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Abstract

This study adapted and validated the epistemic beliefs survey for mathematics for Colombian
secondary students. A total of 817 public-school students aged 10-20 participated, and the
sample was randomly divided for exploratory factor analysis (EFA) (n = 407) and confirmatory
factor analysis (CFA) (n = 410). Content validity was examined through expert judgment, and
analyses used procedures appropriate for ordinal data. Item screening and EFA supported a
revised 27-item structure in which ability differentiated into personal ability and general ability,
whereas structure of knowledge did not emerge as a coherent factor. CFA showed that the revised
six-factor model fit the data better than the five-factor alternative (CFl = .966, TLI = .962, RMSEA
= .070, SRMR = .072), with satisfactory reliability (wt = .898). Measurement invariance held
through the scalar level across educational levels. Findings suggest context-sensitive factorial

configurations,
instruments.

supporting context-specific validation when transferring domain-specific

Keywords: epistemic beliefs, mathematics education, scale adaptation, confirmatory factor

analysis, secondary education, Latin America

INTRODUCTION

Education is widely recognized as a key driver of
social development, as the formation of a skilled
workforce fosters economic growth, expands learning
opportunities, and promotes equity and social inclusion
(World Bank, 2024). In this context, mathematics plays a
central role, providing fundamental tools for problem
solving, logical thinking, and abstract reasoning, which
are essential for individual and social development
(Boaler, 2022; Cresswell & Speelman, 2020; Jablonski,
2025).

Despite its importance, mathematical performance in
Latin America and the Caribbean remains a major
concern. According to the 2022 program for international
student assessment, the region achieved an average of
373 points in mathematics, significantly below the
Organization for Economic Co-operation and
Development (OECD) average of 475 points. This gap
corresponds to an estimated delay of approximately five

years of schooling. Furthermore, only 25% of students
reached the minimum level of mathematical proficiency,
and no country in the region demonstrated an equitable
education system, reflecting persistent structural
inequalities (Arias Ortiz et al., 2024). In Colombia, the
situation follows a similar pattern, with only 29% of
students reaching Level 2 proficiency and an average
score of 383 points (OECD, 2023).

While these results describe students” mathematical
performance, they do not fully capture the cognitive and
epistemic processes underlying learning. Research has
shown that students’ beliefs about knowledge and
learning play a critical role in shaping how they
approach mathematical tasks, interpret information, and
regulate their learning strategies (Schiefer et al., 2022). In
particular, epistemic beliefs influence how students
justify procedures, evaluate solutions, and assign
meaning to mathematical knowledge (Hofer & Pintrich,
1997; Muis, 2004; Ondaro & Dagoc, 2025). Naive beliefs,
such as conceiving mathematics as a fixed set of rules or
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Contribution to the literature

e This study provides evidence for the reliability and construct validity of the epistemic beliefs survey for
mathematics (EBSM) in a Latin American secondary education context, where validated instruments

remain limited.

e The findings show that the structure of mathematical knowledge did not emerge as a coherent dimension
in this sample, raising questions about whether this construct is equally salient across educational levels

and cultural contexts.

e This study proposes a refined 27-item factorial structure that differentiates ability-related beliefs into
personal and general ability, contributing to a more precise understanding of students” epistemic beliefs

in mathematics.

absolute truths, are associated with surface-level
strategies and lower performance, whereas more
sophisticated beliefs support deeper understanding and
self-regulated learning (Hofer & Pintrich, 1997; Muis,
2004).

In this context, the study of epistemic beliefs in
mathematics has gained increasing attention. Early
research referred to epistemological beliefs (Hofer &
Pintrich, 1997; Schommer, 1990), but more recent work
has adopted the term epistemic beliefs to emphasize
their psychological and educational nature (Kelly, 2020;
Sandoval et al., 2016). These beliefs refer to students’
conceptions about the nature of mathematical
knowledge and the processes through which it is
constructed, justified, and validated (Hofer & Pintrich,
2002).

Research on epistemic beliefs has evolved from
developmental models (Perry, 1970) to
multidimensional approaches that conceptualize beliefs
as distinct but related dimensions (Schommer, 1990).
However, instruments derived from these frameworks
have shown limitations in terms of factorial validity,
structural stability, and replicability across contexts
(Alkis Kictikaydin & Ayaz, 2024; Dorsah et al., 2025;
Ri¢an & Pesout, 2022; Schraw et al., 2002; Walker, 2007).
These challenges highlight the need for rigorous
psychometric analyses and contextual adaptations when
instruments are applied in different educational and
cultural settings.

In response to the need for domain-specific
measurement, Walker (2007) developed the EBSM, a

multidimensional instrument that assesses six
dimensions: source of knowledge, certainty of
knowledge, structure of knowledge, speed of

knowledge, innate ability, and real-world applicability.
Although this instrument has been widely used, it was
originally developed in an English-speaking cultural
context, which may limit its applicability in other
educational settings due to possible differences in item
interpretation and factorial structure (Brown, 2015;
Schraw et al., 2002).

Psychometric research indicates that the transfer of
instruments across cultural contexts may affect item
interpretation, factorial structure, and measurement
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validity (f{iéan & Pesout, 2022; Schraw et al.,, 2002).
Evidence from studies conducted in Colombia suggests
that the theoretical structure of belief scales is not always
replicated, requiring adjustments and reorganization of
factors (Rincon-Alvarez et al., 2022). Despite this, there
is still limited empirical evidence regarding the
functioning of the EBSM in Latin American contexts,
particularly in secondary education.

A central limitation in the current literature is the lack
of robust evidence on the factorial structure and
psychometric functioning of the EBSM in Latin
American secondary education. Although the
instrument has been used to examine students” epistemic
beliefs, there is limited evidence based on advanced
psychometric procedures, such as exploratory factor
analysis (EFA), confirmatory factor analysis (CFA), and
systematic model comparison. This gap is particularly
relevant because the EBSM was originally developed in
an English-speaking cultural context, and its application
in other settings requires careful cultural adaptation and
validation. Psychometric research has consistently
shown that transferring instruments across cultural
contexts can affect item interpretation, factorial
structure, and measurement validity (Ri¢an & Pesout,
2022; Schraw et al., 2002). Evidence from Colombia
reinforces this concern: Rincén-Alvarez et al. (2022)
found that the theoretical structure of a mathematics
belief scale was not fully reproduced among Colombian
students.

Consequently, it remains unclear whether the
original factorial structure of the EBSM can be replicated,
whether it requires partial adaptation, or whether it
reflects context-dependent reconfigurations of students’
epistemic belief systems. This limitation constrains not
only the interpretation of scores obtained from the
instrument, but also the theoretical understanding of
whether epistemic beliefs in mathematics operate as
independent dimensions or as a more flexible system of
interrelated beliefs shaped by educational and cultural
experience.

In line with this rationale, this study aims to
culturally adapt and validate the EBSM and to examine
its underlying factorial structure in Colombian
secondary students, with a focus on dimensionality,
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construct validity, and the extent to which its structure
may reflect context-dependent configurations of
epistemic beliefs.

THEORETICAL FRAMEWORK

Epistemic beliefs refer to individuals’ conceptions
about the nature of knowledge and how it is constructed
and justified (Hofer & Pintrich, 2002; Muis, 2004). In
educational contexts, these beliefs shape how students
interpret tasks, evaluate information, and regulate their
learning strategies. In mathematics education, they are
particularly relevant because they influence how
students understand reasoning, problem solving, and
the legitimacy of procedures.

