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This systematic literature review examines high-impact research on
differentiated instruction (DI) in mathematics education from 2014 to 2024.
The study aims to (1) explore how DI is implemented in mathematics
teaching and learning, (2) assess its effects on students, and (3) investigate
the guidelines used for its implementation. Following the PRISMA protocol,
the review follows a structured process of identification, screening,
eligibility, and inclusion. Findings from 11 empirical studies highlight key
methods of DI implementation, including collaborative learning, technology
integration, and student-centered approaches. The results indicate that DI
positively influences mathematics achievement, student motivation, and
interest. The analysis also identifies the Tomlinson model as the primary
framework guiding DI implementation in mathematics. The study
emphasizes the importance of continuous professional development for
teachers and highlights the need for a comprehensive DI framework. Future
research should explore DI in relation to other factors, such as 21st-century
skills.

© 2025 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Student diversity in mathematics classes brings
challenges and opportunities for the teachers.

Mathematics is essential to help students develop
critical thinking and academic skills. The subject
promotes logical reasoning, problem-solving, and
analysis of information that are crucial in succeeding
in the contemporary world. Arisoy and Aybek (2021)
added that the math curriculum was designed by
Jamil et al. (2024) to be incrementally developed to
improve understanding and critical thinking skills. In
mathematics, it includes statement evaluation, proof
making, and identification of different arguments.
Reasoning and logic-oriented teaching strategies
develop critical thinkers. Developing critical thinking
through mathematics is crucial in preparing students
to face modern-world challenges (Barakaev et al,
2020). However, teachers can develop mathematical
ability by being aware of the differences in their
students within the classroom setting.
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Students vary in their abilities, styles of learning,
interests,  socio-economic  backgrounds, and
experiences. Some may see this as a challenge to be
overcome; however, it equally provides an
opportunity to enhance the learning of all students
as a whole (Askew, 2015). Teachers sometimes
struggle to meet such diverse needs. Success in
mathematics would then be a matter of adjustment
to the prevailing educational structure. However, the
latter has inherent weaknesses in failing to take into
account individual differences in the talents and
interests of students (Herzig, 2005). Ferguson
(2009) urged teachers to re-examine their teaching
abilities to make the best possible adjustments,
while Askew (2015) reflected on how the curriculum
itself could be part of the problem. Understanding
individual differences in cognitive aspects,
motivation, attitudes, and learning styles will enable
the teacher to help develop each student's potential
in mathematics. Therefore, reflection of teaching
approaches is carried out by the teacher to ensure
that the approaches being used are no longer
traditional teaching methods.

There are a number of disadvantages to
traditional teaching methods, which are frequently
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defined by teacher-centered approaches and low
levels of student engagement. These approaches
might not actively engage students, which would
lower their motivation and academic performance.
Due to their inability to adapt to their own learning
methods, they may also cause students to retain less
information. While listening, when students are only
copying notes, the "chalk and talk" method may
cause cognitive overload (Setambah et al, 2021).
Also, this method probably will not provide students
with the useful skills needed in practice. Using active
learning strategies in large lecture sessions can be
difficult, despite the fact that they have been found to
improve student engagement and knowledge
retention. According to certain experts, it may be
more successful to combine conventional methods
with two-way communication (Madaminova, 2021).
Nonetheless, it is acknowledged that new
pedagogical approaches are required to overcome
the shortcomings of the existing teaching strategies
(Khalaf, 2018).

Research has shown that traditional mathematics
lectures often fail to engage students or address
their varied learning needs. Studies also indicate that
lectures can lead to decreased motivation and lower
academic performance. Teacher support and
conceptual teaching strategies positively influence
student motivation and mathematics achievement
(Yu and Singh, 2018). Factors such as course
structure, teaching methods, and teacher attitudes
contribute to student motivation in mathematics
(Makamure, 2021). Student motivation is
significantly related to perceptions of teaching
practices and resource use (Hossein-Mohand and
Hossein-Mohand, 2023). Overall, studies suggest that
implementing diverse student-centered teaching
approaches can enhance motivation, engagement,
and academic achievement in mathematics (Tella,
2007).

