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This study examines the dimensionality of and relationships between two
subscales from the British Ability Scales — Third Edition, measuring verbal
(expressive vocabulary) and non-verbal (reasoning) cognitive skills for toddlers
(age three) and preschoolers (age five), in a Norwegian context across genders.
Descriptive statistics revealed item selection criteria that included specific items
within each subscale. Subsequently, Confirmatory Factor Analysis established
the subscales’ dimensionality (Naming Vocabulary and Picture Similarities;
N = 1094) and confirmed measurement invariance across genders. Further, the
relationships between the verbal and non-verbal factors were investigated using
correlation analysis and Structural Equation Modeling. The findings revealed that
the verbal factor at age three strongly predicted the verbal factor at age five and
significantly influenced the non-verbal factor at age five. The non-verbal factor
at age three exhibited a moderate predictive relationship with the non-verbal
factor at age five, and did not significantly predict the verbal factor at age five. In
terms of gender differences, girls showed higher scores on the verbal factor at
age three, and a stronger correlation between the non-verbal factor at age three
and the verbal factor at age five. In summary, this research provides valuable
insights into cognitive skill measurement and development in a Norwegian
context and highlights possible variations across gender. The study’s findings,
limitations, and implications are discussed.

KEYWORDS

verbal, non-verbal, cognitive development, gender/sex differences, cognitive
assessment, toddlers, preschoolers

1 Introduction

Understanding early verbal and non-verbal cognitive development is crucial for unraveling the
complexities of human learning and achievement. Cognitive ability measurement provides some
of the best predictors of academic achievement (Johnson et al., 2006; Tikhomirova et al., 2020),
occupational attainment and job performance (Gottfredson, 1997; Van Iddekinge et al,, 2018), in
addition to physical and mental health (Calvin et al., 2017; Lovdén et al., 2020; Peng and Kievit,
2020), despite the criticism [see Richardson and Norgate (2015)]. For example, early vocabulary
skills are robust in predicting language development, including literacy, reading, academic skills,
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and achievement in the following years (e.g., Scarborough, 2009; Rowe
etal, 2012; Dolean et al., 2021), indicating a positive influence of early
verbal abilities on later development (Cunningham and Stanovich, 1997;
Coyne and Harn, 2006). Non-verbal cognitive skills, such as working
memory and reasoning, were found to predict school performance in
primary school children (Demetriou et al, 2020). Similarly, pattern
understanding, described as a non-verbal ability to detect structures and
sequences of colors objects, letters, or numbers (Burgoyne et al., 2019,
p- 69), was identified as a predictor of later reading and arithmetic skills
(Burgoyne et al., 2019).

Despite extensive research on cognitive assessments (e.g., Kotz
etal,, 2008; Canivez et al,, 2020), the psychometric properties of verbal
and non-verbal measurements have often been insufficiently explored,
particularly across gender in the Norwegian context. Investigating the
consistency of cognitive assessments across genders is essential in
identifying eventual measurement bias and allows for addressing
potential inequalities. In Norway, a country known for its commitment
to gender equality across various domains including early education
and care settings, a substantial gender gap in literacy emerges at age
10 in favor of girls (Borgonovi et al., 2018). As showed in PISA 2022
results, Norway ranks sixth globally in terms of gender differences in
the domain of language (OECD, 2023). Consequently, it becomes
especially significant to explore early cognitive skill development in
the Norwegian context, including the relationship between verbal and
non-verbal cognitive skills, while considering possible gender
differences in these associations.

The main aim of this study is to examine the dimensionality of two
subscales, which represent verbal (expressive vocabulary) and non-verbal
(reasoning) cognitive skills derived from the British Ability Scales — Third
Edition (BAS 3; Elliot and Smith, 2011) within a Norwegian context
across genders, and explore the relationships between the verbal and
non-verbal skills measured at two — time points (age 3 and 5). By the
longitudinal design and the utilization of Structural Equation Modeling
(SEM) and multiple-sample Confirmatory Factor Analysis (CFA)
method, we can address these issues. As a result, we can contribute to the
ongoing dialog on the validity of cognitive assessments, developmental
patterns in verbal (expressive vocabulary), non-verbal (reasoning)
cognitive skills, and gender differences.

1.1 Cognitive development

Piaget’s theory of cognitive development and subsequent research
have emphasized the importance of cognitive skills in children’s
intellectual growth (Babakr et al, 2019). Today, psychometric
cognitive test batteries, or intelligence tests, are frequently used to
measure cognitive skills. These batteries consist of subtests assessing
different cognitive domains, including verbal (i.e., expressive language,
reading) and non-verbal skills (i.e., reasoning, spatial skills). Although
these can be considered independent functions, the term general
intelligence or cognitive ability, referred to as “g;” is widely recognized
by psychologists as a higher-order factor in psychometric testing
(Deary et al.,, 2010; Canivez and McGill, 2016; Bryan and Mayer,
2020). A modular view of intelligence remains controversial, but the
effect of genetic factors on cognitive development in early childhood
is considered modular, meaning that different genetic components
affect specific cognitive domains. This effect becomes “molar” by
influencing general cognitive functioning as the child grows into
adulthood (Price et al., 2000, p. 956). Despite this, the relationship
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between verbal and non-verbal cognitive skills among infants is
mediated by shared environmental factors rather than genetic
influence (Price et al., 2000). Childhood and adult studies can produce
varying results regarding the relationship between verbal and
non-verbal cognitive skills, in addition to genetic and environmental
influence (Price et al., 2000).