Students who conceive mathematics as a fixed body
of rules determined by authority tend to rely on
procedural and surface-level approaches to learning. In
contrast, those who view mathematical knowledge as
interconnected and evolving are more likely to engage in
conceptual understanding and reflective reasoning
(Hofer & Pintrich, 1997; Muis, 2004). Accordingly,
epistemic beliefs constitute a key construct for
understanding how students approach mathematical
tasks and engage with mathematical knowledge. This
perspective is also consistent with Ernest’s (1989)
distinction between instrumentalist, Platonist, and
problem-solving views of mathematics, which provides
a useful theoretical lens for understanding whether
mathematical knowledge is conceived as a set of rules,
as a fixed body of truths, or as a dynamic human activity
centered on problem solving.

The systematic study of epistemic beliefs can be
traced back to Perry (1970), who conceptualized
epistemological development as a staged progression in
their understandings of the certainty, complexity, and
justification of knowledge. Although this model
provided a foundational basis for subsequent research
on epistemic cognition, its sequential and holistic nature
posed challenges for empirical measurement, since
beliefs were conceived as part of an overarching
trajectory rather than as independent, measurable
dimensions (Hofer & Pintrich, 1997; Muis, 2004).

Building on this foundation, Schommer (1990)
proposed a multidimensional model that conceptualized
epistemic beliefs as a system of relatively independent
but interrelated dimensions, encompassing beliefs about
both the nature of knowledge and the processes of
knowing. Despite its broad theoretical influence,
instruments derived from this model have shown
recurring limitations in factorial stability and internal
consistency (Schraw et al., 2002; Walker, 2007). Recent
studies suggest that these challenges persist with
problems related to factorial validity and limited
replicability across educational and cultural contexts
(Alkis Kictikaydin & Ayaz, 2024; Dorsah et al., 2025;
Rican & Pesout, 2022). In response to the limitations of

general instruments, Walker (2007) developed a domain-
specific multidimensional model of epistemic beliefs in
mathematics. This model draws on earlier theoretical
frameworks (Hofer & Pintrich, 1997; Schommer, 1990)
and incorporates a dimension of real-world applicability
informed by research on mathematical beliefs
(Schoenfeld, 1989). From this model, Walker constructed
the EBSM, an instrument organized around six broad
dimensions: source of knowledge, certainty of
knowledge, structure of knowledge, speed of knowledge
acquisition, innate ability, and real-world applicability.
Within the ability domain, the item content includes
both beliefs about one’s own mathematical ability and
beliefs about mathematical ability in general, a
distinction that becomes relevant for the empirical
analyses reported below.

Dimensions of the Epistemic Beliefs Survey for
Mathematics

The EBSM operationalizes epistemic beliefs in
mathematics through six broad domains: source of
knowledge, certainty of knowledge, structure of
knowledge, speed of knowledge acquisition, innate
ability, and real-world applicability (Walker, 2007).
Source of knowledge refers to beliefs about whether
mathematical knowledge is primarily transmitted by
external authorities, such as teachers or textbooks, or
actively constructed by learners. Certainty of knowledge
captures the extent to which students view mathematical
knowledge as fixed, absolute, and unchanging, as
opposed to being open to justification, interpretation,
and development. Structure of knowledge concerns
whether mathematics is perceived as a set of isolated
facts and procedures or as an interconnected system of
concepts and relationships. These first three dimensions
are consistent with multidimensional models of
epistemic beliefs that distinguish beliefs about the
source, certainty, and structure of knowledge (Hofer &
Pintrich, 1997; Muis, 2004).

Speed of knowledge acquisition reflects beliefs about
whether mathematical understanding should occur
quickly or may require sustained effort, time, and
gradual development. Innate ability refers to beliefs
about whether mathematical competence is fixed and
determined by natural talent or can be developed
through learning and effort. This broader domain
includes item content that distinguishes beliefs about
one’s own mathematical ability from more general
beliefs about the nature and distribution of mathematical
talent. Finally, real-world applicability addresses
students’ beliefs about the usefulness and relevance of
mathematics beyond the classroom, particularly in
everyday life, other school subjects, and future
professional contexts (Schoenfeld, 1989; Walker, 2007).
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Phase 1: Cultural Adaptation Phase 2: Piloting Phase 3: Psychometric Validation
Original English version Pilot study Large-scale administration
(EBSM) secondary students (n = 30) (n = 8I17)

Translation into Spanish / Final Spanish version Psychometric evaluation:
/ of the instrument EFA and CFA
Expert review /

semantic, conceptual
and cultural equivalence

Back-translation
into English

Comparison of versions
and resolution of discrepancies

Figure 1. Flow diagram: cultural adaptation and validation process of the EBSM (the authors” own elaboration)

METHOD

Design

This study employed an instrumental, cross-sectional
design to adapt the instrument into Spanish and
evaluate its psychometric properties. A quantitative
approach was used, combining EFA and CFA to
examine item quality, internal structure, and reliability.

Participants

The sample consisted of 817 secondary education
students enrolled in grades six through eleven in public
schools in the metropolitan area of Bucaramanga,
Colombia. Participants” ages ranged from 10 to 20 years.
Mean age increased progressively by grade level, from
12.03 years in sixth grade to 16.45 years in eleventh
grade. Regarding sex composition, 54.94% of the
participants identified as female and 45.06% as male.
Participants were selected using non-probabilistic
purposive sampling. Given the applied nature of the
study, purposive sampling was considered appropriate
to ensure access to the target population.

Inclusion criteria were:

(a) current enrollment in the institution and
participation in mathematics as part of the official
curriculum, and

(b) provision of informed consent signed by parents
or legal guardians.

Students with diagnoses associated with cognitive

difficulties were excluded, as were those who, despite

having parental consent, did not provide their own
assent.

Instruments

The original English version of the EBSM (Walker,
2007) consists of 39 ordinal polytomous items with five
response options ranging from 1 (strongly disagree) to 5
(strongly agree). The instrument was designed to assess
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six theoretical dimensions: source of knowledge (items
1-5), certainty of knowledge (items 6-9), structure of
knowledge (items 10-13), speed of knowledge (items 14-
20), innate ability (items 21-31), and applicability of
knowledge (items 32-39). The adaptation and use of the
instrument were conducted for academic research
purposes, with appropriate acknowledgment of the
original source. The cultural adaptation process
followed the methodological guidelines described later,
and the final validated structure, including the retained
items in Spanish, is presented in the results section and
Appendix A. Appendix B shows the supplementary
tables.

Adaptation and translation into Spanish

The Spanish adaptation process followed the
methodological recommendations of Hambleton and
Zenisky (2011) and the guidelines of the International
Test Commission (2018). Translation and back-
translation were carried out by language specialists from
the participating institution and subsequently reviewed
by members of research groups in psychology,
education and basic sciences to ensure semantic,
conceptual, and cultural equivalence.

A pilot study was conducted with 30 secondary
education students to examine item comprehension,
clarity of instructions, and cultural relevance,
contributing to the refinement of the final version of the
instrument prior to its large-scale administration. The
stages of the cultural adaptation and validation process
are summarized in Figure 1.

