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a b s t r a c t
This longitudinal study examined how children's early numeracy assessed in kindergarten predicts their
mathematical performance in the ﬁrst grade, after controlling for the effects of age, gender, and parents'
education. The participants were 212 Finnish children (107 girls and 105 boys). At the time of the ﬁrst
assessment (kindergarten), the mean age was six years, and the second assessment was conducted one year
later. The results demonstrate that the acquisition of counting and relational skills before formal schooling
are predictive of the acquisition of basic arithmetical skills and overall mathematical performance in grade
one, above and beyond the effects of demographic factors.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction
This paper reports a follow-up study on children's mathematical
skills from kindergarten to primary one. A number of longitudinal
studies have been published recently on mathematical development
in the transition phase from kindergarten (non-formal teaching) to
primary school (formal teaching) among normally developing
children. These studies have targeted cognitive antecedents (Aubrey,
& Godfrey, 2003; Aunola, Leskinen, Lerkkanen, & Nurmi, 2004;
DeSmedt et al., 2009; Fayol, Barrouillet, & Marinthe, 1998; Kavkler,
Tancig, & Magajna, 2003; Passolunghi, Mammarella, & Altoè, 2008;
Stevenson, & Newman, 1986), family socioeconomic status and
gender (Aunola et al., 2004) motivational factors related to learning
mathematics and teachers' teaching goals (Aunola, Leskinen, & Nurmi,
2006), and parents' beliefs and parenting style (Aunola, & Nurmi,
2004; Huntsinger, Jose, Larson, Krieg, & Shaligram, 2000; Natale,
Aunola, & Nurmi, 2009) as predictors of mathematical performance
and development. In this study, we focused on early numeracy, the set
of skills to operate with number–word sequence and to make
relational statements in a numerical context, as a predictor of
arithmetic skills and general mathematical competence in the ﬁrst
year of primary school, which deepens the current literature on the
developmental relationships between different sets of mathematical
skills.

⁎ Corresponding author. Niilo Mäki Institute, P.O. Box 35, 40014 University of
Jyväskylä, Finland. Tel.: + 385 50 4343 408; fax: +358 14 260 29 08.
E-mail address: pirjo.aunio@nmi.ﬁ (P. Aunio).
1041-6080/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.lindif.2010.06.003

1.1. Early numeracy and mathematical competence at the beginning of
primary school
Bryant, and Nunes (2002) suggested that logical thinking, teaching
of conventional counting systems, and a meaningful context for
learning mathematics form the basis for children's early mathematical
development. According to the research on logical principles (see
Smith, 2002), the development of mathematical thinking is related to
the children's growing abilities to understand and make relational
statements (e.g., learning what it means that a number is equal to or
more or less than another number), that is, the ability to compare,
classify and understand one-to-one correspondence and seriation.
Being able to detect one-to-one correspondence and to seriate is
essential for understanding cardinality and ordinality, which, in turn,
is important for understanding the number–word sequence (Bryant,
1996). The ability to numerically compare two sets is a vital aspect of
conservation ability and other related forms of numerical reasoning
(e.g., Sophian, 1998), while the ability to classify is a fundamental
element of mathematical reasoning in general (Smith, 2002).
The learning of a conventional counting system in early childhood
begins with the acquisition of whole-number–word sequence skills. Some
authors consider these skills as the basis of children's growing number
awareness (Fuson, 1988; Gelman, & Gallistel, 1978), which is a view
different from that of emphasizing logical principles (Smith, 2002). It is
possible to distinguish six stages in the development of such skills:
primary understanding of amounts, and acoustic, asynchronic, synchronic,
resultative and shortened counting (e.g., Fuson, 1988; Van de Rijt, 1996).
Primary understanding of amounts emerges at around two years of age
when children show knowledge of how the different number–words refer
to a different number of objects, but at this stage only very basic
discrimination of amounts is possible. When they are at the acoustic