Noteworthy, adolescents and young adults with greater vocabulary
skills show more rapid gains in fluid reasoning and vice versa, an effect
referred to as mutualistic (Peng and Kievit, 2020). Such findings
challenge the idea that cognitive functioning is purely domain-specific
or entirely influenced by a single underlying “g” factor, suggesting that
interrelationships between cognitive skills should be considered. For
example, the Differential Ability Scales (DAS) structure organizes
cognitive functioning into a hierarchy of clusters representing distinct
cognitive skills (Elliott, 2001; Gordon and Elliott, 2001; Canivez et al.,
2020). These clusters appear interrelated but become more distinct
when the child develops. In preschool aged children, cognitive skills
are clustered into verbal and non-verbal factors but become more
differentiated among school-aged children, with a third cluster
reflecting fluid reasoning in addition to verbal and spatial skills
(Gordon and Elliott, 2001). Little is known about the development of
verbal and non-verbal cognitive skill interrelations from toddlerhood
to preschool age, especially regarding possible gender differences.

1.2 Gender/sex differences

Research on mean differences in general cognitive ability across
genders has shown inconsistent results, which may relate to the use
of different cognitive measures, various operationalization methods
(i.e., composite scores and latent variables), and different age groups
studied (Palejwala and Fine, 2015; Giofre et al, 2022). Among
toddlers and preschool children, gender differences in cognition may
emerge. In one study, girls showed an advantage in general
intelligence (Palejwala and Fine, 2015), although another study,
including children under age 5, found no statistically significant
effects of gender (Sellers et al., 2002). As mentioned earlier, general
cognitive ability can be considered a multifaceted construct, reflected
by the number of subtests across the various cognitive batteries.
When the scores of different subtests are aggregated, these differences
may offset each other (Johnson and Bouchard, 2007). For example,
girls tend to outperform boys in verbal tasks from an early age
(Hirnstein et al., 2023) and may demonstrate greater processing
speed compared to boys (Palejwala and Fine, 2015). It is important
to mention that boys tend to show greater variability in their scoring
(Dykiert et al., 2009; Giofre et al., 2022). For example, boys excel in
subtests relating to visuospatial abilities, which include mental
rotation tasks, spatial perception, and spatial visualization (Reilly
etal., 2017), but show greater variability in mathematical and spatial
abilities (Feingold, 1994). Researchers have managed to explain these
differences from various standpoints, including biological theories
regarding neuroanatomical differences and brain development
relating to lateralization, cortical volume, and hippocampal
differences (Deary et al., 2010), and socialization theories proposing
that differences result from social, cultural, and other environmental
factors (Wood and Eagly, 2012). Generally, an interaction of
biological and environmental factors is the most likely explanation
for the existence of gender differences in cognition, but has not yet
been fully understood (Jincke, 2018).
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Regarding the terminology of “gender” and “sex,” sex differences
refer to predominantly biological differences between males and
females in chromosomes, organs, and hormones and has been used in
medical or health research. Gender refers to socially constructed roles
and behaviors, which can be influenced by historical and cultural
factors, used as a prominent concept within the social sciences
(Johnson et al., 2009; American Psychological Association, 2019;
Holzhauer et al., 2020). Although we consider both terms relevant to
the topic of cognitive development, we chose to use the term “gender”
throughout the current paper due to its’ relevance in the field of
psychology and educational sciences.

1.3 British ability scales

The British Ability Scales (BAS) is a battery of individual tests of
distinct cognitive abilities and educational achievement and assumes a
hierarchical organization of cognitive ability (Elliott, 2001). The
development of BAS started in 1979 with the first version of the scale,
continued by BAS-R (Elliot, 1983), the Differential Ability Scales (DAS,
US adaptation of the scale; Elliot, 1990a,b), in addition to BAS IT in 1996
and DAS II in 2006, before the most recent version BAS 3 was introduced
(Elliot and Smith, 2011). The first version of BAS was standardized on
3,435 children, whereas the BAS II was standardized in 1995 on a smaller
UK sample, including 1,689 children. Construct validity and high test-
retest reliability were demonstrated (Elliott et al., 1997). Test fairness, or
the degree to which the measure was equally valid for individuals from
various demographic groups, including gender, was also investigated. This
included a review conducted by two users sensitized to ethnic bias,
psychometric assessment of item characteristics, and the prediction of
educational outcomes across groups (Hill, 2005). The results indicated
bias against children from minority backgrounds with a limited
experience of Western culture (Elliott et al., 1997). Minimal bias effects of
gender were reported, including comparable performance across ethnic
groups, indicating test fairness (Hill, 2005).

The DAS II was standardized and normed in the year 2005 on a
sample of 3,480 children, aged 2 years and 6 months through 17 years
and 11 months, divided into 18 age groups. Each age group consisted
of around 200 children, with an equal number of girls and boys in
each group. The standardization included children with mild
perceptual, speech, and motor impairments (Dumont et al., 2009). The
reliability of DAS IT was within the acceptable range between 0.87 and
0.96 for the various age groups and clusters investigated (Dumont
etal., 2009). The validity studies of DAS II, including both clinical and
non-clinical populations, indicated a satisfactory concurrent validity
of the measure, ranging from moderate to high, as indicated by the
correlation coeflicients to other measures of intelligence ranging
between r=0.59 and r= 0.88 (Dumont et al., 2009). The structural
validity of the DAS II was investigated using the standardization
sample and both higher-order and bi-factor models indicated that the
g factor accounted for large portions of total and common variance
(Canivez et al., 2020). However, more is needed to know about the
validity and test fairness of the latest version, BAS 3.

