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This research investigated how freshman students’ epistemological beliefs in physics are impacted by
gender and academic performance in a general physics course. Data were collected from 1220 university
freshman students from 22 different programs in Türkiye. In this causal-comparative research, the well-
known Colorado Learning Attitudes about Science Survey (CLASS) was used to assess students’ beliefs
about physics and learning physics. A Turkish version of the CLASS, consisting of 20 items measuring
problem-solving effort, conceptual understanding, and personal interest and real-world connection, was
employed. Additionally, demographic data such as gender, cumulative grade point average (CGPA), and
previous academic performance in the General Physics I Course were collected. Cronbach’s alpha
coefficient for the reliability analysis of the whole scale was calculated as 0.844. The two-way between-
groups multivariate analysis of covariance (two-way MANCOVA) test was used to answer the research
question. The results indicated that gender and achievement level in the general physics course
independently had significant effects on students’ scores on three CLASS survey subscales when their
CGPAs were controlled. An inspection of the mean scores indicated that males showed higher scores in the
three CLASS subscale scores than females. Additionally, high-achieving groups were found to have higher
scores in the three subscale scores than medium-achieving and low-achieving groups. The results were
discussed and suggested how the results could be applied to improve physics education.
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I. INTRODUCTION

Employing research on students’ physics learning diffi-
culties, physics education research (PER) designs targeted
pedagogical methods and tools to optimize knowledge
acquisition. Beyond mathematical challenges, previous
research suggests epistemological barriers may hinder
students from connecting physics concepts to their every-
day experiences [1–4]. Students often bring preexisting
epistemological beliefs that differ from experts’ views,
except in some basic understandings [5–7]. Understanding
students’ experiences and beliefs in physics education is
crucial for optimizing curriculum design and pedagogy.
Studies in PER often examine epistemological beliefs

about physics learning alongside students’ perspectives,
expectations, and views. However, it is important to note
that these terms emerged as a significant factor called
epistemological beliefs. Epistemological beliefs, encompass-
ing students’ views on the nature of physics knowledge and
its acquisition, have emerged as a significant factor

influencing academic achievement [2,8–11]. Previous stud-
ies suggest that students holding more sophisticated episte-
mological beliefs, where knowledge is seen as dynamic and
open to revision, tend to exhibit higher academic perfor-
mance [12–15]. This might be because such beliefs encour-
age students to be more persistent in facing difficulties,
engage in deeper understanding, and actively seek evidence
to support their learning. Epistemological beliefs about
physics have been considered to play a critical and direct
role in students’ learning [8,11,13,16]. These beliefs, along
with attitudes and expectations toward physics, are reported
to influence student motivation [17], learning strategies [18],
and comprehension of physics concepts [11,19,20].
Assessing students’ epistemological beliefs about phys-

ics learning is not simple, and it presents significant
challenges [21,22]. Several surveys have been developed
to delve into students’ beliefs in physics learning, including
MPEX, EBAPS, VASS, and CLASS. Among them, the
Colorado Learning Attitudes about Science Survey
(CLASS) [23] is one of the widely used surveys in physics
to explore students’ epistemological beliefs about physics
and learning physics. Since its first development in 2006,
the CLASS has become a valuable tool for researchers to
investigate specific belief dimensions. Research employing
the CLASS survey has demonstrated positive correlations
between these dimensions and academic achievement in
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physics [24]. The CLASS instrument offers a comprehen-
sive framework for assessing various dimensions of student
attitudes [23]. This multifaceted approach allows research-
ers to delve deeper into student thinking and identify
potential areas for improvement in physics instruction.
Researchers have employed the CLASS instrument for a
variety of purposes since its creation [10,21,24–28]. These
applications encompass investigations into (a) the differ-
entiation of expert and novice belief structures, (b) the
temporal evolution of attitudes (e.g., semester-long shifts),
(c) the influence of variables such as gender, nationality,
major, and instructional methods on attitudes and beliefs,
and (d) the potential relationships between attitudes and
academic achievement.
Many studies have attempted to investigate the relation-

ship between beliefs or attitudes about physics and student
achievement [6,29,30]. Several different patterns have
emerged in various studies. A detailed review of the
literature revealed that two factors that consistently warrant
exploration in physics education research in student atti-
tudes toward physics are gender and academic achievement
[6,8,11,14,21,23,31–33]. Prior studies suggest potential
differences in physics self-efficacy and epistemological
beliefs between male and female students, such that female
students may exhibit lower confidence in their ability to
learn and perform in physics and hold different beliefs
about the nature of scientific knowledge compared to their
male counterparts [31–33]. This can lead to decreased
motivation and engagement of females in physics learning.
This highlights the importance of investigating gender-
based variations in student beliefs to inform inclusive
pedagogical strategies. A prior study by Adams et al.
[23] identified significant gender differences in student
responses to the CLASS survey. Kost et al. [24] examined
the gap in performance between males and females and
found that the gender differences are primarily associated
with differences in previous physics knowledge and incom-
ing attitudes and beliefs.
Additionally, research employing the CLASS survey has

demonstrated positive correlations between the dimensions
of the CLASS survey and academic achievement in physics
[24]. Strong epistemological beliefs in physics are expected
to lead to increased effort, improved problem-solving skills,
and ultimately higher academic performance. Therefore,
understanding students’ beliefs in physics and cultivating
them is crucial for optimizing curriculum and pedagogy.
Understanding how epistemological beliefs vary by gender
and achievement level can inform the design of physics
instruction that better supports student engagement, persist-
ence, and academic success—particularly through inclusive
teaching strategies, real-world contextualization, and meta-
cognitive scaffolding. To sum up, this study examined the
epistemological beliefs of first-year university students in
Türkiye. The significant contribution of this study lies in its
being the first large-scale investigation into the combined

effects of gender and achievement on epistemological beliefs
in physics among Turkish university students using the
CLASS survey.

