Journal of Tertiary
Education and Learning (JTEL)

ISSN: 2994-4015 (ONLINE)

VOLUME 4 ISSUE 1 (2026)

PUBLISHED BY
E-PALLI PUBLISHERS, DELAWARE, USA



Volume 4 Issue 1, Year 2026

ISSN: 2994-4015 (Online)

DOL: https://doi.org/10.54536 /jtel.v4i1.6059
https:

Journal of Tertiary Education and
5 Learning (JTEL)
e Da |15 Previous Tith: Journal of Student and Education (JSE)

journals.e-palli.com/home/index.php/jtel

Pre-Service Teachers’ Mathematics Teaching Efficacy Beliefs and Procedural Fluency in
Rational Expressions
Reny Jean A. Valencia', Anna Mae B. Pal', Glorybave D. Manog', Exequiel Jr. Gono'

Article Information ABSTRACT

Procedural fluency, a vital component of mathematical proficiency, involves the ability to
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that pre-service teachers have a high level of MTEB and a very low level of procedural
fluency. Correspondingly, the findings revealed that the overall beliefs in teaching mathematics
has a weak negative correlation to procedural fluency, however, specific aspects of rational
expressions are connected to their confidence in teaching and their expectations. Hence, it
is crucial for pre-service teachers to be provided with interventions that will improve their

Expressions

INTRODUCTION

Procedural fluency is an essential aspect of equitable
teaching (National Council of Teachers of Mathematics
[NCTM], 2023) and a foundation among the five
strands of mathematical proficiency, such as conceptual
understanding, procedural fluency, strategic competence,
adaptive reasoning, and productive disposition (Andal
& Andrade, 2022). On the other hand, findings indicate
that the procedural fluency of pre-service teachers
(PST) is weak (Altarawneh & Marei, 2021), and they do
not have a strong knowledge base or understanding of
procedural fluency (Lyman, 2022). Furthermore, 70%
of 280 pre-service teachers failed to obtain the correct
answer in solving a task that assessed procedural fluency
in multiplying and dividing natural and rational numbers,
indicating that these student teachers have severe difficulty
with the topic (Schulz, 2023). Also, 80 out of 95 pre-service
teachers attempted to solve algebraic fractions, wherein
60 PST committed errors, causing a percentage error
of 77.8% (Essuman ef al, 2024). Students who struggle
to navigate procedural stages will find it challenging to
enhance their mathematical concepts and relate them to
formulate new solutions (Mohamoud, 2022).
been preparing to help
become more proficient in mathematics, particularly in

Teachers have students
establishing procedural fluency, which includes accuracy
and efficiency in basic calculations. In contrast, every
student should have access to effective teaching of
procedural fluency, enabling them to choose their
strategies or methods rather than asking how it was done

(NCTM, 2023; 2020) and effortlessly execute procedural

ability to apply mathematical procedure accurately and efficiently.

fluency in solving problems with various approaches
(Inayah ez al., 2020). Regarding this, one study used daily
fluency as a strategy that enhances students’ procedural
knowledge and improves their ability to tackle algebraic
issues (Mohamoud, 2022). In addition, procedural fluency
is beneficial in the ability of the students to connect
algorithmic processes in a given problem situation that
may be employed in a real-life situation (Ali Al-Mutawah,
2019).

Cognitive Load Theory is anchored as the leading theory
of this study and is supported by Self-Efficacy Theory and
Expectancy Value Theory. Cognitive Load Theory, which
considers intrinsic, extraneous, and germane demands
on working memory, significantly impacts the learning
process ( Paas ¢ al,, 2003; Sweller, 1988). Learning results
can be improved by efficiently regulating cognitive load,
particularly when it comes to complex topics like rational
expressions (Houichi & Sarnou, 2020). Similarly, self-
efficacy

the conviction in one’s skills—is emphasized
as a critical component influencing motivation and
performance in Albert Bandura’s Social Cognitive Theory
(Bandura, 2021; 1997).

The high self-efficacy of pre-service teachers is that
they are more inclined to interact with mathematical
information, which enhances their procedural fluency;
they also have stronger views of their ability to teach
effectively when they manage their cognitive load well
(Bandura, 1997). Pre-service teachers with higher teaching
efficacy beliefs tend to embark on more effective teaching
practices because student teachers with strong teaching
efficacy beliefs are likely to exert diverse instructional
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strategies that nurture procedural fluency, essential for
learners’ engagement and understanding (Twohill ez a,
2022). In addition, influencing the behaviour of one’s
person is inclined to the perceived self-efficacy and
expected outcomes. In contrast, those with high self-
efficacy perceive that they can do specific tasks even if it
is hard (Olawale & Hendricks, 2024).

Moreover, by combining these ideas, the Expectancy
Value Theory proposes that individuals’ motivation and
performance are influenced by their expectations of
success and the value they place on the task (Wigfield
& Eccles, 2000). In this theory, efficacy beliefs and
competency are both essential components of the
expectancy model (Wang & Xue, 2022). These concepts
propose that pre-service teachers can be much better math
teachers by decreasing cognitive load, enhancing task
value, and developing self-efficacy. These theories explain
the correlation between mathematics teaching efficacy
beliefs and procedural fluency in rational expressions of
pre-service teachers.

