, Pupp Peglow, Pehboeck-Walser, & Fussenegger, 2013). Among
prematurely born children, 20% had numerical skill deficits; half of them also had a global
cognitive deficit.

Altogether, these research studies pinpoint early childhood as a period when prematurity
already affects mathematical skills, even if children’s cognitive development is within the normal
range. This effect is higher for children with lower socioeconomic status and lower gestational
age and seems consistent across cohorts born decades apart (Nepomnyaschy et al., 2012; Wolke
et al., 2014). This emphasises the need for a deeper understanding of prematurely born children’s
mathematical and other cognitive skills before school age so that effective early interventions

could be developed.
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1.2. Early mathematical skills

Mathematical knowledge develops in a cumulative manner, and both informal and formal
numerical and basic geometrical skills constitute the foundation of formal mathematical skills
(e.g., Clements & Sarama, 2009). Ample studies show counting skills as particularly significant
predictors of later mathematical skills when children enter school (Hannula-Sormunen, Lehtinen,
& Rasidnen, 2015; Koponen, Salmi, Eklund, & Aro, 2013; LeFevre et al., 2010; Martin, Cirino,
Sharp, & Barnes, 2014). Before school age, children typically learn to produce an increasingly
long list of number words, are able to use the number word sequence for determining the
cardinality of a set of items by counting objects one at a time, and can solve simple arithmetical
tasks based on their understanding of numbers (e.g., Fuson, 1988). Five principles govern and
define counting of objects, as follows: one to one, stable-order, cardinal, abstraction and order-
irrelevance principles (Gelman & Gallistel, 1978). These object-counting skills form the basis for
connecting numerical magnitudes with number words and are thus developmentally important.
The verbal number sequence elaboration skills include counting accurately forward and
backward from a given number (for a review, see Fuson, 1988). Number sequence elaboration
skills before school age are related to arithmetical skills measured concurrently (Fuson, Richards,
& Briars, 1982; Johansson, 2005) and several years later in school (Hannula-Sormunen et al.,
2015; Jordan, Kaplan, Locuniak, & Ramineni, 2007; Lepola, Niemi, Kuikka, & Hannula, 2005).
Arithmetical story problems are used for assessing contextualised numerical knowledge and
skills (Jordan et al., 2007), and they are widely applied in mathematics education (Clements &
Sarama, 2009). In addition to verbal number skills, learning written number symbols has been

linked to later success in arithmetical skills (Baker et al., 2002; Purpura et al., 2013).
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Hannula and Lehtinen (2005) demonstrated that the development of counting skills from
the age of three to six years was facilitated by self-initiated practice produced by children’s
spontaneous focusing on numerosity (SFON). The SFON refers to a separate attentional process,
whereby persons spontaneously (i.e., self-initiated, not prompted by others) focus their attention
on the exact number of a set of items or incidents and use this numerosity information in their
action (Hannula & Lehtinen, 2005; Hannula, Lepola, & Lehtinen, 2010). The SFON tendency
indicates the amount of a person’s spontaneous practice of using exact enumeration in her or his
natural surroundings (Hannula, Mattinen, & Lehtinen, 2005). Individual differences in children’s
SFON have been demonstrated to be positively and domain specifically related to mathematical
skills before school age and from kindergarten to much later in primary school (Batchelor, Inglis,
& Gilmore, 2015; Hannula-Sormunen et al., 2015; Hannula, Lepola, & Lehtinen, 2010; Hannula,
Rasanen, & Lehtinen, 2007). Studies about prematurely born children’s SFON tendency have not
yet been published. Considering the evidence on SFON’s significant role in early numeracy, it
would be important to include SFON as one of the investigated mathematical subskills in the
study.

Young children can identify basic geometric forms although they still struggle with
integrating distance and angle information (Dillon et al., 2013; Izard & Spelke, 2009; Spelke,
2011). Commonly found among prematurely born children, impaired capacity in spatial
reasoning (Geldof et al., 2012; Goyen, Lui, & Woods, 1998) could be related to difficulties with
geometry, a less investigated mathematical domain among prematurely born children in

preschool age.
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1.3. Research Context and Aims

To our best knowledge, this research is the first to use a person-centred approach, i.e.,
multigroup latent profile analyses (Bergman & El-khouri, 2003; Taylor et al., 2009) to examine
prematurely and full-term born children’s mathematical skill profiles across a wide range of
mathematical skills in preschool age. This kind of approach is needed since prematurely born
children may form a heterogenic group, and it is unknown whether separate mathematical
subskills forming various skill profiles differ from full-term born children’s profiles. Some
indications towards this hypotheses came from a longitudinal study investigating prematurely
born children with and without school problems, which brought evidence that these children
could follow different developmental pathways compared to full-term born children (Van Baar,
Ultee, Gunning, Soepatmi, & De Leeuw, 2006).

The general cognitive variables measured in this study were based on the theoretical
frameworks of Krajewski and Schneider (2009) and LeFevre and colleagues (2010), who
documented the unique contributions of linguistic, spatial and quantitative abilities to early
mathematics, such as enumeration, calculation, measurement and geometry. This study also
referred to the work of Geary (1993), who proposed that visuospatial ability, semantic memory
and executive processing contribute to mathematical performance.

Altogether, existing studies have given information about how different cognitive skills
are related to mathematical skills of prematurely born children. Nearly nothing is known about
whether these children form mathematical skill profiles that differ from those of full-term born
children and how these different profiles are related to disparities in other cognitive skills. Our
study aimed to fill this knowledge gap by using a person-oriented approach to analyse whether

prematurely born children would form unique mathematical skill profiles that would
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qualitatively (i.e., differences in the shape or the number of profiles) or quantitatively (i.e.,
differences in prevalence) differ from those of full-term born children. This study intended also
to explore the mathematical profiles of these two groups of children at the age of five, in relation
to general cognitive abilities and maternal education. It aimed to answer the following research
questions: (1) What are the kinds of quantitative and qualitative differences between the
mathematical skill profiles of five-year-old, prematurely and full-term born children? (2) How
are general cognitive skills, maternal education related to the mathematical skills of prematurely
and full-term born children? Additionally, how are neonatal characteristics and perinatal medical
treatments related to the mathematical skill profiles of prematurely born children?
2. Methods

2.1. Participants

This study is part of a regional and multidisciplinary, longitudinal research project called
PIPARI (“Development and functioning of very low birth weight infants from infancy to school
age”). The study sample consisted of 119 prematurely born children born in 2002—2003 at Turku
University Hospital. The participants’ birth weight was less than 1,501 g and their gestational age
was less than 37 weeks (n=107), or less than 32 weeks (n=12). They belonged to a Finnish-
speaking family residing in the hospital catchment area. Infants with severe congenital
anomalies, 1Q scores lower than 70 or diagnosed syndromes affecting their development were
excluded. A control group of 100 healthy full-term infants born in 2002—2003 in the same
hospital was recruited for the study by asking for the participation of the first healthy boy and the
first healthy girl born on each week. The inclusion criteria for the control group were (1) birth
weight > -2.0 SD according to the age- and gender-specific Finnish growth charts, and

gestational age > 37 weeks at birth, (2) no admission to neonatal care during the first week of
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life, (3) a Finnish-speaking family residing in the hospital catchment area. The exclusion criteria
were (1) a congenital anomaly or syndrome, (2) a self-reported maternal use of illicit drugs or
alcohol during the pregnancy and (3) birth weight <-2.0 SD (less for gestational age according to
age- and gender-specific Finnish growth charts).

Table 1 presents background variables of medical history, maternal education and 1Q
across prematurely and full term born samples.
Table 1

The Neonatal Characteristics, Maternal Education and 1Q of Prematurely and Full-term Born
Children

Prematurely born Full-term born
n=119 n =100
M (SD) M (SD)
Medical history
Multiple birth (%) 70 (58.8) -
Birth by C-section (%) 50 (42) 17 (17)
Birth weight (g) mean (SD) [min, max] 1140 (332.47) [485, 3666 (451.61) [2850,
1970] 4980]
Gestational age (weeks) mean (SD) [min, max] 29.19 (2.64) [23.86,  40.15 (1.17) [37.29,
35.29] 42.29]
SGA! mean (SD) [min, max] -1.46 (1.32) [-4.4,1.3] 0.06 (0.93) [-1.9, 2.8]
Female n (%) 49 (41.2) 52 (52.5)
Ductal ligation surgery (%) 16 (13.4) -
Intestinal perforation (NEC included) (%) 3(2.5) -
Bronchopulmonary dysplasia? (BPD), (%) 19 (16.4) -
Brain pathology in MRI? 3 (%)
normal 62 (53) -
minor 20 (17.1) -
major 35(29.9) -
Vision not normal at 30 months* (%) 3(2.6) -
Maternal education®
up to 12 years of education 41 (35.3%) 38 (38.8%)
12 or more years of education 75 (64.7%) 60 (61.2%)