II. THEORETICAL FRAMEWORK
AND RELATED LITERATURE

A. Epistemological beliefs in physics education

Epistemological beliefs are one’s personal understanding
of knowledge, knowing, and learning [21,23,34–36]. These
beliefs are antecedents of students’ attitudes and subjective
norms. Epistemological beliefs are foundational in under-
standing how learners approach and internalize scientific
knowledge. When focused on physics, these beliefs about
how physics knowledge is developed and applied impact
both a student’s decision to engage with physics learning
and their learning experience within a physics course.
Research suggests that students’ epistemological beliefs
about the nature of physics influence how they approach
and interpret physics course activities and assignments.
Therefore, it is reasonable to expect these beliefs to
also shape their understanding of the overall goals of a
physics course and their views on learning science more
broadly [13,26,37].
In physics education, epistemological beliefs are par-

ticularly relevant due to the abstract and evidence-driven
nature of the discipline. Hammer [13] emphasized that
students with sophisticated epistemic beliefs are more
likely to embrace challenges, seek conceptual understand-
ing, and connect physics principles to real-world phenom-
ena. Similarly, Perkins et al. [38] highlighted the interplay
between epistemic cognition and active learning, noting
that students with advanced beliefs exhibit higher persist-
ence and problem-solving skills. Fostering sophisticated
epistemic cognition requires instructional practices that
emphasize inquiry, evidence-based reasoning, and concep-
tual connections [8,20]. Recent research has also high-
lighted the role of sociocultural factors in shaping
epistemological beliefs, underscoring the need for cultur-
ally adaptive approaches to support diverse learners [21].
To date, extensive research has explored students’

epistemological beliefs regarding physics learning.
Studies indicate that these beliefs are influenced by factors
such as educational background, instructional methods,
gender, and socioeconomic status [23,25,26,30,39–42].

B. Instruments measuring epistemological
beliefs and the CLASS survey

Despite substantial research on epistemological beliefs
in science and physics, assessing these beliefs in the context
of physics learning remains complex [21]. To address this
challenge, various instruments have been developed to
assess students’ views on the nature of physics as a
scientific discipline and how it is learned [23,43,44].
Table I provides a summary of these studies, along with
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TABLE I. Instruments measuring epistemological beliefs in physics.

Instruments Subscales/dimensions Scale properties Reference(s)

Views About Science Survey (VASS) Scientific dimensions Five-point Likert scale [43]
-Structure 31 items
-Methodology
-Validity
Cognitive dimensions
-Learnability
-Reflective thinking
-Personal relevance

Maryland Physics Expectations (MPEX) -Independence Five-point Likert scale [44]
-Coherence 34 items
-Concepts
-Reality link
-Math link
-Effort

Maryland Physics Expectations (MPEX)-II -Coherence (math, reality, other) Five-point Likert scale [47]
-Concepts Multiple choice items
-Independence (epistemology, personal) Debate items

32 items

Epistemological Beliefs Assessment for
Physical Science (EBAPS)

-Structure of knowledge Five-point Likert scale [12,48]
-Nature of knowing and learning Multiple choice items
-Real-life applicability Debate items
-Evolving knowledge 30 items
-Source of ability to learn

Colorado Learning Attitudes about Science
Survey (CLASS)

-Real world connections Five-point Likert scale [23]
-Personal interest 42 items
-Sense making/effort
-Conceptual connections
-Applied conceptual understanding
-Problem-solving general
-Problem-solving confidence
-Problem-solving sophistication

Greek Epistemological Beliefs Evaluation
instrument for physics (GEBEP)

-Structure of knowledge Five-point Likert scale [49]
-Stability of knowledge Debate items
-Source of knowing 25 items
-Justification of knowing

Colorado Learning Attitudes about
Science Survey for Experimental Physics
(E-CLASS)

-Affect Five-point Likert scale [50]
-Confidence 60 items (in pre-test) and
-Math-physics-data connection 106 items (in post-test)
-Physics community
-Statistical uncertainty
-Troubleshooting
-Argumentation
-Experimental design
-Modeling the measurement system
-Purpose of labs
-Systematic error

Physics Related Personal Epistemology
Questionnaire (PPEQ)

-Structure of knowledge Five-point Likert scale [46]
-Justification of knowledge and knowing 27 items
-Changeability of knowledge
-Equations in physics
-Quick learning
-Source of knowledge
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the well-known instruments used to assess epistemological
beliefs in physics. However, this list is not exhaustive.
A more detailed and descriptive list of instruments for
assessing student beliefs and attitudes can be found on
PhysPort [45] and in the study of Özmen and Özdemir [46].
Among these instruments, the Colorado Learning

Attitudes about Science Survey (CLASS) [23] is a
widely recognized instrument for assessing students’
epistemological beliefs and attitudes toward physics
[21,25,26,30,51]. The 42 Likert-scale items in the
CLASS build on earlier instruments like MPEX,
EBAPS, and VASS, but offer a more nuanced framework
by capturing eight dimensions of epistemological beliefs,
namely: real-world connections, personal interest, sense
making and effort, conceptual connections, applied con-
ceptual understanding, problem-solving general, problem-
solving confidence, and problem-solving sophistication.
The CLASS has been extensively validated across various

cultural and academic contexts [22,51–53]. For example,
Douglas et al. [51] demonstrated its validity in diverse
educational settings in the United States, while Kontro and
Buschhüter [52] validated the survey with a Finnish pop-
ulation. The Turkish adaptation of the CLASS by Kaltakci-
Gurel [22] further underscores its utility in non-Western
contexts. The exploratory factor analysis of the CLASS data
from the Turkish sample identified three factors—problem-
solving effort (PSE), conceptual understanding (CU), and
personal interest and real-world connection (PI&RWC)—
comprising 20 items. The confirmatory factor analysis
confirmed that this three-factor structure provided a good
fit to the data from the Turkish sample.
The CLASS survey has also been used to investigate

several purposes, such as belief change across grades,
gender differences in beliefs, and the effects of instruc-
tional methods or educational background on beliefs
[23,25,26,30,39,40]. However, to the best of the research-
er’s knowledge, there is no large-scale research examining
epistemological beliefs using the CLASS survey with a
Turkish sample, except for the previously conducted
validation study [22]. This contributes to the significance
of the study.