428

P. Aunio, M. Niemivirta / Learning and Individual Differences 20 (2010) 427–435

counting stage, at around the age of three, they can say number–words,
but not in the correct order, and they do not necessarily begin with one; it
is as if they are reciting a nursery rhyme. When they reach the asynchronic
stage, at around the age of four, they are able to say number–words in the
correct order and to point to objects, but the words and pointing are not
coherent. Six months later, at the synchronic stage, they are able to recite
number–words and to mark the counted objects correctly, by, for instance,
pointing at or moving the objects. The resultative counting stage emerges
at around the age of ﬁve, when children are able to say number–words
correctly starting with one, and to understand that countable objects
should be marked once and that the last said number–word indicates the
number of objects in a set. During the shortened counting stage, at around
ﬁve-and-a-half years of age, they are able to recognize the ﬁgure ﬁve, for
instance, and can continue counting upwards from that. Thus, their ability
to operate with the number–word sequence for whole numbers, and to
use that in problem solving, increases substantially during these
developmental shifts. It is important to recognize that in this development, the ability to make relational statements, is necessary in order to
correctly solve tasks that require the counting of objects. For instance, to
get a correct answer in an object counting task (which requires number–
word sequence skills), the child needs to know what objects are to be
counted (i.e., classiﬁcation skills) and count all the included items once
and only once (i.e., one-to-one correspondence). In addition, depending
on the task, the child might need to decide based on the counting results
which of the sets has more or less than the others (i.e., comparison and
seriation skills).
In the ﬁrst grade of Finnish primary school, children are expected to
learn the basic skills of addition and subtraction. First graders usually
operate with numbers between 0 and 100, although the emphasis in
addition and subtraction is on numbers 0 to 20. First graders learn to use
these skills in their basic form (e.g., 2 + 3 = 5) and in the context of
problem solving tasks (e.g., “Mum has two cupcakes and she buys three
more, how many does she have altogether?”). Usually, children begin to
solve addition and subtraction tasks by using counting-based strategies
and memory aids (e.g., cubes, ﬁngers) (Fuson, 1982). Through practice,
children develop more strategies (e.g., memory-based strategies) and
become more efﬁcient in their strategy use, which, evidently, makes
problem solving less error prone and faster (Barrouillet & Fayol, 1998;
Geary, Hamson, & Hoard, 2000; Siegler, & Shrager, 1984). This is what
makes the early numeracy skills highly relevant for basic arithmetic
skills learning.
Early numeracy skills, especially counting skills, have been found to
be good predictors of later mathematics performance (Aubrey, Dahl, &
Godfrey, 2006; Aubrey, & Godfrey, 2003; Kavkler et al., 2003), and
counting skills in kindergarten, such as number–word sequence skills
and enumeration skills, have shown to predict basic arithmetic skills in
the early grades of primary schools (Aunola et al., 2004; Desoete, Stock,
Schepense, Baeyens, & Roeyers, 2009; Jordan, Kaplan, Locuniak, &
Ramineni, 2007; Koponen, Aunola, Ahonen, & Nurmi, 2007; Kurdek, &
Sinclair, 2001; LeFevre et al., 2006). Research also demonstrates that
children's mathematical development begins earlier than early numeracy development, which usually appears at the ages between two to
seven years. Preverbal number sense, an approximate representation of
magnitude, which is already present prior to the emergence of symbolic
number representations (Lipton, & Spelke, 2005), is suggested to be a
base for later mathematics development. This conceptualization limits
number sense into processes where an approximate evaluation of
magnitudes or symbols representing magnitudes is used. Based on
neuropsychological studies (e.g., Butterworth, 1999; Dehaene, 1997;
Feigenson, Dehaene, & Spelke, 2004; Piazza, Izard, Pinel, Le Bihan, &
Dehaene, 2004), the ability to represent and process numerical
magnitude information is potentially crucial for normally developing
mathematical skills. A related competence, subitizing, the fast verbal
naming of small quantities without counting the items separately, also
seem to precede and support the development of counting skills
(Le Corre, Van de Walle, Brannon, & Carey, 2006).