Analytical strategy

Analyses were conducted in R (RStudio) using the
psych, GPArotation, lavaan (Rosseel, 2012), and
semTools packages. Preliminary analyses included
descriptive statistics, item discrimination indices, and
distributional indicators.
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For the EFA, a polychoric correlation matrix was
estimated, using unweighted least squares (ULS)
extraction and oblimin rotation. Sampling adequacy was
assessed with the Kaiser-Meyer-Olkin (KMO) index and
Bartlett’s test of sphericity (p <.001). Internal consistency
was evaluated using ordinal alpha (a) and omega ()
coefficients.

The CFA was conducted using the WLSMYV estimator
for ordinal data. Model fit was assessed using the chi-
square statistic (y2), comparative fit index (CFI), Tucker-
Lewis index (TLI), root mean square error of
approximation (RMSEA; 90% confidence interval [CI]),
and standardized root mean square residual (SRMR),
following established criteria (Byrne, 2016; Hu & Bentler,
1999; Kline, 2023). In addition to absolute fit indices,
competing CFA models were compared using changes
in CFI and RMSEA. A values were calculated as the fit
index of the target model minus the fit index of the
reference model. Statistical significance was set at p <.05.

Measurement invariance across educational levels
(basic secondary, grades 6-9, vs. upper secondary,
grades 10-11) was examined wusing a sequential
configural-metric-scalar-strict framework with WLSMV
estimation, evaluated through scaled ACFI and
ARMSEA criteria (Byrne, 2016; Kline, 2023).

Ethical Guidelines

The study was conducted in accordance with the
ethical guidelines of the American Psychological
Association (2017) and the principles established in the
Declaration of Helsinki (World Medical Association,
2013). Ethical approval was obtained from the
institutional ethics committee of the participating
university.

Following institutional authorization and the
completion of a pilot phase to ensure semantic and
cultural adequacy of the instrument, permission was
obtained from participating schools. Informed consent
was collected from parents or legal guardians, and
student assent was obtained prior to participation. The
final version of the scale was administered in group
settings within controlled academic contexts by trained
survey administrators from the participating schools.
Standardized training ensured consistency in
instructions, timing, and handling of questions, thereby
reducing common method bias and enhancing
procedural reliability (Podsakoff et al., 2012). All data
were handled in accordance with confidentiality
principles throughout the research process.

RESULTS

To evaluate the psychometric properties of the
adapted scale, EFA was conducted first to examine the
underlying factor structure, followed by CFA to test
competing measurement models, in accordance with the

methodological criteria described in the analytical
strategy.

Content Validity

Content validity of the adapted version was
examined using Aiken’s V index, based on the ratings
provided by 11 expert judges for the 39 theoretical items
across four criteria: clarity, coherence, relevance, and
representativeness. An acceptance threshold of .75 was
adopted. The distribution of coefficients indicated that
most items obtained V values above .90 and that, on
average, each criterion reached values greater than .94,
suggesting a high level of agreement among judges
regarding item adequacy.

Only one item yielded a V value below .75 for the
clarity criterion (item 19). Its original wording was
identified as overly dichotomous, suggesting an all-or-
nothing interpretation of students’ understanding. In
response, the item was reworded to reduce the
possibility of a dichotomous interpretation while
preserving the underlying construct, thereby improving
semantic precision and comprehensibility for students in
basic and secondary education. No other items required
substantive modifications; therefore, the obtained
coefficients support the content validity of the adapted
scale.

Data Screening

The dataset was cleaned and updated using a simple
item-level mode imputation procedure for missing
values observed in two items, provided that the
proportion of missing data was below 10% per
participant. In addition, absolute and relative
frequencies were computed to identify items with
limited variability; no items were found for which a
single response option exceeded 95% of endorsements
within a category.

The total number of valid cases was 817. These cases
were randomly split into two independent subsamples
using a stratified procedure by grade level: 407 cases
were allocated to the EFA and 410 cases to the CFA.

Initial Exploratory Factor Analysis (39-Item Version)

An initial EFA was conducted on the full 39-item
version of the instrument using a polychoric correlation
matrix, ULS extraction, and oblimin rotation. This
analysis aimed to examine the underlying dimensional
structure prior to item refinement.

Sampling adequacy was good (KMO = .867), and
Bartlett’s test of sphericity was significant, supporting
the factorability of the data. The model showed
acceptable global fit (RMSEA = .059), although the
Tucker-Lewis Index (TLI = .821) indicated that the
structure did not fully meet conventional criteria for
optimal fit.
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Inspection of the factor loading pattern revealed
several psychometric issues. While some factors
exhibited strong and well-defined loadings, a substantial
number of items showed weak communalities, cross-
loadings, or high complexity indices, indicating
ambiguous relationships with the latent dimensions.
Certain items displayed low shared variance (e.g.,
communalities below .30), whereas others loaded
simultaneously on multiple factors, compromising
interpretability.

Additionally, some theoretically defined dimensions
did not emerge as clearly differentiated constructs,
suggesting limited internal coherence and overlap with
other factors. These findings indicated that the original
theoretical structure was not fully supported in this
population.

Taken together, the results of this initial EFA
provided empirical justification for a systematic
refinement process and directly guided the identification
and removal of weak items and poorly defined
dimensions, with the aim of improving dimensional
clarity, internal consistency, and the overall
psychometric performance of the instrument prior to
subsequent structural analyses.

Item Refinement

Following the initial EFA, a unidimensional analysis
was conducted for each subscale to further examine the
correspondence between the theoretical item allocation
and the empirical structure, and to identify potentially
weak items. To this end, polychoric correlations, the
KMO measure of sampling adequacy, and the ordinal
alpha coefficient were computed for each subscale.
Bartlett’s test of sphericity was significant (p < .001),
confirming the factorability of the correlation matrices.

Preliminary analyses indicated acceptable sampling
adequacy and internal consistency across most
subscales. Source of knowledge (KMO = .66, a = .63),
certainty of knowledge (KMO = .66, a = .62), innate
ability (KMO = .87, a = .86), and real-world applicability
(KMO = .75, a = .67) showed moderate to high adequacy,
whereas speed of knowledge (KMO = .71, a = .23)
required further refinement.

In contrast, the structure of knowledge subscale
(KMO = 49, a = .34) demonstrated substantially lower
values, indicating limited communality and weak inter-
item covariance. The mean inter-item correlation was
very low (7 = .11), with 66.7% of correlations below .30,
and a high determinant (.75), reflecting substantial
internal independence. In line with established
psychometric guidelines (Howard, 2016; Watkins, 2020),
this dimension was removed from the model due to
insufficient shared variance to support a coherent factor.

Applying these same refinement criteria (low
communality, insufficient inter-item correlations,
unstable loadings, or negative contributions to internal
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consistency), the remaining  subscales

systematically examined.

were

Within the source of knowledge subscale (items 1-5),
item 4 exhibited negligible associations with the
remaining items (ranging from -.06 to .16), and 60% of
inter-item correlations were below .30. It was therefore
removed, resulting in a more coherent four-item
configuration.

Within the speed of knowledge dimension, all possible
combinations of three or more items were systematically
evaluated to identify the subset that maximized internal
consistency. The combination consisting of items 16, 18,
and 20 yielded the highest ordinal reliability (a = .686)
and demonstrated the most coherent inter-item
associations within the dimension. Items that reduced
internal homogeneity were therefore excluded.

For the real-world applicability subscale, items 32 and
33 showed negative loadings and extremely low
communalities (h2 = .023 and h? = .014), with near-zero
item-total correlations. Both were removed.

Within the innate ability subscale, two coherent
groupings emerged, corresponding to personal ability
(items 22-26) and general ability (items 27-31). These
results suggested a potential differentiation within the
ability domain, which was further evaluated in the
subsequent CFA.