C. Gender disparities in epistemological beliefs

Gender differences in epistemological beliefs have been
a focal point of research in science and physics education.
Research on epistemological beliefs offers mixed findings
regarding gender differences. Some studies suggest
no difference between males and females [36,42,54,55],
while others indicate that students’ beliefs vary by gender
[21,23,40,55–58]. For example, the creators of the CLASS
instrument [23] found gender differences in responses to
nearly half of the survey questions. Their research indicated
that, after completing an introductory calculus-based phys-
ics course, female students, on average, demonstrated
less expertlike epistemological beliefs than their male
counterparts. The study found that female students in the

same classes tended to score lower than male students on
aspects of physics beliefs related to real-world applications,
personal interest, problem-solving confidence, and prob-
lem-solving sophistication. While females scored slightly
higher in the area of sensemaking and effort, significant
gender gaps persisted, particularly concerning real-world
connections and personal interest, even in calculus-based
courses, though these gaps were smaller than in other
physics courses. Madsen et al. [59], using the CLASS,
examined how students’ views about physics changed
during an introductory calculus-based physics course.
Their findings revealed that both male and female students
shifted toward less expertlike beliefs by the end of the
semester. However, this negative shift was more pro-
nounced for female students who showed greater declines
in all measured categories in the CLASS. While their initial
scores were similar to or even lower than those of males, the
larger negative shifts experienced by females widened
the gender gap in expertlike beliefs from the beginning
to the end of the course, suggesting that the course had a
differential impact on the attitudes and beliefs of male and
female students. These disparities are attributed to societal
stereotypes, classroom dynamics, and the historical under-
representation of women in STEM fields. Kost et al. [24]
examined the gap in performance between males and
females and found that the gender differences are primarily
associated with differences in previous physics knowledge
and incoming attitudes and beliefs. Chen et al. [21]
provided additional insights, showing that while female
students excel in collaborative and effort-driven environ-
ments, they often score lower on measures like problem-
solving confidence. These findings underscore the
importance of mentorship programs, stereotype threat
reduction, and inclusive curricula in addressing gender-
specific barriers in physics education.
In science education, many studies have also investigated

gender differences in epistemological beliefs using instru-
ments other than the CLASS, and consistent gender
differences have not been observed. While some studies
have reported that female students demonstrate more
sophisticated epistemological beliefs than their male coun-
terparts [55,58], others have indicated the converse [57] or
found no significant gender-based differences [36]. Given
these contradictory results, an investigation of gender
differences in epistemological beliefs within the Turkish
context is warranted.

D. Achievement levels and epistemological beliefs

Prior studies have established a link between epistemo-
logical beliefs and academic achievement [35,60]. Research
has demonstrated a connection between physics-related
epistemological beliefs and conceptual understanding and
performance in physics among secondary school and uni-
versity students [61]. Stathopoulou and Vosniadou [49]
showed that beliefs about the construction, stability, and
structure of physics knowledge predicted physics
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understanding. Perkins et al. [62], using the CLASS to
assess beliefs and the FMCE and FCI to measure learning,
found significant correlations between specific belief cat-
egories and normalized learning gains in an introductory
physics course, suggesting that students with more favorable
initial beliefs tended to achieve greater learning gains.
Similarly, Chu et al. [63] found that students’ conceptual
development of sound and wave motion was linked to both
their cognitive understanding and their epistemological
beliefs about physics. In his quasi-experimental study where
epistemological beliefs are measured by the CLASS and
conceptual understanding is measured by the FCI, Sahin [64]
explored the impact of problem-based learning (PBL) on
students’ epistemological beliefs and their conceptual under-
standing of Newtonian mechanics, also examining the
relationship between these two factors. Epistemological
beliefs were measured by the CLASS, and conceptual
understanding was measured by the FCI. In the study, the
PBL group demonstrated significantly greater learning gains
in conceptual understanding compared to the traditional
learning group. However, PBL did not significantly affect
epistemological beliefs; both groups exhibited similar
beliefs. A positive correlation emerged between beliefs
and conceptual understanding, meaning that students who
began the semester with more expert-like epistemological
beliefs tended to achieve higher conceptual understanding
scores by the end. Chen et al. [21] used the CLASS to
explore epistemological beliefs among Chinese physics
students, revealing significant correlations between beliefs
and academic performance.
Achievement levels have also been found to be strongly

correlated with variations in epistemological beliefs. High-
achieving students are more likely to hold sophisticated
beliefs, viewing knowledge as dynamic, evidence-based, and
interconnected [8,15]. These beliefs enable them to engage
in deeper learning strategies, persist through challenges, and
integrate theoretical knowledge with practical applications.
Adams et al. [23] demonstrated that high-achieving students
consistently score higher on CLASS subscales related to
conceptual understanding and problem-solving sophistica-
tion. Zhao et al. [11] also highlighted that advanced
epistemic cognition correlates with analytical thinking,
curiosity, and persistence—traits essential for success in
physics. Instructional practices tailored to students’ achieve-
ment levels play a critical role in shaping epistemo-
logical beliefs. Inquiry-based and problem-based learning
approaches have been shown to enhance epistemic cognition
among low- and medium-achieving students by encouraging
active participation and critical thinking [6,14].

E. Intersection of gender, achievement levels,
and epistemological beliefs

While gender and achievement levels independently
influence epistemological beliefs, their combined effects
remain underexplored. Madsen et al. [59] suggested that
even high-achieving female students may exhibit lower

confidence due to sociocultural influences. Similarly,
Hazari et al. [32] noted that instructional practices empha-
sizing inclusivity and real-world relevance could bridge
these gaps, promoting more equitable learning environ-
ments. Extensive research indicates that no large-scale
study has yet investigated epistemological beliefs within
a Turkish sample using the CLASS survey. Examining the
separate effects of gender and achievement levels, as well
as their interaction, on epistemological beliefs in physics
contributes to the significance of this study.

F. Aims and research question

This study utilizes the Turkish-adapted version of the
CLASS survey with a 20-item three-factor model (see
Sec. III C for details) to explore the interplay between
student beliefs about physics and physics learning, gender,
and academic achievement when cumulative grade point
averages (CGPAs) are controlled. By analyzing CLASS
data, the research aims to

1. Investigate potential gender-based disparities in
student beliefs about physics.

2. Investigate the students’ beliefs about physics ac-
cording to their academic achievement levels in this
discipline.

3. Uncover potential interactions between gender and
academic performance that might influence student
beliefs in physics.

Understanding these relationships can inform the devel-
opment of targeted instructional strategies that address the
specific needs of diverse learners in physics classrooms. By
fostering a learning environment that acknowledges and
supports different epistemological perspectives, we can
promote more inclusive and effective physics education
for all students.
In this respect, the main research question and the

subquestions were as follows:
1. How do gender and academic performance in the

physics course influence freshman students’ episte-
mological beliefs in the subscales of the CLASS
survey—namely, problem-solving effort (PSE), con-
ceptual understanding (CU), and personal interest
and real-world connection (PI&RWC)—when their
CGPAs are controlled?
1.1. What is the impact of gender on freshman

students’ epistemological beliefs in PSE, CU,
and PI&RWCwhen their CGPAs are controlled?

1.2. What is the impact of academic performance in
the General Physics I course on freshman stu-
dents’ epistemological beliefs in PSE, CU, and
PI&RWC when their CGPAs are controlled?