1.4 The current study

Based on the research gap regarding the psychometric properties of
cognitive measures and cognitive developmental patterns across gender,
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particularly in the Norwegian context, the main aim of the current study
is to investigate the dimensionality of two subscales from BAS 3 and to
examine the relationships between verbal and non-verbal cognitive skills
at age three and five skills, through a longitudinal design. By examining
the dimensionality and stability of cognitive measures in a Norwegian
context, we contribute to the literature on verbal and non-verbal cognitive
skill assessment in young children. By exploring potential gender
differences, we can provide additional insights regarding the existing and
future assessments and the understanding of cognitive development early
in life. Identifying areas in which boys and girls may excel or face
challenges can guide the development of targeted interventions and
educational approaches that cater to the diverse cognitive needs of each
gender. Lastly, by conducting the study in a Norwegian context,
we contribute to fostering inclusive educational environments and
promoting equal opportunities for all children within a progressive and
gender-equitable society.

Consequently, we aim to answer the following research questions:

o To what extent is the dimensionality of the verbal (Naming
Vocabulary, BAS 3) and non-verbal skill assessments (Picture
Similarities, BAS 3) supported at two time points in the
Norwegian context? (RQ1 - Dimensionality).

o To what extent is the verbal and non-verbal cognitive skill
assessments (BAS 3) invariant across genders? (RQ2
— Invariance).

o What characterizes the relationship between verbal and
non-verbal cognitive skills, and what are the gender differences?
(RQ3 - Relationships).

» How do verbal and non-verbal skills in toddlerhood (T1) predict
subsequent preschool age (T2) skills, and what are the gender

differences in these effects? (RQ4 - Prediction).

In the next sections, we present the methodology employed in the
study, including the data collection, participants, and procedures,
followed by the results, discussion, and conclusion.

2 Methods
2.1 Sample and procedure

The data used in the current study come from two time points (T1
and T2) of a longitudinal research project (GoBaN). The project aims
to explore the quality of early childhood education and care (ECEC)
centers in Norway and its possible significance for children’s
development. The study was approved by the Norwegian Centre for
Research Data (NSD), the Norwegian Protection Authority and
conducted in compliance with GDPR, the EU, and the Research
Council’s ethical standards and regulations for research. All data were
stored in a secure platform for sensitive data in compliance with the
Norwegian privacy regulation.

The data collection consisted of a two-step procedure. First, over
90 private and public ECEC centers were randomly drawn from seven
municipalities, which were considered representative of the
Norwegian population. Second, parents of children born in 2011 or
2012 who attended the selected centers were invited to participate in
the study. As reported by Eliassen et al. (2017), approximately 60-70%
of the parents invited to the project accepted and signed the informed
written consent on behalf of their children.
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TABLE 1 Descriptive statistics for the total sample (N =1,166) and gender groups.

Verbal N Missing (%) Mean SD SE mean Skewness Kurtosis
T1 1,078 88 (7.5%) 0.55 0.24 0.007 —0.28 —0.63
Girls 516 27 (5.2%) 0.57 0.23 0.01 —0.36 —047
Boys 558 25 (4.5%) 0.53 0.24 0.01 —0.18 —0.74
T2 1,029 137 (11.7%) 0.43 0.18 0.006 0.06 —0.26
Girls 480 63 (13%) 0.43 0.17 0.007 0.12 —0.10
Boys 530 53 (10%) 0.44 0.19 0.008 0.01 —0.40
Non-verbal N Missing (%) Mean SD SE Mean Skewness Kurtosis
T1 1,096 70 (6%) 0.70 0.18 0.005 -1.16 1.99
Girls 527 16 (3%) 0.71 0.18 0.008 -122 221
Boys 565 18 (3.2%) 0.69 0.18 0.007 —L11 1.82

T2 1,028 138 (11.8%) 0.59 0.17 0.005 -0.71 0.53
Girls 479 64 (13.3%) 0.60 0.17 0.008 —0.74 0.74
Boys 530 53 (10%) 0.59 0.16 0.007 —0.70 0.46

The assessments were conducted in the children’s ECEC centers by
trained data collectors at T1 (age three) and T2 (age five). At T1, the mean
age was 2.96years (SD =0.21), and 5.02years (SD =0.12) at T2. The
children were accompanied by a carrier with whom they were familiar.
The accompanying carrier was informed about the test situation and that
they could provide emotional but no conceptual support (Eliassen et al.,
2017). The total sample comprised 1,166 children, with 543 girls (48%)
and 583 boys (40 unregistered). The analytic sample comprised 1,094
children (526 girls, 564 boys, four missing), including both verbal and
non-verbal factors from T1 and T2. For the verbal measure at T1, there
were 7.5% missing (N=1,078) and 11.7% missing (N=1,029) at T2. The
non-verbal measure had 6% missing at T1 (N=1,096) and 11.8%
(N=1,028) at T2 (see Table 1). The main reason for the higher number of
missing children at T2 was families relocating and changing the ECEC
center (Hansen and Broekhuizen, 2021).