Differentiated Instruction (DI) is a teaching
approach that addresses the diverse needs of
students by varying content, processes, and products
(Musasa, 2024). DI is highly relevant in teaching
mathematics due to its ability to enhance
mathematical understanding and address diversity.
It can improve students' mathematics achievement
(Insorio, 2024) and boost their confidence in
problem-solving (Aguhayon et al., 2023). By tailoring
teaching approaches to individual needs, interests,
and learning styles, DI creates optimal conditions for
student development. Teachers see DI as significant
for enhancing student achievement and teaching

effectiveness. However, implementing DI poses
challenges such as time constraints, resource
limitations, and classroom management issues

(Hatmanto and Rahmawati, 2023; Insorio, 2024).
Strategies to address such challenges are: Team
teaching, technology integration, and flexible
scheduling (Smets and Struyven, 2018). A guide
concerning DI is hence greatly required for the
teachers comprising frameworks, models, and
specific modules on mathematics.

Despite these, DI still promises a lot in terms of
mathematical comprehension and addressing
student needs. Through the exploration of its
implementation, this study seeks to develop an in-
depth understanding of how DI can enhance
comprehension in mathematics and support
students from all walks of life. The study also hopes
to find whether there are any clear-cut and practical
guidelines on applying DI in teaching mathematics.
The study addresses three major questions: i) How is
differentiated instruction implemented in teaching
and learning mathematics? ii) What are the effects of
differentiated instruction on students? iii) Are there
any specific guidelines for teachers to implement
differentiated instruction, especially in mathematics?

2. Methodology

This study is a systematic literature review (SLR)
using comprehensive search techniques related to
relevant articles (Bodolica and Spraggon, 2018;
Elmashhara et al,, 2022). The SLR is conducted to
ensure that the identified literature review
information can be systematically analyzed. Thus,
this study will use the Reporting Items for
Systematic Review and Meta-Analyses (PRISMA)
guidelines with predefined research questions.
Based on PRISMA, the process of identifying articles,
screening article selections, guiding the data
collection process, and focused data analysis are
carried out. The four steps of PRISMA are conducted
to thoroughly review the literature to draw
conclusions. Article search steps are performed
based on the keywords "Diffentiated Instruction,"
"Differentiated Instruction” and "Mathematics." To
ensure the validity of the data and the relevance of
the study, specific screening criteria are used based
on the year of publication, language, type of
reference language, and field of research. Table 1
provides a summary of the inclusion and exclusion
criteria used during the article selection process.

Table 1: Article inclusion and exclusion criteria

Criteria Inclusion

Exclusion

Article title and content
Year of publication
Type of publication

Title that is appropriate and meets research needs
Latest 10 years (2014 to 2024)
Only empirical studies and journal articles are accepted

Title that is irrelevant and does not meet research needs
Outside the study period range
Non-empirical, review, and editorial

Language English Others
Field of study Mathematics education Others
Accessibility Full article Requires payment or preview only

Table 1 outlines the criteria for publication years,
limited to the most recent 10 years, from 2014 to
2024. Regarding language, only articles in English
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are accepted for this study. This requirement is
intended to simplify the data analysis process. The
materials used are journal articles specifically
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related to mathematics, but they encompass all
levels of education. Therefore, the title and abstract
of each journal article are analyzed to eliminate
those that are not relevant to this study. Fig. 1 shows
the flowchart for the PRISMA protocol used in this
study.

2.1. Identification

To identify articles that meet the criteria outlined
in Table 1, a search was conducted using four main
databases: Scopus, ERIC, JSTOR, and Springer Link.
These databases offer options to refine the results of
each article search. Keywords, as mentioned above,
were entered into the search engines. The findings
show that there are 11,872 articles related to
differentiated instruction across these four
databases. Specifically, the results include 1,386
articles from Scopus, 43 articles from ERIC, 9,852
articles from Springer Link, and 591 articles from
JSTOR.

2.2. Screening

The researcher did an automatic check using
filters from search engines, looking at year, language,
publication type, and study field. The results showed
253 articles fit the criteria. The researcher also
found some duplicate articles in databases, like those
in both Scopus and Springer Link. The results were
adjusted according to the PRISMA rules. The
researcher sorted the details by title, author,
publication year, and content relevant to the
research questions.