1.2. Other factors contributing to children's mathematical learning
Age is a well-known factor contributing to children's mathematical
competence (Fayol et al., 1998, Jordan, Kaplan, Oláh, & Locuniak, 2006;
Ransdell, & Hecht, 2003). Very young children's competence is basic by
nature, but as children grow up they learn more complex mathematical
skills. The preschool age is especially interesting as during those years
the children's competence seem to transit from biologically primary
qualitative skills to more complex and culturally bound, biologically
secondary number, counting and arithmetic skills (Geary, 1994, 2000).
Age is also an educationally relevant factor since the variation in
children's chronological age in one kindergarten or ﬁrst grade classroom
can be up to 12 months, and even more in terms of the actual skill level
(Boardman, 2006; Dowker, 2008; Hojnoski, Silberglitt, & Floyd, 2009).
Several studies suggest that girls and boys possess identical primary
numerical abilities (e.g., Dehaene, 1997; Nunes, & Bryant, 1996).
However, research focusing on the British National Curriculum Key
Stage 1 measurements (with children aged four to seven years) report
gender differences favoring girls in basic arithmetic tasks (Demie, 2001;
Gorard, Rees, & Salisbury, 2001; Strand, 1997;1999). More precisely, a
study by Strand (1999) showed that girls performed better than boys at
the age of four years (Baseline measurement) and at the age of seven
(Key Stage 1 measurement), but that the progress of boys was greater
than that of girls between the two measurement points. Similarly,
compared to same aged boys, better early numeracy skills have been
found in Finnish girls aged 4–7 years (Aunio, Aubrey, Godfrey, Yuejuan,
& Liu, 2008; Aunio, Hautamäki, Heiskari, & Van Luit, 2006) and in
Australian girls aged 5–6 years (Boardman, 2006). In contrast, Jordan
et al. (2006) found that kindergarten boys outperformed girls in the
overall number sense, nonverbal calculation and estimation skills. Yet,
in the early grades, no clear gender differences have been found in
mathematical performance (Aubrey, & Godfrey, 2003, Aunola et al.,
2004; Carr, & Jessup, 1997, Fennema, Carpenter, Jacobs, Franke, & Levi,
1998). Current ﬁndings on gender differences in children's mathematical performance are thus rather mixed and potentially confounded with
skill- and age-related differences.
Parents' education is considered as a proxy variable for socioeconomic status: as the educational level of parents increase, their children
are more likely to enjoy improved socioeconomic conditions. It can be
assumed that parental education covaries with children's early
numeracy and mathematics achievements at school. The existence of
a socioeconomic gap in children's mathematical competence in early
childhood education and in the early grades of primary school is well
documented (Aunola et al., 2004; Jordan, Huttenlocher, & Levine, 1992:
Jordan et al., 2006; Sammons, & Smeeds, 1998; Saxe, Guberman, &
Gearhart, 1987; Strand, 1999; Tzouriadou, Barbas, & Bonti, 2002).
For instance, Jordan et al. (1992) reported that middle-income
kindergarten children performed better than their low-income peers
in verbal calculation tasks, while the groups did not differ in
performance on nonverbal calculation tasks. These ﬁndings suggest
that nonverbal task formats are less sensitive than verbal task formats to
socioeconomic variation. Siegler (2009) has proposed that the differences in mathematical knowledge between children from more versus
less afﬂuent backgrounds reﬂect differences in the environmental
support for learning: middle-income parents engage in a broader range
of explicit mathematical activities with their children and do so more
frequently than low-income parents (Clements & Sarama, 2007;
Starkey, Klein, & Wakeley, 2004).
1.3. Rationale for the present study
Kindergarteners' counting skills, the skills to recite the number–
word sequence and to use it to enumerate (i.e., count numerosity),
have found to be a good predictor of mathematical skills assessed in
the primary grades. Regarding the role of demographics factors, the
research demonstrates mixed gender effects and some age-related
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effects favoring older children in early mathematics performance.
A positive inﬂuence has also been attributed to higher parents'
educational level and socioeconomic status. Following this, the
present study is an attempt to examine in more detail the extent to
which speciﬁc aspects of early numeracy at six years of age predict
mathematics performance and school-related mathematics achievement in the ﬁrst grade of primary school, after controlling for the
effects of age, gender and parents' level of education.
2. Method
2.1. Participants and procedure
Finnish children start their primary school at the age of seven.
Until then, education in kindergarten mainly prioritizes general social
and literacy development (National Board of Education, 2000); less
emphasis is put on mathematical development. The formal mathematics education begin in the ﬁrst grade and focuses on addition and
subtraction skills with numbers 1–100.
The participants in the study were 212 (107 girls and 105 boys)
Finnish children from one southern and from one northern Finnish
town. The sample came from the norming study of the Finnish Early
Numeracy Test (ENT; Aunio, Hautamäki, et al., 2006; Van Luit, Van de
Rijt, & Aunio, 2006), and at the time of the ﬁrst measurement (in spring
2003), the mean age of the children was six years (in months, M 72.26;
SD 3.49). Parental consent was obtained from each participating child.
The assessment of early numeracy was conducted by the volunteer
teachers trained to use the ENT in kindergarten, and the ﬁrst grade
assessment was conducted with the help of classroom teachers, who
carried out the mathematics school test and provided mathematics
grades for each child (see below). The test material and instructions
were mailed to the classroom teachers, who then returned the children's
tests to the researchers for scoring and analysis.
2.2. Measurements
2.2.1. Early numeracy
Kindergarteners' early numeracy skills were assessed using the
Early Numeracy Test (Van Luit et al., 2006). The test takes a
developmental perspective on children's early numeracy, and aims
at tapping eight aspects of numerical knowledge, including the
concepts of comparison, classiﬁcation, one-to-one correspondence,
seriation, the use of number words, structured counting, resultative
counting, and the general understanding of numbers (see Appendix A
for examples of items). The target group is four- to seven-year-old
children. The test is given individually and takes about 30 minutes for
a child to complete. The 40 items are scored by giving one point for a
correct answer and zero for a wrong answer, with a maximum score of
40 (e.g., Van de Rijt, Van Luit, & Pennings, 1999). The children are not
given feedback as to whether their response is correct or incorrect,
and the test situation is not timed.
Although the ENT is assumed to yield a unidimensional measure of
children's early numeracy (Van de Rijt et al., 1999), previous studies
(e.g. Aunio, Hautamäki, et al., 2006; Aunio et al., 2006) have shown
that the ENT differentiates two closely related factors reﬂecting
slightly different aspects of children's early numeracy. The ﬁrst four
scales of the instrument concerns the logical principles often
identiﬁed as the key factors underlying children's understanding of
quantities and relations (i.e., relational skills) (Piaget, 1965), while the
other four scales focus more explicitly on the use and understanding
of number–word sequence (i.e., counting skills) (Fuson, 1988;
Gelman & Gallistel, 1978). In order to test the given two-factor
structure (i.e., relational and counting skills) of the test scores, we
conducted a conﬁrmatory factor analysis on all the included items.
To optimize the psychometric properties of the measures, we ﬁrst
eliminated items that were either too easy or too difﬁcult (response
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probability above .95 or below .05, respectively) and items that
otherwise ﬁt the model poorly (as a part of measurement model
modiﬁcation). The Mplus statistical program (Muthén & Muthén,
1998–2001) was used for this purpose, because the robust weightedleast square estimation procedure implemented in Mplus provides
correct parameter estimates and mean- and variance-adjusted chisquare test statistics for binary data. The ﬁnal two-factor model
consisted correlated factors representing relational skills (10 items)
and counting skills (15 items), which corresponded well with the
ﬁndings of our earlier study (Aunio et al., 2006). According to the
common recommendations for the assessment of goodness of ﬁt
(Bentler, 1990; Steiger, 1990), the two-factor solution ﬁtted the data
well [χ2(85) = 113.11, p = .02; CFI = .95, RMSEA = .04]. The disattenuated correlation between the two factors was .79.
2.2.2. Basic and applied arithmetic skills
The ﬁrst graders' basic arithmetic skills were assessed using items
from the Mathematics school test (Makeko by Ikäheimo, Putkonen, &
Voutilainen, 2002), which is a group test and takes a maximum of 45
minutes to complete. For the present purposes, only tasks measuring
addition and subtraction skills (using a maximum of two digits),
either basic or applied (see Appendix B), were used. A correct answer
in each item resulted in one point, thus leading to a maximum score of
15. As with the Early Numeracy Test, we also examined the presumed
factorial structure of arithmetic skills by means of conﬁrmatory factor
analysis. Again, the robust weighted-least square estimates as
implemented in Mplus were used. Based on the ﬁt indices, our twofactor model reﬂecting basic and applied arithmetic skills ﬁtted the
data well [χ2(19) = 34.11, p = .02; CFI = .95, RMSEA = .06]. The
disattenuated correlation between the two factors was .67.
2.2.3. Mathematical competence
Mathematics grades in the ﬁrst grade were provided by the
children's classroom teachers, who were asked to evaluate the children's
mathematical competence in relation to their mathematics curriculum
and to what had been taught during the ﬁrst grade. Corresponding to the
general grading system in Finland, the teachers gave each child a school
grade ranging from four to ten.
2.2.4. Parental education
Information on parental education was provided by the kindergarten teachers and the children's parents at the time of the ﬁrst
measurement point. Fathers' and mothers' educational background
was assessed in terms of basic education (scored as follows:
1 = primary school, 2 = elementary school, 3 = vocational school,
4 = senior secondary school) and professional education (scored as
follows: 0 = none, 1 = lower vocational, 2 = higher vocational and
3 = university education). For the sake of simplicity, the two
questions were merged into one score (ranging from 1 to 7) for
further analysis.
2.2.5. Additional control variable: inattentive behavior
As a part of the assessment of children's early numeracy
(ﬁrst measurement point), we also conducted a behavioral rating of
children's task-related behavior, which follows an observational
procedure commonly applied in Finnish standardization studies and
psychological test development (e.g., Korkman, Kirk, & Kemp, 2008;
Wechsler, 2009). In this case, the examiners rated the extent to which
the participating child exhibited task-related inattentive behavior
(e.g., lack of concentration) during the test with a scale ranging from 0
to 2 (0 = no; 1 = little; 2 = a lot). The purpose of this rating is to aid
the evaluation of the actual testing procedure and test functioning.
However, in the process of evaluating variation of children's behavior
in the test situation we discovered some unexpected but intriguing
and potentially relevant effects of inattentive behavior not only on the
given test performance but also on later measures of mathematics
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achievement. Therefore, although this variable is somewhat limited in
terms of psychometric quality (e.g., only one rating per child was
recorded thus eliminating the possibility to evaluate inter-rater
reliability), we decided to include it in further analyses as an ad hoc
variable in order to consider the broader implications of the given
ﬁndings in the present context.
2.3. Data analysis
We used partial least squares (PLS) path modeling to test the
predictions incorporated into our hypothetical model (see Fig. 1). Like
any structural equation model (SEM), a PLS model consists of a
structural part, which reﬂects the relationships between the latent
variables, and a measurement part, which shows how the latent
variables and their indicators are related. However, unlike covariancebased structural equation modeling, which seek to minimize the
difference between the sample covariances and those predicted by the
theoretical model, PLS modeling focuses on maximizing the variance of
the dependent variables explained by the independent ones (Chin, &
Newsted, 1999). In general, PLS modeling, as compared to covariancebased SEM, is considered as a more exploratory (as opposed to
conﬁrmatory) and prediction-oriented (as opposed to parameteroriented) approach to SEM, as it can handle complex models with
numerous indicators and correlated variables. Moreover, the PLS
approach imposes little or no demands on the sample size, scale type,
and variable distribution, which makes it especially suitable for the
present purposes.

