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Abstract ‘ Review Article

The need for mathematical knowledge to be used in practical situations is increasingly being seen, and hence
the need for both conceptual and procedural fluency in algebra is emphasized. Unfortunately, many students
lack an interrelation between these two aspects of mathematical knowledge, making it difficult for them to use
mathematics in practical situations. Therefore, the study sought to establish whether the 1A would help
improve the students' understanding of conceptual and procedural skills to solve practical mathematical
situations. A non-equivalent pretest-posttest quasi-experimental design was utilized using 37 students from
two different schools in the Diffun I District. The statistical analyses conducted were frequency and percentage,
mean, standard deviation, paired samples t-test, independent samples t-test, Levene’s test, Shapiro-Wilk test,
and Cohen’s d. The pre-test showed the equivalence of the experimental and control groups. While in the post-
test, the experimental group performed better than the control group with a mean percent score of 79.42 against
73.63 and a mean gain of 11.42 against 8.53, respectively. Considering that Cohen’s d value is 0.447, the
findings proved that the effect size is moderate, thus supporting the idea that there is an effective enhancement
of students’ problem-solving abilities by integrating conceptual and procedural knowledge. The study
concluded that the use of the Integrated Instructional Approach is effective in improving learning outcomes in
the field of algebra since it incorporates discussions based on concepts, procedural activities, and problem-
solving exercises. It is advised for teachers to implement this instructional strategy to improve their students'
problem-solving skills in algebra.
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Introduction skills. According to the literature available, the
concept of understanding is the learning of
mathematical concepts, ideas, and applications to
help construct and apply knowledge in critical
thinking and the practical use of mathematics
(Childs, 2022; Hussein, 2022; Wedman & Bennet,

Several studies have indicated over the years
that for one to effectively engage in problem-solving
in mathematics, especially algebra, one must develop
conceptual understanding and procedural fluency
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2025). Conceptual understanding involves the use of
different representations, including symbolic,
graphical, and algebraic representations, and
encourages interaction with abstract mathematical
concepts, such as rational numbers and algebra
(Castillo et al., 2025; Bano & Singh, 2023).
According to research literature, conceptual
understanding enhances cognitive flexibility,
creative problem-solving skills, and principled
knowledge acquisition, thus helping generate
procedures and retain mathematical knowledge
(Elhilal, 2025; Bani Irshid et al., 2023; Andriatna et
al., 2025).

However, procedural fluency is described as the
capacity to execute mathematics procedures
effectively, efficiently, and flexibly while relating
them to concepts and adapting to new situations
(NCTM, 2023; Bay-Williams & SanGiovanni, 2022;
Ruiz et al., 2025). Procedural fluency instruction is
direct, procedural fluency is practiced, procedural
fluency is used wisely, and procedural fluency is
judged thoughtfully (Blankman, 2023; CTL, 2023;
Specjal, 2026). As defined in contemporary studies,
procedural fluency cannot be considered rote
memorization or rapid computation, but should be
seen as an ability to analyze situations in terms of
solving math problems (Almond, 2025; Hoskyns-
Staples & Walters, 2025; Number Hive, 2024).

Further, according to recent research, conceptual
understanding is closely linked with procedural
fluency, and each of them contributes to the other
during the acquisition of mathematics knowledge.
While conceptual understanding assists in adapting
procedures, procedural fluency helps to consolidate
and enrich it, thus fostering critical thinking
(Mitchell, 2025; Hakim & Yasmadi, 2021; Asilo-
Ebisa & Lomibao, 2024; Childs, 2022). The current
pedagogical approach stresses the significance of
learning procedures where learners can observe and
evaluate  their  ideas, make  appropriate
representations, and acquire procedural abilities
effectively (Schumacher, 2019; Ji & Wong, 2025;
Mathnasium of Lakewood CO, 2025). Research has
proven that problem-based learning, hybrid model,
and concept-before model not only improve
procedural fluency skills but also support conceptual

understanding (Learn Implement Share, n.d;
Colorado Department of Education, 2024; NCTM,
2023).

The empirical research evidence highlights the
importance of combining procedural and conceptual
knowledge. It has been proven that the two types of
knowledge have reciprocal relationships since the
higher the conceptual knowledge of learners, the
better they can use procedures. On the other hand,
carrying out procedures helps promote an
understanding of concepts (Rittle-Johnson &
Schneider, 2022; Braithwaite & Sprague, 2021,
Barumbun & Kharisma, 2022). The use of
conceptual knowledge in teaching algebra is known
to promote improved understanding and the capacity
to think critically, as well as the transfer of
knowledge in various contexts (Ncube & Luneta,
2025). Incorporation of procedural and conceptual
knowledge in teachers' professional development
programs contributes to improved instructional
practices in classrooms (Pifiero Charlo & Canto
Ldpez, 2026).

Some studies have established that certain
interventions and instructional approaches can be
effectively  utilized to enhance  students'
understanding of concepts and procedures in solving
algebra problems. Some of these include the
utilization of GADS (Given, Asked,
Drawings/Representations,  Solution),  TAPPS,
storyboarding, and CRA approaches, which can
assist learners to solve algebra problems by
representing the problem, reflecting on, and
visualizing its solution. Tiered interventions,
repetitive  procedural practice, and teacher
professional development in solving algebra
problems can also contribute to improving learners'
algebraic problem-solving skills (Boger, 2025;
Mohamoud, 2022; Chirinda, 2026; Hatisaru et al.,
2022). In addition, research indicates that the use of
non-routine problems, dynamic principles, and
technology can promote learners' conceptual and
procedural understanding in algebraic problem-
solving situations.

Considering the above findings, this research
attempts to apply the Integrated Instructional
Approach wherein the use of conceptual knowledge
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is consciously integrated with procedural knowledge
in an attempt to enhance the problem-solving skills
of Grade 6 pupils in solving authentic algebraic
problems. Through concept-based, collaborative,
and reflective learning, this study attempts to equip
the learners with not only the required conceptual
knowledge but also the procedures needed in
problem-solving.