1.3. What is the impact of the interaction of gender
and academic performance in the physics
course on freshman students’ epistemological
beliefs in PSE, CU, and PI&RWC when their
CGPAs are controlled?
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III. RESEARCH METHODOLOGY

A. Research design

This study adopted a causal-comparative research design
(CCRD) to explore potential causes or consequences of
preexisting differences in beliefs about physics and learning
physics among student groups [65,66]. CCRDs are appro-
priate when investigating cause-and-effect relationships in
situations where manipulating the independent variable is
impractical or impossible, as is the case with inherent student
characteristics like gender and preexisting achievement
levels. This design compares preexisting groups where the
“cause” has already occurred, offering stronger evidence for
causal inferences than purely correlational studies, though
not with the same level of certainty as experimental designs.
By carefully considering and addressing potential covariates,
one can make a stronger argument for a cause-and-effect
interpretation. Recognizing that perfect group equivalence is
rarely attainable with preexisting groups and that potential
covariates are inherent in such designs, this study aimed to
mitigate their influence through careful consideration and
analysis prior to the study.
Covariates are variables that are suspected to be influ-

encing scores on the dependent variable. These covariates
need to be chosen carefully based on the theory and
previous research [67,68]. Thorough research in previous
studies revealed that CGPA can be a potential covariate in
epistemological beliefs [35,60]. By acknowledging and
controlling for CGPA, one can obtain more accurate and
meaningful insights into the factors that influence episte-
mological beliefs and their impact on learning. In order to
address the confounding role of CGPA, several strategies
can be used. These are statistical controls with analysis
of covariance to statistically control for CGPA, matching
participants on CGPA before assigning them into groups,
and finally analyzing data separately with stratified analysis
for different CGPA groups. In the present study, statistical
control was employed due to the measurement level of the
covariates and its common usage in similar research con-
texts. In this statistical analysis, removing the influence of
covariates increases the likelihood of detecting any true
differences between groups. Therefore, participants’ CGPAs
were considered a covariate and were controlled statistically
in this study. To assess beliefs, this study utilized the CLASS
instrument, previously adapted into Turkish by the
researcher [22], to survey freshmen enrolled in a General
Physics II course at a state university in Türkiye.

B. Participants

Data for this study were collected by surveying a total
of 1220 university freshman students from 22 different
programs at one of the large, research-focused state
universities in Türkiye. The university was selected based
on convenience due to its ease of access to the researcher.

Additionally, the university has a strong focus on theoreti-
cal and fundamental physics. The subjects consisted of 463
females (38%) and 753 males (62%). All subjects had taken
the General Physics I course in their first semester. In order
to investigate the impacts of gender and achievement level
on epistemological beliefs toward physics learning, the
survey was administered as a written questionnaire to
students at the beginning of the second semester of the
first year of their four-year academic programs. The test
took subjects 15 min on average to complete. The data were
gathered, recorded, and then analyzed.

C. Instrument and procedures

The Colorado Learning Attitudes about Science Survey
(CLASS) is a very well-known survey instrument used to
assess students’ beliefs about physics and learning physics.
It expands upon existing surveys (MPEX, VASS, EBAPS)
by incorporating additional aspects of student attitudes and
beliefs deemed relevant in educational settings. The origi-
nal CLASS survey, developed by Adams et al. [23], was
validated by a group of other researchers [22,51,52].
The CLASS survey employs a five-point Likert scale

(strongly disagree to strongly agree) for student responses
to statements like “A significant problem in learning
physics is being able to memorize all the information I
need to know.” Initially developed and tested with over
5000 students and physics faculty experts, the 42-item
CLASS survey underwent a data-driven analysis to identify
underlying constructs. This analysis resulted in the estab-
lishment of eight categories: (i) real-world connection,
(ii) personal interest, (iii) sensemaking/effort, (iv) concep-
tual connections, (v) applied conceptual understanding,
(vi) problem-solving general, (vii) problem-solving con-
fidence, and (viii) problem-solving sophistication.
The CLASS survey, initially available in English, has

undergone translations to facilitate its use in diverse cultural
contexts. These translations include Arabic, Chinese, Finnish,
German, Japanese, Portuguese, Spanish, Swedish, and
Turkish. The instrument was adapted into Turkish in the
previous study [22]. Due to some overlapping items indicat-
ing a lack of clear boundaries between constructs, the CLASS
has undergone scrutiny through various psychometric reeval-
uation studies [22,51,52]. Turkish psychometric evaluation
resulted in a proposed 20-item three-factor model based on
confirmatory and exploratory factor analysis (Table II). The
factors were “problem-solving effort (PSE)” (seven items),
“conceptual understanding (CU)” (six items), and “personal
interest and real-world connection (PI&RWC)” (seven
items). Items originally categorized as problem-solving
confidence, general problem solving, and problem-solving
sophistication that focused on the effort students put into
solving physics problems were grouped into a single PSE
factor. Items measuring the ability to connect and apply
physics concepts (originally in the conceptual connections
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and applied conceptual understanding categories) were
combined into the CU factor. Items related to personal
interest in physics and its connection to the real world
(originally the personal interest and real-world connection
categories) were combined into a single PI&RWC factor. In
the current study, the Turkish translation of the CLASS with
20 items and three factors was used as a data collection tool
together with some demographic information, including
gender, CGPA, and prior academic performance in the
general physics I course.
Internal consistency of the instrument was evaluated

using Cronbach’s alpha for each of the three factors
separately and for the entire 20-item scale. The factors
PSE (α ¼ 0.670), CU (α ¼ 0.654), and PI&RWC
(α ¼ 0.771) demonstrated acceptable reliability. Notably,
the overall scale achieved a higher level of internal
consistency with a Cronbach’s alpha of 0.844.