2.2 Materials

2.2.1 The British ability scales (version BAS 3)

The British Ability Scales are considered sophisticated, up-to-date
cognitive test batteries, focusing on the most suitable items, reducing
assessment time, and protecting the participating child’s self-esteem
and motivation (Hill, 2005; Swinson, 2013). The current study used
two translated (English-Norwegian) subscales (Naming Vocabulary
and Picture Similarities) from the BAS 3 - Early Years Battery (Elliot
and Smith, 2011). The measures were chosen above other alternative
measures because of good or better predictive validity for longer-term
outcomes and good reliability. In addition, they were time effective
and easy to use for researchers.

The “Naming Vocabulary” subscale measures expressive
vocabulary skills rather than the recognition or understanding of
word meaning. The subscale consists of 36 items with age-specific
start and stop points to provide children with test items
appropriate to their level of ability (Elliot and Smith, 2011). Items
1 to 24 are applicable for children aged 36 to 54 months (T1),
whereas items 11 to 36 are applicable for children aged 54 to
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71 months (T2). During this assessment, children are given a
picture they are asked to name it (i.e., chair and book). The
“Picture Similarities” subscale measures non-verbal reasoning
skills. The first 18 items (items 1-18) are applicable for children
aged 36 to 54 months (T1), and items 12 to 35 for children aged
54 to 71 months (T2). The participating children are presented
with a depicted object and a board with a row of four other
depicted objects, thereby being asked to match the object with one
of four alternative objects on the board. The objects have a shared
element or concept, such as flowers, animals, and people,
including abstract tasks containing shapes, forms, and colors. For
both assessments at T1 and T2, one point is given for correctly
given answers and zero points for incorrect answers.

2.2.2 Covariates

Parents or legal guardians of the participating child provided the
child’s national identification number in a questionnaire, which
included information regarding gender and age. To preserve
anonymity in the dataset, “age at test” was calculated by the use of
birth date and the reported date of both “Naming Vocabulary” and
“Picture Similarities” assessments at T1 and T2. Consequently, the
exact age of the children was recorded at both time points. Age at test
for T1 was used to account for the differences in age among the
children in the sample.

2.3 Analytical approach

Descriptive statistics were derived using IBM SPSS, version 27 (IBM
Corp, 2020). The remaining analyses, including correlations,
Confirmatory Factor Analysis (CFA), and Structural Equation Modeling
(SEM), were performed using the Mplus version 8 software (Muthén and
Muthén, 1998-2011). SEM is a confirmatory approach that can be used
for validation through CFA and regression with latent variables ([line,
2016). In SEM analyses, latent variables correspond to hypothetical
constructs or explanatory entities presumed to reflect concepts that
cannot be directly observed, such as intelligence (Iline, 2016). Acceptable
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levels of factor loadings and Fitness Indexes thresholds indicate the
suitability of items in measuring their respective latent constructs.

In the current study, the cognitive tests include items with
categorical data. Hence, the Weighted Least Squares Mean and
Variance adjusted (WLSMV) estimator was chosen as an appropriate
robust estimator for categorical indicators (Muthén et al., 2015).
Because the Chi-square difference testing can be sensitive to sample
size, it may lead to a rejection of a satisfactory model (Chen, 2007;
Kline, 2016). Consequently, the comparative fit index (CFI), the
Tucker-Lewis Index (TLI), and the root mean square error of
approximation (RMSEA) were used as fit indices. For the current
study, we considered values TLI>0.95, CFI>0.95, and RMSEA <0.06
(Hu and Bentler, 1999) as indicative of adequate fit, for categorical
indicators and the WLSMV method.

The proportion of missing values ranged between 6 and 13%. The
data was adjusted after inspecting the distribution of the cognitive
measure data. When mapping the items on the included assessment,
too many (>90%) or very few (<10%) have achieved correct responses.
These items can appear as outliers and can provide little information
for analysis. In the current analysis, little variance resulted in empty
cells in cross-tabulations, potentially leading to bias in the model.
These items were thus removed. There may be uncertainty related to
removing items. Hence, we compare the adjusted data findings with
analyses including all items (see Supplementary Appendix D).

Despite support regarding the validity of both DAS II and BAS
II, more information is needed about the validity of BAS 3,

10.3389/fpsyg.2024.1330334

especially for a translated version in a Norwegian sample.
Consequently, four confirmatory factor analysis (CFA) models
were fitted on the total sample to investigate the factor structure
of the non-verbal cognitive and verbal cognitive assessments
measured by Picture Similarities and Naming Vocabulary of BAS
3 at two time points (age 3 - T1; age 5 - T2) in a Norwegian
sample (RQ1). Scale reliability (w) was calculated based on the
CFA results in accordance with Raykov (2001). Further, a
two-group CFA with gender as the grouping variable was
implemented to test the factors across gender. Scalar measurement
Invariance (MI) testing across gender was performed to explore
whether the scores of the latent factors have equal meaning across
groups (RQ2) and whether score differences can be attributed to
group membership (Horn and McArdle, 1992). Metric invariance
could not be tested due to the categorical nature of the data. Based
on uncertainty relating to the chi-square testing, additional cut-off
criteria for CFA (<—0.010) and RMSEA (<—0.015) change were
applied, which would indicate scalar non-invariance (Chen, 2007).