Methodology

A quasi-experimental research design,
particularly the non-equivalent pretest-posttest
control group design, was used to determine the
effectiveness of the I1A in improving the conceptual
understanding and procedural fluency of students in
learning algebra. This type of research design is
considered appropriate because it compares two
naturally occurring groups without random
assignment. It also measured the improvement in
their performance before and after the experiment. In
other words, the researcher was able to observe a
cause-and-effect relationship within a realistic
environment without the full extent of control found
in an experimental study.

Grade 6 students enrolled in two public
elementary schools in Diffun | District, namely
Gulac Integrated School and San lIsidro Integrated
School, comprised the subjects of the study. Forty-
two (42) students took part in the study, with twenty-
three (23) belonging to the experimental group and
nineteen (19) to the control group. Complete
enumeration was applied since the total number of
subjects was small. While the experimental group
underwent the IlA, the control group received the
traditional procedural approach. To ascertain the
homogeneity of the variance, a test was performed
before the experiment, which revealed that both
groups had equal variability.

The data were obtained through the
researcher’s self-created algebra test instrument,
which aimed to assess not only the conceptual
knowledge but also the procedural skills involved in
solving practical algebraic situations. The test

instrument contained 30 questions given both pre-
intervention and post-intervention. This test was
created according to the MELCs and guided by the
Table of Specifications to guarantee proper
representation of topics and cognitive processes. The
test was also subjected to expert validation by
mathematics education specialists from the
Department of Education and Quirino State
University, with very high scores on content validity,
clarity, organization, and acceptability.

There were three steps involved in collecting
data for this study: pre-intervention, intervention,
and post-intervention. For the pre-intervention
phase, the experimental and control groups were
tested using the pre-test to determine their existing
levels of knowledge in algebra. This was done to
ascertain that they were initially equivalent before
being subjected to the treatment process. For the
intervention phase, the experimental group was
exposed to the Integrated Instructional Approach by
combining procedural and conceptual learning in
real-world problem-solving, scaffolding,
collaboration, and reflection. On the other hand, the
control group underwent instruction using the
procedural approach in solving problems one after
another. The intervention was conducted for two
weeks during the scheduled class time. Finally, in the
post-intervention phase, the experimental and
control groups were tested using the post-test to
identify their level of improvement in performance.

The data were statistically analyzed to
establish whether the program intervention is
effective or not. The use of descriptive analysis
involved frequency, percentage, mean, and standard
deviation to describe the profiles of the respondents
and their performance. On the other hand, inferential
analysis used paired sample t-test and independent
samples t-test to establish any significant difference
among or within respondents. Levene’s Test was
used to evaluate the homogeneity of variance, while
the Shapiro-Wilk Test was used to establish the
normality of data distribution. Additionally, the
effect size of the intervention was determined using
Cohen’s d.
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Results and Discussions

Table 1. Frequency and Percentage Distribution of Participants by Profile across Experimental and

Traditional Groups

Profile Particulars Group
Experimental Percent Traditional Percent
Group Group
Sex Male 8 40.00 6 35.29
Female 12 60.00 11 64.71
Age 11 years old 16 80.00 16 94.12
Mean =11.14 | 12 years old 4 20.00 1 5.88

Table 1 shows the frequency and percentage
distribution of the participants’ profiles across the
experimental and traditional groups. It is important
to note that the number of participants was slightly
reduced from 23 and 19 to 20 and 17 in the
experimental and traditional groups, respectively,
due to absenteeism during some of the instructional
and assessment sessions. From the table, one can
observe that in the experimental group, there were 8
males (40 percent) and 12 females (60 percent),
while in the traditional group, there were 6 males
(35.29 percent) and 11 females (64.71 percent).
Regarding age, the experimental group had 16
students who were 11 years old (80 percent) and 4

students who were 12 years old (20 percent). In the
traditional group, 16 students were 11 years old
(94.12 percent), and 1 student was 12 years old (5.88
percent).

The majority of the respondents were 11 years
old and female for both groups. This shows a
similarity in composition in terms of age and sex
between the experimental and traditional groups. The
average age of both groups is the same as the average
age of a Grade 6 student, which means demographic
factors such as age and sex do not affect the
difference in learning outcomes.

Table 2. Pretest Mean Percent Score in Solving Real-Life Algebraic Problems of the Participants

Group N Mean Percent SD t p-value Decision
Score
Experimental Group 20 68.00 4.79 2.015 0.052 Fail to reject Ho
Traditional Group 17 65.10 3.79

p-value < 0.05 is significant

Table 2 shows a comparison of the pretest
mean percent score of both the experimental and
traditional groups on solving real-life algebraic

problems, where the experimental group obtained a
score of 68.00 percent and the traditional group
obtained a score of 65.10 percent. Moreover, the p-
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value of 0.052 revealed that there was no significant
difference between the two groups, implying that
both groups were at the same level of proficiency.
This indicates a fair level of performance in
measuring the effects of the instructional
intervention. In addition, the literature showed that
the performance of learners in solving problems at
the start of the instructional session is often
dependent upon learners’ prior knowledge and
exposure to problem-solving rather than the method
of instruction (Kablan & Siizer Ugur, 2021; Shawan
et al., 2021; Wahyun et al., 2024; Or & Bal, 2023;
Legarde, 2022). On the other hand, the similarity in
performance during the pretest can also be further
substantiated by Mohamoud (2022), and it was
established that the students initially had difficulties
in procedural fluency and conceptual understanding
in algebra, but they showed a marked improvement
in performance after practice. Moreover, it was
found by Ali (2023) that there were no significant
differences in the ability of the students in solving

algebra word problems, thus further substantiating
the fact that struggling in the beginning might be
attributed to the understanding of the context of the
problem and not necessarily to differences in groups.
This can be substantiated by the findings of
Pramayudi et al. (2020) and Md Nasir et al. (2021).

