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ABSTRACT

Blended learning is an active teaching approach widely applied in recent decades, espe-
cially in higher education. This study systematically reviews blended learning’s applications
in mathematics teacher education based on Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. This study aims to understand the potential of
blended learning for various mathematical topics, the common blended learning models,
and the benefits and challenges this teaching approach presents for educational stakeholders.
Accordingly, 25 studies from the Scopus database are analyzed. The study shows that many
studies were conducted between 2019 and 2022, focusing on a few developing countries.
In addition, blended learning is extensively used in teaching most mathematics subtopics,
especially in courses on teaching methods, with the widespread use of three models: the
flipped model, the mixed model, and the online practicing model. Based on this study’s assess-
ment, blended learning has a positive impact on the development of knowledge, skills, and
attitudes among preservice teachers. However, it also presents lecturers and prospective
teachers with various challenges related to technological infrastructure, teaching materials,
digital and professional competence, and students’ knowledge and engagement. The study’s
results provide an overview of the application of blended learning in mathematics teacher
education and support certain future recommendations for new research directions.
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1  INTRODUCTION

The outbreak of the global COVID-19 pandemic has created many challenge
in education, forcing teachers and learners to limit face-to-face learning in order
to ensure compliance with disease prevention requirements [1]. In this context,
blended learning is considered an effective teaching approach suitable for practical
requirements. Introduced in the early 2000s, blended learning has been widely
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recognized as an effective method for overcoming many limitations of traditional
teaching methods for over a decade [2], becoming a teaching trend that is applied
more and more at the university level, in particular [3]. However, it was not until
the COVID-19 epidemic that blended learning became a global trend and received
the attention of educators. Training mathematics teachers at the undergraduate
and graduate levels is important in ensuring the quality of mathematics education
in general. Equipping mathematics teachers with sufficient theoretical and practi-
cal knowledge is crucial for developing teaching quality and boosting teachers’ con-
fidence. Therefore, blended learning, with its advantages of providing continuous,
flexible, and reasonable time learning methods, has been applied in the training of
mathematics teachers in many universities.

The development of information technology (IT) and practical needs has
inspired research on applying blended learning in education. As a result, numer-
ous studies have been conducted in various fields, ranging from primary schools to
universities, with diverse purposes, research methods, and mixed research results.
Many aspects of the application of blended learning in mathematics teacher edu-
cation have been explored. A systematic review is appropriate given the wealth
of published studies on blended learning in mathematics teacher education, as
the results of various relevant studies differ in many aspects [4]. Although several
systematic review studies on blended learning have been carried out [2] [5]-[10],
there has not been one that specifically assesses blended learning models suitable
for use in mathematics teacher education, along with the benefits and challenges
of applying this teaching approach. Therefore, it is essential to carry out a system-
atic review study on blended learning in the education of mathematics teachers at
the university level.

This study assesses the blended learning models commonly used in mathematics
teachers’ education and clarifies the benefits and challenges this teaching approach
brings educators and preservice mathematics teachers.

1.1 Blended learning

Definition. Bliuc et al. (2007, as cited in [11]) describe blended learning as learn-
ing activities that synthesize face-to-face and technology interactions between stu-
dents, teachers, and learning materials. Similarly, Castro (2019) believes blended
learning integrates traditional teaching, face-to-face in-class instruction, and online
learning [12]. Thus, the definitions of blended learning all refer to a common compo-
nent: integrating different teaching methods. These methods combine two forms of
teaching: face-to-face and computer-aided learning. Accordingly, Alammary (2014,
2019) defines blended learning as courses that (1) thoughtfully integrate different
instructional methods, such as lectures, discussion groups, and self-paced activity,
and (2) contain both face-to-face and computer-mediated portions [2] [11].

Models. Blended learning models are categorized by the type of interaction they
create. Accordingly, blended learning includes five main models [11].

(1) Face-to-face instructor-led: Students learn directly, with teacher instruction and
little interaction.

(2) Face-to-face collaboration: A teaching approach that encourages students to
work together in the classroom, such as in group discussions.