D. Data analysis

The two-way between-groups multivariate analysis of
covariance (two-way MANCOVA) test was used to answer
the research question. This technique allowed us to simulta-
neously test for the effect of each of our independent
variables [gender and achievement level in the general
physics course (ALGPCG)] on the dependent variables
(PSE, CU, and PI&RWC in physics) in the CLASS survey
scores and also to identify any interaction effects by
removing the influence of covariate (i.e., CGPA). SPSS
uses regression procedures to remove the variation in the
dependent variables that is due to the covariate and then
performs the standard multivariate techniques on the cor-
rected or adjusted scores. Analysis of covariance is recom-
mended when it is impossible to randomly assign
participants to the different groups, but instead, existing
groups must be used [67]. Because these groups may differ
in multiple ways, covariance analysis (e.g., MANCOVA)

can be employed to mitigate some of these discrepancies.
Appropriate covariates can help minimize the confounding
effects of preexisting group differences. Although the sample
sizes for the gender and achievement level groups were not
equal, the use of MANCOVA allowed us to statistically
control for these discrepancies, particularly with CGPA as a
covariate, thereby minimizing potential group bias.
The gender data, obtained as demographic data in the

CLASS survey, was collected by asking students directly.
Due to regulations in Türkiye, survey applications only
allow for “female” and “male” as gender options; however,
participants did have the choice to leave the question
unanswered. Students’ performance in their General
Physics I course was also collected as demographic data
in the CLASS survey. For analysis, the independent
variable “Achievement Level in General Physics Course
(ALGPCG)” was obtained by dividing course achievement
performances into three as: “low-achieving” (LA),
“medium-achieving” (MA), and “high-achieving” (HA)
groups. Freshman university students’ General Physics I
course grades were assigned as “HA” if the ALGPCG was
≥ 3.0; “MA” if 2.0 ≤ ALGPCG < 3.0; and “LA” if
ALGPCG < 2.0. These thresholds align with common
practice in educational research, where GPA is frequently
used as a measure of academic success [33,69,70].
Furthermore, these cut-offs reflect typical grading scales
and provide a meaningful framework for understanding
student performance. Out of 1220 subjects surveyed in
the study, 408 (33%) were found to be in the LA group,
424 (35%) were in the MA group, and 388 (32%) were in
the HA group. Table III illustrates the sample distribution
according to gender and ALGPCG.
The covariate, cumulative grade point average (CGPA),

represents a student’s overall academic performance across
all the courses he or she has taken in their degree program.
It is calculated by averaging all the GPAs earned in each
semester, resulting in a value between 0.0 and 4.0. The

TABLE II. CLASS categories with the number of statements and sample statements. This table is adapted from the original CLASS
V.3 [23] and psychometric evaluation of Kaltakci-Gurel [22]. Model fit discussions for the exploratory and confirmatory factor analysis
for the psychometric evaluation can be seen in Ref. [22].

Category Sample statements and statement numbers from original CLASS

PSE (7 items)
(15, 24, 26, 34, 36, 39, 42)

15. If I get stuck on a physics problem on my first try, I usually try to figure out a different way
that works.

34. I can usually figure out a way to solve physics problems.
36. There are times I solve a physics problem more than one way to help my understanding.

CU (6 items)
(1, 5, 6, 13, 32, 40)

1. A significant problem in learning physics is being able to memorize all the information I need
to know.

5. Knowledge in physics consists of many disconnected topics.
40. I do not expect physics equations to help my understanding of the ideas; they are just for
doing calculations.

PI&RWC (7 items)
(3, 14, 25, 28, 30, 35, 37)

3. I study physics to learn knowledge that will be useful in my life outside of school.
14. I think about the physics I experience in everyday life.
37. The subject of physics has little relation to what I experience in the real world.
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mean CGPA was calculated as 2.598, with a standard
deviation of 0.796 for the sample.

E. Ethical issues

This research adhered to all ethical principles outlined in
the Declaration of Helsinki, including respecting partic-
ipants’ autonomy through informed consent and ensuring
their well-being by protecting data confidentiality and
minimizing any potential risks. Before providing written
consent, participants received detailed information about
the study’s purpose, procedures, their right to withdraw at
any time without penalty, and the confidential handling of
their data. Data confidentiality was ensured through ano-
nymization by removing directly identifying information
and assigning unique, randomly generated identification
codes. To mitigate any potential influence of power
dynamics, participation was entirely voluntary and unre-
lated to course grades or academic standing; students were
assured that their decision would not affect their relation-
ship with instructors or their academic evaluation. The
study was approved by the institutional review board of the
university where the current study was conducted.

IV. RESULTS

To investigate the research question, the two-way
between-groups multivariate analysis of covariance

(MANCOVA) test was conducted in IBM SPSS.30. The
two-way between-groups MANCOVA is an analytical
technique that extends the principles of the two-way
ANCOVA for situations where there are two or more
dependent variables [67,68]. The main aim of the two-
way between-groups MANCOVA is to understand if there
is an interaction between the two independent variables on
the two or more dependent variables after controlling for
the covariate(s). In other words, this statistical test aims to
understand whether the effect of one independent variable
on the dependent variables (collectively) is dependent
on the value of the other independent variable when
covariates are controlled. For the two-way between-groups
MANCOVA test, preliminary checks were conducted to
ensure that there was no violation of the assumptions of
normality, linearity, outliers, homogeneity of variances,
homogeneity of regression, multicollinearity and singular-
ity, and homogeneity of variance-covariance matrices.
In order to examine the main effects and interaction

effects of gender and ALGPCG (low, medium, and high
achieving) on the multivariate pattern of the three subscales
of the CLASS survey (namely, PSE, CU, and PI&RWC in
physics) scores, a two-way between-groups MANCOVA
was conducted. The analysis revealed a significant main
effect of gender on the multivariate pattern of PSE, CU, and
PI&RWC in physics scores [Wilks’ lambda ¼ 0.969,
Fð3; 1138Þ ¼ 12.133, p < 0.001] and a significant main

TABLE IV. Two-way between-groups MANCOVA results.

Independent variables Wilks’ lambda F d.o.f.1 d.o.f.2 Significance Eta squared

Intercept 0.338 742.878 3 1138 <0.001 0.662
CGPA 0.995 2.067 3 1138 0.103 0.005
Gender 0.969 12.133 3 1138 <0.001 0.031
ALGPCG 0.934 13.116 6 2276 <0.001 0.033
Gender × ALGPCG 0.998 0.417 6 2276 0.868 0.001

TABLE III. Sample distribution according to gender and ALGPCG. LA, low-achieving; MA, medium-achieving;
HA, high-achieving.

Overall sample Sample used for statistical analysis

Subjects N % Missing N %

Gender 1220 100 4 1147 94
Female 463 38.1 427 35
Male 753 61.9 720 59

ALGPCG 1220 100 0 1147 94
Mean: 1.9836
SD: 0.80791
LA group (ALGPCG < 2.0) 408 33.4 352 28.8
MA group (2.0 ≤ ALGPCG < 3.0) 424 34.8 412 33.8
HA group (ALGPCG ≥ 3.0) 388 31.8 383 31.4

CGPA 1147 94 73 1147 94
Mean: 2.5983
SD: 0.7958
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TABLE VI. Descriptive statistics related to CLASS subscale scores according to gender and ALGPCG.