The refinement process resulted in the removal of 12
items, yielding a final 27-item version. The refined
version demonstrated adequate sampling adequacy
(KMO = .854) and a significant Bartlett’s test (y2[351] =
4,429.45, p < .001), with satisfactory overall reliability (&
=.902; a = .702).

Following this refinement, an EFA was conducted on
the 27-item version to examine its latent structure. The
overall process of psychometric refinement and
structural evaluation is summarized in Figure 2.

Exploratory Factor Analysis (27-Item Version)

An EFA was conducted on the refined 27-item
version of the instrument to examine its latent structure.
Although the scale was originally grounded in a
theoretical six-factor model, the EFA aimed to determine
whether this structure was replicated or modified in the
present context.

Sampling adequacy was very good (KMO = .854),
and Bartlett’s test of sphericity was significant (y2[351] =
4,429.45, p < .001), supporting the suitability of the
polychoric correlation matrix for factor analysis.

Factor retention was guided by multiple criteria,
including eigenvalues, scree plot inspection, and
interpretability of the factor solution. The first five
eigenvalues were above 1.00 (6.824, 3.615, 1.893, 1.647,
and 1.194), whereas the sixth eigenvalue was close to
unity (.987), suggesting that both five- and six-factor
solutions were plausible.
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6 theoretical dimensions

Original EBSM
39 items

EFA (39-item version)
Initial structural exploration
Subsample 1: n = 407

—

Psychometric eriteria
KMO
Ordinal alpha and omega
Inter-item correlations
Communalities
Factor loadings
Internal coherence

/

Removed / restructured
Structure dimension removed

Source refined
Speed reduced
Applicability refined

3

Initial psycho-
metric screening
Item- and dimension-
level evaluation

3

Item refinement
Removal of weak items
and unstable dimensions

Y

[

Refined instrument
27 items

¥

Latent structu

EFA (27-item version)

Subsample 1: n = 407

re examination

J

Y

Specification of com-

peting models for CFA
Original theoretical model

Five-factor model
Six-factor model

3

comparison

Potential differenti-
ation within Ability
Personal Ability
General Ability

{ CFA and model

Subsample 2: n = 410 J

Figure 2. Flow diagram of the psychometric refinement and structural evaluation process of the EBSM (the authors” own

elaboration)

The five-factor solution explained 46.6% of the
variance, whereas the six-factor solution explained
48.6%. Substantively, the five-factor solution reflected
the exclusion of the structure dimension, whereas the six-
factor solution additionally differentiated the original
ability domain into two distinct but related components:
personal ability and general ability. Because the six-factor
solution provided a more differentiated and
interpretable representation of the data, it was retained
for subsequent analyses.

Factor loadings in the retained six-factor solution
were generally adequate, with most primary loadings
exceeding .40. Higher loadings were observed in the
ability-related dimensions, whereas comparatively
weaker loadings appeared in the certainty and speed
factors. Two items (CEMO07 and CEM34) exhibited cross-
loadings, and one item (CEMO06) showed consistently
low loadings across factors, indicating comparatively
weaker performance.

Item communalities ranged from .24 to .70, indicating
moderate to adequate shared variance across factors.

Only item 6 showed a communality slightly below the
conventional threshold (h? = .24); however, it was
retained due to its conceptual relevance within the
certainty dimension and because the item set remained
theoretically interpretable (Kline, 2023).

Global reliability for the refined 27-item pool was
acceptable to high, with an ordinal alpha of .702 and an
omega total of .902. At the dimensional level, internal
consistency was stronger for the ability-related and
applicability ~dimensions, whereas certainty and
especially speed showed comparatively weaker
reliability. Interfactor correlations were generally low to
moderate in magnitude, indicating that the factors were
related but empirically distinguishable.

In summary, the EFA supported a six-factor structure
that partially diverged from the original theoretical
model. Specifically, the structure dimension was not
retained, whereas the ability domain differentiated into
personal ability and general ability. These findings
informed the specification of three competing structural
models:

7/19



Martelo-Gomez et al. / Validation and adaptation of the epistemic beliefs survey for mathematics

Table 1. Fit indices for the theoretical and refined CFA models

Model X3(df) X2/ df CFI TLI RMSEA SRMR
Original six-factor (39 items) 3,764.54 (687) 5.48 .622 .592 105 120
Five-factor (27 items) 1,148.76 (314) 3.66 .955 .950 .081 .078
Six-factor (27 items) 935.84 (309) 3.03 .966 .962 .070 .072
Criterion - <3 > .95 > .95 <.08 <.08
Table 2. Comparative differences in fit indices across CFA models

Model comparison Reference model ~ Target model ACFI ARMSEA  Supported model
Five-factor model, 27 items, vs. Original six- Five-factor, 27 +.333 -.024 Five-factor, 27-item
original six-factor model, 39 items  factor, 39 items items model
Six-factor model, 27 items, vs. Original six- Six-factor, 27 +.344 -.035 Six-factor, 27-item
original six-factor model, 39 items  factor, 39 items items model
Six-factor model, 27 items, vs. Five-factor, 27 Six-factor, 27 +.011 -011 Six-factor, 27-item
five-factor model, 27 items items items model

Note. A values were calculated as target model minus reference model. Positive ACFI values and negative ARMSEA values indicate comparatively

better fit for the target model

(a) the original theoretical model,

(b) a five-factor model derived from the exclusion of
the structure dimension, and

(c) a six-factor model in which the ability domain was
differentiated into personal and general
components.

These models were subsequently evaluated through
CFA.

Confirmatory Factor Analysis

The three models specified in the previous section
were estimated and compared using CFA to evaluate
their fit to the data. All models were estimated using the
WLSMV estimator, appropriate for ordinal data, on an
independent sample of 410 participants.

Model fit comparison

The original six-factor theoretical model showed
poor fit to the data (see Table 1). In contrast, both refined
CFA models demonstrated improved fit, indicating that
the original structure was not fully supported in the
present sample.

Following the comparative strategy described above,
changes in CFI and RMSEA were examined to provide a
more explicit basis for model selection (see Table 2). The
comparison showed that both refined 27-item models
improved over the original 39-item model. However,
when the two refined models were compared directly,
the six-factor model showed a small but consistent
advantage over the five-factor model.

The empirical five-factor model showed acceptable fit
according to conventional criteria. However, the revised
six-factor model exhibited consistently better fit across
all indices compared to the five-factor model, including
improvements in incremental fit indices and reductions
in absolute misfit indicators. Although the y2/df ratio for
the six-factor model (3.03) marginally exceeds the
conventional cutoff of 3.00, this index is known to be
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Table 3. Standardized loading ranges by dimension in the
five- and six-factor CFA models (27-item version)

Loadin, Loadin
Factor ftems range (5%) range (6%)
Source 1-3,5 A47-75 47-75
Certainty 6-9 46-71 46-.71
Speed 16,18, 20 .53-.70 .53-.70
Personal ability 22-26 NS .65-.83
General ability 27-31 NS .60-.80
Ability (unified) 22-31 .55-.80 NS
Applicability 34-39 57-74 .57-73

Note. 5F: Five-factor model; 6F: Six-factor model; NS: The factor was
not specified in that model

sensitive to large sample sizes (Byrne, 2016; Kline, 2023).
The remaining fit indices were within an acceptable
range, supporting the overall adequacy of the model.