1Q 101.53 (15.65) 11151 (13.84)
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Note. BPD is defined as supplemental oxygen at 36 weeks corrected age. SGA is defined as the
difference of birth weight to the age and gender specific Finnish growth charts. “MRI pathology,
see Munck et al. (2010). Missing data! 1 in prematurely born sample, 23,32, %3,°9 in
prematurely born sample and 2 in full term born sample.
2.2. Procedures

Written consent was obtained from all the parents after they were given oral and written
information. The PIPARI study protocol was approved by the Ethics Review Committee of the
Hospital District of Southwest Finland. The participants were assessed at five years of
chronological age (+0—2 months) in two sessions in a separate room of a research unit in the
hospital area. In the first session, the children completed the SFON tasks, numerosity tasks and
the tasks on the Developmental Neuropsychological Assessment (NEPSY) subtests (Korkman,
Kirk, & Kemp, 2008) in the following order: SFON imitation bird phonological processing,
SFON back bag, counting of disarranged objects, comprehension of instruction, number
sequence production and elaboration, speeded naming, recognition of number symbols, verbal
working memory, inhibition, visuospatial working memory, visuomotor skills and design copy.
In the second session, the children completed the Wechsler Preschool and Primary Scale of
Intelligence — Revised (WPPSI-R) arithmetic and geometry subtests. Short breaks were provided
between tasks as necessary. Parents filled in information regarding the length of maternal
education.
2.2.1. Measures of Mathematical Skills

2.2.1.1. SFON imitation tasks. Each child’s spontaneous focusing of attention on the
exact number of a set of items was measured by two imitation tasks — the parrot and the back bag
— modified from (Hannula and Lehtinen (2005). The SFON assessment was based on structured

observations. Before the assessment, the experimenters were fully trained in testing and strategy

observation procedures with videotaped test sessions and subsequent checking sessions
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throughout the testing period. When presenting the SFON tasks, the experimenters did not use
any phrase that could have suggested the tasks as somehow mathematical or quantitative. The
tasks included only very small numerosities, which all children could handle.

All the child’s (a) utterances including number words (e.g., “I’ll give him two berries”),
(b) use of fingers to express numbers, (c) counting acts, such as a whispered number word
sequence and indicating acts by fingers and/or the head, (d) other comments referring either to
quantities or counting (e.g., “Oh, I miscounted them”) or (e) interpretation of the task’s goal as
quantitative (e.g., “I gave an exactly accurate number of them”) were identified. The child was
scored as focusing on numbers if she or he produced the correct numerosity and/or was observed
presenting any of the mentioned (a—¢) quantifying acts. The scoring was based on analyses of
video-recorded task situations. The maximum score for both SFON tasks was four. Due to the
high correlation between the two tasks (0.79), the mean score was used for further analyses.

In the parrot imitation task (Hannula & Lehtinen, 2005), the materials were a blue toy
parrot (capable of swallowing, placed on the table, in front of the child) and a plate of red glass
berries (1 cm in diameter) placed in front of the parrot. The experimenter started the task by
introducing the materials and then said, “Watch carefully what I do, and then you do just like |
did”. The experimenter put two berries one at a time into the parrot’s mouth, and these dropped
with a bumping sound into the parrot’s stomach. Next, the child was told, “Now you do exactly
like I did”. The following trials included one, two and one berries. Cronbach’s alpha for this task
was 0.93.

In the back bag imitation task (modified from Hannula & Lehtinen, 2005), the materials
were an empty blue bag and a basket of eight plastic, natural-sized oranges and eight pears. The

tester sat opposite the child and held the bag open on his or her lap. The basket of fruits was
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placed on the table. The tester took two pears one at a time and put them into the back bag
without letting the child see inside the bag while saying, “Let’s play going outdoors and packing
the back bag. Look carefully what I do. Then, you do it just like I did. Look, I do it. Now, please
do it just like I did”. After the child had imitated the tester, no feedback was given, and all fruits
were returned to the basket. The second trial included the tester putting one orange into the back
bag. The third trial was done similarly with a red back bag, eight tomatoes and eight lemons in a
different basket; the tester put two tomatoes (third trial) and one lemon (fourth trial) into the back
bag. The maximum score for the task was four. Cronbach’s alpha for this task was 0.97.

2.2.1.3. Counting skills. Three tasks were used to measure the child’s ability to count, as
follows: counting of disarranged objects, number sequence production and number sequence
elaboration. The composite score was calculated from the mean of three standardised scores and
used for further analysis.

Object-counting skills were measured by asking the child to carefully count aloud how
many objects there were on the table. These randomly set movable objects were pictures painted
on wood (each about 3.4 cm in diameter). The sets of objects of the same kind were presented in
the order of 3, 5, 7, 9, 13, 19 and 23. The highest number that was counted accurately determined
the child’s performance level. The counting was interpreted as accurate if the child said all the
necessary number words in the right order, pointed once to every countable object and did not
violate the one-to-one correspondence between number words and pointing. Counting without
pointing was considered accurate if the child’s number word sequence and cardinal number word
were accurate. The maximum score for the task was 23, and Cronbach’s alpha was 0.69.

The skill in developing a number word sequence was determined by the highest number

that the child could accurately count aloud from one up, in one of two trials. The child’s counting
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was stopped at 50, the maximum score for the task. Number sequence elaboration or the ability
to produce breakable chains of numbers, starting from different given numbers, both upward and
downward, was measured by a modified version of Salonen and colleagues’ (1994) test. The
child was asked to count forward from 3, 8, 12 to 19 and to count backward from 4, 8, 12 to 19.
The child’s counting was stopped after four counted number words. The maximum score for the
task was 16, and Cronbach’s alpha was 0.91.

2.2.1.4. Digit knowledge. Recognition of number symbols was measured by the Test of
Early Mathematics Ability (TEMA 3) for digit knowledge (Ginsburg & Baroody, 2003). The
child was asked to name 15 different, visually presented Arabic numerals, varying from one to
four digits. One point was given for each correctly named digit, providing the maximum score of
15. Cronbach’s alpha was 0.86.

2.2.1.5. Arithmetic skills. Arithmetic skills were measured by using the verbal arithmetic
subtest of the WPPSI-R, Finnish translation (Wechsler, 1995). A sample item of the task was as
follows: “Juha has three balls, and he loses one of them. How many does he have left?”

2.2.1.6. Geometry skills. Basic geometry facts were measured by using the geometry
subtest of the WPPSI-R and the design copy subtest from the Finnish NEPSY-II (second edition)
(Korkman et al., 2008). In the design copy subtest, the child had to copy two-dimensional
geometric figures, which were displayed one at a time. Only items 1-11 were included.
2.2.2. Measures of Domain-general Cognitive Skills

The standardisation edition of the Finnish NEPSY-II (Korkman et al., 2008) was used.
Because the scoring instructions from the NEPSY II were not yet finalised at the time of our
study, the administration and scoring rules differed slightly from those of the published test

versions. These differences are mentioned below.
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2.2.2.1. Phonological processing. This was assessed with a phonological awareness task.
In the first part, the child was asked to identify spoken words from word segments. In the second
part, the child was asked first to repeat a word and then to utter a new word by omitting or
substituting a syllable or a phoneme.

2.2.2.2. Verbal working memory. This was measured with a word list interference task.
The child listened to pairs of word series, progressing from short to longer series. For each pair,
the child had to repeat the first series of words immediately after it was presented, and then the
second series of words after it was presented. Finally, both series of words had to be repeated in
the order of the presentation. This test used the total recall score.

2.2.2.3. Comprehension of instruction. This subtest assessed the ability to receive and
process oral instructions of increasing syntactic complexity. The test material consisted of a sheet
with rabbits or circles and crosses in different colours. The child was presented with a sequence
of figures, for instance, and asked to point to appropriate stimuli in the appropriate order.

2.2.2.4. Speeded naming. This subtest assessed the speed and accuracy of the child’s
semantic access to over-learned items. The child was asked to name arrays of figures according
to their colours, shapes and sizes as quickly as possible. The size/colour/shape naming condition
for children from the age of seven and up was administered in this study, but the scoring was
more lenient than in the final NEPSY-II version. For instance, the child was allowed to use the
word “ball” in addition to “circle”. This test used the combined norm score.

2.2.2.5. Inhibition. This subtest assessed the ability to inhibit automatic responses. In the
first part, the child was asked to look at a series of black and white shapes and to name them as

fast as possible. In the second part, the child should name them in an alternate way as fast as
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possible, saying “circle” for “square” and “square” for “circle”. Both time and correct answers
were combined to form a composite score.

2.2.2.6. Visuospatial working memory. This was measured with a memory-for-design
subtest. The child was shown a series of non-figure designs placed on a grid. After each
presentation, they were removed from view, and the child was asked to select the appropriate
designs from a set of cards and to place them on an empty grid in the same location as was
shown. The child was not penalised for putting too many cards but was instructed on how many
cards should be placed on the grid.

2.2.2.7. Visuomotor skills. These were measured with a visuomotor precision subtest
that assessed graphomotor skills and accuracy. The child had to draw a line inside a curvilinear
track representing the route of a car. Only the car track item was used. This test used the
combined norm score.