CLASS subscales
Achievement levels in general
physics course (ALGPCG) Gender N Mean SD

Problem-solving effort (PSE) LA group (ALGPCG < 2.0) Female 143 23.29 4.61
Male 209 23.99 4.32
Total 352 23.70 4.45

MA group (2.0 ≤ ALGPCG < 3.0) Female 159 24.01 3.97
Male 253 25.30 4.73
Total 412 24.80 4.49

HA group (ALGPCG ≥ 3.0) Female 125 25.63 3.99
Male 258 26.63 3.90
Total 383 26.30 3.96

Total Female 427 24.24 4.30
Male 720 25.39 4.45
Total 1147 24.97 4.43

Conceptual understanding (CU) LA group (ALGPCG < 2.0) Female 143 18.04 4.46
Male 209 18.85 4.33
Total 352 18.52 4.40

MA group (2.0 ≤ ALGPCG < 3.0) Female 159 18.78 4.00
Male 253 20.12 4.20
Total 412 19.60 4.17

HA group (ALGPCG ≥ 3.0) Female 125 21.00 3.34
Male 258 22.63 3.95
Total 383 22.10 3.83

Total Female 427 19.18 4.16
Male 720 20.65 4.43
Total 1147 20.10 4.39

Personal interest & real-world connection (PI&RWC) LA group (ALGPCG < 2.0) Female 143 20.08 5.55
Male 209 21.64 5.46
Total 352 21.01 5.54

MA group (2.0 ≤ ALGPCG < 3.0) Female 159 21.38 5.60
Male 253 23.08 5.48
Total 412 22.42 5.58

HA group (ALGPCG ≥ 3.0) Female 125 22.90 4.94
Male 258 24.62 4.76
Total 383 24.06 4.88

Total Female 427 21.39 5.50
Male 720 23.21 5.36
Total 1147 22.54 5.48

TABLE V. Univariate effects of gender and ALGPCG on dependent variables PSE, CU, and PI&RWC (CGPA is a covariate).

Independent variables Dependent variables Type III sum of squares d.o.f. Mean square F Significance Eta squared

Gender PSE 263.707 1 263.707 14.393 <0.001 0.012
CU 419.656 1 419.656 25.058 <0.001 0.022

PI&RWC 729.976 1 729.976 26.094 <0.001 0.022

ALGPCG PSE 453.175 2 226.588 12.367 <0.001 0.021
CU 1148.261 2 574.130 34.282 <0.001 0.057

PI&RWC 1080.484 2 540.242 19.312 <0.001 0.033

Gender × ALGPCG PSE 14.019 2 7.009 0.383 0.682 0.001
CU 28.096 2 14.048 0.839 0.432 0.001

PI&RWC 3.522 2 1.761 0.063 0.939 0.000
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effect of ALGPCG [Wilks’ lambda ¼ 0.934, Fð6; 2276Þ ¼
13.116, p < 0.001] with small (partial eta squared ¼ 0.01
and partial eta squared ¼ 0.033) effect sizes, respectively.
However, the interaction effect between gender and
ALGPCG did not reach statistical significance (Wilks’
lambda ¼ 0.998, Fð6; 2276Þ ¼ 0.417, p ¼ 0.868), indicat-
ing that the combined influence of gender and ALGPCG
did not significantly impact students’ CLASS survey
subscale scores. Table IV shows the two-way between-
groups MANCOVA results in detail.
Univariate tests for between-subjects effects were con-

ducted to further examine the individual effects on PSE,
CU, and PI&RWC in physics scores. When the results for
the dependent variables were considered, a separately
adjusted alpha level of 0.017 was applied using a
Bonferroni adjustment. Since a number of separate analy-
ses were conducted in this step, an adjusted alpha level of
0.017 was set by dividing alpha 0.05 by 3, which is the
number of dependent variables. According to the analyses,
gender exhibited significant effects on PSE [Fð1; 1140Þ ¼
14.393, p < 0.001, partial eta squared ¼ 0.012], CU
[Fð1; 1210Þ ¼ 25.058, p < 0.001, partial eta squared ¼
0.022], and PI&RWC [Fð1; 1140Þ ¼ 26.094, p < 0.001,
partial eta squared ¼ 0.022]. Similarly, ALGPCG influ-
enced PSE [Fð2; 1140Þ ¼ 12.367, p < 0.001, partial eta
squared ¼ 0.021], CU [Fð2; 1140Þ ¼ 34.282, p < 0.001,
partial eta squared ¼ 0.057], and PI&RWC [Fð2; 1140Þ ¼
19.312, p < 0.001, partial eta squared ¼ 0.033]. An inter-
action effect occurs when the effect of one independent
variable on the dependent variable depends on the level of a
second independent variable. However, the interaction
effect between gender and ALGPCG was not significant
for none of the subscales (Table V).
In summary, gender and ALGPCG independently

exerted significant influences on students’ scores on three
CLASS survey subscales, while their interaction did not
contribute significantly to the observed variance. Although
statistical significance was found for three dependent
variables for both independent variables, the eta squared
values, which show the practical significance [67,71], were
found to be small for the gender and the ALGPCG. Eta
squared value is one way that assess the importance of
findings in presenting effect size (also known as “strength
of association”). Effect size is a statistical measure that
quantifies the strength of the relationship between two
variables. It is an important concept in research because it
helps to determine the practical significance of a finding
[67,68]. There are many different types of effect sizes (e.g.,
Cohen’s d, Pearson’s r, and eta squared), and the choice of
which one to use depends on the specific research question.
Eta squared, used in this study, represents the proportion of
variance of the dependent variable that is explained by the
independent variable. It ranges from 0 to 1, with values of
0.01, 0.06, and 0.14 generally considered to represent
small, medium, and large effects, respectively [67].