This study explores two parameters: mathematics
teaching efficacy beliefs (MTEB) and procedural fluency.
First, mathematics teaching efficacy beliefs are crucial
as they indicate teachers’ belief in their ability to teach
effectively, determining their teaching practices (Hourigan
& Leavy, 2022) and transferring a favorable outcome in
mathematics teaching (Twohill e a/, 2020). It has two
indicators: Personal Mathematics Teaching Efficacy
(PMTE), referring to a belief in teachers’ capability
of teaching mathematics effectively, and Mathematics
Teaching Outcome Expectancy (MTOE), which is
a belief that effective math teachers in mathematics
teaching will give a positive result of learning for the
student (Thomson e al., 2020). Pre-service teachers can
do and teach mathematics successfully when they believe
in their mathematical capabilities (Dua ef @/, 2022). With
that, motivated teachers tend to be more enthusiastic in
terms of adapting innovative teaching methods, engaging
in professional development, discovering methods
that are suitable to students’ needs (Hosseinzadeh &
Moosavinejad, 2023), and planning to use a variety of
activities (Olawale & Hendricks, 2022). Furthermore,
pre-service teachers’ teaching efficacy beliefs toward
mathematics are a decisive factor in student achievement
(Segarra & Julia, 2022), and having high self-efficacy is a
good indicator that their teaching methods have a positive
effect on students’ perceptions of the subject, as well
as on their course performance (Olawale & Hendricks,
2022).

On the other hand, procedural fluency is the ability to
apply procedures efficiently, flexibly, and accurately;
convey procedures to different problems and contexts;
alter procedures from other procedures; and discern
the appropriate strategy or procedure to use (NCTM,
2023). The indicators of procedural fluency in rational
expressions are simplifying rational numbers, simplifying
rational expressions, and solving rational equations.
Rational numbers are crucial for teaching and learning

algebra for junior high school, senior high school, and
tertiary-level courses (Salifu, 2021), and a good foundation
for developing numerical, arithmetic, and algebraic skills
in building proportional reasoning and supporting success
in different professions (Novita ez a/, 2022). Furthermore,
some studies showed that in teaching rational algebraic
expressions, procedural fluency should be emphasized
first (Pelayo et al, 2023) and is necessary for understanding
Algebra (Powell e al, 2019). According to one study,
students struggle with procedural fluency in algebraic
expressions due to a lack of comprehension in making
symbolic manipulations (Steinhorst, 2022) and difficulties
in simplifying rational algebraic expressions (Sanchez &
Falle, 2022). The rational equation consists of at least one
rational expression (Blitzer, 2022) with polynomials in the
numerator and denominator (DepEd, 2021).

Researchers will focus on the limited exploration of the
relationship between pre-service teachers’ mathematics
teaching efficacy beliefs and procedural fluency in
rational expressions. Although previous studies have
examined self-efficacy in teaching mathematics, few have
specifically linked these beliefs to procedural fluency
outcomes in a targeted context, particularly among pre-
service teachers (Olawale & Hendricks, 2024; Bjerke &
Xenofontos, 2023; Perera & John, 2020). Additionally,
out of 35 related studies, only six were conducted locally.
No similar study has explored the relationship between
pre-service teachers’ mathematical teaching efficacy
beliefs and procedural fluency in rational expressions
in the Davao Region. Moreover, this study is vital
because it underscores the need for effective teacher
preparation programs to enhance teacher efficacy and
student achievement in mathematics, aligning with global
educational goals (SDG 4) (Twohill ez al, 2022). This
research will contribute to the literature by providing
empirical evidence on how beliefs about teaching efficacy
influence procedural fluency, informing teacher education
practices and potentially leading to improved student
outcomes (Kartal, 2020; Pandee ef al., 2020).

Moreover, this study holds significance because by
exploring the relationship between pre-service teachers’
teaching efficacy beliefs and their procedural fluency
in rational expressions, then by understanding their
relationship, the results of the study can inform teacher
preparation programs, that can ultimately improve
teaching practices and student outcomes (Twohill et,
al., 2022; Segarra & Julia, 2022) which in prospect for
enhancing mathematics education aligning to quality
education (SDG 4). Moreover, this research will contribute
to the educational discourse by addressing critical factors
essential to effective mathematics instruction. Studying
pre-service teachers’ teaching efficacy beliefs and
procedural fluency in rational expressions will highlight
the need for strong development in these areas, which
is essential for developing student engagement and
achievement in mathematics. The research result can
improve educational policies and practices, promoting
equitable access to quality mathematics education. The
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study aims to enhance students” mathematical proficiency
by equipping future teachers with the necessary skills
and confidence, fostering lifelong learning opportunities
for each person corresponding to SDG 4, thereby
contributing to a more informed and capable society
(Ryve & Hemmi, 2019).

The primary intent of this inquiry is to uncover the
relationship between mathematics teaching efficacy
beliefs and procedural fluency in rational expressions of
pre-service teachers. Specifically, it will ascertain the pre-
service teachers’ level of mathematics teaching efficacy
beliefs in terms of personal mathematics teaching efficacy
and mathematics teaching outcomes expectancy, and the
level of procedural fluency in terms of simplifying rational
numbers, simplifying rational expressions, and solving
rational equations, and assess the significant relationship
between the mathematics teaching efficacy beliefs and
procedural fluency in rational expressions. This study will
also verify the hypothesis that no significant relationship
exists between mathematical teaching efficacy beliefs and
procedural fluency at a .05 level of significance.

MATERIALS AND METHODS
This section introduces the research methodology for
this quantitative, descriptive-correlational study designed
to assess the relationship between mathematics teaching
efficacy beliefs and procedural fluency of pre-service
teachers. It also describes the research respondents,
research instruments being utilized, and the design and
procedure of the study.

This study involved the pre-service teachers in private
institutions in the Davao region who were enrolled in
a field study from 2024 to 2025. The respondents of
this study are the pre-service teachers enrolled in the
Bachelor of Elementary Education and BSEd majors in
Mathematics. The population of this study consisted of
244 Bachelors in Elementary Education and 60 BSEd
majors in Mathematics pre-service teachers, with a total
number of 304. This study has a sample size of 176 with
a confidence level of 95% and a 5% margin of error.
One of the locally conducted studies confirmed that a
sample size of 124 pre-service teachers is both significant
and statistically measurable (Mendez ef af, 2023). The
researchers employed a stratified random sampling
technique, where the population was divided into
subgroups according to the major field of the pre-service
teacher (Ramirez, 2020). This sampling technique ensures
that all the population’s interests will be represented
(Murphy, 2021).