Generally, the similar results of the pretests
justify the appropriateness of the application of the
Integrated Instructional Approach (I1A) since the
approach integrates the conceptual and procedural
knowledge. Various research studies have confirmed
that the combination of conceptual and procedural
knowledge enhances adaptive and strategic problem-
solving skills (Pelayo et al., 2023; Gavaz et al., 2021,
Mohamoud, 2022).

The results are consistent with the homogeneity
test as reflected in Table 1, which also showed that
the two groups were comparable in terms of prior
knowledge and variability in solving real-life
algebraic problems.

Table 3. Comparison of Pretest and Post-test Mean Percent Score in Solving Real-Life Algebraic Problems of
the Participants in the Experimental Group

Group N MPS SD t p-value Decision
Pretest 20 68.00 4.79 -8.755 <.001 Reject Ho
Posttest 20 79.42 3.39

Table 3 shows the result of the comparison of the
pretest and posttest mean percent scores of the
experimental group on solving real-life algebraic
problems. From the result above, it is evident that
there is an improvement in the students' performance
from the pretest (68.00 percent) to the posttest (79.42
percent). In addition, it is evident that there is a
highly significant difference between students'
performance in the pretest and posttest, as indicated
by p < 0.001. This improvement in students'
performance on real-life algebraic problems
indicates that the use of an integrated instructional
approach was effective in improving students'

performance on real-life algebraic problems. This
improvement supports the literature on mathematics
instruction, which indicates that students improve
their conceptual and procedural knowledge of
mathematics through structured and repetitive
exposure to problem tasks under a structured and
guided instructional framework (Pelayo et al., 2023;
Wahyun et al., 2024). Moreover, students'
improvement on real-life algebraic problems also
indicates the significance of strategy instruction and
reflective thinking in mathematics instruction (Or &
Bal, 2023; Pramayudi et al., 2020).
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The findings of Mohamoud (2022) support this
pattern, showing that ninth-grade students initially
struggled with procedural fluency and abstract
algebraic concepts, but daily structured fluency
practice for five weeks significantly improved their
procedural problem-solving efficiency. Similarly,
AlMutawah et al. (2019) observed that students with
good conceptual understanding could use procedural
knowledge better in real-life problem contexts, and
instruction improved posttest performance. Khansila
et al. (2022), while focusing on geometry,
demonstrated that integrating conceptual
understanding and procedural skills resulted in
significantly higher posttest scores, providing a
parallel to algebraic problem-solving interventions.
Furthermore, the  Concrete—Representational—
Abstract (CRA) approach used by Bernadez and

Montero (2025) showed that emphasizing conceptual
understanding before procedural fluency produced
substantially higher posttest scores, particularly in
applied, real-life algebra tasks.

Collectively, the aforementioned studies provide
credence to the current findings by supporting the
idea that an intervention consisting of the integration
of conceptual and procedural instruction would
prove effective in improving the performance of the
students in solving complex and real-world
applications of mathematics. The improvement
noted among the experimental group’s posttest
scores is not only an indication of the improvement
of procedural accuracy but also of the improvement
of strategic thinking skills, thereby supporting the
intervention approach adopted in the present study.

Table 4. Posttest Mean Percent Score in Solving Real-Life Algebraic Problems of the Participants

Mean
Group N Percent SD t p-value Decision
Score
Experimental Group 20 79.42 3.39 .
— 4.029 <.001 Reject H
Traditional Group 17 73.63 5.28 eject Ho

p-value < 0.05 is significant

Table 6 shows the posttest mean percent scores of
both the experimental and traditional groups in
solving real-life algebraic word problems. The
results revealed that the experimental group with a
mean percent score of 79.62 performed better than
the traditional group with a mean percent score of
73.63 in solving real-life algebraic problems. The
results were found to be statistically significant at p
< 0.001. These results are in line with the literature,
which stresses that it is more effective in improving
students' problem-solving skills if an approach used
combines conceptual and procedural knowledge
(Pelayo et al.,, 2023; Wahyun et al., 2024,
Mohamoud, 2022). Moreover, it is evident from the
results of the experimental group that students need

to be exposed to real-life and non-routine problems,
as it has been found to improve students' flexibility
and adaptive strategy use (Gavaz et al., 2021; Evans
etal., 2021; Or & Bal, 2023; Legarde, 2022).

This was further evidenced in a study done by
Mohamoud (2022), where it was found that the
ninth-grade Algebra 1 students had difficulties in
procedural skills and conceptual understanding in
solving algebraic problems. However, after they
were given a five-week daily fluency skill-building
program in procedural skills and conceptual
understanding in number sense, integer operations,
and solving linear equations and inequalities, it was
found that the students showed statistically
significant gains in procedural fluency. In addition to
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that, it was found that the students showed
improvements in procedural fluency in solving
algebraic problems, as observed in the experimental
group in the current study.

Furthermore,
previous  studies

these findings also validate
that emphasize traditional

approaches that focus on procedural aspects without
linking them to conceptual understanding are less
effective in promoting the development of higher-
order thinking skills (Shawan et al., 2021; Pramayudi
et al., 2020).

Table 5. Comparison of the Mean Difference of the Posttest and Pretest in Solving Real-Life Algebraic
Problems of the Participants

Group Mean Gain SD t p-value Decision
Experimental Group 11.42 5.83 . )
— 1.354 0.184 Fail t tH
Traditional Group 8.53 7.14 aitforeject Ho

p-value < 0.05 is significant

The comparison of mean gains between the
experimental and traditional groups in addressing
real-life algebra problems is illustrated in Table 7.
From the analysis of the findings presented, it is
evident that the experimental group (11.42) showed
a higher mean gain compared to the traditional group
(8.53). This indicates that the participants exposed to
the Integrated Instructional Approach showed
greater enhancement in their performance than those
who were taught using the traditional method.
Nonetheless, this observed difference is statistically
insignificant (p = 0.184). Such findings resonate with
prior research works, which have highlighted that
even though integrated approaches may record
higher mean gains than conventional approaches,

they may not be statistically significant particularly
when the performances of both groups were initially
equal (Wahyun et al., 2024; Pelayo et al., 2023).