The titles of the articles had to relate to
differentiated instruction in math. The publication
years were set to 2014 to 2024 to keep the results
relevant. Only original scholarly journals were
accepted, while magazines, books, newspapers,
review journals, and other types were not included.
Also, the researcher only picked articles in English to
keep the research consistent. Full-text access was
necessary, and articles without full access were left
out. This included permissions from the University of
Education, and all articles were reviewed carefully.

2.3. Eligibility

A total of 238 findings from the previous round
were excluded because they did not meet the
established standards. This exclusion was based on
initial criteria such as irrelevant titles or content that
did not align with the study’s objectives. As a result,
only 13 findings advanced to the next phase for
further evaluation. At this stage, a more in-depth
review was conducted, focusing on the abstracts of
the articles to assess their eligibility. To ensure this
was an efficient and thorough process, all authors
were actively involved in the manual review,
dividing the articles equally among themselves.

The key criteria of selection used in this review
include the relevance of the title to the research
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topic, the relevance of the content to the issues being
studied, and the appropriateness of the keywords.
Many articles did not satisfy the aforementioned
criteria, particularly in their titles, which were
mostly general or not related to the DI in
mathematics education. In fact, articles were
included in this review if they provided explicit
explanations of how DI could be implemented in a
mathematics education setting. This is a systematic
approach toward research results filtration to focus
on the really relevant and quality articles.
Eventually, after all the processes involving inclusion
and exclusion, there remained 13 articles that would
form the backbone of the review.

Scopus (n=1386)

Record excluded by
automation tool
(n=12563)

ERIC (n=43)

Exclusion reason:
Year

Language

Type of publication
Field of article
study

Springer (n=9852)

Identification

JSTOR (n=591)

Science Direct (n=691)

Record screening
(n=253)

Screening
A

4 k.

Full text assessed for
eligibility (n=16) [
4
Articles included (n=13)

Fig. 1: PRISMA protocol in this study

Excluded (not related to
the study) n=238

Eligibility

Inclusion

Double sources (n=3)

2.4. Inclusion

The quality of the selected articles and the review
process are essential elements in order to ensure
validity and reliability in this study. This was done
carefully to avoid any bias, hence increasing the
accuracy of the results based on the established
inclusion criteria in accordance with the PRISMA
protocol. The screened articles were reviewed for an
in-depth understanding of how differentiated
instruction in mathematics is implemented, the
effects of DI, and guidelines used during teaching
and learning mathematics.

This review further assisted the authors in
answering the research questions and identifying the
key findings for the reporting section. In addition,
forward and backward citation tracking analysis was
performed on the studies identified during the initial
search. This strategy helped in the identification of
other records through the analysis of related
references, either preceding or succeeding the main
study. This process ensures that only relevant and
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high-quality articles will be selected, hence
enhancing the overall findings of the study.

2.5. Data analysis

The data analysis or findings primarily answer
the research questions. This study tries to combine
and connect data from various studies and find ways
to improve previous research. Besides, thematic
analysis is one of the methods used in identifying
patterns or themes in qualitative data. The selected
data comes from the screened studies, which
resulted in 13 papers. Abstracts, introductions,
methods, results, and discussions from these studies

contain all the elements or data. The findings were
classified as qualitative data; therefore, descriptions
and explanations from these studies were
considered to comprehend and integrate them into
the themes of this review.

3. Findings and discussion

The data findings need to answer all three
research questions. The results from the data
analysis of the 13 identified articles related to
differentiated instruction (DI) in mathematics are
summarized. The information from these articles is
based on Table 2.