As part of the inclusion and exclusion criteria, only
education students who enrolled in the Field Study (FS)
course are considered in this study, and those who are
not enrolled in BEEd and BSEd majors in Mathematics
were excluded. In addition, the respondents’ participation
depended on their signed, affixed consent forms. The
participants were entitled to withdraw, decline, delete, or
alter their comments throughout the data collection.

The researchers an adapted

implemented survey

questionnaire by Enochs e 4/ (2000) to measure the
level of mathematical teaching efficacy beliefs of pre-
service teachers. Moreover, the researchers utilized a
validated test questionnaire to measure the pre-service
teachers’ procedural fluency in rational expressions. The
first part contains the adapted survey questionnaire of
the Mathematics Teaching Efficacy Beliefs (MTEBI) by
Enochs ez al. (2000). This questionnaire has 21 items on a
five-point Likert scale measuring one (strongly disagree)
to five (strongly agree), with the following indicators of
personal mathematics teaching efficacy (13 items) and
mathematics teaching outcomes efficacy (8 items).

The rating scale comprises five distinct levels, each
corresponding to a different level of mathematics teaching
efficacy beliefs of pre-service teachers. The Likert scale
interval consists of five categories: 4.20 to 5.00 illustrates
very high teaching efficacy beliefs indicating that they
are very confident in their teaching ability which reflects
excellent student outcome; 3.40 to 4.19 rate is equivalent
to high teaching efficacy beliefs describing that they are
confident in their teaching ability which reflects good
student outcome; 2.60 to 3.40 denoted as moderate in
teaching efficacy beliefs having moderate confidence in
their teaching ability shows an average performance of
the student; 1.80 to 2.59 indicate low teaching efficacy
beliefs reflects they are slightly confident in their
teaching ability which equivalent to poor performance
outcome of the student. Lastly, 1.00 to 1.79 serves as
very low in teaching efficacy beliefs, indicating they are
not confident in their teaching ability, which results in
poor student performance outcomes. Overall, these
rating levels provided significant support for interpreting
and categorizing the different aspects of mathematics
teaching efficacy beliefs of pre-service teachers.

The second section of the questionnaire contained items
divided into three sections. The researchers adapted
some rational expressions exercises specifically, regarding
simplifying rational numbers (5 items), simplifying
rational algebraic expressions (5 items), and solving
rational equations (5 items) from the books Today’s
Mathematics by Heddens & Speer (2000), Elementary
and Intermediate Algebra by Hitchison e al, (2000),
Algebra and Trigonometry by Blitzer, (2022), Beginning
Algebra by Schmitz (2012), DepEd (2020) and from the
thesis of Steinhorst, D. (2022). To measure the procedural
fluency of the respondents, the researchers utilized the
Scoring Guide for Mathematics Proficiency test, with
a score ranging from zero to three points. The scoring
was based on the procedure’s accuracy and efficiency in
solving rational expressions: 3 points for the accurate
and efficient process, 2 points for minor mistakes in the
procedure, 1 point for major mistakes in the procedure,
and 0 points for inappropriate procedures or no response
(Dejoras & Vistro-Yu, 2023).

The grading scale comprises five levels based on the
DepEd grading scale, each corresponding to a different
level of procedural fluency in rational expressions.
Percentage-based raw scores should be used to ensure




J. Tert. Educ. Learn. 4(1) 17-25, 2026

eQa”l

a valid and equitable evaluation of pre-service teachers’
procedural fluency, applying the formula (Actual
Scote / Total Scote) X 100, by DepEd guidelines on
learner assessment, which supports valid instructional
decisions and remediation (DepEd Order No. 31, s.
2020). To illustrate, a 90 to 100 grade is referred to as
outstanding with extreme procedural fluency, an 85 to
89 grade is comparable to strongly satisfactory (passed)
with strong procedural fluency, an 80-84 grade indicates
satisfactory (passed) with moderate procedural fluency,
next is 75 to 79 signifies reasonably satisfactory with
low procedural fluency, and lastly below 75 represent did
not meet expectations (failed) with very low procedural
fluency. These grading scales served as a valuable tool in
interpreting and categorizing the procedural fluency of
pre-service teachers in rational expressions.

Inter-rater reliability was assessed to verify the reliability
and validity of the survey questionnaire and test paper,
wherein two experts validated the adapted questionnaire
and test paper. Subsequently, the researchers ran a pilot
test on a small group of students not subject to being
respondents in this study to examine whether the survey
questionnaire measured what it intended to measure.
After verifying that the survey questionnaire and test
paper were reliable and legitimate, the researchers
prepared them for data gathering, The Cronbach’s Alpha
for the MTEB and procedural fluency questionnaires are
.916 and .775, respectively.

This quantitative study utilized the descriptive-correlation
approach relevant to its primary issue. A descriptive
correlational design describes a relationship among
variables without inferring causation (Devi ez a/., 2023). It
relates to the present study since knowing the relationship
between mathematical teaching efficacy beliefs and
procedural fluency in rational expressions

The researchers followed several steps to get the
essential information for the current study. Primarily,
the researchers submitted a letter asking permission to
conduct this study to the college dean and requested data
from the enrolled students in a field study S.Y. 2024-2025.
After the permission had been granted, participants were
given a consent form letter to sign as approval of their
participation in this study. The respondents were given
approximately 45 minutes to answer the test paper and
survey questionnaire during the data gathering, Once

the questionnaires had been completed, the researchers
collected and organized the information. Afterward,
the researchers transmitted the gathered data to the
statistician to analyse and verify the results. Consequently,
the researchers interpreted the data once the statistician
returned it.