2.2.2.8. Maternal education. The length of maternal education was grouped into two
categories — less than 12 years and 12 or more years of education — based on the mothers’ self-
reported data when the children were born.
2.3. Analytical Strategy

Mathematical skills were standardised according to the full term born group. For
cognitive skills, norm scores of the tests were used. The latent profile analysis (LPA) was used to
identify groups of children with homogeneous mathematical profiles (i.e., LPA and mixture
modelling; Magidson & Vermunt, 2002; Nylund, Asparouhov, & Muthén, 2007). The LPA
integrates the information from different quantitative continuous measurements into latent
variables that describe the mean profiles and allow identifying groups of individuals who can be

characterised by the same profile (Kiuru et al., 2012). It is a probabilistic method of estimating
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the least number of latent profiles needed to effectively group the participants. Different models
were explored, starting from one latent profile.

The models were evaluated through a combination of statistical indicators to identify the
best-fitting model. The Vuong Lo Mendell Rubin likelihood ratio test (VLMR) and the Bootstrap
likelihood ratio test (BLRT) were carried out to support the k-profile solution in comparison
with the k — 1-profile solution so that a significant result would suggest the superiority of a
model over the model with one less profile in it. A better fit would be indicated by low values for
the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC).
Individuals are assigned to latent profiles based on their maximum probability of membership.
The quality of classification is represented by the average posterior probabilities of being
assigned to a specific latent profile and by the entropy value, which varies between zero and one.
Values approaching one indicate an accurate profile membership with a high probability of
belonging to a specific profile and very low probabilities of belonging to other profiles. We also
considered the interpretability of the profiles to ensure that the profiles would make theoretical
sense. For reasons of parsimony, solutions with too many latent profiles or unstable solutions
were avoided. To investigate whether prematurely born children would form different
mathematical profiles than full-term born children, a multigroup LPA (MGLPA) was performed
(see e.g., Collins & Lanza, 2010; Morin, Meyer, Creusier, & Bietry, 2015). Based on the
sequence of steps proposed by Morin and colleagues (2015), first, configural similarity was
determined by exploring whether the same number of profiles could be identified across samples.
If confirmed, subsequent tests of similarity concerning the profile means and prevalence were
used to investigate the nature of the differences in mathematical profiles between prematurely

and full-term born children. The LPA model was estimated separately for each group, with and
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without equality constraints concerning the means of the profiles. The estimated models were
compared by using the Satorra—Bentler (S-B) chi-square difference test (Satorra & Bentler,
2001).

Finally, multinomial logistic regression was used to explore the unique association of
maternal education, neonatal characteristics, perinatal medical treatments and cognitive skills
with mathematical profiles. In these analyses, latent profile membership was predicted with the
background variables. Multinomial logistic regression would provide the odds of a child being
assigned to one latent profile versus another based on the cognitive variables measured.
Multinomial logistic regression coefficients were estimated with the IBM SPSS (version 22.0)
software, which allowed the investigation of unique effects while controlling for other variables.
In a series of analyses, all profiles were compared hierarchically with one another by using lower
group as the reference.

3. Results
3.1. Multigroup Latent Profile Analysis (MGLMPA)

The first research question intended to identify mathematical skill profiles in a sample of
prematurely and full-term born, five-year-old children, as well as to explore if the number, shape
and prevalence of latent profiles would differ across the two samples. First, we identified the
best-fitting model for the whole sample. Table 2 presents the fit indices and group frequencies
for compared LPA solutions. The comparison of different solutions suggested that according to
the information criteria and the BLRT, both 3-profile and 4-profile solutions fitted the data well.
In turn, the VLMR indicated that the fourth profile was not needed. Moreover, the BIC slope
flattened after the 3-profile solution, signifying that it was optimal for this data. Because the

fourth profile did not provide a notable additional value from the content perspective (i.e., some
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profiles were rather similar), making it irrelevant to be analysed in relation to distal outcomes,
and the sample size of some profiles became small (likely too small for a subsequent multigroup
analysis), we chose the 3-profile solution as the final model for parsimony reasons. The average
individual posterior probabilities of being assigned to a specific latent profile in the 3-profile

model were 0.961, 0.929 and 0.964, respectively, indicating a clear classification.

Table 2

Fit Measures of the 1-, 2-, 3- and 4-Latent Profile Models for Mathematical Measures

Number of profiles (sample sizes per N =219

profile) AIC BIC  Entropy VLMR  BLRT
() ()

1(219) 3004.01 3037.90 - - -

2 (136; 83) 2737.75 279197 0.81 0439 <0.001

3(108; 84; 27) 2620.63 2695.19 0.89 <0.001 <0.001

4 (68; 81; 34; 36) 2542.43 2637.33 0.89 0.332 <0.001

5 a

aUnstable solution

In the second step, the MGLPA was used to test whether the similarity in the shape of the
profiles would be maintained between the samples of prematurely and full-term born children.
Meeting this assumption would be needed to further investigate prematurely and full-term born
children as one sample in the LPA and/or to compare the quantitative differences of them. The 3-
profile model was next fitted both for prematurely and full-term born children, and the model
similarity analysis was conducted (see e.g., Collins & Lanza, 2010). The unconstrained MGLPA
model and the MGLPA model with equality constraints regarding the mean values of
mathematical skill variables were estimated and compared in terms of goodness-of-fit. The
prevalence values were freely estimated. In the constrained model, it was assumed that the
shapes of the profiles would be invariant between the preterm and full-term children, whereas the
number of preterm and full-term children (i.e., prevalence) in different profiles was allowed to

differ. The model with three latent profiles being equal between the groups of prematurely and
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full-term born children was not supported (S-B Ay*(15) = 79.84, p < 0.001), implying that the
nature of the mean profiles was different between the groups. Therefore, the profiles were not
generalised between the groups, suggesting that in addition to possible quantitative differences
group differences were qualitative in nature. Partial measurement similarity was also examined
by testing the potential hypothesis that mean levels would differ between the prematurely and
full-term born children in some variables, but partial similarity was not supported. Thus, it was
concluded that the latent mean profiles of mathematical skills were different between the
prematurely and full-term born groups, confirming the qualitative nature of these differences.
Therefore, potential differences in profile prevalence could not be directly explored, and further

analyses were carried out separately for prematurely and full-term born children.

3.2. Prematurely Born VLBW Children

3.2.1. Latent profile analysis. Table 3 illustrates the fit indices for all LPA solutions for
prematurely born children. Although the minimum BIC and AIC were not found, the 5-profile
model was supported by the VLMR LRT. Furthermore, the 5-profile model provided a
theoretical advantage over the other models since it was able to differentiate between the
children in terms of both profile shape and profile level (Marsh, Liidtke, Trautwein, & Morin,
2009). The five profiles comprised n = 38 (31.9%), n = 35 (29.4%), n = 14 (11.7%), n = 25
(21%) and n = 7 (5.8%) children, respectively. The average individual posterior probabilities of
being assigned to a specific latent profile in the 5-profile model were 0.970, 0.990, 0.941, 0.946
and 0.989, respectively, indicating a clear classification.

Table 3

Fit Measures of the 2-, 3-, 4-, 5-, and 6-Latent Profile Models for Mathematical Measures
(Prematurely Born Children)

Number of profiles (sample sizes per N =119
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profile) AlC BIC Entropy VLMR LRT BLRT
() ()
1(119) 1580.16 1607.95 - - -
2 (75; 44) 1442.74 1487.21  0.89 0.001 <0.001
3(70; 41; 8) 1385.01 1446.15 0.91 0.001 <0.001
4 (15; 40; 51; 13) 1331.39 1409.20 0.95 0.277 <0.001
5(38; 35; 14; 25; 7) 1286.61 1381.10 0.94 0.035 <0.001
6 (36; 27; 15; 13; 21, 7) 1246.38 1357.55  0.95 0.556 <0.001
7 a

aUnstable solution

Figure 1 presents an overview of the profiles, based on mean values (see details of profile
differences in Appendix 1). Profile 1 Low mathematical skills gathered 32% of the prematurely
born children, who had low mathematical scores in all measured variables. Profile 2 Low
mathematical skills with high SFON, had a comparable percentage of children (29.4%) who had
low scores in arithmetic, counting and geometry but above average SFON. Multiple comparisons
by using the Bolck, Croon and Hagernaas procedure (Bolck, Croon &Hagenaars, 2004) revealed
that SFON and geometry scores of children in profile 1 were significantly lower than those in
profile 2. Around 12% of the prematurely born children were grouped into a highly variable skill
profile 3 Average mathematical skills, high digit knowledge with low SFON. Profile 4 Above or
average mathematical skills comprised 21% of the children and registered above average scores
in all mathematical measurements. Profile 3 outperformed profile 4 in digit knowledge while in
contrast in SFON profile 4 outperformed profile 3.