The relationships between the latent factors representing verbal
and non-verbal skills measured at two time points were investigated
through correlation analysis and compared across groups and time
points using the “model test” option in Mplus (RQ3). Subsequently,
structural Equation Modeling (SEM) was applied to test whether
verbal and non-verbal latent factors measured at T1 could predict
their respective latent factors measured at T2. In the first step
(Figure 1), age at test for T1 was set as an observable variable predictive
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FIGURE 2
Second Step of SEM Analysis with Naming Vocabulary and Picture Similarities as latent variables. An addition to Figure 1 is that Verb_tl influences Non-
verb_t2 and Non-verb_t1 influences Verb_t2.

of their respective factors representing verbal and non-verbal cognitive
skills. Age at test for T2 was not controlled for due to similar variation
in T2 age among the participants. In the second step (Figure 2), latent
variables measured at T1 were additionally set as predictors for the
latent variables measured at T2 (RQ4).

3 Results

The current section aims to answer the overarching research
question regarding cognitive skill measurement and development in
a Norwegian sample. Consequently, we explore the validity of two
subscales from BAS 3 measuring verbal (Naming Vocabulary) and
non-verbal (Picture Similarities) cognitive skills in a Norwegian
context across genders and investigate the relationships between these
skills in both boys and girls. First, descriptive statistics, including raw
scores, will be presented before the investigations of each
research question.

3.1 Descriptive statistics

Items with less than 90% and more than 10% correct response
percentage in the total sample from the Naming Vocabulary and
Picture Similarities subscales were included in the analysis. The
remaining items were deleted. Consequently, the Naming Vocabulary
T1 subscale included 16 items, in which the correct response
percentages ranged from 18.5 to 88.5%. At T2, the Naming Vocabulary
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subscale included 13 items, with correct response percentages ranging
between 11 and 83.6%. The Picture Similarities subscale at T1 included
16 items, whereas T2 consisted of 20 items. For T1, the correct
response percentage ranged from 33 to 89%, and from 17 to 88% for
T2. All of the included items were used to derive descriptive statistics,
including sample size, missing values, means, standard deviations,
item range, skewness, and kurtosis values (Table 1). The distribution
of the subscales and the correlation matrix of the individual items can
be seen in Supplementary Appendices A E, respectively.

3.2 Dimensionality and invariance (RQ1 and
RQ2)

Four individual CFA models were fitted on the total sample to
determine the extent to which the dimensionality of the verbal and
non-verbal cognitive skill measurements (Naming Vocabulary and
Picture Similarities, BAS 3) is valid across two time points and gender
in a Norwegian context. Scale reliability, omega (®), was calculated
(Raykov, 2001). The results are presented for each assessment at each
time point, including the results for the total sample (Table 2), item
parameter estimates (Supplementary Appendix B), and measurement
invariance test results with gender as the grouping variable (Table 3).

The first model, including the total sample and items from the
verbal assessment at T1, showed acceptable fit indices. All
standardized factor loadings were above the 0.4 threshold
(Mehmetoglu and Jakobsen, 2017), ranging from 0.442 to 0.825. The
scale reliability coefficient was @ =0.936. The two-group CFA with
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TABLE 2 CFA fit indices results for the total sample.

10.3389/fpsyg.2024.1330334

2 (df) p-value CFI TLI RMSEA 90% ClI
Verbal T1 378.121 (104) 0.000 0.964 0.959 0.049 0.044-0.055
Verbal T2 125.187 (65) 0.000 0.961 0.954 0.030 0.022-0.038
Non-verbal T1 164.350 (104) 0.000 0.956 0.950 0.023 0.016-0.030
Non-verbal T2 262.776 (170) 0.000 0.949 0.942 0.023 0.017-0.028
TABLE 3 Two-group CFA fit indices and measurement invariance test results.
Model Nr of P. X2 df p-value CFI TLI RMSEA
Verbal T1 Configural 64 452.184 208 0.000 0.968 0.963 0.047
Scalar 50 464.640 222 0.000 0.968 0.965 0.045
Comparison 23.368 14 0.055
Verbal T2 Configural 52 183.255 130 0.002 0.964 0.957 0.028
Scalar 41 197.241 141 0.001 0.962 0.958 0.028
Comparison 15.737 11 0.151
Non-verbal T1 | Configural 64 258.220 208 0.010 0.963 0.957 0.021
Scalar 50 272.826 222 0.011 0.963 0.960 0.020
Comparison 16.582 14 0.279
Non-verbal T2 | Configural 80 402.835 340 0.011 0.961 0.956 0.019
Scalar 62 422.425 358 0.011 0.960 0.957 0.019
Comparison 16.927 12 0.255

gender as the grouping variable showed good model fit indices as
well, with standardized factor loadings from 0.346 to 0.814 among
girls, and from 0.461 to 0.836 among boys. Support for scalar
invariance was found regarding the chi-square test, y* (14) =23.368,
p=0.055, and in accordance with the CFI and RMSEA cut-off criteria
(Chen, 2007). There was a significant difference in the factor mean
score, where boys had an average standardized score of 0.204 lower
than girls (SD=0.067, p=0.002), indicating a small effect size. The
second model, including the verbal assessment at T2, showed a good
fit with standardized factor loadings ranging from 0.229 to 0.702.
Only two items showed factor loadings below the 0.4 threshold (items
12 and 26). Scale reliability was 0.838. The results of the two-group
CFA were further lending support for the verbal T2 model. The
standardized factor loadings ranged between 0.213 and 0.684 in the
group of girls. Among boys, the factor loadings ranged between 0.229
and 0.731. We found scalar invariance across the gender groups, as
indicated by x* (11)=15.737, p=0.151, and a slight change in CFI
of —0.002.