Some descriptive statistics related to PSE, CU, and
PI&RWC scores according to gender and ALGPCG are
illustrated in detail in Table VI, and the mean differences
are visualized in Fig. 1. An examination of Table VI and
Fig. 1 reveals that male students consistently scored higher
than female students across all three CLASS subscales

FIG. 1. Mean differences of PSE, CU, and PI&RWC on gender
and ALGPCG. “Marginal Means” refer to the means of the
dependent variables adjusted for the covariate (CGPA), as
computed by the MANCOVA.
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(PSE, CU, and PI&RWC). An inspection of the mean
scores indicated that males showed higher scores in PSE
(M ¼ 25.39, SD ¼ 4.45); CU (M ¼ 20.65, SD ¼ 4.43);
and PI&RWC (M ¼ 23.21, SD ¼ 5.35) scores than
females in PSE (M ¼ 24.24, SD ¼ 4.30); CU (M ¼ 19.18,
SD ¼ 4.16); and PI&RWC (M ¼ 21.39, SD ¼ 5.50) and
these differences are practically small because of the small
effect sizes. Additionally, males consistently score higher
than females across all achievement levels, and both
genders demonstrate growth with achievement, but the
gap persists.
An inspection of the mean scores also indicated that

HA groups showed higher scores in PSE (M ¼ 26.30,
SD ¼ 3.95), CU (M ¼ 22.10, SD ¼ 3.83), and PI&RWC
(M ¼ 24.06, SD ¼ 4.88) scores than MA and LA groups,
and these differences are practically small to medium
because of the small to moderate effect sizes.

V. DISCUSSION

Physics education research strives to create inclusive and
effective learning environments for all students. However,
persistent gender disparities in student engagement and
achievement in physics remain a concern [72,73].
Understanding these disparities necessitates exploring the
underlying factors, including students’ beliefs and attitudes
toward physics. This causal-comparative research exam-
ined the impacts of gender and academic achievement
levels on Turkish freshman students’ epistemological
beliefs in the subscales of a well-known CLASS survey.
Using data collected from 1220 first-year university stu-
dents, the two-way between-groups MANCOVA analysis
revealed that gender and achievement level in the General
Physics I Course (ALGPCG) had significant effects on
students’ scores on the three CLASS survey subscales.
More specifically, the results indicated that male and high-
achieving students demonstrated more expertlike episte-
mological beliefs, particularly in problem-solving effort,
conceptual understanding, and personal interest, and real-
world connection subscales of the CLASS survey. While
statistically significant for all three dependent variables
with both independent variables, the eta squared values
indicating practical significance were small for gender
(η2 ≈ 0.012–0.022) and small to moderate for ALGPCG
(η2 ≈ 0.021–0.057). The results of the current research
indicate that Turkish freshmen students’ epistemological
views, as measured by the CLASS instrument, are rela-
tively achievement level-oriented, such that HA groups
showed higher scores in PSE, CU, and PI&RWC than MA,
and LA groups, with the most practical significance
appearing in the achievement levels in the CU subscale.
While these effect sizes suggest that gender and academic
achievement are not the only determinants of epistemo-
logical beliefs, they reinforce the idea that educational and
sociocultural factors play a significant role. Prior research
suggests that even small statistical effects can have

meaningful implications in educational settings, particu-
larly when they reflect systemic disparities [59,72]. For
instance, slight differences in epistemological beliefs
between genders may contribute to larger gaps in motiva-
tion or retention in physics, suggesting that inclusive
teaching strategies may still be warranted. The moderate
effects associated with achievement level suggest that
students’ performance in prior coursework meaningfully
influences their beliefs, and targeted interventions could
support students with weaker academic backgrounds in
developing more expertlike beliefs. Given these findings,
reforming physics instruction should not focus solely on
shifting epistemological beliefs but rather on creating
learning environments that accommodate diverse belief
profiles. Some research suggests that student learning gains
can improve even when epistemological beliefs remain
unchanged, further supporting the idea that interventions
should prioritize active engagement, conceptual scaffold-
ing, and relevance to students’ experiences [12,23]. On the
other hand, many other studies express that epistemological
understanding is crucial for learning and teaching
[8,11,13,21,35,73]. Importantly, this understanding is not
innate or stable; it can develop over time and be influenced
by factors like age, gender, and education [15,74]. The data
of the current research indicate that gender and academic
achievement levels are factors affecting Turkish freshman
students’ epistemological beliefs toward physics learning.
Gender and equity in science and physics education have

been studied for decades. Longstanding research highlights
the significant role of gender [36,58,75]. These studies
have consistently investigated how gender intersects with
various factors, including cognitive abilities, attitudes, and
sociocultural influences. Findings indicate that gender-
related differences in physics learning are not uniform
and are significantly influenced by these intersecting
variables. For example, Madsen et al. [59] examined 30
factors that might influence the gender gap in physics
education. Their research revealed no single factor suffi-
cient to explain the disparity. Instead, the gap likely arises
from a complex interplay of factors, making it challenging
to address with a simple solution. The research examining
gender differences in epistemological beliefs, therefore,
reveals no consistent patterns [36,57,58]. In the current
study, Turkish male students were found to demonstrate
more expertlike epistemological beliefs compared to
females in PSE, CU, and PI&RWC. Consistent with the
present study, Chen et al. [21] found no overall gender
differences in epistemological beliefs among 817 Chinese
university students. However, upon examining universities
with a strong focus on theoretical and fundamental knowl-
edge, male students majoring in science or physics edu-
cation exhibited significantly stronger epistemological
beliefs than their female counterparts. Similarly, Adams
et al. [23] studied over 5000 students taking the CLASS
survey and found significant gender differences. Females
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scored lower on subscales related to “real-world connec-
tions,” “personal interest,” “problem-solving confidence,”
and “problem-solving sophistication” but slightly higher on
“sensemaking/effort.” In previous studies with Turkish
elementary students, epistemological beliefs were found to
be mostly related to gender. Ozkal et al. [57] found male
students had more desirable epistemological beliefs than
females, whereas Topçu and Yılmaz-Tüzün [58] revealed
that female students developed better epistemological beliefs
than those of male students. These studies, along with the
current research, highlight the persistent but inconsistent
gender disparity in epistemological beliefs in physics. The
finding of a small gender effect aligns with this mixed
landscape and highlights the need for continued research that
considers mediating and contextual variables.
The gender disparities in epistemological beliefs in

physics found in this study might stem from the gender
gap pronounced in physics interest and confidence.
Specifically, previous studies indicated that female students
often exhibit lower confidence in problem solving and
perceive physics as less relevant to their everyday lives
[24,33,59,72]. This disparity in confidence and perceived
relevance may be exacerbated by, or even originate from,
fewer opportunities for females to actively participate in
physics classes. This lack of active engagement could then
hinder the development of sophisticated epistemological
beliefs. To reduce these gender disparities, physics instruc-
tion should incorporate inclusive and engaging teaching
strategies. Research suggests that active learning tech-
niques, such as peer instruction, collaborative problem
solving, and inquiry-based learning, can increase female
students’ confidence and interest in physics [76,77]. These
methods help create an interactive and supportive learning
environment that benefits all students, particularly those
who may lack confidence in their abilities. Additionally, the
integration of real-world applications and interdisciplinary
connections can make physics more relevant to female
students. Studies have shown that female students are more
likely to engage with physics when it is presented in a
context that highlights its societal impact and interdisci-
plinary applications [72,78–80]. This suggests that incor-
porating real-world problem solving and applications in
medical physics, environmental science, and technology
could increase female students’ interest and motivation.
Another key strategy is the explicit discussion of episte-
mological beliefs in physics education. Research has
shown that explicitly addressing the nature of scientific
knowledge and its evolving structure can help students
develop a more sophisticated understanding of physics
[12,20]. Implementing metacognitive activities, such as
reflective writing, self-explanation tasks, and structured
group discussions about problem-solving strategies, can
help female students recognize their own cognitive devel-
opment and increase their confidence in physics learning.
As Chan and Elliott [54] pointed out, epistemological