Only 6% of the prematurely born children belonged to profile 5 High mathematical skills
with significantly higher scores in arithmetic, digit knowledge and counting skills than other

profiles. This profile had equal SFON and geometry skills with two other profiles.
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Figure 1. Mathematical skill profiles of prematurely born children. The y-axis represents the
means of each standardized variable. Circle marks the profile means which do not differ (p>.05)
from each other.

3.2.2. Associations among mathematical profile membership, neonatal
characteristics, perinatal medical treatment, maternal education and cognitive skills.
No other neonatal characteristics or perinatal medical treatments except for gestational age and
birth weight (see, Table 1) were related to mathematical skill profiles when analysed with
individual chi-square tests and multinomial regression analyses. Due to high correlation (r=.74, p
<.001) of birth weight and gestational age they were not entered simultaneously into the same
model. Replacing birth weight with gestational age resulted in highly similar results as the
original model with the exception of inhibition being significantly related to profiles (3 (36) =
101.3, p <0.001, R?=0.63 (Cox—Snell), 0.67 (Nagelkerke). Inhibition was different in two
lowest profiles by odds ratio OR of 1.39. SGA added to either model was not related to profile
membership. Due to slightly stronger relation of birth weight than gestational age with the
profiles, we decided to include birth weight in our further analyses.

Hierarchical multinomial logistic regression analyses were used to investigate the
importance of maternal education, birth weight and cognitive skills in mathematical profile

membership among prematurely born children. When maternal education alone, or with birth

weight, was entered into the equation, the model was not significant y* (8) = 9.820, p =n.s., R? =
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0.08 (Cox—Snell), 0.07 (Nagelkerke). However, when next all the cognitive skills were added,
birth weight was significantly associated with the five profiles (see, Table 4). The new model
explained a significant amount of variance; %> (36) = 102.70, p <.001, R? = 0.64 (Cox—Snell),
0.67 (Nagelkerke). All group differences were investigated one by one in a series of multinomial
LRAs by changing the reference group. Figure 2 presents all significant odd ratios (p <.05) for
separate cognitive skills when maternal education, birth weight and all other cognitive skills
were controlled. The odds ratios represent the increased probability in units of a measured
variable for belonging to a higher mathematical skill profile when compared to a lower
mathematical skill profile. Thus, for example for each additional unit in phonological processing
measure in children of profile 2 Low mathematical skills with high SFON, the odds in belonging
to profile 4 Above or average mathematical skills increased by 2.05. As can be seen from Figure
3, phonological processing differentiates the highest two profiles from the lower ones, while
speeded naming differs across all profiles except for between two two highest profiles. Birth
weight differed between profiles 1 and 2, profiles 2 and 3, profiles 3 and 4, as well as between

profiles 1 and 4.
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Figure 2. Statistically significant (p <.05) odd ratios of cognitive skills and birth weight (OR) of
prematurely born VLBW children. OR represents the increased probability in units of a
measured variable for belonging to a higher profile when compared to a lower profile.
'Confidence interval does not overlap 1. Profile 1=Low mathematical skills, profile 2=Low
mathematical skills with low SFON, profile 3= Above average mathematical skills, high digit
knowledge with low SFON, profile 4 = Above or average mathematical skills, profile 5 = High
mathematical skills
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Table 4
Means, Standard Deviations and Association of Mathematical Profiles with Maternal Education, Birth Weight and Cognitive Skills
Profile 3
Profile 2 Average
Low mathematical skills,

Profile 1 mathematical high digit Profile 4

Low mathematical  skills with high  knowledge with Above or average Profile 5

skills SFON low SFON mathematical skills ~ High mathematical
Variable (n=130) (n=26) (n=14) (n=24) skills (n =7)

M (SD) M (SD) M (SD) M (SD) M (SD) X
Maternal education’ - - - - - 5.08
Birth weight 1093.26 (374.28) 1184.49 (293.79) 1048.57 (311.07) 1187.60 (289.00) 1186.43 (302.57) 15.68%*
Phonological 8.03 (2.19) 8.23 (1.99) 8.79 (2.89) 10.56 (2.33) 11.14 (2.41) 26.09%**
processing
Speeded naming 8.46 (2.90) 7.34 (2.40) 9.71 (1.94) 10.44 (3.01) 12.57 (1.27) 25.62%**
Visuospatial working ~ 6.82 (3.13) 7.64 (2.55) 7.86 (2.85) 9.00 (1.66) 9.00 (2.52) 13.60**
memory
Inhibition 7.29 (2.89) 9.25(2.92) 9.21 (3.59) 9.48 (3.23) 11.43 (1.99) 9.39
Verbal working 7.30 (3.58) 7.42 (3.85) 10.36 (2.98) 9.83 (3.86) 11.29 (2.29) 4.92
memory
Comprehension of 8.13 (2.37) 8.85 (2.18) 10.50 (2.56) 11.44 (3.24) 12.29 (1.80) 4.78
instruction
Visuomotor skills 7.59 (3.22) 7.89 (3.21) 8.07 (3.87) 8.72 (3.60) 9.29 (3.35) 4.08

Note. '"Two categories were used (less than 12 and 12 or more years of maternal education). Profile 1: 1% category — 38.9%, 2™
category — 61.10%; profile 2: 1% category — 44.1%, 2™ category — 55.9%; profile 3: 1% category — 42.9%, 2™ category — 57.1%; profile
4: 1% category — 20.0%, 2™ category — 80.0%; profile 5: 1 category — 14.3%, 2" category — 85.7%. Two-tailed hypotheses, *p < 0.05,

*%1 < 0.001.
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3.3. Full-term Born Children

3.3.1. Latent profile analysis. Table 5 illustrates the fit indices for the full-term born
children’s LPA solutions. The goodness-of-fit indices suggested that both three and four-profile
solutions represented the data fairly well. However, the VLMR indicated that the fifth profile
was not needed. After three-profile solution, the BIC value stabilizes, supporting 4-profile
solution which is able to differentiate profiles of high and low performing children (Marsh et al.,
2009). The average individual posterior probabilities of being assigned to a specific latent profile
in the four group models were 0.915, 0.942, 1.000 and 1.000, respectively, indicating a clear
classification. The four profiles comprised n = 29 (28.5%), n = 10 (10%), n = 44 (44.2%), and n
=17 (17.2%) children, respectively.

Table 5

Fit Measures of the 2-, 3-, 4- and Latent Profile Models for Mathematical Measures (Full-term
Born Children)

Number of profiles (sample sizesper N =100

profile) AIC BIC Entropy VLMR LRT BLRT
(p) (p)

1 (100) 1379.16 1405.22 - - -

2 (64; 36) 1265.38 1307.06  0.82 0.038 <0.001

3 (10; 45; 45) 1191.01 1248.33  0.99 0.023 <0.001

4 (17; 29; 44; 10) 1152.75 122569  0.95 0.046 <0.001

5 (29; 16; 30; 10; 15) 1108.93 119750 0.93 0.545 <0.001

6 a

aUnstable solution

Based on the 4-profile model solution, 28.5% of full-term born children belonged to
profile 1 Low mathematical skills and situated clearly below the mean in all mathematical
variables (Figure 3 and Appendix 1 for profile differences). Profile 2 Average mathematical skills
and profile 3 Above average mathematical skills with high SFON were situated slightly around

the mean in all measured variables except for in SFON in which Profile 3 had higher SFON
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scores than any other group. Profile 4 High mathematical skills with low SFON, comprised

17.2% of the children, with all other mathematical skills except for SFON at the high level.

2

—4—(4) High mathematical skills with
low SFON
N=17 (17.2%)

8- (3) Above average mathematical
skills with high SFON
N =44 (44.2%)

-0-(2) Average mathematical skills
N =10 (10%)

Standardised mean

(1) Low mathematical skills

Arithmetic SFON N =29 (28.5%)

Digit
knowledge

Counting
skills

Geometry

Figure 3. Mathematical skill profiles of full-term born children. The y-axis represents the means
of each standardized variable. Circle marks the profile means which do not differ (p>.05) from
each other.

3.3.2. Associations between mathematical profile membership and cognitive skills.
Table 6 presents the means and standard deviations for each cognitive skill across different
mathematical profiles of full-term born children.
Table 6

Means, Standard Deviations and Association of Mathematical Profiles with Maternal Education
and Cognitive Skills

Profile 3
Above Profile 4
Profile 1 Profile 2 average High
Low Average mathematical mathematical
mathematical mathematical skills with skills with
skills skills high SFON  low SFON
Variables (n=24) (n=9) (n=43) (n=16)
M (SD) M (SD) M (SD) M (SD) X’
Maternal education’ _ _ _ - 0.96
Phonological processing 9.55 (1.88) 9.90 (2.08) 10.64 (2.86) 11.41(1.73) 1.66
Verbal working memory  8.18 (3.36) 9.89(1.83) 10.57 (2.13) 11.06 (1.56) 10.22%*
Comprehension of 9.38 (2.57) 12.10(2.96) 10.34(2.79) 11.12 (1.54) 6.73
nstruction
Speeded naming 8.48 (2.23) 10.00 (2.21) 10.05(2.41) 11.29 (2.57) 2.82
Inhibition 8.83(2.84) 8.70(1.83) 10.37(2.78) 10.82(2.19) 4.59
Visuospatial working 9.75(2.27) 9.10(3.51)  9.66(1.82) 11.12 (1.69) 5.05

memory
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Visuomotor skills 8.72 (4.13) 9.50 (3.10)  8.84(3.29) 10.06 (3.45) 1.52

Note. "Two categories were used (less than 12 and 12 or more years of maternal education).
Profile 1: 1% category — 53.6%, 2™ category — 46.4%; profile 2: 1* category — 40%, 2™ category
— 60%; profile 3: 1 category — 38.6%, 2™ category — 61.4% and profile 4: 1% category — 12.5%,
2" category — 87.5% Two-tailed hypotheses, *p < 0.05, **p < 0.001.