The third CFA model consisted of items from the non-verbal T1
assessment, which showed acceptable results. The standardized factor
loadings ranged from 0.319 to 0.692, but five items showed weak
factor loadings below the 0.4 threshold. Scale reliability was at 0.819.
The two group CFA model resulted in acceptable fit indices, with
standardized factor loadings ranging between 0.337-0.755 among
girls and between 0.310-0.636 in the group of boys. Support for scalar
invariance was found, with y? (14) =16.582, p=0.279, and no changes
in the CFI value (0.963). The fourth CFA model of the non-verbal T2
assessment showed acceptable results.

The standardized factor loadings ranged from 0.284 to 0.623.
Most factor loadings exceeded the 0.4 threshold except for four items
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(items 13, 23, 33, and 35). The calculated scale reliability was 0.842.
The two-group CFA model indicated a better fit, with standardized
factor loadings ranging from 0.273 to 0.646 among girls, and from
0.266 to 0.629 among boys. The chi-square test of measurement
invariance with y* (12)=16.927, p=0.255, and the CFI change of
—0.001 indicated scalar invariance across gender.

3.3 Relationships between the factors
(RQ3)

A correlation analysis with latent factors was conducted to
investigate the nature of the relationships between verbal and
skills 3 5
(Supplementary Appendix C, S7). The model including all four
factors indicated a good fit: x*=2435.450 (2009), p<0.001.
RMSEA=0.014 (CI=0.012-0.016), CFI=0.965, TLI=0.963. The
correlation analysis showed that the correlation between verbal
factors at T1 and T2 was r=0.66 (p <0.001), and r=0.27 (p<0.001)
between the non-verbal factors at two different time points (T1 and

non-verbal  cognitive at  ages and

T2). The correlation of the verbal factors was significantly stronger
compared to the non-verbal factors. Further, the correlation between
the two assessments representing verbal and non-verbal cognitive
skills at T1 was r=0.41 (p<0.001) and r=0.38 at T2. This difference
was not statistically significant. Lastly, the correlation between the
verbal factor at T1 and the non-verbal factor at T2, as well as the
verbal factor at T2 and the non-verbal factor at T1, was r=0.24
(p<0.001).

The relationships between the factors were investigated with
two-group CFA (Supplementary Appendix C, 58), which showed
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acceptable results: y>*=4417.130 (4075), p<0.001. RMSEA =0.012
(CI=0.012-0.015), CFI=0.965, TLI=0.965. One correlation was
significantly different between the gender groups according to the
Wald test (Supplementary Appendix C, 59); girls showed a stronger
correlation between non-verbal T1 factor and verbal T2 factor
compared to boys [4.275 (1), p=0.0387].

3.4 Prediction (RQ4)

To investigate the predictive value of verbal and non-verbal skills
measured in toddlerhood (T1) for subsequent skills in preschool age
(T2) and examine whether there are gender differences in these effects,
we divided the analysis into two steps. In the first step (Figure 3), the
relationship between verbal and non-verbal cognitive skills measured
at T1 and T2 was tested for the total sample. Two factors measured at
T1 were set as predictive of their respective factors from T2.
Simultaneously, a correlation between verbal and non-verbal skills
both at T1 and T2 was investigated. The overall model fit was good:
¥>=2551.724 (2074), p<0.001. RMSEA =0.015 (CI=0.012-0.016),
CFI=0.957, TLI=0.955, WRMR =1.099.

In the second step (Figure 4), the verbal factor from T1 was set
as a predictor of the non-verbal T2 factor. Similarly, the non-verbal
factor from T1 was set as a predictor of the verbal factor from T2. The
overall model fit showed good results: y*=2505.505 (2072), p<0.001.
RMSEA=0.014 (CI=0.012-0.016), CFI=0.961, TLI=0.959,
WRMR =1.078. The chi-square ()?) difference test was applied with
the “DIFFTEST” option in Mplus (Muthén and Muthén, 1998-2011,

10.3389/fpsyg.2024.1330334

p- 508) to investigate whether the first model (step one) differs from
the second model (step two) significantly. The results indicated that
the second model is statistically a better fit (Ay*=15.819, Adf=2,
p<0.001). Further results showed that the verbal factor at T1
remained a significant predictor of the verbal factor from T2, with a
weak but significant coefficient on the non-verbal ability factor at T2
(unstandardized b=0.09, p <0.001). The non-verbal factor from T1
predicted the non-verbal factor at T2 significantly, but not the verbal
ability factor at T2. Age at test was a significant predictor of both
verbal and non-verbal cognitive factors at T1. The residual
correlations of the latent factors at T1 and T2 were significant, but did
not differ significantly [0.978 (1), p=0.323].

Lastly, gender was included in the analysis as a grouping variable.
The model fit was good y* = 4555.344 (4201), p<0.001. RMSEA =0.012
(CI=0.009-0.015), CFI=0.961, TLI=0.960, WRMR = 1.424. However,
none of the coefficients were significantly differing across genders,
except for the non-significant coefficient of the non-verbal factor at
T1 on the verbal factor at T2 [5.390 (1), p =0.0203]. Noteworthy, this
coeflicient appeared as negative and marginally significant among
boys, with a standardized beta value of f=-0.104, p=0.069
(unstandardized b=—0.146, p=0.078).