The researchers ensured that the ethical standards in
carrying out this study were followed. The researchers
emphasized that the respondents were free to withdraw
their consent to participate in this study. The respondents’
information was used only for academic purposes, and
the researchers provided separate sealed envelopes
marked “Confidential File”; only the authorized members
of this research had access to it, and the information was
enclosed within the researchers’ scope. The data gathered
was analysed using the following statistical tools. The
mean and standard deviation for the respondents’ levels
of mathematics teaching efficacy, belief, and procedural
fluency in rational expressions. Kolmogorov-Smirnov
and Shapiro-Wilk test was utilized to test the normality of
the data. The result shows that both mathematics teaching
efficacy beliefs (p=.000) and procedural fluency of pre-
service teachers (p=.000) have skewed distributions, as
their significance values are below 0.05. Therefore, the
Spearman-Rho test — a non-parametric test —was being
utilized.

RESULTS AND DISCUSSIONS

This section discusses the findings of the study. In
particular, it discusses the level of mathematics teaching
efficacy beliefs of pre-service teachers, their procedural
fluency level on rational expressions, and the relationship
between the two variables. The results are intended to
provide insights into how confident pre-service teachers
are in teaching math and how this self-assurance relates to
their mathematical abilities, especially in solving rational
expressions.

Mathematics Teaching Efficacy Beliefs

Table 1 presents the level of mathematics teaching
efficacy beliefs of pre-service teachers. Data shows that
the pre-service teachers manifest high teaching efficacy
beliefs (x = 3.53, SD = .412) and their responses were
pretty close to the mean.

It indicates that they are confident in their teaching

Table 1: Pre-service teachers' Levels of Mathematics Teaching Efficacy Beliefs

Indicators Mean (M) Standard Deviation (SD)
Personal Mathematics Teaching Efficacy (PMTE) 3.35 444
Mathematics Teaching Outcomes Efficacy (MTOE) 3.71 496
Overall 3.53 412

ability, continually find better ways to teach mathematics,
and often exert extra effort, reflecting good student
outcomes. This result is similar to the study of Kartal
(2020), which reveals that pre-service teachers have a
high level of teaching efficacy beliefs, where they have a

great enthusiasm for teaching and are more likely to adapt
practices as well as exert effort. Therefore, it is vital to
maintain and enhance the teaching abilities of pre-service
teachers, as it can positively affect their teaching approach
and improve student learning outcomes in mathematics.
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Moreover, among the indicators, MTOE has a higher
mean of 3.71 (SD = .496), interpreted as a high level of
teaching efficacy beliefs, and the responses were relatively
close to the mean. The results indicate that despite
pre-service teachers being confident in their ability to
teach mathematics effectively, they are more confident
about their beliefs that their teaching strategies and
efforts will lead to positive student learning outcomes
in mathematics. This finding contradicts the study of
Byrd and Giles (2023), where the results revealed that
pre-service teachers were inadequately confident about
their teaching impact on students’ learning achievements.
However, they are more confident in their mathematics
teaching ability.

The respondents believed that when their students’
mathematics grades improve, they have found a more
effective teaching approach, which signifies that pre-
service teachers feel more confident about their ability
to influence student outcomes. It aligns with the studies
of Segarra e al. (2021) and Hourigan & Leavy (2022)
where most pre-service teachers agreed that the grade
improvement of the students in mathematics was
often due to their founding of more effective teaching
approaches.

Moreover, the result is congruent with the findings of
Twohill e al. (2022) where pre-service teachers reported
high levels of MTEB, as well as with the study of
Hendricks ef al. (2024) where the results revealed that pre-
service teachers expressed high teaching efficacy beliefs
in mathematics. These findings are positively associated
with better academic achievement and positive attitudes
towards mathematics. It suggests that when pre-service
teachers believe they can teach mathematics, they are more
likely to exert effort on providing the best approaches or
strategies for a positive outcome in mathematics (Twohill,
2022).

Procedural Fluency of Pre-service Teachers

In Table 2, it is shown that the overall mean of the levels
of procedural fluency is 32.03 (SD = 11.938), equivalent
to a grade of 71.18%. It indicates that the respondents
did not meet the expectations for procedural fluency,
and the variability in their performance is relatively
high, indicating that while some respondents may have
performed better, the majority are significantly struggling;
It reveals that the ability of pre-service teachers to apply
mathematical procedures accurately and efficiently in the
solving process is inferior, demonstrating a very low level

Table 2: Pre-service teachers’ Levels of Procedural Fluency

Indicators Mean Standard Deviation (SD)
Simplifying Rational Numbers 12.9 4.096

Simplifying Rational Expressions 10.14 4.469

Solving Rational Equations 8.99 5.04

Overall 32.03 11.938

of procedural fluency.

The result aligns with the study of Schulz (2023) where
most of the pre-service teacher respondents had severe
difficulty in solving tasks that assess procedural fluency.
It also aligns with the study of Svensson and Holmqvist
(2021), highlighting the initial severe difficulty pre-service
teachers had with procedural tasks, especially when
efficiency and accuracy are required. It meant those
prospective teachers struggled to solve tasks accurately
and efficiently, which should be addressed.

Additionally, solving rational equations has the lowest
mean of 8.99 (SD = 5.04), which is equivalent to a
grade of 59.93%. It implies that among the indicators,
pre-service teachers have the lowest performance in
solving rational equations, with a high variation in their
performance. It signifies that while some pre-service
teachers perform adequately, others struggle to solve
rational equations efficiently and accurately. Solving
rational equations requires a deeper understanding of
algebraic manipulation, and its complexity is one of the
factors in pre-service teachers’ struggles. Correspondingly,
the result emphasizes that solving rational equations is a
challenging area for pre-service teachers, and this lines up
with the study of Essuman ez a/. (2024), where pre-service
mathematics teachers have below-average performance in

the same area.