Multinomial logistic regression was used to investigate the importance of maternal
education and cognitive skills in mathematical profile membership, while controlling for each
other’s effect. If only maternal education was entered into the equation, the model was not
significant y* (3) = 6.75, p = 0.080, R?= 0.07 (Cox—Snell), 0.08 (Nagelkerke). In the second
model, all cognitive variables were added. The model explained a significant amount of variance:
v (24) =45.44, p <0.01, R?= 0.39 (Cox—Snell), 0.43 (Nagelkerke). Verbal working memory was
significantly associated with the four mathematical profiles. For each unit increase in verbal
working memory scores, the odds of belonging to profile 3 Above average mathematical skills
with high SFON (OR = 1.51, p = 0.020) and the odds of belonging to profile 4 High

mathematical skills with low SFON (OR = 1.76, p = 0.011) were significantly higher compared

to profile 1 Low mathematical skills.

4. Discussion
This study has investigated the mathematical skill profiles of prematurely and full-term
born preschoolers across a variety of mathematical skills. This study’s novel contribution is its
person-centred approach to exploring differences in mathematics skills between five-year-old
prematurely and full-term born children. Contrary to the variable-level approach, where previous
results constantly show lower mathematical levels for prematurely born children, the person-
centred approach enables identifying typologies of children with respect to their mathematical

skills and allows exploring the structure of differences in mathematical subskills. The results of
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the MGLPA show that prematurely and full-term born children differed in the number and shape
of latent mathematical skill profiles. These results suggest both quantitative and qualitative
differences between the two samples. In sum, this study shows that prematurely born children
may have partly different combinations of strengths and weaknesses in mathematical and other
cognitive skills compared to full-term born children. Our sample of prematurely born children
with VLBW tested two years before the beginning of school forms a heterogeneous group. Thus,
although prematurity seems to be a risk factor for low mathematical skills, profiles with average
and above average mathematical skills also existed among this population, as recently shown by
Tatsuoka and colleagues (Tatsuoka et al., 2016). They found weaker numerical subskills but also
substantial individual variability in mathematical skill profiles of extremely preterm born
children during the first year of school.
4.1. Mathematical Profiles of Prematurely Born Children

In the prematurely born sample, the identified profiles are diverse at the mathematical
skill level. Importantly, mathematical skill profiles did not differ only in the overall level of math
skills across all sub-skills, but different strengths and weaknesses in sub-skills and their cognitive
correlates could be recognized. Two mathematical skill profiles are stabile across all
mathematical skill levels (i.e., profile 1 and profile 4), while the other three profiles demonstrate
variability in the levels of different mathematical skills. Profile 2 gathers children with high
SFON and close to average geometry but low numerical skills, while profile 3 groups children
with low SFON but high digit knowledge, and profile 5 has children with high numerical skills
and average geometry. The lower level profiles tend to gather larger numbers of children. These
results are in line with previous research findings that prematurely born children have lower

mathematical skills (Aarnoudse-Moens, Oosterlaan, Duivenvoorden, van Goudoever, &
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Weisglas-Kuperus, 2011; Schneider, Wolke, Schlagmiiller, & Meyer, 2004; Taylor et al., 2009).
However, even high performance in a broad range of mathematical skills could be found among
prematurely born children, which is in line with Tatsuoka and colleagues (2016). Small number
of children in the highest mathematical skill profile warrants some caution in conclusions.
4.1.1. Cognitive Skills and Mathematical Profiles of Prematurely Born Children

Speeded naming, phonological processing and visuospatial working memory were
significantly associated with the five mathematical skill profiles while controlling for all other
cognitive skills, maternal education and either birth weight or gestational age. Only birth weight
and gestational age out of all neonatal characteristics and perinatal care variables were related to
mathematical skill profiles, but the odd ratios in the multinomial regression analyses showed that
their effect was small. This finding is supported by previous research that reports the gestational
weeks’ and weight are related to basic mathematical skills (Espy, Fang, Charak, Minich &
Taylor, 2009; Wolke et al., 2014).

Specifically, the odds ratio suggests that phonological processing and visuospatial
working memory are relevant when distinguishing above average profiles from lower level
profiles but irrelevant when comparing below average profiles, while speeded naming is
associated with all the mathematical profiles. This finding is in line with previous research
documenting that verbal processing speed explains group differences in mathematics between
prematurely and full-term born children (Mulder et al., 2010), and processing speed is often
impaired among prematurely born children (Gnigler et al., 2015; Mulder, Pitchford, Hagger, &
Marlow, 2009).

Phonological processing is not always found to be lower among the prematurely born

children (Wocadlo & Rieger, 2007). The relevance of this skill for high achievers might suggest
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its potential protective valence in relation to counting skills. Its unique association with above
average mathematical profiles might be explained by the fact that these children excel in
counting, a skill strongly related to language abilities (LeFevre et al., 2010; Purpura & Napoli,
2015; Schneider et al., 2004;) although there is no agreement on the theoretical explanation for
this association.

Visuospatial working memory followed the same pattern by differentiating the profile of
above or average mathematical skills from the three below average profiles. Visuospatial
processing skills are known to be relevant contributors to basic mathematical skills (Krajewski &
Schneider, 2009; LeFevre et al., 2010; Verdine, Irwin, Golinkoff, & Hirsh-Pasek, 2014). This
result adds to previous findings that in prematurely born children as well, visuospatial skills
contribute to variance in mathematics when controlling for other cognitive skills (Aarnoudse-
Moens, Weisglas-Kuperus, Duivenvoorden, van Goudoever, & Oosterlaan, 2013), showing that
the relation is already present when children reach five years of age. Along with visuomotor
skills, visuospatial processing skills comprise a weak area among prematurely born children
(Geldof et al., 2012; Johnson et al., 2011). However, in our sample, visuomotoric skills were not
associated with mathematical profiles, maybe because our investigation included geometric skills
unlike most of the studies involving prematurely born children.

Our decision of not controlling for 1Q, but instead investigating specific cognitive skills
in relation with mathematical skill profiles was based on previous literature stating that general
IQ tests are not ideal for detecting specific cognitive strengths and weaknesses (Lezak,
Howieson, Bigler, & Tranel, 2012). Specific neuropsychological measures are needed for these

purposes (Anderson, 2014).
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We did not find support for a relation between the mothers’ basic education and
mathematical skill profiles. Similarly, in 11-year-old children, Johnson and colleagues (2011)
found no significant effect of maternal education while controlling for neuropsychological
outcomes measured at six years of age. In contrast, Saavalainen and colleagues (2008) report that
maternal education significantly contributed to mathematical performance at the age of 16.
Unfortunately, we lack information about further education of the mothers allowing a more
comprehensive investigation of this relation.

4.2. Mathematical Profiles of Full-term Born Children

The mathematical skill profiles of full-term born children were characterized by (a) high
level of all other mathematical skills except for SFON, which was at the low level,(b) above
average mathematical skills with high SFON, (c) average mathematical skills , and (d) low
mathematical skills in on all math tasks. A cross-sectional study using LPA across early
mathematical skills found five distinct skill profiles in a sample of three-and-a-half to five-year-
old children (Gray & Reeve, 2016). Also in their study SFON differentiated across different
profiles. In the current study SFON was measured in a very small number range, which could
explain its more variable appearance across profiles in comparison to other numerical skills
which were measured at the counting range. Future studies will be needed to discover whether
SFON measured at the counting range would differentiate mathematical skill profiles similarly.
4.2.1. Cognitive Skills, Maternal Education and Mathematical Profiles of Full-term Born
Children

When controlling for other cognitive skills and maternal education, only verbal working
memory was a relevant predictor of profile membership. Children in the low mathematical skills

profile had significantly lower verbal working memory than highest two profiles. This finding of
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domain-specificity of the profiles is consistent with Gray and Reeve's similar analyses (2016), of
mathematical profiles and a set of counting skills. They found only vocabulary being marginally
related to profiles. Maternal education was not related to profiles unlike in previous research by
Anders and colleagues (2012).