4 Discussion

In the current study, our goal was to address the dimensionality
and validity of two subscales from BAS 3 measuring verbal (Naming
Vocabulary) and non-verbal (Picture Similarities) cognitive skills in a
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Norwegian context across genders, and to investigate the nature of the
relationships between verbal and non-verbal cognitive skills in
toddlerhood and preschool age, across gender. Overall, the results
showed that the scales are valid for both age groups and among boys
and girls. However, the moderate relationship between the non-verbal
assessments at T1 and T2 may indicate scale inconsistency across
time. Regarding the gender differences, we found a small difference in
the verbal factor in toddlerhood (T1) in favor of girls, and a stronger
association between the non-verbal factor in toddlerhood and the
verbal factor in preschool age (T2) among girls, indicating a subtle
gender difference in cognitive developmental patterns. Before
discussing the findings of our study in detail, it is essential to
emphasize the importance of the outcomes, which provide valuable
insights into the validity of the assessments and the complex dynamics
of cognitive skills during early childhood while considering the
influence of gender, thus enriching our comprehension of early
cognitive skill development.

4.1 Dimensionality and scale applicability
(RQ1)

In the current study, we found support for the dimensionality of
the two BAS 3 subscales, Naming Vocabulary and Picture Similarities
(RQ1) at two time-points, ages three and five. Despite most factor
loadings being above the 0.4 threshold, some items indicated slight
variance explained by their respective latent factors, reflecting possibly
problematic measurement even after item removal. Due to the
dichotomous nature of the data, the low factor loadings could result
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from a low variance in these items as well, with very many or very few
correct responses.

Prior to item removal, most of these removed items showed a
high, rather than low response rate, indicating that the scale was
relatively easy for the sample studied. When mapping multiple-
choice items, as in the “Picture Similarities” subscale with four
alternative answers for the participating child, using items with more
than 75% or less than 25% correct responses is generally
recommended. However, this threshold was considered too strict for
the current data, resulting in an inappropriate number of items for
analysis. Another standard threshold includes a 90-10% and a
95-5% ratio of the response rate. In the current study, due to little
variation in the data and empty cells in the cross-tabulations of the
items that could potentially lead to bias in the analyses, we used the
90-10% threshold. It is worth noticing that this threshold removed
more than 20% of the original items from the “Naming Vocabulary”
subscale at both time-points. Whether the resulting latent factors are
valid representations of the measured, theoretical verbal concept
could be discussed.

The analyses encompassing all items revealed that we were unable
to confirm measurement invariance across gender in the verbal factors
at ages three and five, nor did we find support for the overall model fit
of the verbal factor at age five (see Supplementary Appendix D).
However, these results could be biased due to the problem with empty
cells in the cross tabulations, as indicated by our results. Consequently,
we recommend using the revised version of the Naming Vocabulary
subscale in a Norwegian context, provided in the current study, which
may additionally serve as a more effective verbal and non-verbal
cognitive assessment. The overall patterns of the investigated
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relationships was not changed based on the item removal
(Supplementary Appendix D).

It is essential to note that BAS 3 was developed in English-
speaking countries; the response rate in the current sample could
relate to cultural and lingual differences. For example, the included
words in the Naming Vocabulary subscale may have varying difficulty
and age of acquisition in English versus Norwegian language (see
Ortiz and Oganes, 2022). Furthermore, the families of the studied
sample showed higher socioeconomic status (SES) than the average
SES in Norway (e.g., Hansen and Broekhuizen, 2021). Family SES
could potentially have an indirect influence on the participating
child’s cognitive abilities, as indicated in earlier studies (Pace et al.,
2017; Romeo et al,, 2022). The low variability caused by a high correct
response percentage among the participating children could
be related to higher family SES in the studied sample. Consequently,
we consider the latent factors in the current analyses to consist of
items representative of their theoretical concepts, and the resulting
assessment as appropriate and effective for a Norwegian sample.
Noteworthy, without easy or difficult items in the assessments, it can
be problematic to investigate children who score low or high on
verbal and non-verbal cognitive skills. In such cases, a different
approach including easy and difficult items would be more suitable,
but this is outside the scope of the current study.

4.2 Gender invariance (RQ2)

In the current study, we found support for measurement
invariance at configural and scalar levels and dimensionality of the
two BAS 3 subscales, Naming Vocabulary and Picture Similarities, and
across genders (RQ2) in a Norwegian context, at ages three and five.
Traditionally, scores from individual tests, known as observed scores,
have been used to assess differences in cognitive functions. However,
observed scores consist of measurement errors and unique variations
that may affect the accuracy of eventual comparisons across groups,
including gender. Using latent variables estimated through SEM gives
a more reliable approach to measuring cognitive skills by removing
sources of unreliability, providing a purer measure of the underlying
construct. For example, observed and latent variable approaches may
yield different results (Steinmayr et al., 2010). The importance of the
latent variable approach is emphasized specifically to investigate
gender differences through measurement invariance testing.