Moreover, the result is consistent with the findings of
Altarawneh and Marei (2021) and Lyman (2022), which
revealed that the pre-service teachers had difficulty in
solving rational equations, indicating that their procedural
fluency was weak. In addition, Keazer and Phaiah’s (2023)
study showed that student teachers do not demonstrate
strong procedural fluency. It signifies the need for further
development and support to improve this

domain of mathematical proficiency, ensuring the success
of good quality in teaching and learning process with
their students.

Correlation of Pre-service Teachers’ Mathematics
Teaching Efficacy Beliefs and Procedural Fluency

Table 3 shows the correlation analysis of the relationship
between the mathematics teaching efficacy beliefs and
procedural fluency in rational expressions of pre-service
teachers. The data reveal a weak negative relationship
between mathematics teaching efficacy beliefs and
procedural fluency in rational expressions of pre-service
teachers (= -.092, p = .223). It indicates that when pre-
service teachers’ mathematics teaching efficacy beliefs
increase, their confidence in solving rational expressions
insufficient evidence supports

decreases. However,
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Table 3: Correlation between Mathematics Teaching Efficacy Beliefs and Procedural Fluency

Mathematics Teaching Efficacy Procedural Fluency

Beliefs Solving Rational | Simplifying Rational | Solving Rational | Overall
Numbers Expressions Equations

Personal Mathematics Teaching | .116 -.258* -.089 -118

Efficacy (PMTE) (127) (.001) (:242) (114

Mathematics Teaching Outcome | .162* -.163* -.029 -.031

Expectancy (MTOE) (.031) (.031) (.700) (.682)

Overall 134 -237* -.070 -.092
(.075) (.002) (:350) (:223)

*»<0.05

rejecting the null hypothesis between the two variables
since the p = 0.223 (p > .05).

This finding aligns with the prior study of Velez and
Abuzo (2024), revealing that despite having high
mathematical self-efficacy, students’ problem-solving
skills are still very low. Moreover, the study of Chirove
(2023) shows an insignificant weak positive relationship
between the mathematical self-efficacy beliefs and the
non-routine problem-solving achievement of the student.
It indicates that mathematical self-efficacy beliefs are not
clearly or reliably enough to predict better performance
in solving non-routine mathematical problems (Kaskens
et al., 2020).

It reinforces the Cognitive Load Theory, which posits
that excessive cognitive demands could interfere with the
performance and learning of pre-service teachers. High
teaching efficiency beliefs among pre-service teachers
may cause them to commit more cognitive resources to
conceptual expertise and instructional strategies, which
could overload their working memory and reduce their
ability to perform procedural tasks efficiently. Therefore,
their procedural fluency in rational expressions may
decrease when their cognitive load grows.

Specific indicators imply notable relationships, even
though there is no significant correlation between pre-
service teachers’ procedural fluency and their beliefs
concerning the importance of teaching mathematics.
The data demonstrate a weak linear relationship between
mathematics teaching efficacy beliefs and simplifying
rational expressions (r = -.237, p .002). As teachers’
confidence in their ability to teach mathematics increases,
their proficiency in performing procedural tasks, such as
simplifying rational expressions, slightly decreases. This
finding aligns with Altarawneh & Marei’s (2021) study,
indicating that the classtoom student teachers show a
weak performance in terms of procedural fluency in their
mathematical proficiency.

It resonates with the Self-efficacy Theory, as they believe
they can teach a specific topic no matter how hard it
is, if they are confident. It suggests that pre-service
teachers believed they could teach effectively despite
low procedural fluency performance. However, this idea
was opposed by the study of Aytekin and Sahiner (2020)
and Hasanah and Yulianti (2020), finding that a lack of
familiarity with the content knowledge or fundamental

concept can hinder them from teaching the concept
effectively and lead to procedural fluency reduction
(Lyman, 2022). Another study highlights that pre-service
teachers faced average difficulty in solving mathematical
problems. It is because they performed comprehension
errors, most likely misrepresentation, misinterpretation,
and miscalculation of the problems (Pentang ez al., 2024).
Additionally, there is a weak positive correlation between
the indicators of mathematics teaching outcomes
expectancy and solving rational numbers of pre-service
teachers (r = .162, p = .031). It demonstrates that they
perform slightly better in solving rational numbers if
they have high confidence in their teaching skills, which
can positively impact their learners. Since they are
efficient at solving rational numbers, they can educate
their students in that concept. Moreover, factors such as
empowerment, readiness, commitment, and perceived
further their
abilities in mathematics, contributing to overall teaching
effectiveness (Mohammed, 2024). It aligns with the study
of Akendita e al. (2025), which found that when teachers
are confident and capable in teaching, students are more

usefulness enhance problem-solving

apt to do mathematical problems.

This finding aligns with Expectancy Theory, which states
that individuals are motivated to perform well when they
believe their efforts will yield beneficial outcomes. In this
context, pre-service teachers possessing high teaching
outcome expectancy may exercise greater effort in mastering
mathematical procedures because they foresee that their
skills will manifest as effective teaching, It is consistent
with the study of Twohill ¢z 2/ (2022), which reveals that
good teaching strategies are more likely to be adopted by
pre-service teachers who hold significant beliefs about their
own teaching outcomes expectancy. In alignment with this ,
the use of vatious teaching techniques promotes procedural
fluency, thereby improving student engagement and
comprehension (Kaitera & Harmoinen, 2022).