4.3. Limitations and Implications for Further Research

Due to small sample size our results should be taken cautiously. Some profiles became
small along the analyses, and it might be possible to identify more profiles or statistically
significant regressors with a larger sample. However, our ability to identify several different skill
profiles with clearly differential mean levels of sub-skills suggests that our conclusions are
warranted. Further research with larger samples would be needed to confirm the qualitative
nature of the differences between prematurely and full-term born children.

The identified association of mathematical profiles with different cognitive skills is
limited by the cross-sectional design of our study; for example, we cannot assume any causality
about the significance of the cognitive skills for mathematical development. Longitudinal data
would be required to explore developmental trajectories of mathematical profiles and related
cognitive skills of prematurely born children. It might be that the relevance of different cognitive
skills would change over time (Aunola et al., 2004; Johnson et al., 2011). In a longitudinal
design, it would also be possible to analyse potentially different developmental paths, as well as
to assess the probability of changes in profile membership across several measurement points
(Collins & Lanza, 2010).

Our full-term born sample was selected to include healthy children , excluding children
with low birth weight, neonatal care for any reason during the first week, congenital anomaly or

syndrome and children whose mothers had alcohol or drug abuse during pregnancy. This might
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have led to the sample’s higher than average cognitive skill level, as indexed by the children’s
above average, full-scale 1Q scores. The prematurely born children with VLBW also comprise a
selected group, with only those without severe developmental disorders participating. Thus, these
results cannot be generalised to all prematurely born VLBW children but only to those whose
general cognitive development is part of the typical variations among preterm children.
Prematurely born children have more vision impairments (Schraeder & McEvoy-Shields, 1990),
but these were extremely rare in our sample. Yet, it may be that more specific vision examination
could have revealed vision-related characteristics which could have been related to mathematical
skill profiles.
4.4. Conclusions

It has been suggested that a person-centred approach may be beneficial in exploring the
characteristics of prematurely born children to identify potential subgroups linked to gestational
weeks, birth weight and neonatal complications (Taylor et al., 2009). The present study’s
findings add to the limited understanding of the mathematical characteristics of prematurely born
children at such a young age by suggesting that their mathematical skill profiles are not similar to
full-term born children’s profiles. Based on the identified profiles, prematurely born children
possess quite diverse mathematical skills, ranging from very high counting skills and SFON
tendencies to very low mathematical skills as well as different combinations of strengths and
weaknesses. These ‘non-linear’ combinations of mathematical skills can only be identified by
using person-centered approaches. The study also reveals that various combinations of cognitive
skills are related to different mathematical profiles of these two groups. Within prematurely born
children there are sub-groups, whose early mathematical development might benefit more from

broader educational interventions including extra support not only for mathematical but also for
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general cognitive skills such as phonological processing, speeded naming and visuospatial
working memory. Comparing prematurely born cohorts from two countries, Wolke and
colleagues (2014) found differences in mathematical attainment scores. Early school entry in one
of the countries accounts for such disparities, suggesting the educational context’s major impact
on the development of numeracy among prematurely born children. A better understanding of
wide range of prematurely born children’s mathematical and other cognitive skill structures well
before formal schooling, as provided by person-centered approach such as LPA, is beneficial for
the development of diagnostic assessments and early intervention programmes that could prevent

later difficulties in learning mathematics.

ACKNOWLEDGEMENTS
References
Aarnoudse-Moens, C. S. H., Oosterlaan, J., Duivenvoorden, H. J., van Goudoever, J. B., &
Weisglas-Kuperus, N. (2011). Development of preschool and academic skills in children
born very preterm. J Pediatr, 158(1), 51-56. http://doi.org/10.1016/].jpeds.2010.06.052
Aarnoudse-Moens, C. S. H., Smidts, D. P., Oosterlaan, J., Duivenvoorden, H. J., & Weisglas-
Kuperus, N. (2009). Executive function in very preterm children at early school age.
Journal of Abnormal Child Psychology, 37, 981-993. http://doi.org/10.1007/s10802-009-
9327-z
Aarnoudse-Moens, C. S. H., Weisglas-Kuperus, N., Duivenvoorden, H. J., van Goudoever, J. B.,
& Oosterlaan, J. (2013). Executive function and IQ predict mathematical and attention
problems in very preterm children. PLoS ONE, 8(2), 1-7.

http://doi.org/10.1371/journal.pone.0055994



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 36

Anders, Y., Rossbach, H. G., Weinert, S., Ebert, S., Kuger, S., Lehrl, S., & von Maurice, J.
(2012). Home and preschool learning environments and their relations to the development
of early numeracy skills. Early Childhood Research Quarterly, 27(2), 231-244.
http://doi.org/10.1016/j.ecresq.2011.08.003

Anderson, P. J. (2014). Neuropsychological outcomes of children born very preterm. Seminars in
Fetal & Neonatal Medicine, 19(2), 90—6. http://doi.org/10.1016/j.siny.2013.11.012

Assel, M. A., Landry, S. H., Swank, P., Smith, K. E., & Steelman, L. M. (2003). Precursors to
mathematical skills: Examining the roles of visual-spatial skills, executive processes, and
parenting factors. Applied Developmental Science, 7(1), 27-38.
http://doi.org/10.1207/S1532480XADS0701 3

Baker, S., Gersten, R., Flojo, J., Katz, R., Chard, D., & Clarke, B. (2002). Preventing
mathematics difficulties in young children: Focus on effective screening of early number
sense delays (Technical Report No. 0305). Eugene, OR: Pacific Institutes for Research.

Batchelor, S., Inglis, M., & Gilmore, C. (2015). Spontaneous focusing on numerosity and the
arithmetic advantage. Learning and Instruction, 40, 79—-88.
http://doi.org/10.1016/j.learninstruc.2015.09.005

Bergman, L. R., & El-khouri, B. M. (2003). A person-oriented approach: Methods for today and
methods for tomorrow. New Directions for Child and Adolescent Development, (101), 25—
38. http://doi.org/10.1002/cd.80

Blencowe, H., Cousens, S., Chou, D., Oestergaard, M., Say, L., Moller, A.-B., ... Lawn, J.
(2013). Born Too Soon: The global epidemiology of 15 million preterm births.

Reproductive Health, 10(Suppl 1). http://doi.org/10.1186/1742-4755-10-S1-S2



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 37

Bolck, A., Croon, M., & Hagenaars, J. (2004). Estimating latent structure models with
categorical variables: One-step versus three-step estimators. Political Analysis, 12(1), 3—
27. http://doi.org/10.1093/pan/mph001

Breslau, N., Johnson, E. O., & Lucia, V. C. (2001). Academic achievement of low birthweight
children at age 11: the role of cognitive abilities at school entry. Journal of Abnormal Child
Psychology, 29(4), 273-279. http://doi.org/10.1023/A:1010396027299

Clements, D. H., & Sarama, J. (2009). Learning and teaching early math: the learning
trajectories approach (1st ed.). New York, NY: Routledge.

Collins, L. M., & Lanza, S. T. (2010). Latent class and latent transition analysis. New Jersey:
John Wiley & Sons, Inc.

Dillon, M. R., Huang, Y., & Spelke, E. S. (2013). Core foundations of abstract geometry.
Proceedings of the National Academy of Sciences of the United States of America, 110(35),
14191-5. http://doi.org/10.1073/pnas. 1312640110

Espy, K. A., McDiarmid, M. M., Cwik, M. F., Stalets, M. M., Hamby, A., & Senn, T. E. (2004).
The contribution of executive functions to emergent mathematical skills in preschool
children. Developmental Neuropsychology, 26(1), 465-486.
http://doi.org/10.1207/s15326942dn2601 6

Espy, K. A., Fang, H., Charak, D., Minich, N., Taylor, H.G., (2009). Growth mixture modeling of
academic achievement in children of varying birth weight risk. Neuropsychology, 23, 460-
474. http://doi.org/ 10.1037/a0015676

Fuson, K. (1988). Children’s counting and concepts of number. New York: Springer Verlag.



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 38

Fuson, K., Richards, J., Briars, D. J. (1982). The acquisition and elaboration of the number word
sequence. In C. J. Brainerd (Ed.), Children s logical and mathematical cognition. Progress
in cognitive development research (pp. 33-92). New York: Springer-Verlag.

Geary, D. C. (1993). Mathematical disabilities: Cognitive, neuropsychological and genetic
components. Psychological Bulletin, 114(2), 345-362. http://doi.org/10.1037/0033-
2909.114.2.345

Geldof, C. J. A., van Wassenaer, A. G., de Kieviet, J. F., Kok, J. H., & Oosterlaan, J. (2012).
Visual perception and visual-motor integration in very preterm and/or very low birth
weight children: A meta-analysis. Research in Developmental Disabilities, 33(2), 726—736.
http://doi.org/10.1016/j.ridd.2011.08.025

Gelman, R., & Gallistel, C. R. (1978). The childs understanding of number. Cambridge, MA:
Harward University Press.

Ginsburg, H., & Baroody, A. (2003). Test of Early Mathematics Ability - Third Edition. Austin:
TX: Pro-Ed.