Table 2: Information of the article

Year Frequency Country Frequency Database Frequency
2014 1 Australia 7 ERIC 2
2015 0 Netherland 3 JSTOR 2
2016 1 South Korea 1 Scopus 5
2017 0 USA 1 Springer 2
2018 1 Cyprus 1 Science Direct 2
2019 1 Belgium 1

2020 2

2021 6

2022 1

2023 0

2024 0

Over the 10 years from 2014 to 2024, articles on
differentiated instruction (DI) in mathematics show
a low frequency, with values of 0 or 1 for almost all
years. The years 2015, 2017, 2023, and 2024 have no
DI articles in mathematics found within the searched
databases. However, the year 2021 showed a
remarkable increase to the highest frequency with
n=6 (Bobis et al, 2021; Mellroth et al, 2021;
Courtney, 2021; Gervasoni et al., 2021; Hubbard and
Livy, 2021; Herner-Patnode and Lee, 2021; Mellroth
etal.,, 2021). The year 2020 presents 2 articles (n=2)
(Iterbeke et al., 2020; Maulana et al., 2020). The
years 2014, 2016, 2018, 2019, and 2022 each
recorded a frequency of 1 (n=1) (Konstantinou-Katzi
et al.,, 2013; Ritzema et al.,, 2016; Prast et al.,, 2018;
Good and Ottley, 2019; van den Kieboom and
Groleau, 2022), indicating the presence of DI in
mathematics. Overall, DI in mathematics has been
underpublished in the specified databases over the
past decade.

Australia recorded the highest frequency with
n=7 (Bobis et al., 2021; Courtney, 2021; Gervasoni et
al., 2021; Hubbard and Livy, 2021; Herner-Patnode
and Lee, 2021; Mellroth et al, 2021; van den
Kieboom and Groleau, 2022). This suggests that,
relative to other countries, Australia has a greater
interest in DI research, in general, and in
mathematics in particular. It is followed by the
Netherlands, with n=3 (Ritzema et al., 2016; Maulana
et al,, 2020; Prast et al,, 2018), and then South Korea
(Maulana et al., 2020), the USA (Good and Ottley,
2019), Cyprus (Konstantinou-Katzi et al., 2013), and
Belgium (Iterbeke et al., 2020) with a frequency of
n=1. This is an indication of a research gap for other
countries, especially Malaysia, to probe further into
DI in mathematics. Since Malaysia is a significant
country in Southeast Asia, the absence of data in the
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databases searched raises a number of questions as
to whether DI is under-researched or
underemphasized, or if other factors are at play. This
is notable since the topic of DI has been a focus of the
Malaysian Ministry of Education since 2019.

instruction is
and learning,

3.1. How differentiated
implemented in teaching
specifically in mathematics?

The first research question relates to the
implementation of teaching and learning, specifically
in mathematics. The findings show that 13 articles
explain the implementation of differentiated
instruction (DI) in mathematics teaching (Table 3).
Six articles (n=8) use a collaborative approach in the
teaching and learning process of mathematics using
DI. The collaborative approach includes group work
and discussions based on ability (Konstantinou-Katzi
et al,, 2013; Ritzema et al.,, 2016; Prast et al., 2018;
[terbeke et al.,, 2020; Maulana et al.,, 2020; Herner-
Patnode and Lee, 2021; Hubbard and Livy, 2021; van
den Kieboom and Groleau, 2022). This suggests that
collaboration acts as an important ingredient in DI in
mathematics.

Another important focus in implementing DI in
mathematics is the use of technology, with four
articles (n=4). Examples include the latest
technology and graphic organizers used by van den
Kieboom and Groleau (2022), Courtney (2021), Good
and Ottley (2019), and Konstantinou-Katzi et al.
(2013). This indicates that technology-assisted
learning is an important and growing element in the
implementation of DI, especially in mathematics.

Student-centered approaches, such as
differentiated instructions, assignment choices,
inquiry, constructivism, and problem-based learning,
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are also employed by the researchers at a frequency
of six (n=6) (Good and Ottley, 2019; Maulana et al,,
2020; Bobis et al., 2021; Courtney, 2021; Mellroth et
al,, 2021; Gervasoni et al,, 2021). This indicates that
active learning remains significant in developing
meaning in the learning process for students.
Besides that, the other approaches done in
mathematics DI are the didactic and systematic

approach: Structured teaching format and didactic
situation, n=2 (Bobis et al., 2021; Konstantinou-Katzi
et al,, 2013). It has been noted that the key elements
when dealing with DI in mathematics involve these
two elements. For questioning techniques, there
were 2 (n=2), respectively (Bobis et al., 2021; Good
and Ottley, 2019).