Taken together, the absolute fit indices and the
comparative differences in fit indices support the revised
six-factor, 27-item model as the best-supported
representation of the latent structure among the
alternatives tested in this sample.

All standardized factor loadings in the retained 27-
item model were positive, statistically significant (p <
.001), and exceeded the minimum recommended
threshold (A = .40). Loading ranges are presented in
Table 3. The six-factor model showed a clearer
distribution of items within the ability domain when
specified as two correlated factors.

Item residual variances (6) ranged from .306 to .784
across items, indicating moderate levels of measurement
error. Lower residual variances were observed for
several ability-related items, whereas comparatively
higher values appeared in some indicators from the
source and certainty dimensions, reflecting lower
explained variance at the item level.

Inspection of the standardized residual matrix
revealed localized areas of model misfit, with some
residuals  exceeding  commonly  recommended
thresholds (e.g., |SR| > 4). These values suggest the
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Figure 3. Six-factor confirmatory factor model of the EBSM (standardized factor loadings [A] are displayed on the arrows
from latent variables to observed items, and bidirectional arrows represent latent factor correlations) (the authors” own

elaboration)

presence of unexplained covariance between specific
item pairs at the local level. No correlated residuals were
specified in the final model, in order to preserve its
original factorial structure (Kline, 2023).

The confirmatory structure of the retained six-factor
model is illustrated in Figure 3. The diagram presents
standardized factor loadings (1) and standardized latent
correlations (¢). For clarity of presentation, residual
variances are omitted.

Interfactor correlations (see Figure 3) revealed a
differentiated pattern of relationships among the latent
dimensions. Strong positive associations were observed
within the ability domain, particularly between personal
and general ability, indicating conceptual coherence
within this construct. In contrast, several dimensions
exhibited moderate to strong negative correlations,

especially between beliefs related to knowledge source,
certainty, and speed. This pattern suggests that different
epistemic positions may be inversely related in the
present sample, although these associations should be
interpreted cautiously given the comparatively weaker
psychometric performance of some dimensions. Overall,
the pattern of interfactor correlations supports a
multidimensional structure, although some dimensions
exhibited strong associations, particularly between
speed and ability-related factors. This pattern indicates
that, while the dimensions are distinguishable, certain
constructs share substantial variance.

Reliability and validity

Reliability was estimated using standardized ordinal
alpha (a), computed from the polychoric correlation
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Table 4. Reliability and convergent validity indices for the
six-factor model

Dimension k a on AVE CR
Source 4 .679 .689 378 .699
Certainty 4 .668 .679 .358 .683
Speed 3 .667 .670 405 .669
Personal ability 5 .869 871 .582 874
General ability 5 832 .836 531 .849
Applicability 6 .840 .841 474 .843
Total 27 728 .898 - -

Criterion - 270 =270 =250 =>.70

Note. k: Number of items; a: Standardized ordinal alpha; o
McDonald’s omega total; The total row presents overall reliability
indices for the 27-item instrument; AVE and CR are not applicable at
the total scale level

matrix, and McDonald’s omega total (). Convergent
validity was assessed using average variance extracted
(AVE) and composite reliability (CR). All estimates for
the retained six-factor model are presented in Table 4.

Overall reliability for the final 27-item version,
estimated on the independent CFA subsample (n = 410),
was satisfactory (a = .728; & = .898), supporting the
internal consistency of the adapted instrument.

At the dimensional level, personal ability and general
ability demonstrated strong internal consistency and
convergent validity, with both AVE and CR exceeding
recommended thresholds, indicating cohesive latent
structures. Applicability showed acceptable CR,
although its AVE was slightly below the recommended
cutoff. In contrast, speed approached but did not reach
the conventional CR threshold and showed low AVE,
indicating that this dimension should be interpreted
with caution. Source and certainty yielded AVE values
below .50 and CR estimates close to the conventional
threshold, indicating relatively lower shared variance
among their indicators.

Discriminant validity was evaluated using the
Heterotrait-Monotrait (HTMT) ratio of correlations and
the Fornell-Larcker criterion (Henseler et al., 2015).
HTMT values were generally below the recommended
threshold of .85, with the highest value observed
between speed and personal ability (HTMT = .848),
approaching the upper bound. The Fornell-Larcker
criterion indicated limited discriminant validity for this
same pair, as the interfactor correlation (¢ = .859)
exceeded the square root of AVE for both factors (.636
and .763, respectively), suggesting partial overlap
between these constructs and reinforcing the need for
cautious interpretation of speed as a distinct dimension.

Item-level explained variance (R?), derived from
standardized factor loadings, ranged from .216 to .694
across indicators, indicating moderate to adequate item-
factor relationships throughout the model.

Additional reliability analysis using a hierarchical
model indicated a hierarchical omega of @, =.622 and an
explained common variance (ECV = .400), supporting
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the presence of a general factor alongside the
multidimensional structure.

Latent factor correlations

Standardized latent correlations (¢) in the retained
six-factor model indicated moderate to high associations
among dimensions. The correlation between personal
ability and general ability was high (¢ =.748), indicating
substantial shared variance between these constructs.
Strong associations were also observed between speed
and ability-related factors, particularly with personal
ability (¢ = .859), reflecting close relationships among
performance-oriented dimensions.

Across the model, consistent negative latent
correlations were observed between certainty and
performance-related factors (¢ = -.63 to ¢ =-.70).

For comparison purposes, the five-factor model
showed a very high correlation between speed and
ability (¢ = .83), which supports the subsequent
differentiation of the ability dimension in the six-factor
solution.

Measurement invariance across educational levels

Measurement invariance of the adapted instrument
was examined within the CFA subsample (n = 410),
sequentially comparing basic secondary (grades 6-9; n =
258) and upper secondary (grades 10-11; n = 152)
students. The configural model provided evidence that
the six-factor structure was tenable in both groups (CFI
=906, RMSEA = .069). Metric invariance was supported
according to changes in practical fit indices (ACFI = -.006;
ARMSEA = +.001, relative to the configural model), as
was scalar invariance (ACFI = +.002; ARMSEA = -.003,
relative to the metric model). These results suggest that
factor loadings and item thresholds were sufficiently
comparable across educational levels. Strict invariance
was not supported (ACFI = -.012, relative to the scalar
model), indicating that residual equality should not be
assumed.

DISCUSSION

The factorial structure obtained in this study departs
substantively from the original EBSM. Walker (2007)
reported that mathematics-related epistemic beliefs
among American university students converged into a
single higher-order factor explaining approximately 58 %
of the common variance, reflecting a coherent, albeit
epistemically naive, structure. The present findings
produce a different configuration: hierarchical reliability
decomposition of the six-factor model yielded wy, = .622
and an ECV of .40, indicating that a general epistemic
factor is present but accounts for only a moderate
portion of shared variance. This result does not support
a strongly integrated hierarchical structure; it points
instead to a system that is partially unified yet
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substantively multidimensional. Before interpreting this
divergence, a fundamental difference in sampling must
be acknowledged. Walker’s (2007) validation involved
university students whereas the present study focuses
on secondary school students. Epistemic beliefs are not
static across educational levels, as suggested in prior
research: university students have generally had greater
exposure to disciplinary discourse, argumentative
evaluation, and the negotiation of meaning across
domains than secondary students (Hofer & Pintrich,
1997; Schraw et al.,, 2002). Some degree of epistemic
integration may therefore be developmentally expected
at the university level, consistent with stage-based
models of epistemic development (Hofer & Pintrich,
1997; Perry, 1970), while the moderate hierarchical
structure observed here may be consistent with a
developmental interpretation. The present study cannot
disentangle educational level from instructional context,
and distinguishing their relative contributions would
require comparative designs beyond the scope of this
study.