Goyen, T. a, Lui, K., & Woods, R. (1998). Visual-motor, visual-perceptual, and fine motor
outcomes in very-low-birthweight children at 5 years. Developmental Medicine and Child
Neurology, 40, 76-81. http://doi.org/10.1111/j.1469-8749.1998.tb15365.x

Gray, S. A., & Reeve, R. A. (2016). Number-specific and general cognitive markers of
preschoolers’ math ability profiles. Journal of Experimental Child Psychology, 147, 1-21.
http://doi.org/10.1016/j.jecp.2016.02.004

Grunau, R. E., Whitfield, M. F., & Fay, T. B. (2004). Psychosocial and academic characteristics

of extremely low birth weight (<=800 g) Adolescents who are free of major impairment



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 39

compared with term-born control Subjects. Pediatrics, 114(6), €725—732.
http://doi.org/10.1542/peds.2004-0932

Guarini, A., Sansavini A., Fabbri, M., Alessandroni, R., Faldella, G., Karmiloff-Smith, A.
(2014). Basic numerical processes in very preterm children: A critical transition from
preschool to school age. Early Human Development, 90 (3), 103-111.

Hannula, M. M., & Lehtinen, E. (2005). Spontaneous focusing on numerosity and mathematical
skills of young children. Learning and Instruction, 15(3), 237-256.
http://doi.org/10.1016/j.learninstruc.2005.04.005

Hannula, M. M., Lepola, J., & Lehtinen, E. (2010). Spontaneous focusing on numerosity as a
domain-specific predictor of arithmetical skills. Journal of Experimental Child Psychology,
107(4), 394-406. http://doi.org/10.1016/j.jecp.2010.06.004

Hannula, M. M., Mattinen, A., & Lehtinen, E. (2005). Does social interaction influence 3-year-
old children’s tendency to focus on numerosity? A quasi-experimental study in day care. In
L. Verschaftel, E. De Corte, G. Kanselaar, & M. Valcke (Eds.), Powerful environments for
promoting deep conceptual and strategic learning (Studia Paedagogica 41). (pp. 63—80).
Leuven, The Netherlands: Leuven University Press.

Hannula, M. M., Rasanen, P., & Lehtinen, E. (2007). Development of counting skills: role of
spontaneous focusing on numerosity and subitizing-based enumeration. Mathematical
Thinking and Learning, 9(1), 51-57. http://doi.org/10.1207/s15327833mtl0901 4

Hannula-Sormunen, M. M., Lehtinen, E., & Rdsénen, P. (2015). Preschool children’s
spontaneous focusing on numerosity, subitizing, and sounting skills as predictors of their
mathematical performance seven years later at school. Mathematical Thinking and

Learning, 17(2-3), 155-177. http://doi.org/10.1080/10986065.2015.1016814



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 40

Izard, V., & Spelke, E. S. (2009). Development of sensitivity to geometry in visual forms.
Human Evolution, 24(3), 213-248.

Jaekel, J., & Wolke, D. (2014). Preterm birth and dyscalculia. The Journal of Pediatrics, 164(6),
1327-1332. http://doi.org/10.1016/j.jpeds.2014.01.069

Johansson, B. S. (2005). Number-word sequence skill and arithmetic performance. Scandinavian
Journal of Psychology, 46(2), 157-167. http://doi.org/10.1111/j.1467-9450.2005.00445 .x

Johnson, S., Wolke, D., Hennessy, E., & Marlow, N. (2011). Educational outcomes in extremely
preterm children: neuropsychological correlates and predictors of attainment. Dev
Neuropsychol, 36(1), 74-95. http://doi.org/10.1080/87565641.2011.540541

Jordan, N. C., Kaplan, D., Locuniak, M. N., & Ramineni, C. (2007). Predicting first-grade math
achievement from developmental number sense trajectories. Learning Disabilities
Research & Practice, 22(1), 36—46. http://doi.org/10.1111/j.1540-5826.2007.00229.x

Kiechl-Kohlendorfer, U., Ralser, E., Pupp Peglow, U., Pehboeck-Walser, N., & Fussenegger, B.
(2013). Early risk predictors for impaired numerical skills in 5-year-old children born
before 32 weeks of gestation. Acta Paediatrica, International Journal of Paediatrics,
102(1), 66-71. http://doi.org/10.1111/apa.12036

Kiuru, N., Aunola, K., Torppa, M., Lerkkanen, M. K., Poikkeus, A. M., Niemi, P.,...Nurmi, J. E.
(2012). The role of parenting styles and teacher interactional styles in children’s reading
and spelling development. Journal of School Psychology, 50(6), 799—823.
http://doi.org/10.1016/j.jsp.2012.07.001

Koponen, T., Salmi, P., Eklund, K., & Aro, T. (2013). Counting and RAN: Predictors of
arithmetic calculation and reading fluency. Journal of Educational Psychology, 105(1),

162-175. http://doi.org/10.1037/a0029285



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 41

Korkman, M., Kirk, U., & Kemp, S. L. (2008). NEPSY II: Lasten neuropsychologien tutkimus
[NEPSY-II: A developmental neuropsychological assessment] (2nd ed.). Helsinki, Finland:
Psyckologien Kustannus, OY.

Krajewski, K., & Schneider, W. (2009). 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, 103(4), 516-531.
http://doi.org/10.1016/.jecp.2009.03.009

LeFevre, J. A., Fast, L., Skwarchuk, S. L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., &
Penner-Wilger, M. (2010). Pathways to mathematics: Longitudinal predictors of
performance. Child Development, 8§1(6), 1753—1767. http://doi.org/10.1111/j.1467-
8624.2010.01508.x

Lepola, J., Niemi, P., Kuikka, M., & Hannula, M. M. (2005). Cognitive-linguistic skills and
motivation as longitudinal predictors of reading and arithmetic achievement: A follow-up
study from kindergarten to grade 2. International Journal of Educational Research, 43,
250-271. http://doi.org/10.1016/].ijer.2006.06.005

Lezak, M. D., Howieson, D. B., Bigler, R. D., & Tranel, D. (2012). Neuropsychological
assessment. New York: Oxford University Press.

Magidson, J., & Vermunt, J. K. (2002). Latent class models for clustering: a comparison with K-
means. Canadian Journal of Marketing Research, 20, 37-44.

Marsh, H. W., Liidtke, O., Trautwein, U., & Morin, A. J. S. (2009). Classical latent profile

analysis of academic self-concept dimensions: synergy of person- and variable-centered



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 42

approaches to theoretical models of self-concept. Structural Equation Modeling: A
Multidisciplinary Journal (Vol. 16). http://doi.org/10.1080/10705510902751010

Martin, R. B., Cirino, P. T., Sharp, C., & Barnes, M. (2014). Number and counting skills in
kindergarten as predictors of grade 1 mathematical skills. Learning and Individual
Differences, 34, 12-23. http://doi.org/10.1016/.1indif.2014.05.006

Moore, T., Hennessy, E. M., Myles, J., Johnson, S. J., Draper, E. S., Costeloe, K. L. &

Marlow, N. (2012). Neurological and developmental outcome in extremely preterm children born
in England in 1995 and 2006: the EPICure studies. BM.J, 345:¢7962.
http://dx.doi.org/10.1136/bmj.e7961

Morin, A. J. S., Meyer, J. P, Creusier, J., & Biétry, F. (2015). Multiple-group analysis of
similarity in latent profile solutions. Organizational Research Methods, 19(2),
1094428115621148. http://doi.org/10.1177/1094428115621148

Mulder, H., Pitchford, N. J., Hagger, M. S., & Marlow, N. (2009). Development of executive
function and attention in preterm children: a systematic review. Developmental
Neuropsychology, 34(4), 393-421. http://doi.org/10.1080/87565640902964524

Mulder, H., Pitchford, N. J., & Marlow, N. (2010). Processing speed and working memory
underlie academic attainment in very preterm children. Archives of Disease in Childhood -
Fetal and Neonatal Edition, 95(4), F267-F272. http://doi.org/10.1136/adc.2009.167965

Munck, P., Haataja, L., Maunu, J., Parkkola, R., Rikalainen, H., Lapinleimu, Lehtonen, L. & the
PIPARI Study Group. (2010). Cognitive outcome at 2 years of age in Finnish infants with

very low birth weight born between 2001 and 2006. Acta Paediatrica, 99, 359-366.