Configural invariance indicates that the latent construct structure is
similar across the groups studied and that the pattern of relationships
between the latent variables and indicators is consistent (Kline, 2016).
Scalar invariance represents comparable measurement scales, and
differences between the groups can be attributed to the latent constructs
rather than being a result of differences in how the items are understood
or responded to Kline (2016). Scalar invariance allows further analyses of
latent mean differences, which showed that girls scored higher on average
compared to boys in T1 (age three). The standardized coefficient of 0.2 in
favor of girls indicated a small gender difference in magnitude. The results
are comparable to a previous study performed by Hansen and
Broekhuizen (2021) using a similar sample to the one in the current study.
The authors investigated gender differences in BAS 3 verbal ability scores,
given as an observable variable rather than a latent variable, calculated in
accordance with the BAS 3 manual (Elliot, 2011; Elliot and Smith, 2011).
The similarity between the results suggests that the latent factor approach
reflects the original ability score, lending support for the validity of the
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latent verbal factors in this study. In sum, the results suggested acceptable
fit indices, indicating that the proposed model representing the theoretical
relationships among the variables fits the observed data adequately (Kline,
2016). Consequently, the data and the latent factors representing verbal
and non-verbal skills demonstrate dimensionality and stability across
gender in the Norwegian context.

4.3 Relationships between the factors (RQ3
and RQ4)

The relationships and effects measured between the latent factors,
representing verbal and non-verbal cognitive skills measured at the
age of three (T1) and five (T2), were investigated using correlation
and regression analysis through SEM modeling. The results showed
moderate to strong relationships between the verbal factors at T1 and
T2, lending further support for the validity of the Naming Vocabulary
subscale of BAS 3 (Elliot and Smith, 2011). However, the weak
relationships between the non-verbal factors at T1 and T2, measured
by the Picture Similarities scale of BAS 3, indicated little common
variance. These findings suggest that the non-verbal factors represent
two independent constructs across time. Generally, early cognitive
skills may undergo significant developmental changes and become
differentiated, as observed in preschool and school-aged children
(Gordon and Elliott, 2001). Despite this, we did not find significant
differences in the correlations between verbal and non-verbal
cognitive skills in toddlerhood (T1; age three) and in preschool-aged
children (T2; age five), suggesting the same level of dependency and
possible mutualistic effects (Kievit et al, 2017). Although the
relationship strength between verbal and non-verbal cognitive skills
was similar across time, the current results demonstrate that the
concept of non-verbal cognitive skills may be different in children
aged three compared to children aged five.

We found significant gender differences in the correlational strength
between the non-verbal factor at T1 and the verbal factor at T2, in favor
of girls. Furthermore, we found a significant gender difference in the
regression coefficient of the non-verbal factor (T1) on the verbal factor
(T2), although the coefficient appeared non-significant, and marginally
significant in the group of boys. Despite this, it is important to point out
that the coefficient was negative in the group of boys. Overall, these
findings suggest that during cognitive development, the impact of
non-verbal skills on later verbal skills may differ across genders and show
stronger associations among girls. As mentioned earlier, the relationship
between verbal and non-verbal cognitive skills is complex and may vary
due to changes in development as a function of age, as well as varying
associations with genetic and environmental factors (Price et al., 2000).

5 Limitations

There are some limitations in the current validation study. Firstly, the
study did not include the full BAS 3 scale, which consists of several
subscales representing various aspects of cognition that can be calculated
into a “g” factor. Including all of the subscales would give a more nuanced
picture of early cognitive development. Secondly, we did not include
covariates such as family SES, which could be relevant to investigate in the
current study. The third limitation relates to measurement invariance
testing across time. Due to the exclusion of a relatively large number of
items, it was impossible to test for measurement invariance across T1 and
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T2. The possibility of doing so could have given a more appropriate
answer to the question regarding the relationship between T1 and T2
factors, resulting in a satisfactory addition to the performed analyses. It is
also crucial to acknowledge the non-randomized sample selection,
emphasizing the need for caution when generalizing the current findings
to abroader population. Finally, the translation of the Naming Vocabulary
subscale lacked cultural adaptation, such as considering developmental
patterns of specific words, requiring further research to support the
subscale’s validity.

6 Conclusion and further research

In conclusion, the results indicate that the adaptation of two BAS 3
subscales using the latent variable approach, was appropriate within the
Norwegian context. The Naming Vocabulary subscale appeared to
be valid and invariant across genders. Girls showed higher latent mean on
verbal ability factor than boys at age three, but not at age five. Furthermore,
the latent factor representing verbal abilities at age three predicted verbal
and non-verbal abilities at age five. The Picture Similarities subscale
appeared valid in the Norwegian context and across genders as well.
However, it showed more significant concerns regarding its validity due
to the weak relationship across time and the non-significant predictive
relationship to the verbal factor at age five. Gender differences were found
in the relationship between the non-verbal factor measured at T1 and the
verbal factor measured at T2, indicating a stronger relationship between
the two within the group of girls.

The observed results highlight the necessity for continued
research and the importance of gender differences in both means
and effects, to increase the understanding of the complex dynamics
in early cognitive skill development. Consequently, further research
should investigate the underlying factors contributing to the
observed effects and gender differences, such as various aspects of
the early childhood environment and their interactions with gender.
Cross-cultural comparisons can illuminate the interplay between
culture, gender, and cognition, whereas neurobiological research can
provide a holistic view on cognitive development. Overall, meta-
analyses and replication studies can further validate and extend
our findings.
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