What the present results do establish is that the
moderate general factor (o = .622; ECV = 40) coexists
with a highly heterogeneous pattern of interfactor
correlations: strong positive associations within the
ability domain (¢ = .748), consistent negative
correlations between certainty and performance-related
dimensions (¢ = -.631 to -.664), and near-zero or weak
correlations involving applicability (¢ = -.068 to -.323).
The general factor does not resolve these tensions; it
coexists with dimensions suggesting a pattern of
epistemic beliefs that may be weakly integrated or not
fully aligned. A partially unified epistemic system in
which the general orientation toward mathematical
knowledge does not fully account for the functional
oppositions among its dimensions is not equivalent to a
naive but coherent one, and it may carry different
implications for instruction and intervention. Whether
this configuration is primarily developmental, primarily
instructional, or the product of both operating
simultaneously is a question this study raises but cannot
settle (Hofer & Pintrich, 1997; Muis, 2004). Ernest’s
(2015) discussion of the unintended outcomes of school
mathematics is relevant here, since several beliefs
assessed by the adapted instrument— particularly those
related to certainty, ability, and applicability —overlap
with broader attitudes and assumptions that students
may develop through their experience of school
mathematics. However, the present study does not test
the instructional origins of these beliefs, and this
interpretation should therefore be treated as contextual
rather than causal.

The Absence of the Structure Dimension

The removal of the structure of mathematical knowledge
dimension raises questions about an assumption in
domain-specific epistemic belief models: that the

dimensions proposed by Hofer and Pintrich (1997) and
operationalized by Walker (2007) are equally accessible
as belief objects across educational contexts. Schommer
(1990) conceptualized epistemic beliefs as a loosely
interconnected system in which dimensions develop
independently, implying that any dimension can in
principle emerge in any population given appropriate
measurement. The present findings do not fully support
that assumption for the case of structure: this dimension
did not merely underperform psychometrically; it
produced indicators so weak as to suggest the construct
may lack a clearly coherent psychological referent in this
population (KMO = .49, a = .34, 7 = .11).

One possible theoretical explanation for this lies in
what structure, unlike other epistemic dimensions,
requires of individuals. Dimensions such as source or
certainty can form around direct, everyday epistemic
experiences: students encounter authority figures,
receive right and wrong answers, and develop beliefs
accordingly (Hofer & Pintrich, 1997; Muis, 2004).
Structure, by contrast, presupposes a qualitatively
different way of engaging with mathematical concepts,
one in which students are not only asked to use
mathematical ideas operationally, as procedures to be
executed, but also to conceive them structurally, as
conceptual objects that can be related, transformed, and
reorganized (Sfard, 1991). Without that instructional
history, students may lack an experiential referent from
which structure-related beliefs can cohere (Vygotsky,
1978). This distinction suggests a possible boundary
condition in Muis” (2004) domain-specific model: the
model assumes that domain-specific epistemic beliefs
are more coherent than general ones because domain-
specific instruction provides clearer epistemic referents.
That assumption may hold for several dimensions, but
structure may require a particular kind of domain-
specific instruction, one oriented toward conceptual
integration, that is not universally present even within
mathematics classrooms.

In the present population, that instructional history
may not be equally well established. Colombian
secondary students may show patterns consistent with
developmental accounts of epistemic beliefs,
particularly those describing earlier stages characterized
by dualistic thinking and reliance on authority (Hofer &
Pintrich, 1997, Perry, 1970). Beyond developmental
stage, prior research in some Latin American secondary
contexts has described mathematics teaching as
frequently centered on procedural routines and
algorithmic execution, with comparatively limited
attention to conceptual integration or relational
understanding (Estrella & Chaves, 2023; Montero-
Sénchez, 2025). Such conditions, if present, may limit
students” opportunities to develop coherent beliefs
about the structure of mathematical knowledge,
although the present study did not directly measure
instructional practices. This interpretation extends the
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findings reported by Vizcaino Escobar et al. (2015).
Whereas that study documented difficulties in the
emergence of the structure dimension, the present
results suggest that its absence may be associated with
instructional and developmental conditions that require
direct examination in future research.

Crucially, this outcome was not entirely
unpredictable from Walker's (2007) own data. The
structure dimension was already the most fragile of the
seven original factors: it produced the lowest internal
consistency estimate (a = .65), the narrowest range of
factor loadings (.51-.62), and was the only factor
alongside real-world applicability to load negatively (A
= -.65) on the second-order general factor. That negative
loading suggests a notable pattern: even among
American university students, structure operated in the
direction opposite to the rest of the epistemic system.
Students who held more sophisticated structural beliefs
were paradoxically less aligned with the general naive
epistemic orientation that the remaining factors shared.
This pattern is consistent with Hofer and Pintrich’s
(1997) argument that epistemic dimensions do not
necessarily develop in parallel or converge toward a
unified framework, and with Muis’ (2004) observation
that certain dimensions require more specific
instructional conditions to become psychologically
salient. Structure was already functioning as a partially
independent epistemic construct in Walker's (2007)
sample, one that required specific conditions to remain
coherent. Applying the EBSM to younger students in a
different educational context may have contributed to
the weak performance of the structure factor. However,
the present design cannot determine whether this result
was due to educational level, instructional context, item
interpretation, or a combination of these factors.

This has implications beyond the present validation.
If the coherence of structure-related beliefs depends
partly on conceptually oriented instruction, then its
inclusion in instruments applied across diverse
educational contexts cannot be assumed without first
establishing that those conditions are present (Dorsah et
al., 2025; Ri¢an & Pesout, 2022; Schraw et al., 2002). The
finding reported here is not that the EBSM structure
items are poor measures; it is that the construct they
measure may be educationally contingent in ways that
existing multidimensional models of epistemic beliefs
have not fully theorized (Hofer & Pintrich, 1997; Muis,
2004). Future work should examine whether targeted
exposure to conceptually integrated mathematics
instruction produces corresponding changes in the
coherence of structure-related beliefs, a question that
would directly test the instructional contingency
hypothesis proposed here. Cognitive interviewing of
item interpretation across educational levels would
additionally clarify whether the absence of this
dimension reflects instructional conditions,
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developmental item-level

variation.

stage, or interpretive

Taken together, these findings indicate that the
absence of the structure dimension should not be
interpreted solely as a psychometric deficiency of the
instrument. Rather, it may also reflect context-
dependent conditions that constrain the emergence of
this construct as a coherent belief dimension.
Specifically, the absence of a coherent structure factor
may be related to students” developmental stage, their
opportunities to engage with mathematics as a
structured and interconnected system, or item-level
interpretation. However, because developmental
progression and instructional practices were not directly
measured, these explanations should be treated as
plausible hypotheses rather than direct empirical
conclusions.

Under these conditions, students may have limited
opportunities to engage with mathematics as a
structured and interconnected system, which may
constrain the formation of structure-related epistemic
beliefs. In this sense, the present findings raise the
possibility that certain epistemic dimensions are not
universally accessible across populations but instead
may depend on the interaction between cognitive
development and the epistemic affordances of the
learning environment.