Table 3: Article analysis

Reference DI implementation

DI effect DI guide DI theory

e Collaborative learning activities
o Integration of latest technology
e Provision of differentiated instructions
e Systematic teaching structure
e Student-responsive approaches
o Tiered activities
o Flexibility in implementation
e Whole class instruction
e Extended instruction-some student receive
e Extended instruction, the other student does

Konstantinou-
Katzi et al.
(2013)

Ritzema et al.

(2016) seatwork
e Seatwork- individually, small group exercises
e Organizing small instructional groups
o Using graphic organizers
Good and Ottley ¢ Questioning with varied levels of difficulty
(2019) e Creating materials and games

e Providing wait time
o Offering choices Choice
e Group discussions based on ability
o Assigning differentiated tasks
e Implementation outside the classroom

Maulana et al.
(2020)

Herner-Patnode

and Lee (2021) Group work

Hubbard and e Collaborative Planning Structure
Livy (2021) e Focus on Context-Based Approaches
e Didactical Situations
Bobis et al. . .St;de;;t-Ce}r;terzdLAppr‘oach
(2021) roblem-Based Learning

e Interaction and Observation
e Questioning Techniques)

Gervasoni et al. -
Constructivist-based

(2021)
Courtney Problem-based Learning
(2021) Technology Approach (Web)
Mellroth et al. .
(2021) Inquiry based
van den e Pair/Group work

e Various examples according to level (tutoring)
e Reteaching
e Technology
e Pair/group work

Kieboom and
Groleau (2022)

Iterbeke et al.

mathematics achievement

Ma

Student engagement
motivation and

Theory of the zone of
proximal
development

Tomlinson framework

thematics Achievement .
Tomlinson framework -

Reading comprehension

Knowledge

- - Bloom taxonomy
interest

Tomlinson framework -

The theory of multiple

Mathematics achievement Tomlinson framework intelligences
cultural background the theory of thinking
styles
Teaching
content Tomlinson framework -

student learning

Theory of didactical

lief - : -
belie situations

Achievement Tomlinson framework Constructivism theory

Thompson and
Harel’s theory of
meanings
Cultural-historical
activity theory

Achievement -

Tomlinson framework

Tomlinson framework -

Achi t Cycle of differentiati -
(2020) e Different levels of teaching material chievemen ycle ot ditterentiation
Prast et al. . . . -
(2018) e Pair/group work Achievement Cycle of differentiation -

The final conclusion is that collaborative and
student-centered approaches are the most common
in the implementation of DI in mathematics. This is
followed by the use of technology to assist teachers
in enhancing teaching effectiveness. This indicates
that mathematics education is increasingly becoming
active, technology-driven, and student-centered.
Therefore, it is recommended that DI in mathematics
be implemented based on the findings. However,
there are gaps in implementation. The results
indicated a lack of research using game-based
approaches and outdoor elements. Therefore, it is
recommended that DI in mathematics should focus
on creative elements in learning activities, for
instance, game materials and interactive activities.
Teachers can also enhance the use of creative
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materials in helping students comprehend math
concepts and deal with students' diversity in the
classroom.

3.2. What are the effects of differentiated
instruction in mathematics on students?

Table 3 shows the effects of differentiated
instruction (DI) in mathematics as studied by 13
researchers in the Scopus, JSTOR, Springer Link,
Science Direct, and ERIC databases. Based on the
findings, five articles (n=7) examined the impact on
mathematics achievement. DI showed a positive
effect on this variable (Konstantinou-Katzi et al,
2013; Ritzema et al, 2016; Prast et al, 2018;
[terbeke et al., 2020; Herner-Patnode and Lee, 2021;
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Gervasoni et al., 2021; Courtney, 2021). This proves
that DI can enhance mathematics achievement. The
implementation also had effects on motivation,
confidence, culture, and interest, each with a
frequency of one (n=1) (Konstantinou-Katzi et al.,
2013; Good and Ottley, 2019; Bobis et al.,, 2021;
Herner-Patnode and Lee, 2021).