The absence of a significant difference might
also be attributed to the characteristics of the
individual learners. As Kablan & Siizer Ugur (2021)
and Shawan et al. (2021) have noted, cognitive
aspects of prior knowledge and learning styles are
related to teaching methods in determining gains in
performance. Therefore, a slight increase in an
integrated method of teaching may be regarded as a
significant effect on the results of learning, although
more time or trials may be required to attain a
significant effect.

Table 6. Effect of Integrated Instructional Approach in Enhancing the Performance of the Participants

. Mean ,
Group Mean Gain Difference t p-value Cohen’s d
Experimental Group 11.42
Traditional Group 8.53 2.89 1.354 0.184 0.447

p-value < 0.05 is significant

Cohen’s d: small effect size = around 0.2, medium effect size = around 0.5; large effect size = around 0.8 or
higher
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From table 6, it can be noted that it reflects the effect
of the integrated instructional approach on
participants' performances in real-life algebraic
problems. The experiment'’s findings reveal that there
was an improvement in the experimental group since
it had a higher mean gain of 11.42 in comparison to
the traditional group that had a mean gain of 8.53.
Although the difference was not statistically
significant at 0.184, a medium effect size was noted
at 0.447, indicating improved performance of
students through the application of the integrated
instructional approach.

The Cohen’s d value of 0.447 provides a more
meaningful insight into the practical effect of the
intervention. The value falls within the range of a
moderate effect size, indicating that the Integrated
Instructional Approach (I11A) has a noticeable and
educationally meaningful impact on students’
performance on algebraic problems in practical
terms. This implies that, although the difference was
not strong enough to be statistically significant —
possibly due to relatively small sample size — the
intervention still produced a moderate improvement
in learning outcomes.

This is in line with the existing literature on
teaching methods that encourage scaffolding for both
conceptual and procedural knowledge, which has
shown positive effects on the improvement of
problem-solving  skills, although statistical
significance is not immediately achieved (Pelayo et
al., 2023; Wahyun et al., 2024; Mohamoud, 2022).
For instance, Mohamoud (2022) noted that ninth-
grade Algebra 1 students showed significant
improvement in procedural fluency and efficiency in
problem-solving after being that college students
exposed to the dynamic exposed to a daily fluency
skill-building intervention, in which a medium effect
size was shown. Another study by Peresuode and
Patience (2024) noted principles of Zoltan Dienes
showed significant improvement in post-test
procedural and conceptual knowledge of algebra.
This indicates that the inclusion of manipulatives and
scaffolding in teaching is significant in showing
positive effects on performance outcomes, as shown
in the effect size.

Further support comes from Gavaz et al. (2021)
and Evans et al. (2021), who emphasize that
scaffolded guidance, strategy instruction, and
reflective tasks contribute to improvements in
reasoning, strategic flexibility, and procedural
accuracy. On one hand, repeated exposure to non-
routine and real-life tasks helps in the development
of adaptive reasoning skills, as emphasized by the
works of Or & Bal (2023) and Legarde (2022), which
showed the significance of the results despite the
non-significant differences as indicated by the
statistical tests.

On the other hand, the cognitive characteristics
of the students, i.e., the prior knowledge of the
students and the learning styles of the students, are
reported to influence the performance of the students
(Kablan & Stizer Ugur, 2021; Sita Pramayudi et al.,
2020). Hence, the medium effect size found in the
present study supports the idea that the integrated
approach would positively impact students’
performance on real-life algebra problems, as
suggested by recent studies.

Based on the outcomes of the experiment,
one can conclude that integrating the conceptual and
procedural modes of teaching Algebra is an effective
way to enhance students' mathematical literacy. In
addition, the effectiveness of the approach implies
that the traditional ways of teaching Algebra should
be changed, and educators should adopt more
progressive methods of instruction that would enable
the students to have a deeper understanding of the
subject matter, apply what they learn in practice, and
be actively involved in the educational process.
School administrators and developers of curricula
should pay attention to the issue of creating the
necessary learning materials and training programs
aimed at improving the ways of teaching
mathematics, as a rule. Although the difference
between the means gained by both groups was
insignificant, a positive trend and medium effect
were observed.

Based on the outcomes of the experiment,
one can conclude that integrating the conceptual and
procedural modes of teaching Algebra is an effective
way to enhance students' mathematical literacy. In
addition, the effectiveness of the approach implies
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that the traditional ways of teaching Algebra should
be changed, and educators should adopt more
progressive methods of instruction that would enable
the students to have a deeper understanding of the
subject matter, apply what they learn in practice, and
be actively involved in the educational process.
School administrators and developers of curricula
should pay attention to the issue of creating the
necessary learning materials and training programs
aimed at improving the ways of teaching
mathematics, as a rule. Although the difference
between the means gained by both groups was
insignificant, a positive trend and medium effect
were observed.

The key concern of this study was to explore
whether an Integrated Instructional Approach would
help improve Grade 6 learners' performance in
dealing with real-life algebraic problems. In the
process, there are strategies that enhance the learning
experience through both conceptual understanding
and procedures, but they are not part of the main
variables investigated in the research. In terms of
scope, the study only focused on algebra problems in
real-life situations. It was carried out in purposively
selected schools from a particular geographical
location, and therefore, the findings cannot be
generalized to other contexts outside of the sample
population. Besides, it focused on the short-run
results without evaluating any long-term benefits
that may accrue to the subjects in the future.
Performance was gauged based on well-structured
assessment instruments representing  real-life
situations, but the study excluded other confounding
factors that may affect students' performances, such
as socio-economic background, among others.