Overall, the data show no significant relationship
between pre-service teachers’ mathematical teaching
efficacy beliefs and procedural fluency. However, solving
rational expressions holds significance to mathematics
teaching efficacy beliefs, along with its indicators, PMTE
and MTOE. Also, indicators of mathematics teaching
outcome expectancy and solving rational problems hold
a weak correlation.
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CONCLUSIONS

The results of this study revealed that the pre-service
teachers’ level of mathematics teaching efficacy beliefs
is high, which means that they expressed confidence in
their ability to teach mathematics effectively. However,
even though their mathematics teaching efficacy beliefs
are high, their procedural fluency is low, particularly in
solving rational equations. Moreover, Cognitive Load
Theory can account for this finding by stating that pre-
service teachers believe they can teach and concentrate
on instructional strategies and conceptual knowledge that
can interfere with their procedural skills. Furthermore,
their difficulties with rational expressions illustrate
that their confidence does not always align with their
procedural fluency. It might affect their teaching quality.
Thus, it is recommended that the procedural fluency of
pre-service teachers, especially those programs with the
potential to be math teachers, be enhanced.

To achieve this, Mathematics organizations in the college
of teacher education should initiate weekly tutorial
classes, conducting student development activities like
problem-solving workshops, peer coaching sessions,
and friendly competitions to enhance active learning
and collaboration. Lastly, tracking the students’ learning
progress and identifying their strengths and weaknesses
is also necessary. By constantly improving the teacher
education programs, educational institutions can
prepare better future teachers who deliver high-quality
mathematics teaching;

REFERENCES
Akendita, P. A, Arthur, Y. D, & Asare, B. (2025).
Moderating effect of teacher efficacy on the
perception  of
mathematics and students” mathematics achievement.
International Journal of Didactical Studies, 6(1), 1-17.
https://doi.otg/10.33902/ijods.202528932
Al-Mutawah, M., Thomas, R., Mahmoud, E.Y. &
Fateel, M.J. (2019).
procedural knowledge and problem-solving skills in

relationship  between — students’

Ali

=

Conceptual understanding,
mathematics: High school graduates work analysis
and standpoints. International Journal of Education and
Practice, 7(3), 258-273. https://doi.otg/10.18488/
journal.61.2019.73.258.273

Altarawneh, A. & Marei, S. (2021). Mathematical
proficiency and pre-service classroom teacher’s
instructional performance. Infernational = Journal of
Edneation and Practice, 9(2), 354-364. https://doi.
org/10.18488 /journal.61.2021.92.354.364

Andal, S. G. & Andrade, R. (2022). Exploring students’
procedural fluency and written adaptive reasoning
skills in solving open-ended problems. Infernational
Journal of Science Technology Engineering and Mathematics,
2(1), 1-25. https://doi.org/10.53378/352872

Aytekin, C. and Sahiner, Y. (2020). An investigation of
preservice mathematics teachers’ teaching processes

conceptual

related to division with fractions. Ikogretim Online -

about “procedural and knowledge”

Elementary Education Online, 19(2), 958-981. http://
doi.org/10.17051/ilkonline.2020.695840

Bandura, A. (1997). Self-efficacy: The exercise of control.
W H Freeman/Times Books/ Henty Holt & Co.

Bandura, A. (2001). Social cognitive theory: An agentic
perspective. Annual Review of Psychology, 52(1), 1-26.
https://doi.otg/10.1146/annurev.psych.52.1.1

Bjerke, A. H., & Xenofontos, C. (2023). Teachers’self-efficacy
in teaching mathematics: tracing possible changes from
teacher education to professional practice, Teachers and
Teaching Theory and Practice, 30(1), 1-15. https:/ /dol.org/1
0.1080/13540602.2023.2219982

Blitzer, R. (2022). Algebra and trigonometry, 7th edition.
Pearson edncation. ISBN 978-0-13-692217-9

Byrd, K. and Giles, R. M. (2023). Preservice teachers’
self-efficacy for teaching mathematics. Southeastern
Regional Association of Teacher Educators, 32(1), 1068-
1752. https://tinyutl.com/5xcdwv92

Chirove, M. (2023). School
Self-Efficacy and Achievement in Non-Routine

Secondary Learners’
Mathematics Problem-Solving. Studies in Learning and
Teaching, 4(3), 508-521. https://doi.otg/10.46627/
silet.v4i3.321

Dejoras, A. W. A., & Vistro-Yu, C. P. (2023). Investigating
pre-service  secondary  mathematics  teachers’
mathematics proficiency and critical citizenship
in the design of social-issue-themed mathematics
online lessons. Southeast Asian Conference on Education
Official Conference Proceedings, 537-550. https://doi.
org/10.22492 /issn.2435-5240.2023.44

Department of Education (2020). DepEd Order No. 031,
s. 2020: Interim guidelines for assessment and grading
in light of the basic education learning continuity
plan. https://www.deped.gov.ph

DepEd (2021). General mathematics quarter 1 — module 6:
Solving rational equations and  inequalities. Alternative
Delivery Mode. https://tinyutl.com/t47464jw

Devi, B, Lepcha, N. & Basnet, S. (2023). Application of
correlational research design in nursing and medical
research. Xiz'an Shiyou Daxue Xuebao (Ziran Kexue
Ban)/ Journal of Xi'an Shiyon University, 65(11), 60-69.
https://doi.otg/10.17605/OSEIO/YRZ68

Dua, C. C. R, Mancera, A. C, Solis, Y. J. R., Pentang, J. T., &
Bautista, R. M. (2022). Preservice teachers’ self-concept,
self-efficacy, and attitude: Its implications to mathematics
achievement. Studzes in Technology and Education, 1(1), 1-13.
https://doi.otg/10.55687 /ste.v1il.22