(3) Online instructor-led: Teachers teach online, control learning progress, and set
interactions.
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(4) Online collaboration: Students are encouraged to work in online groups, as in
online discussions.

(5) Online self-paced: Students are allowed to learn autonomously, at their own
pace, and to be proactive about time and place, such as by reading online or
watching videos.

A systematic review study by Ashraf et al. (2021) shows that eight different
models have been applied in many blended learning studies, including the flipped
model, station rotation model, flex model, mixed model, supplemental model, online
practicing model, self-blend model, and enriched virtual model [5]. Meanwhile,
Alammary’s (2019) research shows that the commonly applied blended learning
models include flipped, mixed, flex, supplemental, and online practicing models [2].
This study focuses on five blended learning models described in [2].

The flipped model is one in which students learn theoretical content online and
class time is used for problem-solving. The mixed model allows students to learn the-
ory and practice face-to-face and online. A flex model is an online form of theoretical
and practical learning, but it requires students to periodically participate in face-to-
face learning to check learning progress and provide feedback to the teacher. The
supplemental is a face-to-face learning model for theory and practice; online learn-
ing is added to enhance student learning engagement. The online-practicing model
places online practice and problem-solving at its core, and students can get immedi-
ate feedback on their answers. Theoretical content can be learned through lectures
or online self-study materials [2] [5]. The flipped classroom is commonly used in
universities because this model can easily be integrated into existing teaching and
learning systems without restructuring the faculty’s organizational structure [7].

Design principles. Aside from choosing an appropriate blended learning model,
many researchers advocate that designing a teaching and learning environment
with blended learning must meet certain principles. Osguthorpe and Graham
(2003, as cited in [13]) proposed six possible goals for designing blended learning
environments:

(1) Improving the pedagogical richness
(2) Facilitating access to knowledge

(3) Supporting social interaction

(4) Developing learners’ agency

(5) Achieving cost-effectiveness

(6) Enabling ease of revision

In addition, Boelens et al. (2017) summarize four main challenges to the design
of blended learning environments, including (1) incorporating flexibility—learners
have some control over when, where, and how they learn [14], (2) encouraging
interaction, (3) assisting students in their learning processes, and (4) fostering a pos-
itive learning environment [8].

Advantages. In general, blended learning entails both face-to-face and online
components. According to [15], by integrating online learning into the system, blended
learning expands the learning environment into a virtual world where the limitations
of traditional teaching can be overcome. Through the online component, it becomes
easier to discern student needs and combine them with the social aspects of the
real classroom to form a solid learning system [15] [16]. For mathematics education,
online components fit lecturers’ time constraints and enhance learners’ opportunities
to explore and visualize mathematical concepts and ideas. In addition, face-to-face
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components enable concurrent communication and knowledge construction in real-
world contexts [17]. This mutual relationship was also confirmed by [13].

Many studies have shown that blended learning brings numerous benefits to
learners’ learning, such as ensuring theoretical learning with flexibility concerning
time, enhancing self-assessment ability, accountability, learning engagement, moti-
vation, and interest in learning [18] [19], creative and critical thinking, the ability
to collaborate, work in groups, and improve academic performance. At the same
time, teachers can better interact with learners and deploy a variety of ideas in
problem-solving. Reviews by [2] [7] [9] demonstrate this.

A survey by [20] showed that students responded positively to applying blended
learning in different subjects. First, better access to learning materials and personal-
ized learning opportunities improve workload distribution and make learning more
relevant to learners’ needs. The fundamental ideas of smart education are adhered
to in this. Second, blended learning significantly reduces the pressure of studying
learning materials at the review stage for final assessments.

In particular, several studies on the application of blended learning in preservice
teacher education indicate that blended learning has a positive impact on subject
results and fosters positive learning attitudes among teacher students [6], and it pro-
vides diverse learning materials, opportunities for interaction, quick feedback, and
flexibility in both self-directed learning and controlling learning progress [6] [13] [21].

Challenges. Along with the benefits of the teaching and learning process, blended
learning poses many challenges for lecturers. These challenges can be viewed from
the distinctive perspectives of educational institutions, lecturers, and students [10].

