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ABSTRACT 

In kindergarten (n = 361), first grade (n = 
321), and second grade (n = 457), a sample 
of 1139 Swedish-speaking children (587 
girls) was examined for reliability and 
validity evidence regarding the Early 
Numeracy test (ENtest). Confirmatory 
factor analysis (CFA), which demonstrated 
that a four-factor model suited the data 
much better than a one-factor or two-factor 
model, produced structural validity proof. 
Through multigroup CFAs, the known-

group and cross-cultural validity were 
established, and it was discovered that the 
four-factor model equally well fit the 
gender, age, and language groups. The 
subskills and test's internal consistency 
ranged from good to excellent. An 
appropriate evaluation tool for identifying 
youngsters who may have difficulty with 
mathematics learning is the EN-test. 

Key words: Evaluation earliest 
proficiency with numbers Learning 
challenges in mathematics Validation of 
Screeners 

I. INTRODUCTION 

 Early numeracy skills are vital for later 
learning in mathematics (Aunola, 
Leskinen, & Nurmi, 2006; Jordan, Fuchs, 
& Dyson, 2015). Early identification of 
children at risk is essential to prevent 
mathematical learning difficulties 
(Gersten, Clarke, Haymond, & Jordan, 
2011), but it requires valid and reliable 
assessment tools (Aunio, 2019; Purpura & 

Lonigan, 2015). Screening tests are 
suggested to be a quick procedure to 
identify children at risk but should not 
stand alone as a basis for diagnostic 
decisions (Gersten et al., 2011). 

There is a need to develop appropriate 
assessment tools that not only differentiate 
students but also give more detailed 
information regarding children’s 
performance and development (Purpura & 
Lonigan, 2015). Several assessment points 
are also important to follow up with 
children’s learning and to plan targeted 
instructions and interventions (Aunio, 
2019). Curriculum-based measurement 
(CBM) has been suggested as a reliable 
and valid measure of children’s 
performance, as it combines the 
advantages of standardized achievement 
tests and curriculum-based assessments 
developed by teachers, and it strives to 
minimize the gap between the 
measurement and instruction (Fuchs, 
2016). Deno (1985) describes the criteria 
for applicable CBM: reliable and valid 
measures, simple and efficient for 
educators to use and understand, 
inexpensive to use, and enable repeated 
measurement to follow children's 
mathematical learning process. CBM can 
be accomplished either through a 
curriculum sampling approach or the 
Robust indicator method (Fuchs, 2016). In 
this study, the reliability and validity of the 
Early Numeracy test (EN-test) for 
identifying children at risk for 
mathematical learning difficulties were 
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evaluated. The EN-test was developed 
following the Robust indicator method of 
designing CBM, meaning that the test 
relies on indicators representing the core 
competencies in early numeracy for this 
specific age group instead of relying on the 
curriculum (Aunio, 2019). 

Currently, there is a wide range of tools 
used to assess the early numeracy 
individually or in groups. The strength of 
individual assessments is that the 
administrator can guide and monitor the 
performance during the assessment, 
whereas the group-administered 
assessment is generally less time 
consuming (Gregory, 2015). Many 
assessment tools either broadly measure 
mathematic skills and concepts or focus 
more deeply on a specific mathematical 
skill. Therefore, they lack substantial 
coverage of areas, such as geometry or 
measurement (Purpura & Lonigan, 2015). 
To underpin the value of the EN-test, we 
looked at early numeracy tests with good 
predictive value and assessments that are 
useable regardless national curriculum and 
focus at identifying children at risk for 
mathematical learning difficulties in 
kindergarten and first grades. We selected 
tests that are available and fulfil the 
criteria of CBM with Robust indicator 
method. Broadly measuring tests (e.g., 
Woodcock-Johnson achievement test) or 
tests for only psychologists were omitted 
from our review. A total of nine tests met 
the selection criteria (Table 1). Eight of the 
tests were individually administered and 
interview based. The Number Sets Test 
(Geary, Bailey, & Hoard, 2009) was the 
only group-administered test, though it 
mainly focused on fluency in a narrow 
area of early numeracy. All tests focused 
on early numeracy, and only the Research-