Enoch’s, L.G., Smith, PL., & Huinker, D. (2000).
Establishing factorial validity of the Mathematics
teaching efficacy beliefs instrument. School/ Science
and  Mathematics, 100(4), 194-202. https://doi.
org/10.1111/j.1949-8594.2000.tb17256.x

Essuman, I. B, Avorkpo, E. & Kwakye, D. (2024).
An analysis of pre-service mathematics teachers’
performance in algebraic expressions. Sociology
International ~ Jonrnal, 8(2), 87-92.  https://doi.
org/10.15406/5ij.2024.08.00379

Hasanah, A. N., & Yulianti, K. (2020). Error analysis




J. Tert. Educ. Learn. 4(1) 17-25, 2026

@ oalli

in solving prism and pyramid problems. Journal of
Physics Conference Series, 1521(3), 032035. https://doi.
org/10.1088/1742-6596/1521/3/032035

Heddens, J. W. & Speer, W. R. (2000). Today’ mathematics Wiley.

Hendricks, W, Olawale, B. E., & Saddiq, K. (2024). An
investigation of high school preservice teachers’
self-efficacy in teaching mathematics. Education
Sciences,  14(11), 1262. https://doi.otg/10.3390/
educscil4111262

Hitchison, D., Bergman, B., & Hoelzle, L. (2000).
Elementary and Intermediate Algebra

Hosseinzadeh, M. & Moosavinejad, M. (2023).
Elementary school teachers” math teaching efficacy
beliefs and job motivation: A correlational study.
Iranian  Journal of Educational Research, 2(2), 41-51.
http//doi.otg/10.52547 /ijer.2.2.41

Houichi, A., & Sarnou, D. (2020). Cognitive Load Theory
and its Relation to Instructional Design: Perspectives
of Some Algerian University Teachers of English.
Arab World English Journal, 11(4), 110-127. https://
doi.org/10.24093 /awej/voll1n04.8

Hourigan, M. & Leavy, A. M. (2022). Pre-service
primary teachers’ mathematics teaching efficacy on
entry to initial teacher education. Eurgpean Journal of
Mathematics and Science Education, 3(1), 17-33. https://
doi.org/10.12973 /¢jmse.3.1.17

Inayah, S., Septian, A., & Suwarman, R. . (2020). Student
Procedural fluency in Numerical Method subjects.
Desimal Jurnal Matematika, 3(1), 53-64. https://doi.
org/10.24042/djm.v3i1.5316

Kaitera, S., (2022). Developing
mathematical problem-solving skills in primary

& Harmoinen, S.

school by using visual representations on heuristics.
LUMAT: International Journal on Math, Science and
Technology Education, 10(2), 111-146. https://doi.
org/10.31129/LUMAT.10.2.1696

Kartal, B. (2020). Mathematics teachers’ teaching efficacy
beliefs and attitudes toward teaching: A partial
correlation research. Auwstralian  Journal of  Teacher
Edneation, 45(9), 42-61. https://doi.otg/10.14221/
ajte.2020v45n9.3

Kaskens, J., Segers, E., Goei, S. L., van Luit, J. E. H,, &
Verhoeven, L. (2020). Impact of children’s math self-
concept, math self-efficacy, math anxiety, and teacher
competencies on math development. Teaching and
Teacher Education, 94, 1-14. Article 103096. https://
doi.org/10.1016/j.tate.2020.103096

Keazer, L. & Phaiah, J. (2023). Analyzing prospective
elementary teachers’ evidence of conceptual
understanding and procedural fluency. Investigations in
Mathematics Learning, 15(2), 135-148. https:/ /doi.otg/
10.1080/19477503.2022.2139112

Lyman, A.L. (2022). Procedural fluency in mathematics:
Exploring elementary teachers’ knowledge, understanding, and
application in classroom practices. Kansas State University,
1-196. https://tinyutl.com/5bvbtfrz

Mendez, M.]., Nacional, A., Quilos, D., & Salva, L.LH.M.

(2023). Home environmental factors and science

anxiety affecting academic performance of pre-
service science teachers. SEAQUIS Journal of Science
Edneation, 3(01), 14-26. https://doi.otg/10.58249/
sjse.v3i01.70

Mohammed, A. A. (2024).
preservice teachers’ attitudes towards problem-

Factors  influencing
solving in mathematics education. American Journal
of Interdisciplinary Research and Innovation, 3(3), 1-10.
https://doi.otg/10.54536/ajiri.v3i3.3264

Mohamoud, O. (2022). The effect of daily fluency on
algebraic procedural fluency in students. Dissertations,
Theses, and  Projects, 743, 1-47. https://tinyutl.
com/4£8p42ys

Murphy, C. B. (2021). Stratified random sampling: Advantages
and disadvantages. Investopedia. https://tnyutl.com/
yc4rkppb

National Council of Teachers of Mathematics [NCTM],
(2020). Standards for the preparation of middle-level
mathematics teachers. https://tinyutl.com/4e8rkkk3

National Council of Teachers of Mathematics
[NCTM] (2023). Procedural Fluency. https://tinyutl.
com/223t2pj6

Novita, R., Herman, T., Dasari, D., & Putra, M. (2022).
Analyzing second-year university students’ rational
number understanding: A case on interpreting &
representing fraction. Ewuropean Journal of Educational
Research, 11(3), 1747-1762. https://doi.org/10.12973/
eu-jer.11.3.1747

Olawale, B.E. & Hendricks, W. (2024). Mathematics
teachers’ self-efficacy beliefs and its relationship with
teaching practices. EURASLA Journal of Mathematics,
Science and Technology Education. 20(1), em2392. https://
doi.org/10.29333/cjmste/14123

Paas, I, Renkl, A., & Sweller, J. (2003). Cognitive load
theory and instructional design: Recent developments.
Edneational ~ Psychologist,  38(1), 1-4. https://doi.
org/10.1207/S15326985EP3801_1