From the perspective of educational institutions, Pozo et al. (2020) argue that one
of the factors that make it hard to apply blended learning is the lack of training of the
teaching staff on aspects related to advanced teaching methods and technology appli-
cation information, along with the investment required to implement this teaching
approach [22] [23]. Learners are not familiar with blended learning, which is also a
problem. Research [24] [25] showed that limitations in Internet access and facilities,
connection errors, a lack of teaching materials, and the compatibility of the curric-
ulum with blended learning are among the challenges of this teaching approach.

Another challenge to applying blended learning is the role of the lecturers. When
applying blended learning, in which synchronous or recorded lectures replace face-
to-face lectures, the teacher’s lectures still play a major role in shaping learners’
knowledge. If lecturers lack training and expertise in online instruction, this creates
numerous problems [23] [24] [26]. On the other hand, the anxiety of in-service and
preservice teachers towards information and communications technology (ICT) use is
a further challenge to this teaching approach [24] [25]. In addition, the limitations on
teaching time can lead to reductions in group discussion activities, increasing the role
of the teacher and thus reducing the role of the learner in student-centered learning
and self-directed learning. Limited teaching time limits active learning activities such
as project-based learning, problem-based learning, and other alternative assessment
forms. These constraints contradict educators’ assumptions about blended learning [15].

On the other hand, the assessment also poses many challenges for blended learn-
ing. Although online communication platforms can facilitate learner-learner interac-
tions roughly equivalent to face-to-face learning, routine assessment by the teacher
has significant limitations. This results in teachers and learners being unfamiliar
with online assessment forms and unable to accurately judge learners’ honesty in
completing assignments without direct supervision [24]. From a learner’s perspective,
self-regulation, procrastination behavior, lack of online help-seeking, technological
literacy and competency, student isolation, technical sufficiency, and technological
complexity are significant challenges for students in a blended learning course [10].
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1.2 Mathematics teacher education

One of the primary goals of mathematics teacher education is to develop teach-
ers’ professional competence, which spans a continuum of dispositions, including
cognitions and affect-motivations as well as situation-specific skills and performance
(Blomeke et al.,, 2015 [27]). To achieve this goal and to improve the quality of mathe-
matics teaching, it is necessary to promote professional development for preservice
and in-service mathematics [15] [26]. According to Suzuka et al. (2009), regarding
mathematical knowledge, courses need to help preservice teachers clarify and
develop a flexible understanding of mathematical ideas, stimulate learners to expose
errors caused by a subjective understanding of mathematical ideas, allow learners to
connect mathematical ideas, provide a variety of mathematical representations and
solutions, and give them opportunities to engage in mathematical practice [15].

To ensure a high quality of education and continuous learning, according to
[15] [20] [28], blended learning, with the support of technology and the internet,
makes the design of courses more effective, overcoming limitations due to a large
number of students or other objective conditions that might impede direct learning.
Accordingly, [17] designed a professional development course in teaching mathemat-
ics based on the application of blended learning with a high degree of self-directed,
autonomous online learning to develop mathematical knowledge for teaching. The
research results demonstrate the feasibility of building an online learning environ-
ment to develop mathematical knowledge for teaching.

1.3 Research objectives and questions

This review aims to determine the effectiveness of blended learning in various
preservice mathematics teacher education courses and the challenges involved. The
following research questions define the focus of this review.

RQ1: What are the descriptive characteristics of the studies that comprise the
systematic review (such as years of publication and the nations where they
were conducted)?

RQ2: What testing methods have been used to assess the effectiveness of blended
learning in mathematics teacher education?

RQ3: What are the main advantages of blended learning in mathematics teacher
education?

RQ4: What are the challenges of using blended learning in mathematics teacher
education?

The study examines several recent, pertinent studies to answer these research
questions.

2  METHODOLOGY
2.1 Design

We decided to conduct a systematic literature review following the Preferred
Reporting Ttems for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
provide a comprehensive picture of the existing research on blended learning in
mathematics teacher education [29] [30]. The goal is to examine the content of the
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25 articles selected to answer the research questions. Figure 1 represents the proto-
cols for conducting the systematic review.