The Peripheral Status of the Speed Dimension

The reduction of speed of knowledge to a three-item
core requires careful interpretation. Psychometrically,
the dimension shows the weakest profile of the retained
factors: the lowest AVE (.405), the fewest items, and the
highest proportion of cross-loadings in the EFA. In
isolation, these indicators might suggest marginal
factorial status. The interfactor correlations suggest a
different pattern. Speed is strongly associated with
personal ability (¢ = .859) and moderately associated
with general ability (¢ =.676), while showing consistent
negative correlations with certainty (¢ =-.631). This does
not correspond to the pattern of a fully independent
dimension; it is the pattern of a dimension that is
relationally embedded but psychometrically
underdeveloped and should therefore be interpreted
with caution.

This combination has a specific interpretation in the
present context. Students in this sample may not clearly
distinguish between believing that mathematics requires
speed and believing that mathematical ability is a
personal or general capacity, partly because the retained
items link rapid problem solving, understanding, need
for help, time, effort, and perceived competence. The
high correlation between speed and personal ability
suggests that being fast and being capable appear to be
closely associated in students’ perceptions, possibly
reflecting performance-oriented evaluation contexts
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(Hofer & Pintrich, 2002; Muis, 2004). When speed
functions as a primary signal of competence in certain
instructional contexts, students develop speed beliefs
not as an independent epistemic stance about the nature
of mathematical knowledge, but as an extension of their
beliefs about mathematical ability.

The reduction of the dimension to three items does
not necessarily reflect the absence of speed-related
beliefs in this population but rather may reflect a lack of
differentiation from ability beliefs. Walker (2007) herself
noted that general attitudes toward mathematics may
mask more subtle distinctions among dimensions. It is
also compatible with broader theoretical distinctions
between beliefs about knowledge and beliefs about
learning, since the retained speed items refer primarily
to rapid understanding, problem solving, and need for
help, rather than to the structure of mathematical
knowledge itself. In the present sample, this masking
may operate specifically at the boundary between speed
and ability, producing a reduced but relationally active
dimension whose weak psychometric profile should be
treated as a limitation requiring further validation rather
than as a fully established substantive finding.
Psychometric evidence across cultural contexts has also
reported that speed-related items consistently load
weakly and unstably (Dorsah et al., 2025). Speed should
therefore not be interpreted as a fully consolidated
independent dimension; its reduced psychometric
profile may reflect the absorption of speed-related
content into the broader belief structure surrounding
mathematical competence.

The Differentiation of Ability Beliefs

The differentiation of ability-related beliefs into
personal ability and general ability constitutes one of the
clearest structural findings in this sample. Walker (2007)
originally proposed this distinction and found that
innate ability-general exhibited stronger external validity,
showing more robust associations with fixed theories of
intelligence than its personal counterpart. The present
findings provide support for retaining this distinction in
the adapted version, in a context different from the one
in which the instrument was originally developed.

This differentiation is theoretically consistent with
broader models of belief systems related to competence.
Bandura (1997) distinguishes between efficacy
judgments, that is, beliefs about one’s own capacity to
perform specific tasks, and more general beliefs about
the underlying abilities that support performance. This
distinction remains consistent with contemporary social-
cognitive accounts of motivation, which continue to treat
self-efficacy as a task- and context-specific judgment of
capability (Schunk & DiBenedetto, 2020). In this sense,
personal ability beliefs may reflect self-evaluations of
competence, whereas general ability beliefs may reflect
broader conceptions about the nature and distribution of
mathematical talent.

The moderate to strong correlation between these
factors suggests that they are related but not redundant
constructs, supporting their specification as distinct but
related dimensions within the adapted model. Their
coexistence suggests that students may simultaneously
hold beliefs about their own mathematical competence
and broader assumptions about whether such
competence is inherently determined, a configuration
that may have implications for how they engage with
mathematical learning and persist in challenging tasks.

A Partially Integrated Epistemic System

The results indicate that epistemic beliefs about
mathematics in this population operate as a partially
integrated system rather than a fully coherent structure.
The negative associations between certainty of knowledge
and performance-related dimensions replicate a well-
established finding: absolutist conceptions of knowledge
co-occur with passive learning strategies and limited
conceptual engagement (Hofer & Pintrich, 1997; Muis,
2004; Schiefer et al., 2022). In the context of the present
findings, however, this pattern carries a more specific
implication. Students who conceive mathematical
knowledge as fixed and externally validated may be
simultaneously less likely to perceive themselves as
active agents in its construction, as these beliefs may co-
occur and may be consistent with the same instructional
logic: knowledge is transmitted, not built, and the
student’s role is receptive, not generative (Hofer &
Pintrich, 1997; Muis, 2004).

In this configuration, these dimensions do not form
the differentiated-but-integrated structure that Hofer
and Pintrich (1997) theorized or the coherent naive
cluster that Walker (2007) observed. The presence of a
general epistemic factor (w, = .622) indicates that beliefs
are not entirely unrelated, but the heterogeneous pattern
of interfactor correlations suggests a system in which
epistemic positions may be functionally opposed rather
than merely  differentiated. = Addressing  this
configuration may require more than exposing students
to sophisticated epistemic models; it may also involve
creating the instructional conditions that make certain
epistemic categories, namely structure, conceptual
connection, and active knowledge construction,
experientially available as objects of belief. The
coexistence of high-certainty beliefs, beliefs about
innately distributed mathematical ability, and the
absence of a coherent structure factor should not be
reduced to an early developmental explanation alone; it
may also be consistent with a configuration of beliefs
that could be less compatible with inquiry-based or
reform-oriented instruction.

These findings extend previous Latin American
validation studies, such as Vizcaino Escobar et al. (2015),
which interpreted factorial reorganization primarily as
evidence of contextual sensitivity. The present results
identify a specific structural consequence of that
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sensitivity: not a reduced or rearranged factor model, but
one in which a moderate general factor coexists with
dimensions that may remain functionally opposed
under conditions that do not promote conceptual
integration. This distinction may inform how
mathematics educators and researchers interpret
epistemic belief data in Latin American contexts and
how they design or evaluate instructional interventions.

Limitations and Future Research

Several  considerations  should guide the
interpretation of these findings. The study was based on
a large sample of 817 Colombian secondary students
from public schools, covering grades 6-11 (ages 10-20),
which provides a solid empirical basis for the
psychometric evaluation of the adapted EBSM.
However, because the sample was obtained through
non-probabilistic purposive sampling within specific
public-school contexts, the generalizability of the
findings beyond the institutional contexts included in
the study remains limited. Future studies should
therefore examine the stability of the proposed structure
across additional Colombian regions, school sectors, and
educational settings. In addition, the lack of external
criterion variables constrains the evaluation of the
instrument’s nomological network, and the cross-
sectional  design  prevents conclusions about
developmental progression. The absence of direct
measures of classroom instruction, curriculum exposure,
and item interpretation also means that possible
explanations for the non-retention of the structure
dimension should be treated as theoretically plausible
hypotheses rather than empirical conclusions. Finally,
although speed was retained in the six-factor model, its
weaker psychometric profile and high association with
personal ability indicate that this dimension should be
interpreted with appropriate caution. Future research
should address these issues by examining the coherence
of structure-related beliefs, refining or expanding speed-
related items, incorporating cognitive interviews to
examine item interpretation, and evaluating criterion-
related validity using relevant educational outcomes.