Before the analyses, the few random missing values found in the data
were imputed using the EM imputation algorithm as implemented in SPSS
17 statistical software. For the PLS-modeling, SmartPLS software was used.
3. Results
In order to answer our research question, we tested our hypothetical
model (Fig. 1) by means of PLS modeling. Early numeracy and arithmetic
skills were speciﬁed and estimated as latent factors with reﬂective
indicators (i.e., the latent factor “causes” the variation in indicators),
whereas parental education was speciﬁed and estimated as an emergent
factor with formative indicators (i.e., the indicators “cause” the variation
in the emergent factor). With respect to the sequential predictive
design, the two latent factors reﬂecting basic and applied arithmetic
skills and the observed measure of teacher-rated mathematics
competence at grade one were regressed on the two latent factors
reﬂecting early numeracy, relational and counting skills, respectively,
measured when the children were in kindergarten. These factors, in
turn, were regressed on the observed measure of task-related
inattention, and, ﬁnally, all the above factors were regressed on the
emergent factor of parental education and the observed measures of
gender and age. Basic and applied arithmetic skills and teacher-rated
mathematics performance were allowed to correlate with each other, as
were relational and counting skills. The composite reliability estimates
(Chin, 1998) for the latent factors of basic and applied arithmetic skills,
and relational and counting skills were .78, .88, .79, and .85, respectively,
which are all above the recommended level of .7 and thus provide