based Early Mathematics Assessment 

(REMA; Clements, Sarama, & Liu, 2008) 
and Child Math Assessment (CMA; 
Starkey, Klein, & Wakeley, 2004) included 
both geometric and statistics. Only the 
Early Numeracy test (WENT; Wright, 
Marltand, & Stafford, 2006) separated the 
items into subcategories, the other tests 
provided only one general score 
(unidimensional approach). Some tests did 
not explicitly provide test items and the 
psychometric properties were only 
reported for six of the tests (REMA: 
Clements et al., 2008; Number Sets Test: 
Geary et al., 2009; Test of Early 
Mathematics Ability, TEMA-3: Ginsburg 
& Baroody, 2003; the Number Knowledge 
Test, NKT: Okamoto & Case, 1996; 
Number Sense Screener, NSS™: Jordan, 
Glutting, & Dyson, 2012; the Utrecht Test 
of Early Numeracy, ENTtest: Van Luit, 
Van de Rijt., & Pennings, 1994). Most of 
the standardized early numeracy measures 
have been developed in English language 
and mainly in the United States. In Europe, 
challenges have included national 
language differences and resources needed 
to standardize new assessment tools. As, a 
result, there is a need for reliability and 
validity evidence for local early numeracy 
tests. This study aimed to investigate the 
reliability and validity evidence of the EN-

test for identifying children at risk for 
mathematical learning difficulties. The 
EN-test was developed following the 
Robust indicator method of designing 
CBM, where the test is constructed based 
on indicators of core competencies 
(instead of the curriculum) that are seen as 
good predictors of later mathematical 
learning. The validity of the test was 
examined by collecting evidence related to 
structural validity, known group validity, 
and crosscultural validity. The reliability 
evidence of the test was analyzed based on 
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internal consistency. The criteria chosen 
for reliability and validity was based on 
the Consensus-based Standards for the 
selection of health Measurement 
Instruments (COSMIN) methodology 
(Terwee et al., 2017) and standards for 
educational and psychological testing 
(AERA, APA, NCME, 2014). 

II. METHOD 

 2.1. Participants 

 A total of 1139 children (587 girls) was 
recruited from Swedish-speaking 
kindergartens and schools in Finland. The 
sample consisted of 361 children in 
kindergarten (185 girls), 321 children in 
first grade (162 girls), and 457 children in 
second grade (240 girls). The children 
ranged in age in kindergarten from 61 
months to 85 months (Mage = 73.97; SD = 
3.65), in first grade from 80 months to 111 
months (Mage = 86.87; SD = 3.94), and in 
second grade from 91 months to 115 
months (Mage = 98.38; SD = 3.65). The 
sample consisted of children from 
different-sized schools in urban and rural 
areas of Swedish-speaking Finland.1 
Children were drawn from 23 
kindergartens and 26 primary schools. 
Most of the children spoke Swedish as 
their native language (kindergarteners 87.8 
%, first graders 80.7 %, and second 
graders 88.4 %). Of those who had a native 
language other than Swedish, the largest 
group were Finnish speaking 
(kindergarteners 11.9 %, first graders 17.1 
%, and second graders 10.7 %). The 
teachers reported the children’s language. 
All children attended neighborhood 
schools, and no special education classes 
were included in the study. 

2.2. Measurements 

 The EN-test was constructed to identify 
children at risk for mathematical learning 
difficulties in kindergarten, and first and 
second grade (Koponen et al., 2011a, 
2011b, 2011c). The test is based on the 
theoretical model of core numerical skills 
for learning mathematics in children aged 
5–8, and focus on four skill groups: 
symbolic and non-symbolic number 
knowledge, understanding mathematical 
relations, counting skills, and basic skills 
in arithmetic (Aunio & Räsänen, 2015). A 
multi-professional and multilingual team 
constructed the EN-test within the 
LukiMat project, funded by the Finnish 
Ministry of Education and Culture. 
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The EN-test is available for kindergarten, 
first grade, and second grade. This paper-
and-pencil test was conducted in groups, 
with teachers giving verbal instructions. 
The teacher used a manual with written 
detailed instructions for each task. In 

kindergarten and first grade, eight items 
measuring verbal counting skills were 
administered individually. In second grade, 
20 addition and 20 subtraction tasks were 
measured within a two-minute time limit 
to assess arithmetic fluency with small 
numbers. Example tasks are presented in 
the supplementary materials (Table A1). 
The total number of items, the number of 
items measuring each sub-skill, and the 
number range within tasks differed 
between the grades. There were 48 items 
in kindergarten, 56 items in first grade, and 
64 items in second grade covering the four 
skill groups (Table 2). The descriptive 
statistics of the participants’ performance 
in the EN-test are presented in Table 3. 