ACKNOWLEDGMENT

The researcher expresses his sincere gratitude to his
adviser, panel members, and institution for their
guidance and support. He also extends his
appreciation to the respondents for their valuable
participation. Finally, he thanks his family for their
encouragement and the Almighty for the strength and
wisdom to complete this study.

REFERENCES

Acosta, E. G. (2025). Conceptual and Procedural
understanding in general mathematics: Basis
for enrichment activity. International Journal
of Research Studies in Education, 14(14),
219-228.
https://doi.org/10.5861/ijrse.2025.25246

Aladwan, S. Q. A., Alfayez, M. Q. E., & Shaheen, H.
R. A. (2023). The level of conceptual and
procedural knowledge in mathematics and its
relationship to creative thinking among gifted
students. International Journal of Instruction,
16(4), 121-134.
https://doi.org/10.29333/iji.2023.1648a

Alegre, E. M., & Adelantar, M. C. (2022).
Challenges faced by mathematics teachers in
teaching algebra in a modular learning
approach. International Journal of Academic
Multidisciplinary Research, 6(12), 24-29.
http://ijeais.org/wp-
content/uploads/2022/12/1JAMR221205.pdf

Ali, C. A. (2023). Students’ mathematics and real-
life contexts in solving algebraic word
problems. Al-Jabar: Jurnal Pendidikan
Matematika, 14(2).
https://doi.org/10.24042/AJPM.V1412.19272

Ali, N. A. M., Zazili, A. S. A., Abu, N. ‘A., Mustafa,
M. A., Sulaiman, S. B., & Jusoh, N. (2025).
Enhancing mathematics proficiency among
high school students through intervention
project. International Journal of Research and
Innovation in Social Science, IX(111), Special

Issue on Education.
https://dx.doi.org/10.47772/1JR1SS.2025.903
SEDU0453

Almond, N. (2025, October 21). Fluency, reasoning
and problem solving: What this looks like in
every math lesson. Third Space Learning Inc.
https://thirdspacelearning.com/us/blog/proble
m-solving-reasoning/

Amir, M., & Ansari, A. A. (2026). Challenges related
to mathematics education. International
Journal for Multidisciplinary Research
(NFMR), 8(1).

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

https://www.researchgate.net/profile/Mohd-
Amir-
14/publication/401033805_Challenges_relate
d_to_Mathematics_Education/links/699fe93b
42f94d1212af020e/Challenges-related-to-
Mathematics-Education.pdf

Andriatna, R., Nurhasanah, F., & Shahrill, M.
(2025). Understanding mathematical
abstraction: A systematic literature review of
its conceptualizations and research practices.

Infinity, 14(4), 1081-1104.
https://doi.org/10.22460/infinity.v14i4.p1081
-1104

Asilo-Ebisa, G. F. L., & Lomibao, L. S. (2024).
Procedural knowledge-to-conceptual
knowledge or conceptual knowledge-to-
procedural knowledge: Which order of
knowledge is better for conceptual
understanding and procedural fluency.
Journal of Innovations in Teaching and
Learning, 4(1), 1-6.
https://doi.org/10.12691/jitl-4-1-1

Bani Irshid, M. M., Khasawneh, A. A.,, & Al-
Barakat, A. A. (2023). The effect of
conceptual understanding principles-based
training program on enhancement of
pedagogical knowledge of mathematics
teachers. EURASIA Journal of Mathematics,
Science and Technology Education, 19(6),
em2277.
https://doi.org/10.29333/ejmste/13215

Bano, F., & Singh, M. (2023). Conceptual
understanding in mathematics: A literature
review. National Journal of Education, 20(2).
https://hdl.handle.net/10520/ejc-
amesap_v46_nl a815

Barumbun, M., & Kharisma, D. (2022). Procedural
knowledge or conceptual knowledge?
Developing the so-called  proceptual
knowledge in mathematics learning. Beta:
Jurnal Tadris Matematika, 15(2).
https://doi.org/10.20414/betajtm.v15i2.472

Bay-Williams, J. M., & Kling, G. (2019). Math fact
fluency: 60+ games and assessment tools to

support learning and retention. ASCD.
https://www.ascd.org/books/math-fact-
fluency?chapter=references-math-fact-
fluency

Bello, N. L. (2022). Improving problem-solving
skills of students through GADS (Given,
Asked, Drawing/Representation, Solution). E-
Saliksik, Department of Education. https://e-
saliksik.deped.gov.ph/wp-
content/uploads/2024/04/1X_2022_Bello_Im
proving-Problem-Solving-Skills-of-Students-
Through-GADS-Given-Asked-
DrawingRepresentation-Solution.pdf

Bernadez, E. G. P., & Montero, J. M. (2025).
Enhancing  student  performance in
mathematics  through  the  concrete-
representational-abstract (CRA) approach.
International Journal of Science and Research
Archive, 14(3), 1732-1738.
https://doi.org/10.30574/ijsra.2025.14.3.0887

Bisgaard, N., & Stephens, J. (2025). Rethinking math
interventions: Fluency beyond memorization.
COMPASS Partners in Learning.
https://convention.asbsd.org/wp-
content/uploads/2025/08/Rethinking-Math-
Interventions.pdf

Blankman, R. (2023, May 3). What is procedural
fluency in math? HMH Co.
https://www.hmhco.com/blog/procedural-
fluency-in-mathematics

Boger, M. (2025). Math interventions to improve
classroom grades in a secondary math
classroom (Master’s thesis, Northwestern
College, lowa). NWCommons.
https://nwcommons.nwciowa.edu/cgi/viewco
ntent.cgi?article=1678&context=education_

masters
Braithwaite, D. W., & Sprague, L. (2021).
Conceptual knowledge, procedural

knowledge, and metacognition in routine and
nonroutine  problem solving. Cognitive
Science, 45, e13048.
https://doi.org/10.1111/cogs.13048

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

Bruner, J. S. (1960). The process of education.
Harvard University Press.