Fig. 1. A hypothetical model illustrating predictive relationships between background variables, early numeracy, arithmetic and mathematics performance.
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support for the quality of the measurements. Descriptive statistics for all
variables and individual item loadings for the measurement models are
reported in Appendices C and D, respectively.
With this model, we were able to explain 47% of the variance in
teacher-graded mathematics performance, 21% of the variance in basic
arithmetic skills, and 28% of the variance in applied arithmetic skills. As
expected, both relational and counting skills were signiﬁcant predictors
of all the three dependent factors, counting skills having the strongest
inﬂuence on teacher-graded performance (see Fig. 2 for an illustration of
statistically signiﬁcant effects, and Table 1 for all direct and total effects).
Interestingly, the level of parental education had a marginally
signiﬁcant effect on graded performance, and a signiﬁcant effect on
applied arithmetic skills but not on basic arithmetic skills. Relational and
counting skills were both negatively predicted by task-related inattention. The explained variance in these two factors was 13% and 7%,
respectively. Age had a signiﬁcant effect on counting skills but only a
marginally signiﬁcant effect on relational skills. Gender predicted
neither early numeracy nor arithmetic skills and grades, but it did
inﬂuence inattention. The positive effect of gender on inattention
indicated that boys had more trouble focusing on the given task than
girls did. Especially intriguing was the fact that inattention, assessed as
part of the test of early numeracy in kindergarten, also directly predicted
teacher-graded mathematics performance, but not arithmetic test
scores, measured a year later. However, the total effects of inattention,
that is, the direct effects combined with the indirect effects through
relational and counting skills, on both teacher-rated mathematics
performance and applied arithmetic skills, were signiﬁcant.
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4. Discussion
The aim of this study was to examine how early numeracy assessed in
kindergarten (at the age of six years) predicts mathematics performance
in grade one, after controlling for the effects of age, gender, and parental
education. With the inclusion of an ad hoc variable of task-related
inattentive behavior – assessed in relation to the early numeracy testing –
we were able to explain the 47% of the variance in the grade given by the
teacher, 29% in the applied arithmetic tasks, and 21% in the basic
arithmetic tasks. As the majority of predictive power was attributed to the
measures of early numeracy, the results clearly show that the acquisition
of relational and counting skills before formal schooling are predictive of
the learning of basic and applied arithmetical skills and of later overall
mathematical performance. Parents' education had a marginally signiﬁcant effect on graded performance and a signiﬁcant effect on applied
arithmetic skills so that higher level of education was predictive of higher
level of skill. Age had a marginally signiﬁcant effect on relational skills and
a signiﬁcant effect on counting skills, thus implying a developmental effect
on early numeracy. Gender did not inﬂuence measures of early numeracy
or later mathematics performance, but did predict task-related inattention. That is, compared to girls, boys were more likely to exhibit lack of
concentration. Finally, after controlling for the effects of demographics
factors, task-related inattention had an effect on the early numeracy test
performance and a signiﬁcant direct effect on teacher-graded mathematics performance a year later.
The ﬁndings showing associations between relational and counting skills and later performance in basic and applied arithmetic tasks