2.3. Procedure 

 Data collection took place in the 
beginning of the academic year. 
Permission for children to participate in 
this study was obtained in writing from 
their parents. The study followed the 
ethical guidelines of Åbo Akademi 
University. The testing took place in an 
ordinary classroom setting during one or 
two lessons. The tests were administered 
by classroom or special education teachers 
trained by the researchers, and the teachers 
received detailed instruction regarding 
how to execute the tests. Finnish teachers 
have a university degree and are trained to 
conduct assessments. The first author and 
trained research assistants corrected and 
coded the children’s answers. Correct 
answers were awarded one point, while 
wrong or empty answers yielded zero 
points. 

2.4. Data analyses  

Structural validity of the EN-test was 
tested through confirmatory factor 
analyses (CFA). CFAs were conducted 
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separately for kindergarten, first grade, and 
second grade. Due to categorical data, the 
parameters of the models were estimated 
using the weighted least squares means 
and variance estimation (WLSMV). The 
goodness of the model fit was evaluated 
using the chi-square test, the Comparative 
Fit Index (CFI), the Tucker-Lewis Index 
(TLI), and the root mean square error of 
approximation (RMSEA). Known-group 
validity was tested by investigating 
measurement invariance across gender 
(girls vs. boys) and age (median split: 
younger vs. older) using multigroup CFA. 
A model that imposed no invariance 
constraints but assumed the same factor 
structure in both groups (configural 
invariance) was compared with a model 
that constrained all factor loadings and 
item thresholds to be equal across groups 
(scalar invariance). Cross-cultural validity 
was tested by investigating measurement 
invariance across the Swedish and Finnish 
language versions of the EN-test using 
multigroup CFA. The data for the Finnish 
sample (kindergarten n = 563; first grade, 
n = 462; and second grade, n = 622) was 
retrieved from another study. 

Internal consistency reliability was 
calculated using Cronbach’s alpha 
coefficient to assess how well all the items 
(kindergarten, 

 

first grade, and second grade) are related to 
each other and measures the same 
construct. A value higher than 0.70 is 
recommended for Cronbach's alpha 
coefficient. 

III. RESULTS  

3.1. Structural validity To  

address the structural validity, CFAs were 
conducted on the EN-test for three 
different age groups. A four-factor model, 
a threefactor model, and one-factor model 
were fitted to the data for each age group. 
The four-factor model reflected the core 
group model: symbolic and non-symbolic 
number knowledge (NK), understanding 
mathematical relations (MR), counting 
skills (CS), and basic skills in arithmetic 
(BA). This model was compared to a one-

factor model representing an overall 
numerical skills factor model and a three-

factor model where NK and MR were 
combined into one factor, which is 
consistent with the Krajewski and 
Schneider (2009) model. When comparing 
nested models, a change of more than .01 
in CFI and .015 in RMSEA indicates that 
the more complex model (four-factor 
model) fits the data better than the more 
parsimonious model (the one-factor model 
and the three-factor model; Chen, 2007). 

3.1.1. Kindergarten 

 In kindergarten, the overall goodness-of-
fit indices of the test suggested that the 
four-factor model fit the data well: χ2 
(1074) = 1401.18, p < .001; CFI = .94; TLI 
= .93; RMSEA = .03. The four-factor 
model also described the data significantly 
better than the one-factor model: ΔCFI = 
.05; ΔRMSEA = .01; Δχ2 (6) = 139.09, p < 
.001 and the three-factor model: ΔCFI = 
.03; ΔRMSEA = .01; Δχ2 (3) = 48.95, p < 
.001. The fit indices of the different 
models are presented in Table 4. The 
correlations between the latent factors 
ranged from .60 to .89, indicating a strong 
correlation between the skill groups. The 
strongest correlation (.89) was found 
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between the latent variables of CS and BA. 
All factor loadings were found to be 
significant (p < .001). 

3.1.2. First grade  

In first grade, the overall goodness-of-fit 
indices suggested that the four-factor 
model fit the data adequately: χ2 (1478) = 
2033.49, p < .001; CFI = .89; TLI = .88; 
RMSEA = .03. The four-factor model also 
described the data significantly better than 
the one-factor model: ΔCFI = .10; 
ΔRMSEA = .01; Δχ2 (6) = 245.39, p < 
.001 and the three-factor model: ΔCFI = 
.02; ΔRMSEA = .00; Δχ2 (3) = 63.40, p < 
.001 (Table 4). The correlations between 
the latent factors ranged from moderate to 
strong between the skill groups (.43–.61). 
The strongest correlations were found 
between CS and NK (.61) and between CS 
and BA (.60). The correlations among the 
other latent variables were more similar in 
terms of strength. All factor loadings were 
also found to be significant (p < .001). 