Pandee, M., Tepsuriwong, S. & Darasawang, P. (2020).
The dynamic state of pre-service teachers’ self-
efficacy: a critical incident study in Thailand. Issues in
Edncational Research, 30(4), 1442-1462. https://tinyutl.
com/e7rcxnev

Pelayo, E. O, Lomibao, L. S., & Tan, R. G. (2023).
Conceptual understanding vs. procedural fluency:
a literature review on the mathematics teacher’s
emphasis in teaching of rational algebraic expressions.
Journal of Innovations in Teaching and I earning, 3(1), 54-
59. https://doi.org/10.12691 /jitl-3-1-10

Pentang, J., Andrade, L. J., Golben, J., Talua, J., Bautista, R.,
Sercenia, J., Permatasari, D., Bucad, M. J., & Viernes, M.
D. (2024). Problem-solving difficulties, performance,
and differences among preservice teachers in Western
Philippines University. The Palawan Scientist, 16(1), 58—
68. https://doi.org/10.69721/tps.j.2024.16.1.07

Perera, H. & John, J. (2020). Teachers’ self-efficacy
beliefs for teaching math: Relations with teacher
and student outcomes. Contemporary Educational
Psychology, 61, 101842. https://doi.otg/10.1016/].




J. Tert. Educ. Learn. 4(1) 17-25, 2026

@ oalli

cedpsych.2020.101842

Powell, S. R., Gilbert, J. K., & Fuchs, L. S. (2019). Variables
influencing algebra performance: Understanding
rational numbers is essential. Learning and Individnal
Differences, 74, 101758. https://doi.otg/10.1016/].
1indif.2019.101758

Ramirez, I.S. (2020). Pre-service teachers’ perceived level
of teaching skills. Journal of Education in Black Sea
Region, 6(1), 97-109. https://doi.otg/10.31578 /jebs.
v6i1.222

Ryve, A., & Hemmi, K. (2019). Educational policy

mathematics instruction at scale:
conceptualizing  contextual  factors.  Educational
Studies in Mathematics, 102(3), 379-394. https://doi.
org/10.1007/s10649-019-09887-6

Salifu, A. S. (2021). Pre-Service Teachers’ conceptual and
procedural knowledge of rational numbers in E. P.
College of Education, Bimbilla, Ghana. Education
Journal, 10(4), 126. https://doi.org/10.11648/j.
edu.20211004.13

Sanchez, L.C. & Falle, T. A. (2022). Difficulties encountered

by junior high school on the simplification of

to improve

rational expressions in Zambales, Philippines. United
International Journal for Research & Technology, 03(11),
2582-6832. https:/ /tinyutl.com/4aj2caud

Schmitz, A. (2012). Beginning Algebra: Rational
Expressions and Equations. 2072 Book Archive, 1077-
1255. https://tinyutl.com/ye2yk3b7

Schulz, A. (2023). Assessing student teachers’ procedural
fluency and strategic competence in operating and
mathematizing with natural and rational numbers.
Journal of Mathematics Teacher Education, 27, 981-1008.
https://doi.otg/10.1007/510857-023-09590-7

Segarra, J., Julia, C., & Valls, C. (2021). Pre-Service teachers’
belief about the efficacy of their Mathematics
teaching: A Case Study. Ewropean Journal of Science
and Mathematics Edncation, 9(4), 199-210. https://doi.
org/10.30935/scimath/11236

Segarra, J. & Julia, C. (2022). Mathematics teaching
efficacy belief and attitude of pre-service teachers

and academic achievement. European Journal of Science
and Mathematics Education, 10(1), 1-14. https://doi.
org/10.30935/scimath/11381. https://tinyutl.
com/55a7zkey

Steinhorst D. (2022). Structural reasoning with rational
excpressions. Theses and Dissertations. 9801. https://
tinyutl.com/37akfp7h

Svensson, C., & Holmqvist, M. (2021). Pre-Service
teachers’ procedural and conceptual understanding of
pupils’ mean value knowledge in Grade 6. International
Electronic Journal of Mathematics Education, 16(3),
em0649. https://doi.org/10.29333 /iejme /11067

Sweller, J. (1988). Cognitive load during problem solving:
Effects on learning. Cognitive Science, 12(2), 257-285.
https://doi.otg/10.1016/0364-0213(88)90023-7

Thomson, M. M., Walkowiak, T. A., Whitechead, A.
N., and Huggins, E. (2020). Mathematics teaching
efficacy and developmental trajectories: A mixed-
methods investigation of novice K-5 teachers.
Teaching and Teacher Edncation, 87,102953. https://doi.
org/10.1016/j.tate.2019.102953

Twohill, A., NicMhuiti, S., Harbison, L., and
Karakolidis, A. (2023). Primary preservice teachers’
mathematics teaching efficacy beliefs: The role
played by mathematics attainment, educational level,
preparedness to teach, and gender. International Journal
of Science and Mathematics Education, 21(2), 601-622.
https://doi.otg/10.1007/s10763-022-10259-5

Velez, A. J. B., & Abuzo, E. P. (2024). Mathematics self-
efficacy and motivation as predictors of problem-
solving skills of students. TWIST, 79(1), 417-430.
https:/ /otcid.org/0009-0003-9317-2353

Wang, Q. & Xue, M. (2022). The implications of
expectancy-value theory of motivation in language
education. Frontiers in Psychology, 13, 992372. https://
doi.org/10.3389/fpsyg.2022.992372

Wigfield, A. & Eccles, J. S. (2000). Expectancy—value
theory of achievement motivation. Contemporary
Edneational ~ Psychology, 25(1), 68-81. https://doi.
org/10.1006/ ceps.1999.1015