beliefs are context sensitive, and cross-cultural studies often
reveal variations due to differing cultural values. Therefore,
researchers should employ epistemological instruments and
analyze results with careful consideration of cultural context.
While several studies have investigated gender differences
in elementary science or high school physics in Türkiye
[19,42,57,58,80], limited research was found focusing on
Turkish university students. The current study revealed that
males possess more desirable epistemological beliefs than
females at the university level, a finding possibly linked to
limited instructional and practical opportunities for females
in university programs. However, due to the small effect size,
the observed statistically significant gender difference must
be interpreted cautiously. Nevertheless, this research repre-
sents an initial step in understanding gender-based episte-
mological beliefs within the Turkish university education
context, and further investigation is crucial to fully com-
prehend the origins of this disparity.
Previous research has shown a link between academic

success and well-developed beliefs about knowledge
[80–82]. The current study’s finding that high-achieving
students exhibit more sophisticated epistemological beliefs
aligns with prior research suggesting that students who
perceive physics knowledge as coherent and evolving tend to
achieve higher academic success [14,15,62]. The findings
indicate that lower-achieving students exhibit weaker
epistemological beliefs, strongly suggesting a need for
instructional interventions that foster deeper conceptual
understanding. Scaffolded problem-solving frameworks
offer one approach, where students are guided through
problem-solving steps with increasing independence.
Research suggests that structured scaffolding can improve
students’ conceptual understanding and problem-solving
abilities, particularly for those who struggle with physics
[7]. Mastery-oriented feedback can also enhance students’
epistemological beliefs and learning outcomes. Instead of
solely focusing on correct answers, instructors should
provide feedback that emphasizes conceptual understanding,
problem-solving strategies, and the iterative nature of
learning. Prior studies have found that students who receive
mastery-oriented feedback demonstrate greater persistence
and deeper learning in physics [83,84]. Differentiated
instruction, providing students with tailored learning expe-
riences based on their epistemological beliefs and academic
performance, could also be an effective approach. Adaptive
learning environments, providing customized problem sets,
explanatory videos, and personalized feedback can signifi-
cantly enhance students’ engagement and learning outcomes
[85]. By incorporating these instructional techniques,
physics education can better support students at different
achievement levels. Therefore, fostering sophisticated epis-
temological beliefs is crucial for improving students’ physics
achievement. Educational stakeholders, including teachers,
administrators, and policymakers, should prioritize the
development of these beliefs throughout formal schooling.
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The nonsignificant interaction effect between gender and
achievement level means there is no evidence that achieve-
ment affects epistemological beliefs differently for males and
females. Therefore, the relationship between achievement
and epistemological beliefs is consistent across genders. The
absence of a significant interaction might reflect shared
curricular structures or instructional approaches that impact
students similarly regardless of gender.
The current study, however, has some limitations to

consider in any attempt to generalize the findings. The
limited scope of this study, focusing solely on students from
a single Turkish university, necessitates future research
to incorporate diverse samples, thereby enhancing the
generalizability of the findings. Furthermore, it must be
acknowledged that the causal-comparative design, by its
nature, does not allow for direct manipulation of the
independent variables or random assignment of participants.
Consequently, while we observed significant associations,
we cannot definitively establish causal relationships.
Therefore, the results should be interpreted carefully, and
future research should examine, through experimental stud-
ies, how instructional interventions influence epistemologi-
cal beliefs over time and across diverse cultural contexts. To
gain a more nuanced understanding of students’ epistemo-
logical beliefs and their connections to other variables, future
investigations are strongly encouraged to incorporate quali-
tative methodologies. Mixed-methods studies combining
quantitative and qualitative analyses could provide deeper
insights into how students develop their epistemological
beliefs in physics. Despite these limitations and the practi-
cally small to medium effect sizes, this research offers a
preliminary exploration of gender-related and achievement
level-related epistemological beliefs among Turkish univer-
sity students, highlighting the need for further investigation
into the underlying causes of these disparities.

VI. CONCLUSION

Epistemological beliefs are key to comprehending
how students tackle and integrate scientific concepts.
How students perceive the development and application
of physics knowledge directly affects whether they choose

to engage with physics education and how they learn in a
physics course. Therefore, knowing how epistemological
beliefs vary among genders and across achievement levels
can help us tailor physics teaching more effectively. In this
research, the CLASS survey of beliefs about physics was
administered to a wide range of first-year university
students from 22 different programs in one of the state
universities in Türkiye. It was found that in a general
physics course, both gender and achievement level inde-
pendently exerted significant effects on students’ scores on
epistemological beliefs as measured by the CLASS survey.
However, there is no interaction between gender and
achievement level, suggesting that the interaction of gender
and achievement level does not significantly impact stu-
dents’ CLASS survey subscale scores.
The results of this research have substantial implications

for introductory physics teaching. In part, the research
provides evidence suggesting that students with different
genders or achievement levels need different instructional
designs. The findings suggest that males and high-achieving
students demonstrate more expertlike epistemological
beliefs, reinforcing the need for targeted pedagogical inter-
ventions. Gender-based disparities can be addressed through
active learning strategies, interdisciplinary connections, and
explicit discussions of epistemological beliefs. Higher aca-
demic performance is associated with more sophisticated
epistemological beliefs about knowledge acquisition. These
beliefs likely influence student behavior, making them more
persistent, curious, and evidence-driven learners. This neces-
sitates exploring strategies to nurture these valuable episte-
mological beliefs in students. Lower-achieving students may
benefit from scaffolded problem solving, mastery-oriented
feedback, and differentiated instruction. These findings
highlight the importance of aligning instructional design
with students’ epistemological perspectives based on their
individual differences. Hence, while planning their physics
courses, instructors should pay attention to these differences.
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