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 43

Nepomnyaschy, L., Hegyi, T., Ostfeld, B. M., & Reichman, N. E. (2012). Developmental
outcomes of late-preterm infants at 2 and 4 years. Maternal and Child Health Journal,
16(8), 1612—1624. http://doi.org/10.1007/s10995-011-0853-2

Nylund, K. L., Asparouhov, T., & Muthén, B. O. (2007). Deciding on the number of classes in
latent class analysis and growth mixture modeling: A Monte Carlo simulation study.
Structural Equation Modeling, 14(4), 535-569.
http://doi.org/10.1080/10705510701575396

Pritchard, V. E., Clark, C. A. C., Liberty, K., Champion, P. R., Wilson, K., & Woodward, L. J.
(2009). Early school-based learning difficulties in children born very preterm. Early
Human Development, 85(4), 215-24. http://doi.org/10.1016/j.earlhumdev.2008.10.004

Purpura, D. J., Baroody, A. J., & Lonigan, C. J. (2013). The transition from informal to formal
mathematical knowledge: Mediation by numeral knowledge. Journal of Educational
Psychology, 105(2), 453—-464. http://doi.org/10.1037/a0031753

Purpura, D. J., & Napoli, A. R. (2015). Early numeracy and literacy: Untangling the relation
between specific components. Mathematical Thinking and Learning, 17(2-3), 197-218.
http://doi.org/10.1080/10986065.2015.1016817

Rose, S. A., Feldman, J. F., & Jankowski, J. J. (2011). Modeling a cascade of effects: The role of
speed and executive functioning in preterm/full-term differences in academic achievement.
Developmental Science, 14(5), 1161-1175. http://doi.org/10.1111/;.1467-
7687.2011.01068.x

Saavalainen, P. M., Luoma, L., Laukkanen, E., M Bowler, D., M&itt4, S., Kiviniemi, V., &
Herrgérd, E. (2008). School performance of adolescents born preterm: neuropsychological

and background correlates. European Journal of Paediatric Neurology : EJPN : Official



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 44

Journal of the European Paediatric Neurology Society, 12(3), 246-52.
http://doi.org/10.1016/j.ejpn.2007.08.007

Salonen, P., Lepola, J., Vauras, M., Rauhanummi, T., Lehtinen, E., & Kinnunen, R. (1994).
Diagnostiset testit 3. Motivaatio, metakognitio ja matematiikka [Diagnostic tests 3.
Motivation, metacognition and mathematics]. University of Turku, Finland, Centre for
Learning Research.

Satorra, A., & Bentler, P. M. (2001). A scaled difference chi-square test statistic for moment
structure analysis. Psychometrika, 66(4), 507-514.

Schraeder, B. D., & McEvoy-Shields, K. (1990). Visual acuity, binocular vision, and ocular
muscle balance in VLBW children. Pediatric Nursing, 17, 30-33.

Schneider, W., Wolke, D., Schlagmiiller, M., & Meyer, R. (2004). Pathways to school
achievement in very preterm and full term children. European Journal of Psychology of
Education, 19(4), 385-406. http://doi.org/10.1007/BF03173217

Simms, V., Gilmore, C., Cragg, L., Clayton, S., Marlow, N., & Johnson, S. (2015). Nature and
origins of mathematics difficulties in very preterm children: a different etiology than
developmental dyscalculia. Pediatric Research, 77(2), 389-395.
http://doi.org/10.1038/pr.2014.184

Simms, V., Gilmore, C., Cragg, L., Marlow, N., Wolke, D., & Johnson, S. (2013). Mathematics
difficulties in extremely preterm children: evidence of a specific deficit in basic
mathematics processing. Pediatric Research, 73(2), 236—44.
http://doi.org/10.1038/pr.2012.157

Spelke, E. S. (2011). Natural number and natural geometry. Space, Time and Number in the

Brain (Vol. 1). Elsevier Inc. http://doi.org/10.1016/B978-0-12-385948-8.00018-9



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 45

Sullivan, M. C., & McGrath, M. M. (2003). Perinatal morbidity, mild motor delay, and later
school outcomes. Developmental Medicine and Child Neurology, 45(2), 104-112.
http://doi.org/doi:10.1017/S0012162203000203

Tatsuoka, C., Mcgowan, B., Yamada, T., Andrews, K., Minich, N., & Taylor, H. G. (2016).
Effects of extreme prematurity on numerical skills and executive function in kindergarten
children : An application of partially ordered classi fi cation modeling. Learning and
Individual Differences, in press. http://doi.org/10.1016/j.1indif.2016.05.002

Taylor, H. G., Espy, K. A., & Anderson, P. J. (2009). Mathematics deficiencies in children with
very low birth weight or very preterm birth. Developmental Disabilities Research Reviews,
15(1), 52-59. http://doi.org/10.1002/ddrr.51

Van Baar, A. L., Ultee, K., Gunning, W. B., Soepatmi, S., & De Leeuw, R. (2006).
Developmental course of very preterm children in relation to school outcome. Journal of
Developmental and Physical Disabilities, 18(3), 273-293. http://doi.org/10.1007/s10882-
006-9016-6

Wechsler, D. (1995). WPPSI-R Wecshlering dlykkyystestisto esikouluikdisille [Wechsler
Preschool and Primary Scale of Intelligence, Revised]. Helsinki: Psykologien Kustannus.

Verdine, B. N., Irwin, C. M., Golinkoff, R. M., & Hirsh-Pasek, K. (2014). Contributions of
executive function and spatial skills to preschool mathematics achievement. Journal of
Experimental Child Psychology, 126, 37-51. http://doi.org/10.1016/j.jecp.2014.02.012

Verkerk, G., Jeukens-Visser, M., van Wassenaer-Leemhuis, A., Kok, J., & Nollet, F. (2013). The
relationship between multiple developmental difficulties in very low birth weight children
at 31/2 years of age and the need for learning support at 5 years of age. Research in

Developmental Disabilities, 35(1), 185—-191. http://doi.org/10.1016/5.ridd.2013.10.007



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 46

Wocadlo, C., & Rieger, 1. (2007). Phonology, rapid naming and academic achievement in very
preterm children at eight years of age. Early Human Development, 83(6), 367-377.
http://doi.org/10.1016/j.earlhumdev.2006.08.001

Wolke, D., Strauss, V. Y. C., Johnson, S., Gilmore, C., Marlow, N., & Jaekel, J. (2014). Universal
gestational age effects on cognitive and basic mathematic processing: 2 cohorts in 2
countries. Journal of Pediatrics. http://doi.org/10.1016/j.jpeds.2015.02.065

Zeitlin, J., Szamotulska, K., Drewniak, N., Mohangoo, A. D., Chalmers, J., Sakkeus, L., ...
Blondel, B. (2013). Preterm birth time trends in Europe: A study of 19 countries. BJOG:
An International Journal of Obstetrics and Gynaecology, 120(11), 1356-1365.

http://doi.org/10.1111/1471-0528.12281



PREMATURELY AND FULL-TERM BORN CHILDREN’S MATH PROFILES 47

Appendix 1

Descriptives and differences in mathematical skills across mathematical profiles of prematurely born
children

Profile 3
Profile 2 Average
Low mathematical
numerical  skills, high Profile 4
Profile 1 and digit Above or
Low geometrical knowledge average Profile 5 Chi-square
mathematical skills with  with low mathematical High test using Comparison
skills high SFON SFON skills mathematical BCH (BCH
Variables  (n=38) (n=35) (n=14) (n=25) skills(n=7) method method)
M (SD) M (SD) M (SD) M (SD) M (SD) 1
Arithmetic  -0.83 (0.71)  -0.56 0.12 (0.71) 0.44 (0.71) 1.19 (0.71) 71.73%** 5>4321;
(0.71) 43>21
Digit -0.97 (0.47)  -1.19 0.90 (0.47) 0.33 (0.47) 1.52 (0.47) 424.91*** 5>4321;
knowledge (0.47) 4>321:3
>21
Counting  -1.03(0.38) -1.04 -0.18(0.38)  -0.11(0.38) 1.37(0.38) 292.59***  5>4321;
skills (0.38) 43>21
SFON -1.00 (0.32)  -0.80 -0.99 (0.32)  1.01(0.32) 0.77 (0.32) 1329.14*** 543>2,1
(0.32)
Geometry -1.11(0.85)  -0.67 -0.38 (0.85)  0.00 (0.85) -0.24 (0.85)  25.90*** 54,3>2]1,;
(0.85) 2>1

Note. All 2 values are significant at p < .001. SD estimated as equal across profiles.
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Appendix 2
Descriptives and Differences in mathematical skills across mathematical profiles of full term born
children
Profile 3
Above Profile 4
Profile 1 Profile 2 average High
Low Average mathematical mathematical Chi-square
mathematical mathematical skills with skills with test using Comparison
skills skills high SFON low SFON BCH (BCH
Variables (n=29) (n=10) (n=44) (n=17) method method)
M (SD) M (SD) M (SD) M (SD) X’
Arithmetic 076(084) -011(084) 022(084) 076(084) 5557 T A2
Digitknowledge 4 56 087y  043(0.87)  0.06(0.87) 070 (0.87)  4150%** if >21;2
Counting skills -0.82 (0.74)  0.21 (0.74) 0.19 (0.74) 0.64 (0.74) 76.57*** 4>32>1
SFON 3>214;2
-1.01(0.14) -0.04 (0.14) 1.06 (0.14) -1.03 (0.14)  4393.89*** ~14
Geometry -0.52 (0.83) -0.13(0.83) 0.21(0.83) 0.39 (0.83) 21.56%** 43>21

Note. All 2 values are significant at p <.001. SD estimated as equal across profiles.