Fig. 2. The empirical model illustrating signiﬁcant direct effects (solid lines) and correlations (dashed lines) between background variables, early numeracy, arithmetic and
mathematics performance.
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Table 1
Direct and total effects in the empirical model.
Inattention

Direct effects
Gender
Age
Parental education
Inattention
Relational skills
Counting skills
Total effects
Gender
Age
Parental education
Inattention
R2

Relational
skills

Counting
skills

Basic arithmetic
skills

Applied arithmetic
skills

Teacher-graded
performance

β (se.)

t

β (se.)

t

β (se.)

t

β (se.)

t

β (se.)

t

β (se.)

t

.21 (.06)
−.06 (.06)
−.02 (.09)

3.13**
1.02
0.16

−.08 (.07)
.12 (.07)
.11 (.08)
−.32

1.07
1.73†
1.16
4.21**

−.04 (.07)
.17 (.07)
.08 (.08)
−.18 (.08)

0.54
2.31*
0.96
2.30*

−.02 (.07)
−.05 (.08)
.07 (.08)
.04 (.07)
.30 (.11)
.24 (.08)

0.30
0.73
0.85
0.52
2.48*
3.31**

−.05 (.06)
−.05 (.05)
.23 (.07)
−.06 (.08)
.25 (.12)
.26 (.09)

0.89
0.84
3.23**
0.70
2.06*
2.63**

.03 (.05)
−.05 (.05)
.09 (.06)
−.14 (.06)
.24 (.07)
.47 (.06)

0.49
1.13
1.76†
2.39*
3.64**
7.48**

−.15 (.07)
.14 (.07)
.12 (.08)

1.94†
1.96*
1.23

−.08 (.07)
.18 (.07)
.08 (.08)

1.07
2.45*
0.94

−.07 (.08)
.03 (.08)
.12 (.09)
−.10 (.08)
.21

0.90
0.35
1.25
1.10

−.12 (.07)
.03 (.06)
.28 (.09)
−.18 (.08)
.28

1.82†
0.67
3.30**
2.13*

−.07 (.07)
.07 (.07)
.16 (.08)
−.29 (.08)
.47

1.06
1.03
2.09*
3.89**

.04

.13

.07

Note. **p b .01, * p b .05, † b .10, se. = standard error.