These findings also represent a gap in research,
particularly in human capital. DI in mathematics is
still being studied in terms of thinking skills,
leadership skills, communication skills, and digital
knowledge. When it comes to the implementation of
DI in mathematics, these variables can be deeply
studied since most implementations done by other
researchers in the area of DI, especially in
mathematics, have been of a collaborative approach.
This approach has a high correlation with these
variables. Many studies which applied active
learning, such as Setambah et al. (2023a; 2023b;
2019) demonstrated positive effects. Regarding
these variables, more in-depth studies should be
conducted in the future. This would have a greater
implication for the educational structure, especially
in Malaysia, to solve the problem of diversity among
students in the classroom.

3.3. Are there specific guidelines for
implementing differentiated instruction (DI) by
teachers, especially in mathematics?

Table 3 also highlights the specific guidelines
used by researchers for DI in mathematics. Eight out
of 11 articles (n=8) reference Tomlinson’s model for
implementing DI, particularly in mathematics
classes. Tomlinson emphasizes significant
differentiation in four main elements: Content,
process, product, and environment (Marks et al,
2021). Tomlinson stresses effective adaptation to
meet the diverse needs of students. Content refers to
the learning materials taught to students. In this
study’s context, it is mathematics. In DI, the
mathematics content needs to be adjusted to the
students’ levels. This can be done by modifying the
complexity of materials according to the students’
abilities (Good and Ottley, 2019). Process refers to
how students learn the mathematics content. Here,
teachers diversify their strategies, techniques, and
teaching approaches (Pozas et al, 2020). Product
refers to the evidence showing that students have
achieved the learning outcomes. The products they
create demonstrate their learning in various ways,
such as through projects, written tests,
presentations, and performances, tailored to their
abilities (Ginja and Chen, 2020). The environment
refers to the classroom setup, creating an inclusive
and positive atmosphere that allows students to
thrive in their own ways. Continuous training related
to Tomlinson’s model is essential, especially in
mathematics, in Malaysia. The research gap in D],
particularly in mathematics, needs to be addressed
by the Malaysian Ministry of Education. The cycle of
differentiated instruction is used in two articles. This
cycle is also based on Tomlinson's four. However,
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include a component such as the student's needs
analysis. The Cycle of Differentiation is a structured,
iterative model for tailoring education to diverse
student needs, involving identification of educational
needs, setting differentiated goals, adapting
instruction and tasks, and evaluating outcomes to
inform continuous improvement (Prast et al., 2018).

4. Conclusion

Differentiated instruction in mathematics has
been effective in improving student learning. From
the analysis of the studies conducted, collaborative,
student-centered, and technology-based approaches
are the major strategies for implementing DI in
mathematics. Recommended activities such as group
work, paired discussions, and group collaboration
based on ability levels have been crucial in
facilitating understanding and increasing student
engagement in mathematics teaching. In addition,
the inclusion of technology such as digital
applications and graphic organizers has successfully
supported teaching and learning. The approaches
using differentiated instructions, problem-based
learning methods, and inquiry activities have also
positively impacted students in terms of learning.
However, it is suggested that DI in mathematics
should also include game-based teaching and
learning. The creative elements and interactive
activities have not been given enough attention.
Therefore, there is a dire need to further emphasize
these aspects in order to enhance the effectiveness of
DI in mathematics.

The study also found that DI in mathematics
positively  affects  mathematics  achievement.
However, there is still a lack of research on human
capital skills, particularly 21st-century skills such as
communication, leadership, and critical thinking.
Only elements related to motivation, interest, and
confidence have been given attention. Therefore,
further research on DI concerning other variables,
especially through experimental studies, is
necessary. Regarding the guide to implementation,
Tomlinson's model has also been regarded as the
most referable model to ensure implementation is
effective. The elements highlighted are content,
process, product, and environment. Considering this
model will give guidance to educators on how they
should implement DI, math, in particular. For now,
there is also a lack of models and frameworks or
learning modules presented with the basis of the
theory of DI.

Currently, there is only one model acting as a
guide for implementation. Hence, further research
on the matter is needed for the future. Especially, the
areas that show ample room for improvement using
creative elements and further research that may be
done on how DI influences human capital elements.
This is a research gap that needs special attention
from the Ministry of Education of Malaysia. The
Ministry should implement continuous training that
equips teachers with skills in teaching mathematics
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through DI to address diverse student needs in the
classroom.
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