CONCLUSIONS

The adapted 27-item instrument showed acceptable
psychometric properties and a confirmatory factor
model that fit the data substantially better than the
original 39-item model. Beyond its measurement
performance, the findings provide insight into the
organization of epistemic beliefs in this sample. Rather
than indicating a fully integrated belief system, the
results suggest that epistemic beliefs about mathematics
were only partially integrated. This interpretation is
supported by the non-retention of the structure
dimension, the close association between speed and
ability-related constructs, and the negative relationships
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between certainty-oriented and performance-related
dimensions. Although a general epistemic factor was
present, it did not fully account for the pattern of
relationships among dimensions.

These results suggest that the EBSM may not function
identically across educational levels and local
educational settings. Because the instrument was
originally developed with university students, its
application to secondary populations may require not
only psychometric adaptation but also consideration of
whether the epistemic dimensions it assumes are equally
salient and measurable across educational settings. In
this sense, the non-retention of the structure dimension
should be interpreted as a context-sensitive
psychometric finding rather than as evidence of a direct
cultural, developmental, or instructional cause. Future
research should examine whether structure-related
beliefs vary according to curriculum exposure,
instructional practices, and developmental level.

From an applied perspective, the adapted instrument
may provide a useful starting point for researchers and
educators interested in examining epistemic beliefs in
Colombian secondary education. However, further
validation is needed before broad application. At this
stage, the instrument is best understood as suitable for
research contexts in which its limitations are explicitly
acknowledged, particularly when exploring
relationships between epistemic beliefs, learning
strategies, and academic performance. Overall, the
results provide evidence for the 27-item EBSM as a
psychometrically supported measure for this Colombian
secondary-school sample, while underscoring the
importance of further studies examining its stability,
measurement invariance, and external validity across
broader and more diverse educational contexts.
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APPENDIX A: FINAL 27-ITEM VERSION OF THE EBSM (SPANISH VERSION)

Instrucciones. Indique el grado en que estd de acuerdo con cada afirmacién utilizando una escala tipo Likert de 1
(Totalmente en desacuerdo) a 5 (Totalmente de acuerdo).

Nota. Los nimeros en superindice indican la numeracién original de los items en la versién de 39 ftems.

Table Al. Final 27-item version of the EBSM (Spanish version)

No Item

Fuente del conocimiento

1 Aprender mateméticas depende de lo bueno que sea el profesor®.

2 Aprendo mejor matematicas cuando el profesor desarrolla ejemplos en sus explicaciones®.

3 Lacalidad de las clases de matematicas depende completamente del profesor®.

4 Para resolver problemas de matematicas, es necesario aprender el procedimiento correcto®).

Certeza del conocimiento

5 En matemadticas, una respuesta solo puede ser correcta o incorrecta®.

6 Enlas clases de matematicas no hay espacio para la creatividad®.

7 Todos los profesores de matematicas siempre dan la misma respuesta cuando se les pregunta sobre un tema®.

8 En matematicas, lo que es verdadero no cambia con el tiempo®©).

Velocidad de adquisicién del conocimiento

9 Cuando se introduce un tema nuevo en matematicas, la mayoria lo entiende rapidamente(©).

10 Sino puedo resolver un problema de matemaéticas en poco tiempo, necesitaré ayuda para resolverlo®®.

11 Si entiendo bien un tema de matemédticas, deberia poder resolver los problemas rapidamente®0.

Habilidad personal

12 Sime lo propongo, podria aprender cosas mds avanzadas en matemaéticas®2.

13 Para mi, las matemadticas son dificiles de aprender: por més que me esfuerce, siento que nunca llegaré a
entenderlas®).

14 Silas matematicas fueran faciles, no tendria que dedicar tanto tiempo a realizar las tareas®?.

15 Me desanima tener que estudiar mucho para entender un problema de matematicas@®).

16 Creo que no naci con talento para las matemaéticas, aunque tengo habilidades en otras dreas 9.

Habilidad general

17 Las matemadticas no son para todo el mundo; algunas personas nacen con esta habilidad y otras no®.

18 Ser bueno en matematicas es algo con lo que se nace®).

19 Los estudiantes con habilidades para las matematicas no necesitan resolver muchos ejercicios porque comprenden
los contenidos rapidamente®).

20 Para ser bueno en matematicas se requiere haber nacido con esa habilidad®.

21 Las personas saben desde nifios si son buenas o no para las matematicas®.

Aplicabilidad en el mundo real

22 Saber matematicas es importante para algunas profesiones, pero no para todas®4.

23 Necesito aprender matematicas para ser mejor profesional en el futuro®.

24 Puedo aplicar en otras materias lo que aprendo en matematicas®.

25 Es facil saber como aplicar las matematicas en situaciones de la vida diaria®?.

26 Las matemadticas son importantes porque se aplican en muchas profesiones©.

27 Las matemadticas nos ayudan a entender mejor el mundo en el que vivimos®).
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APPENDIX B: SUPPLEMENTARY TABLES
Table B1. Standardized factor loadings for the six-factor CFA model (27-item version, n = 410)

Factor/item A
Source of knowledge CEMO03 746
CEMO1 712
CEMO02 477
CEMO05 468
Certainty of knowledge CEMO07 713
CEMO08 682
CEMO09 493
CEMO06 465
Speed of knowledge CEM20 .700
CEM16 .664
CEM18 533
Personal ability CEM26 .833
CEM25 776
CEM22 775
CEM24 767
CEM23 651
General ability CEM27 799
CEM28 758
CEM30 753
CEM31 712
CEM29 .604
Real-world applicability CEM37 734
CEM34 727
CEM36 .700
CEM35 .696
CEM38 .695
CEM39 568

Note. Items are ordered by loading magnitude within each factor. All loadings are statistically significant (p <.001)

Table B2. Comparison of standardized loadings for ability-related items in the five- and six-factor models

Item 5F 6F

Ability Personal ability General ability
CEM26 797 833
CEM25 748 776
CEM22 746 775
CEM24 734 .767
CEM23 623 .651
CEM27 728 799
CEM28 .700 758
CEM30 701 753
CEM31 657 712
CEM29 .553 .604
Range .553-.797 .651-.833 .604-.799

Note. In the five-factor model, all ten items load on a single unified ability factor. In the six-factor model, items CEM22-CEM26 load on personal
ability and items CEM27-CEM31 load on general ability. Blank cells indicate that the item does not belong to that factor in the six-factor solution.
All loadings are statistically significant (p <.001)
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Table B3. Standardized interfactor correlations (¢) for the five- and six-factor CFA models: Five-factor model

Source of Certainty of Speed of . - Real-world
knowledge knowledge knowledge Ability (unified) applicability
Source 1.000
Certainty -417 1.000
Speed 351 -.631 1.000
Ability 392 -.704 .830 1.000
Applicability -.323 248 -279 -129 1.000
Table B4. Standardized interfactor correlations (¢) for the five- and six-factor CFA models: Six-factor model
Source of Certainty of Speed of . . Real-world
knowledge knowlec}llge knowledge Personal ability - General ability applicability
Source 1.000
Certainty -417 1.000
Speed 351 -.631 1.000
Personal ability 361 -.664 .859 1.000
General ability 378 -.661 676 748 1.000
Applicability -.323 .248 -.280 -.068 -182 1.000

Note. The decomposition of the unified ability factor reveals differentiated associations with speed: personal ability (¢ = .859) is more strongly
associated with speed than general ability (¢ = .676), supporting the theoretical distinction between the two subdimensions

https://www.ejmste.com
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