point out the importance of early mathematical learning. Since the
ﬁrst grade mathematics curriculum focuses on arithmetic skills,
mathematical learning difﬁculties may occur if children's early
numeracy, the base to build their arithmetic skills on, is weak
(Desoete et al., 2009; Koponen et al., 2007). As shown by several
studies, it is quite likely that the gap between weak and wellperforming children entering primary school widens in every
subsequent grade (Jordan, Kaplan, Ramineni, & Locuniak, 2009, see
also Aunola et al., 2004). However, as the predictive inﬂuence of early
numeracy seems to differ to some extent as a function of the type of
skill in question, it is important to identify in more detail the
developmental dynamics between early mathematical skills and later
performance. The conceptualization of early numeracy in this study
was somewhat narrow compared, for example, to the one introduced
by Sarama, and Clements (2009) and perhaps a more comprehensive
scope would be informative when seeking to determine which early
math skills are essential both for enhancing later mathematics
learning and for avoiding related learning difﬁculties. In future, the
assessment of relational skills could be combined with measures of
pattern and structure, which potentially explain later algebraic
reasoning and, conversely, problems in it (Mulligan, Mitchelmore,
Kemp, Marston, & Highﬁeld, 2008; Mulligan, Prescott, Mitchelmore, &
Outhred, 2005). Moreover, a more explicit focus on children's
conceptual understanding of the counting process (Muldoon, Lewis,
& Freeman, 2003; Muldoon, Lewis, & Towse, 2005) might be of
speciﬁc importance, especially in the context of identifying long term
learning difﬁculties. In this study, we only looked at children's
counting performance using their spontaneous answers to question
assessing reciting number–word sequence and enumeration.
Children's age was a stronger predictor of their performance in
tasks of counting skills than in tasks of relational skills. This may
simply reﬂect the fact that in kindergarten, children are repeatedly
exposed to everyday activities that require basic counting skills, and
thus longer experience and more frequent opportunities to practice
those skills are likely to result in better mastery of counting in older
children. Regarding relational skills, this natural practice period seems
to occur somewhat earlier (Aunio, Hautamäki, et al., 2006), due to
which age differences in kindergarten appear to play a lesser role in
the developing mastery of these skills. Although age-related effects
were rather weak and they do not seem to bear an independent role in
explaining differences in later mathematics performance, they
nevertheless have some implications in relation to research and
educational practices; not only when assessing individual differences
in early mathematics skills, but also when considering special
educational support, chronological age should be explicitly taken
into account (cf. Boardman, 2006; Dowker, 2008; Hojnoski et al.,
2009).