3.1.3. Second grade 

 In second grade, the overall goodness-of-
fit indices showed that the four-factor 
model displayed excellent model fit: χ2 
(1946) = 2664.91, p < .001; CFI = .97; TLI 
= .97; RMSEA = .03. The four-factor 
model also described the data significantly 
better than the one-factor model: ΔCFI = 
.03; ΔRMSEA = .01; Δχ2 (6) = 358.64, p < 
.001 and the three-factor model: ΔCFI = 
.00; ΔRMSEA = .00; Δχ2 (3) = 64.87, p < 
.001. The fit indices of the different 
models are presented in Table 4. The 
correlations between the latent factors 
ranged from moderate to strong (.53–.74) 
between the skill groups. The strongest 
correlation (.74) was found between CS 
and NK. The correlations among the other 
latent variables were more similar in terms 

of strength. All factor loadings were 
significant (p < .001). Supplementary 
materials (Table B1, B2, and B3) provides 
detailed information of correlations, factor 
loadings and residuals for the models. 

 

4. DISCUSSION  

This study aimed to investigate the 
reliability and validity evidence of the 
early numeracy test for identifying 
children at risk for mathematical learning 
difficulties in Swedish-speaking 
kindergartens and schools in Finland. The 
EN-test was found to have adequate 
structural validity, known-group validity, 
cross-cultural validity, and internal 
consistency. The empirical data support the 
aim of measuring four early numeracy 
skills described in the model (Aunio & 
Räsänen, 2015): symbolic and non-

symbolic number knowledge, 
understanding mathematical relations, 
counting skills, and basic skills in 
arithmetic in the three age groups in 
kindergarten, first grade and second grade. 

Describing and interpreting sub-skills as 
separate factors, gives researchers and 
educators possibilities to more specifically 
examine areas of strength and weakness in 
children’s performance, which is a 
prerequisite for planning and conducting 
targeted instructions (Purpura & Lonigan, 
2015). Different sub-skills in the EN-test 
provides a more valuable spectrum of 
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information about how well children 
perform than what can be offered in more 
narrower scales with an unidimensional 
approach (e.g., MARKO-D test, Ricken et 
al., 2013; CMA, Starkey et al., 2004). 
Some tests originally thought to be 
unidimensional have also been found to 
have an underlying multi-factorial 
structure. Aunio, Hautamäki, Heiskari, and 
Van Luit, (2006) examined the factor 
structure of the Finnish ENT-test and 
found support for a two-factor structure. In 
contrast, Ryoo et al. (2015) found support 
for a six-factor structure in TEMA3. It is 
also in line with frameworks that describe 
the conceptual structure of early numeracy 
and mathematical development in early 
school years using a multi-factorial 
approach (e.g. Krajewski & Schneider, 
2009; Sarama & Clements, 2009; Steffe, 
1992; Wright, Martland, & Stafford, 
2006). Furthermore, longitudinal (Aunio & 
Niemivirta, 2010; Geary et al., 2018; 
Jordan, Resnick, Rodrigues, Hansen, & 
Dyson, 2017) and cross-cultural studies 
(Aunio et al., 2006; Aunio, Korhonen, 
Bashash, & Khoshbakht, 2014; Cankaya & 
LeFevre, 2016; Rodic et al., 2015) have 
shown that different sub-skills of early 
numeracy are differentially related to later 
learning of mathematical skills. 

The known-group validity confirmed 
measurement invariance for the configural 
and scalar models across gender and age 
groups, suggesting that the EN-test is 
comparable and measures the same 
constructs across girls and boys, and 
younger and older children within grade. 
In the current study, the factor structure 
was the same in kindergarten, first grade 
and second grade. However, the 
correlations were higher in kindergarten 
than in first and second grade, indicating 
that the skills become more separated in 

higher grades. A change in the strength of 
associations between factors reflects 
differences in early numeracy development 
(Ryoo et al., 2015). Children’s 
understanding of numeracy is expected to 
change with age and experience, and it is 
not only the age when the children start 
their formal schooling that is of 
importance, but also variation in the early 
learning environment affects children’s 
early numeracy skills (Cankaya & 
LeFevre, 2016; Lee & Aunio, 2018). 