Methods for
study
selection,
screening,

Inclusion
criteria and
exclusion

Search terms
for retrieving

Databases for
choosing

. relevant
studies

studies

criteria for
choosing
NUGIES

data
extraction
and analysis

Fig. 1. Protocols for study selection

2.2 Search strategy for locating relevant studies

We used a range of electronic databases to search for studies on the applica-
tion of blended learning in higher education mathematics teachers, including
Scopus, ScienceDirect, Taylor & Francis Online, Mendeley, Google Scholar, and
ERIC. These databases were chosen for their online accessibility and the wide range
of education-related research they offer. However, to narrow down the scope of
research, we cross-checked the studies found in these databases through the Scopus
resource system, and selected works that are included in the Scopus system’s catalog.

To search for studies relevant to the objective of this study, the search terms used
on the databases included ‘blend learning’ + ‘mathematics teacher education’, ‘blend
learning’ + ‘preservice mathematics teachers’, ‘blended learning’ + ‘prospective
mathematics teachers’, ‘hybrid learning’ + ‘mathematics teacher education’, ‘hybrid
learning’ + ‘preservice mathematics teachers’, ‘hybrid learning’ + ‘prospective math-
ematics’, ‘flipped classroom + ‘mathematics teacher education’, ‘flipped classroom’ +
‘mathematics preservice teachers’,and ‘flipped classroom’+ ‘prospective mathematics
teachers’.

To avoid bias in finding relevant research, the research team members inde-
pendently conducted searches the databases using the predetemined search terms
and they selected and excluded studies based on screenings the full texts and
applying previously agreed-upon inclusion/exclusion criteria. The studies selected
obtained informed consent from all researchers after through discussions.

2.3 Criteria for including and excluding studies from the review

The studies selected are experimental or survey studies with various research
methods. A selected study needed to satisfy all of the following inclusion criteria:

(IC1) Journal articles

(IC2) Written in English

(IC3) The study was published during 2012-2022; the last study search was con-
ducted in September 2022

(IC4) Research is carried out as an experimental study or a survey

(IC5) Research related to the application of blended learning in teaching mathe-
matics pedagogical students

(IC6) Research using two components face-to-face component and online
component
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Studies were excluded if one or more of the exclusion criteria below were met:

(EC1) Other forms of publication are not journaled articles

(EC2) Written in a language other than English

(EC3) The study was published before 2012

(EC4) The study is not an experimental or survey study

(EC5) The study was not conducted for students of mathematics pedagogy
(EC6) Research only examined face-to-face components or online components
(EC7) Duplicate articles

2.4 Data extraction

The initial search for articles yielded a total of 544 related articles. Using the
End-Note reference management software, we created a database of these articles,
which included titles, abstracts, and full texts. After removing duplicate articles,
the number of remaining articles was redued to 247. Subsequently, through title
and abstract screening, 192 articles were excluded from consideration for the next
phase. The remaining articles were carefully reviewed through full-article reviews.
Once 30 articles were excluded because they did not meet the inclusion criteria.
Finally, 25 relevant articles were retained for analysis in this systematic review. The
process of selecting articles, as recommended by PRISMA, is illustrateded in Figure 2.

M

=

(=}

= s identified datal Duplicate records removed

= Records identified databases: (EC7) (n=102)

= Registers (n = 544) Records removed for reasons

=] EC1,EC2 & EC3 (n = 195)
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v
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g by title and abstract P> (EC4, EC5, EC6)
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(72}
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A\ 4

E Full text articles assessed Full textEaClZl(cIlle:s ?Scded:

% for eligibility > EC5 (n = 24)

= (n=55) EC6(n=2)

= Studies included in review

= (n=25)

Q

=i

Fig. 2. PRISMA flow diagram
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3 RESULTS AND DISCUSSION

3.1 Characteristics of the studies
RQ1: What are the descriptive characteristics of the studies that comprise the
systematic review (such as years of publication and the nations where they

were conducted)?