The ﬁnding of no clear gender differences in any of our
mathematical tasks is in contrast with the results reported from the
British Key Stage 1 studies (Demie, 2001; Gorard et al., 2001; Strand,
1997, 1999) and with studies on younger children (e.g. Aunio,
Hautamäki, et al., 2006; Boardman, 2006), but is in line with some
others (Aubrey & Godfrey, 2003). As there is evidence suggesting
differences in the growth rate of children's skill development as a
function of gender (Aunola et al., 2004), and that gender effects may
vary as a function of the speciﬁc skill assessed and the age of the child
(e.g., Goodchild & Grevholm, 2009; Liu, Wilson, & Paek, 2008) and
even some psychosocial and cultural factors (Geary, 1994), future
studies should focus more precisely on the moderating factors
inﬂuencing gender differences in the developmental trajectories of
speciﬁc skills.
Several studies (Clements & Sarama, 2007; Siegler, 2009; Starkey et al.,
2004) suggest that in afﬂuent families more support is provided for
children's early math learning than in less-afﬂuent families. Our results
differ from these in that the level of parents' education only had a
signiﬁcant positive effect on applied arithmetic skills in the ﬁrst grade and
a marginally signiﬁcant positive effect on teacher-graded math performance. Following the observation by Grolnick, Ryan, and Deci (1991) that
the level of mother's school involvement increases when the child
performs poorly at school, our ﬁnding may indicate that the role of
supportive home environment becomes more inﬂuential when learning
tasks become more challenging and complex. Moreover, it also likely that
the parents become more involved with their children's learning activities
when the children move from an informal learning environment
(i.e., kindergarten) to a formal learning environment (i.e., school). In
other words, support is calibrated according to the need of the child and
the formal expectations set for the child. The fact that higher parental
educations predicts better performance may be an indication of
differences in parents' educational values and their commitment to the
child's school activities (e.g., Sy, 2006) . However, this is purely speculative
in the present context, and since it may relate to the complex interplay of
parental involvement, gender and achievement level (see Desimone,
1999; Hill & Craft, 2003; Lahaie, 2008; Tan & Goldberg, 2009), it needs to
be more explicitly addressed in future studies. One possible way to
disentangle such complex interactions and the various sources of
inﬂuence might be to engage in speciﬁc interventions that systematically
investigated the different ways parents' could support their children's
learning (cf. Bjorklund, Hubertz, & Reubens, 2004; LeFevre et al., 2009;
Siegler, 2009).
A somewhat unexpected ﬁnding in our study was that inattention
assessed as a part of the early numeracy testing not only inﬂuenced the
actual test performance, but also predicted the teacher-given grade in
mathematics one year later. These effects suggest that children's scores in
the ENT are partly inﬂuenced by the children's ability to focus on the task,
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which importantly reminds us about the fact that no test is a pure measure
of the underlying skill or ability. Consequently, as this may contribute to
the validity of the actual measure, more attention should paid in future
studies to evaluate how sensitive the ENT is to such individual differences.
More interestingly, the fact that a task-speciﬁc measure of inattentive
behavior predicted teacher-graded performance a year later, but not the
test scores reﬂecting mathematical skills, raises questions about how the
competence displayed in the classroom is in fact evaluated by the teacher.
Our ﬁnding implies that teacher ratings might incorporate a behavioral
component that, as such, is independent of the child's actual mathematical
skills. In other words, could it be that restless children or children with
some attentional problems are evaluated somewhat more negatively just
because of their behavior? This is a matter of some concern. If children's
behavior signiﬁcantly affects the evaluation of their competence, they are
being given undeserved negative feedback, which, again, may set up a
vicious evaluative circle directly affecting the child's future interest,
commitment and behavior in the given subject domain. This may be
especially detrimental to boys (who usually exhibit more problem
behavior than girls, as found in this study as well) and children with an
attention deﬁcit (Aro, Ahonen, Tolvanen, Lyytinen, & Todd de Barra, 1999;
Carlson, Lahey, & Neeper, 1986).
Our study also has some methodological limitations. As stated by, for
instance, Rittle-Johnson, and Siegler (1998), problems of validity can occur
in studies suggesting that acquiring one type of knowledge has a causal
inﬂuence on the future acquisition of another type of knowledge. Since
such relationships could fully or partly be explained by a other variables,
such as working memory (Kyttälä, Aunio, & Hautamäki, 2010) or
motivation (Aunola et al., 2006; Gottfried, Marcoulides, Gottfried, Oliver,
& Guerin, 2007), future studies should replicate the study of similar
predictive relationships within a more comprehensive design. And even
though Byrnes and Wasik (2009) convincingly reported that propensity
factors (e.g. pre-existing mathematical skills) were the most important
determinants of mathematical achievement in kindergarten, over and
above the antecedent factors (e.g. family socioeconomic status) and
opportunity factors (e.g. frequency of being exposed to mathematical
content), one source of variation likely to inﬂuence individual differences
in children's level of early mathematical skills that was not considered
here but should be taken into account in future studies is the quality and
length of the history of children's early childhood education.
The present study also has some implications for educational
practice. Most importantly, it should be understood that early
mathematic skills are composed of qualitatively different kinds of skills,
which may require speciﬁcally targeted support in order to provide a
more optimal platform for future learning of mathematics in primary
school (Clements & Sarama, 2009; Dowker, 2008). This is especially
relevant for early childhood education, and therefore, as it may be
crucial in preventing future learning problems or inferior performance
(Aunio, Hautamäki, & Van Luit, 2005; Hannula & Lehtinen, 2005), invites
educational practice to provide all children with possibilities to practice
their emerging mathematical skills in early childhood education.
From the educational perspective, the challenge is to determine
what the children need to learn in preschool to be able to learn
mathematics at school. By this we mean that it is essential to know,
particularly in the context of special education, what constitutes the
minimum requirements for learning primary school mathematics. At
present, many skills are deemed important, such as preverbal number
sense (Lipton & Spelke, 2005, Piazza et al., 2004) or subitizing
(Le Corre et al., 2006), but very few studies have utilized an
appropriate longitudinal approach and/or sufﬁciently comprehensive
or differentiated measures of mathematics skills to draw conclusive
inferences. We also need to learn more about factors other than
mathematical skills that contribute to early mathematics learning. For
instance, which cognitive antecedents are the most important, which
aspects of the learning environment are especially important, and
what are the best practices for parents to supports their children's
learning of early mathematics. Such knowledge would also contribute
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more generally to educational and special educational planning and
decision-making, for example, in terms of more accurate evaluation
and diagnosing, establishing of supportive social networks, and
designing and providing appropriate learning material.
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