Castillo, D., Carrion, J., Chamba, C., Jiménez-
Gaona, Y., Rodriguez-Alvarez, M. J., &
Lakshminarayanan, V. (2025). Didactic
strategies for conceptual understanding and
motivation in university mathematics: A
systematic review. Frontiers in Education, 10,
1536470.
https://doi.org/10.3389/feduc.2025.1536470

Childs, K. J. (2022). Old way vs. new way [LinkedIn
post]. LinkedIn.
https://www.linkedin.com/posts/drkristopherj
childs_old-way-vs-new-way-but-heres-what-
really-activity-7413954283697487872-
M_ZJ/

Chirinda, B. (2026). Mathematics teachers’ problem-
solving content knowledge for teaching in
disadvantaged contexts: Insights from a
design-based intervention.  Journal  of
Mathematics and Science Teacher, 6(2),

Article em098.
https://doi.org/10.29333/mathsciteacher/1792
2

Collaborative for Teaching & Learning (CTL).
(2023). The importance of procedural fluency
in  mathematics. https://ctlonline.org/the-
importance-of-procedural-fluency-in-
mathematics/

Colorado Department of Education. (2024).
Procedural  fluency and  conceptual
understanding: Two sides of the same coin.
https://ed.cde.state.co.us/comath/onlinepd-
facilitationguide-
proceduralfluencyandconceptualunderstandin
g

Creswell, J.  W. (2014). Research  design:

Qualitative, quantitative, and mixed methods
approaches (4th ed.). SAGE Publications.

Creswell, J. W., & Creswell, J. D. (2018). Research
design: Qualitative, gquantitative, and mixed
methods approaches (5th ed.). SAGE
Publications.

Dela Pefia, R. M. J. L., & Doronio, R. G. (2025). An
experimental study on mathematics teaching
strategies and academic performance of
students. International Journal of Research
and Innovation in Social Science (IJRISS),

9(7), 1188-1193.
https://doi.org/10.47772/1JR1SS.2025.907000
97

Diputra, K. S., Agustika, G. N. S., Utami, I. A. M. |,
Julianto, P., & Arifuddin, A. (2025).
Investigating mathematical proficiency of
elementary school students: A foundation for
effective learning models. Edelweiss Applied
Science and Technology, 9(5), 314-323.
https://doi.org/10.55214/25768484.v9i5.6831

Elhilal, A. (2025). Digital conceptual mapping for
enhancing mathematical concept formation
and creative mathematical problem-solving
through cognitive flexibility skills: A mixed
methods study. Curriculum & Teaching
Studies.  Advance online  publication.
https://doi.org/10.1080/2331186X.2025.2494
945

Embodo, E. J. B. (2025). Unveiling the role of
algebraic competence in shaping Grade 11
students’ success in general mathematics.
American Journal of Multidisciplinary
Research & Development, 7(12), 91-102.
https://www.ajmrd.com/wp-
content/uploads/2025/12/J71291102.pdf

Evans, T., Thomas, M. O. J., & Klymchuk, S. (2021).
Non-routine problem solving through the lens
of self-efficacy. Higher Education Research
&  Development, 40(7), 1403-1420.
https://doi.org/10.1080/07294360.2020.1818
061

Fraenkel, J. R., & Wallen, N. E. (2009). How to
design  and  evaluate  research in
education (7th ed.). McGraw-Hill.

Gavaz, H. O,, Yazgan, Y., & Arslan, C. (2021). Non-
routine problem solving and strategy
flexibility: A quasi-experimental study.
Journal of Pedagogical Research, 5(3), 40—
54. https://doi.org/10.33902/JPR.2021370581

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

Hakim, L. L., & Yasmadi, B. (2021). Conceptual and

procedural knowledge in  mathematics
education. Design Engineering, 2021(9),
1271-1280.

https://www.researchgate.net/publication/356
711989 Conceptual_and_Procedural_Knowl
edge_in_Mathematics_Education

Hatisaru, V., Chick, H., & Oates, G. (2022, July 3—

7). Developing proficiency with teaching
algebra in  teacher working groups:
Understanding the needs. Paper presented at
the 44th Annual Meeting of the Mathematics
Education Research Group of Australasia
(MERGA), Launceston, Tasmania, Australia.
ERIC. https://eric.ed.gov/?id=ED623705

Hiebert, J., & Lefevre, P. (1986). Conceptual and

procedural knowledge in mathematics: An
introductory analysis. In J. Hiebert (Ed.),
Conceptual and procedural knowledge: The
case of mathematics (pp. 1-27). Lawrence
Erlbaum Associates.

Holland, W. R. (2022). Using manipulatives and

visual  models to  support  students’
multiplication fluency, attitudes, and retention
(Doctoral dissertation, Trevecca Nazarene
University). ProQuest Dissertations & Theses
Global.
https://www.proquest.com/openview/58d0cb
a3836fhaaeee3f6930dfbald4a/1?pg-
origsite=gscholar&chbl=18750&diss=y

Hoskyns-Staples, L., & Walters, R. (2025, May 15).

Hua,

Fluency through problem-solving: It’s all
connected. Maths — No  Problem!
https://mathsnoproblem.com/blog/teaching-
maths-mastery/fluency-and-problem-solving

H. [@howie_hua]. (2025). Just teach the
algorithm! [Video]. TikTok.
https://www.tiktok.com/@howie_hua/video/7
486284370848779562

Hussein, Y. F. (2022). Conceptual knowledge and its

importance in teaching mathematics. Middle
Eastern Journal of Research in Education and
Social Sciences, 3(1).
https://doi.org/10.47631/mejress.v3il.445

Jader,

Jamil,

J., & Johansson, H. (2025). Exploring
students’ conceptual understanding through
mathematical problem solving: Students’ use
of and shift between different representations
of rational numbers. Research in Mathematics
Education. Advance online publication.
https://doi.org/10.1080/14794802.2025.2456
840