The cross-cultural validity display that the 
EN-test works equally well in the two 
language groups, supporting the aim of the 
ENtest development, that is, to provide 
evidence-based assessment for Swedish 
and Finnish kindergarten and schools in 
Finland to identify children with 
mathematical learning difficulties. When 
exploring the conceptual structure of early 
numeracy in studies a multi-factorial 
structure has been supported in diverse, 
international samples (e.g. Iran, Aunio et 
al., 2014; Norway, Lopez-Pedersen, 
Mononen, Korhonen, Aunio, & Melby-

Lervåg, 2020; South Africa, Aunio et al., 
2019). The EN-test is based on a 
developmental model of early numeracy 
skills, and not on the curriculum. 
Additionally, the cross-cultural validity 
evidence indicates that the EN-test could 
also be used in other Nordic countries or 
Estonia, countries with similar cultural, 
language and educational context. 
However, when adapting a test to a 
different cultural, language and 
educational context, a validation of the test 
is needed, as many aspects affect the 
development of children’s early numeracy 
skills. More studies from very different 
types of educational cultures with a 
different starting-age of school going are 
needed for better understanding the 
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relationships between the test-structures 
and skills-structures. The Cronbach's alpha 
values indicated good internal consistency 
with this specific sample, in line with the 
reviewed tests that had published levels for 
internal consistency (REMA: Clements et 
al., 2008; Number sets test: Weiland et al., 
2012; TEMA-3: Ginsburg & Baroody, 
2003; NKT: Gersten, Clarke, & Jordan, 
2007; NSS™: Jordan et al., 2012; ENT-

test: Aunio, Hautamäki, Heiskari, & vain 
Luit, 2006).  

Although our findings represent important 
additional research on the assessment of 
children’s early numeracy skills to identify 
children at risk of mathematical learning 
difficulties, some limitations must be 
noted. First, even though the empirical 
data supported the structure of the four 
distinct factors (NK, MR, CS and BA) 
across the three age groups, the factors 
were highly related. In the ENtest, 
symbolic and non-symbolic number 
knowledge mainly included tasks 
measuring understanding of magnitudes, 
represented with number symbols, and 
similar skills were required in the tasks in 
both mathematical relations (number 
knowledge) and counting skills (number 
identification, recognition and writing, and 
number sequence). This similarity in the 
tasks and the conceptually overlapping 
represent concerns when trying to separate 
the different items into sub-skills and may 
be seen in the high correlation between 
factors. Secondly, the psychometric 
properties of the EN-test could have been 
strengthened with additional validity and 
reliability testing. As this was a cross-

sectional study, we were not able to 
investigate the test-retest reliability. It was 
not possible to test the concurrent validity 
of the EN-test by using another early 
numeracy test as no such test was available 

in Swedish for this particular group of 
children. Inter-rater reliability was not 
tested, but the test is constructed to be easy 
to administer and objectively scored, as 
detailed information is provided in the test 
handbooks. A longitudinal study would 
have provided the opportunity to test the 
predictive validity and give information 
regarding how the test works overtime 
(Gersten et al., 2011). 

Numerical skills are important in everyday 
life and poor achievement can have 
educational and vocational consequences 
(Jordan et al., 2015; Korhonen, 
Linnanmäki, & Aunio, 2014). Children 
who do not develop foundational 
numerical skills in their early school years 
are at risk of encountering mathematical 
difficulties (Clements & Sarama, 2014; 
Jordan et al., 2015). Identifying children at 
risk for learning difficulties is the first step 
in supporting them (Penner, Buckland, & 
Moes, 2019). The results of our study 
implied that all four core numerical skills 
could be assessed with the EN-test. We 
agree with Clements and Sarama (2014) 
and Desoete, Ceulemans, Roeyers, and 
Huylebroeck, (2009), both of which 
indicated that educators need evidence-

based guidance to improve their 
knowledge regarding what to focus on in 
mathematics, which is especially important 
in preventing mathematical learning 
difficulties. The EN-test makes it possible 
to simply and efficiently assess children's 
early numeracy skills. The results can be 
interpreted both with the overall test score 
and based on the four core skills. The EN-

test was found to be reliable and valid for 
identifying children at risk for 
mathematical learning difficulties in 
kindergarten, first grade, and second grade. 
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