N. B, Rosli, R. B., Mahmud, M. S. B,, &
Hasim, S. B. M. (2025). Transformative
teaching strategies for algebraic thinking: A
systematic review of cognitive, pedagogical,
and curricular advances. EURASIA Journal of
Mathematics, Science and Technology
Education,  21(10), Article em2721.
https://doi.org/10.29333/ejmste/17250

Jensen, K. (2024). Social-emotional learning skills:

Supporting Grade 8 math students (Doctoral
dissertation, University of Toronto, Ontario
Institute for Studies in Education). ProQuest
Dissertations & Theses Global.
https://www.proquest.com/openview/de400c
ed9b2aa07hb5471ede65255dc42/1?pg-

origsite=gscholar&cbl=18750&diss=y

Ji, W., & Wong, G. K. W. (2025). Integrating

Kablan, Z., & Siizer Ugur,

problem-based learning and computational
thinking: Cultivating creative thinking in
primary education. Frontiers in Education,
10.

https://doi.org/10.3389/feduc.2025.1625105

S. (2021). The
relationship between routine and non-routine
problem solving and learning styles.
Educational  Studies, 47(3), 328-343.
https://doi.org/10.1080/03055698.2019.1701
993

Khansila, P., Yonwilad, W., Nongharnpituk, P., &

Learn

Thienyutthakul, S. (2022).  Improving
academic performance in geometry using a
mastery learning approach through GeoGebra.
Journal of Educational Issues, 8(2).
https://doi.org/10.5296/jei.v8i2.20494

Implement Share. (n.d.). Procedural vs.
conceptual knowledge in  mathematics

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

education.
https://www.learnimplementshare.com/proce
dural-vs-conceptual-in-mathematics.html

Legarde, M. A. A. (2022). Students’ common errors
in solving routine & non-routine problems: A
mixed method analysis. International Journal
of Multidisciplinary Research and Analysis,
5(2), 542-548.
https://doi.org/10.47191/ijmra/v5-i2-42

Machaba, F. M., Phokwane, T., & Kodisang, S.
(2026). Grade 9 mathematics teachers’
strategies to address mathematical proficiency
in their teaching of linear equations. EURASIA
Journal of Mathematics, Science and
Technology Education, 22(4), em2815.
https://doi.org/10.29333/ejmste/18262

Mathnasium of Lakewood CO. (2025, October 3).
How to teach math to visual learners with
pictures & manipulatives.
https://www.mathnasium.com/math-
centers/lakewoodco/news/visual-math-
pictures-
manipulatives#:~:text=1.,and%20direction%
20all%20at%200once

Md Nasir, N. A., Singh, P., Narayanan, G., Rasid, N.
S., Cheong, T. H., & Teoh, S. H. (2021). An
analysis of undergraduate students’ ability in
solving non-routine problems. Review of
International Geographical Education, 11(4).
https://www.researchgate.net/profile/Nurul-
Md-

Nasir/publication/384964125 An_Analysis_
of _Undergraduate_Students_Ability_in_Solv
ing_Non-
Routine_Problems/links/670f8855a1a8fb467
47d5fa8/An-Analysis-of-Undergraduate-
Students-Ability-in-Solving-Non-Routine-
Problems.pdf

Mitchell, A. S. (2025, August 25). Conceptual
understanding, procedural fluency, &
application. Carnegie Learning.
https://www.carnegielearning.com/blog/conc
eptual-understanding

Mohamoud, O. (2022). The effect of daily fluency on
algebraic procedural fluency in students
(Doctoral dissertation, Minnesota State
University Moorhead). RED: A Repository of
Digital Collections.
https://red.mnstate.edu/thesis/743

Muhamad Fadzil, N., Osman, S., Ahmad, J., Jambari,
H., & Said Husain, S. K. (2025). Enhancing
students’ problem-solving skills in algebra
word problems: A systematic review of
TAPPS and storyboarding strategies.
International  Electronic  Journal  of
Mathematics Education, 20(4), em0850.
https://doi.org/10.29333/iejme/16835

Muharram, M. R. W., Rahman, T., & Rinandar, Y.
S. (2025). Pendekatan SPUR dalam
pembelajaran matematika materi bilangan di
sekolah dasar: Studi literatur. Journal of
Elementary  Education,  8(6), 1248.
https://doi.org/10.22460/collase.v8i6.30187

National Council of Teachers of Mathematics.
(2023). Procedural fluency in mathematics.
https://www.nctm.org/Standards-and-
Positions/Position-Statements/Procedural-
Fluency-in-Mathematics/

Ncube, M., & Luneta, K. (2025). Concept-based
instruction: Improving learner performance in
mathematics through conceptual
understanding. Pythagoras, 46(1), a815.
https://doi.org/10.4102/pythagoras.v46i1.815

Ndungo, I., Balimuttajjo, S., & Akugizibwe, E.
(2025).  Conceptual and  procedural
trajectories in transformation geometry: A
comparative study of technology-enhanced
and conventional Van Hiele phased
instruction.  International ~ Journal  of
Education, Technology and Science (IJETS),
5(2).
https://ijets.org/index.php/IJETS/article/view/
355

Ngu, B. H., & Phan, H. P. (2024). Instructional
approach and acquisition of mathematical
proficiency:  Theoretical insights from
learning by comparison and cognitive load

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

theory. Asian Journal for Mathematics
Education, 3(3), 357-379.

Nielsen, L. (2024, September 10). 8 math teaching
practices from NCTM: Part 3 — Build
procedural  fluency  from  conceptual
understanding. Magma Maths.
https://www.magmamaths.co.uk/post/build-
procedural-fluency-from-conceptual-
understanding

Number Hive. (2024, March 24). What does
‘fluency’ mean to you? We asked teachers for
their definition.
https://www.numberhive.app/what-does-
fluency-mean-to-you/

Or, M. B., & Bal, A. P. (2023). Investigation of
secondary school students' strategies for
solving routine and non-routine problems.
Bartin University Journal of Faculty of
Education, 12(1), 1-15.
https://doi.org/10.14686/buefad.908259

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

Peresuode, P., & Patience, O. (2024). Improving
students’ procedural skills and conceptual
understanding on algebra through Zoltan
Diene’s dynamic principle in colleges of
education in Delta State. International Journal
of Innovative Social & Science Education
Research, 12(1), 9-16.
https://www.seahipublications.org

Pifiero Charlo, J. C., & Canto Lopez, M. del C.
(2026). Teacher knowledge and teacher
identity in  mathematics education: An
interdependent model. Open Research

Europe, 5, 246.
https://doi.org/10.12688/openreseurope.2110
8.2

Qetrani, S., & Achtaich, N. (2022). Evaluation of
procedural and conceptual knowledge of

mathematical functions: A case study from
Morocco. Journal on Mathematics Education,

13(2), 211-238.
https://files.eric.ed.gov/fulltext/EJ1379149.p
df

Rafiepour, A. (2023). Bridging between real world
& mathematics ideas through modelling task.
In M. Shelley, O. T. Ozturk, & M. L. Ciddi
(Eds.), Proceedings of ICEMST 2023:
International Conference on Education in
Mathematics, Science and Technology (pp.
148-156). ISTES Organization.

Rittle-Johnson, B., & Schneider, M. (2022).
Developing conceptual and procedural
knowledge of mathematics (Uncorrected
proof). In R. Cohen Kadosh & A. Dowker
(Eds.), Oxford handbook of numerical
cognition (in press). Oxford University Press.
https://www.uni-
trier.de/fileadmin/fb1/prof/PSY/PAE/Team/S
chneider/RittleJohnsonSchneiderInPress.pdf

Ruiz, B., Gunn, B., & Goerges, N. (2025). True
procedural fluency: Encouraging flexibility
and efficiency in student-centered math
classrooms. CPM Educational Program.
https://cpm.org/true-procedural-fluency-
encouraging-flexibility-and-efficiency-in-
student-centered-math-classrooms/

Schumacher, M. (2019, April 29). Developing
conceptual understanding and procedural
fluency. [Hustrative Mathematics.
https://illustrativemathematics.blog/2019/04/
29/developing-conceptual-understanding-
and-procedural-fluency/

SEI-DOST & MATHTED. (2011). Mathematics
framework for Philippine basic education.
Science Education Institute, Department of
Science and Technology & Philippine Council
of Mathematics Teacher Education.

Sharpe, S. T., & Mauntel, M. (2023). Algebra
interventions at the elementary and secondary
levels: Search for a definition. In T. Lamberg
& D. Moss (Eds.), Proceedings of the forty-
fifth annual meeting of the North American

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




ISA Journal of Multidisciplinary (ISAJM) | ISSN: 3049-1851 | Volume 3 | Issue 2 | 2026

Chapter of the International Group for the
Psychology of Mathematics Education (Vol.
2). University of Nevada, Reno.

Shawan, M., Osman, S., & Abu, M. S. (2021).
Difficulties in solving non-routine problems:
Preliminary analysis and results. ASM Science
Journal, 16.
https://doi.org/10.32802/asmscj.2021.800

Sita Pramayudi, A. A., Sudiarta, I. G. P., & Astawa,
I. W. P. (2020). Classification of students’
non-routine problem solving skills. Journal of
Physics: Conference Series, 1503, 012016.
https://doi.org/10.1088/1742-
6596/1503/1/012016

Specjal, S. (2026, January 21). Building success in
mathematics: Teaching with HQIM to support
procedural  fluency. Cengage  School.
https://exploreinside.ngl.cengage.com/buildin
g-success-in-mathematics-teaching-with-
hgim-to-support-procedural-fluency/

The STEM Teachers Center (STEMTC). (2024).
Build procedural fluency from conceptual
understanding.
https://stemtc.scimathmn.org/build-
procedural-fluency-conceptual-understanding

Sujatha, S., & Vinayakan, K. (2023). Integrating
math and real-world applications: A review of
practical approaches to teaching. International
Journal of Computational Research and
Development, 8(2), 55-60.
https://www.researchgate.net/publication/387
401743 _integrating_math_and_real-
world_applications_a_review_of practical_a
pproaches_to_teaching#fulltextfilecontent

Tessa International School. (2024). Fostering
conceptual understanding  in  math.

https://tessais.org/fostering-conceptual-
understanding-in-math/

Valencia, R. J. A,, Pal, A. M. B., Manog, G. D., &
Gono, E. Jr. (2026). Pre-service teachers’
mathematics teaching efficacy beliefs and
procedural fluency in rational expressions.
Journal of Tertiary Education and Learning,
4(1). https://doi.org/10.54536/jtel.v4i1.6059

Vygotsky, L. S. (1978). Mind in society: The
development of higher  psychological
processes. Harvard University Press.

Wahyun, A., Teoh, S. H., & Koo, A. C. (2024).
Students’ obstacles in solving non-routine
problems: A case study in an Islamic
secondary school. In Proceedings of the 4th
International Conference on Communication,
Language, Education and Social Sciences
(CLESS 2023). Advances in Social Science,
Education and Humanities Research.
https://doi.org/10.2991/978-2-38476-196-

8 31

Wedman, L., & Bennet, C. (2025). Views on concept
in  mathematics education. Mathematical
Thinking and Learning. Advance online
publication.
https://doi.org/10.1080/10986065.2025.2465
921

Yadav, O. P. (2022). Students difficulties in learning
school algebra (Master’s thesis, Tribhuvan
University, Kathmandu, Nepal). Tribhuvan
University Digital Library.
https://elibrary.tucl.edu.np/JQ990gQlizUxyjl
9nB0on90yL kqgsGIf4/api/core/bitstreams/Ob
da8c7b-52a9-4d67-a7a8-
81fc5617dde2/content

ISA Journal of Multidisciplinary (ISAJM) | Published by ISA Publisher