Table 1. Distribution of articles by year of publication

Year of Publication Paper ID f %
2012 [31] 1 4.00
2013 0 0.00
2014 0 0.00
2015 (32],[33] 2 8.00
2016 [34] 1 4.00
2017 0 0.00
2018 [35]-37] 3 12.00
2019 (381, [39] 2 8.00
2020 [40]-[46] 7 28.00
2021 [471-[50] 4 16.00
2022 [51]-[55] 5 20.00

8
7
6
5
4
3
2
1
0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fig. 3. Year of publication diagram

Table 1 and Figure 3 present the distribution of studies by publication year.
From 2019 until the present, there has been a relatively significant increase in the
number of studies on applying blended learning in mathematics teacher education.
In particular, the year 2020 witnessed a profound growth in the number of studies,
with seven articles published. The surge in research during 2020 can be attributed to
the COVID-19 pandemic outbreak, which disrupted students’ educational activities.
The pandemic compelled educational institutions to adopt blended learning
in their teaching practices, leading to increased research efforts to understand
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204

various theoretical and practical aspects of blended learning to meet instructional

needs effectively.

Table 2. Distribution of articles by country

Countries Paper ID f %
Brazil [52] 1 4.00
Canada [41] 1 4.00
Ghana [32] 1 4.00
Indonesia [35], [38], [39], [40], [43], [46], [47], [49], [53], [54] 10 40.00
Korea [34], [36] 2 8.00
Palestine [48] 1 4.00
South Africa [42], [33], [45] 3 12.00
Spain [31], [37] 2 8.00
Turkey [51], [44] 2 8.00
Ukraine [50] 1 4.00
Zimbabwe [55] 1 4.00

10
9
8
7
6
5
4
3
2
0
D Q> > XS > L . ; A Q Q
¥ & & & S P @
¢ WP e
< & & o N

Fig. 4. Distribution of articles by country

The authors’ affiliation countries shown in Table 2 and Figure 4 show that Indonesia
has the highest number of publications (10 studies), published between 2019 and 2022.
This can be explained by the requirement for practical standards when implementing
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social distancing starting in 2019 to stop the spread of COVID-19. In addition, develop-
ing countries’ efforts in the Fourth Industrial Revolution era are demonstrated most
clearly in applying information technology in socio-economic fields, including edu-
cation. This practice motivates educators and administrators to bring technology into
education through face-to-face and online learning in teacher training. In light of this,
new teachers may implement blended learning in their classes. As a result, there has
been growth in research that facilitates the application of blended learning in the edu-
cation of mathematics teachers in these countries, especially in Asia [56].

Notably, the studies were carried out in almost all regions of the world. However,
the number of studies is relatively small (less than three). Numerous factors could
cause this, but adequate facilities and educational resources might be the main ones.
In this case, the cooperation and support of educational management units in terms of
facilities and professional training of teachers in ICTs and blended learning are crucial.

Table 3. Distribution of articles by mathematics subtopics

Mathematics Subtopics Paper ID f %

Algebra [41], [52] 2 8.00
Arithmetic [41], [51] 2 8.00
Calculus [33], [47] 2 8.00
Geometry [49], [54] 2 8.00
Probability & Statistics [41], [43], [44] 3 12.00
Teaching Methods [32], [48], [50], [55] 4 16.00
Others (311, [34], [35], [361, [37], [38], [39] [40], [42], [45], [46], [53] 12 48.00

m Geometry m Algebra m Probability & Stastistics

m Calculus  m Arithmetic  m Teaching Methods

m Others

Fig. 5. Distribution of articles by mathematics subtopics

Regarding mathematics subtopics, blended learning is widely used in teaching var-
ious areas of mathematics education (see Table 3 and Figure 5). The fields of teaching
methods and Probability and Statistics dominate, accounting for 16% and 12% of the
total research, respectively. Additionally, research has been conducted in the fields
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of Geometry, Algebra, Calculus, Arithmetic, and other fields. Given that these studies
were carried out for the undergraduate level in training mathematics teachers, it is
evident that increasing the application of blended learning in teaching modules on
teaching methods is practical and effective. This approach helps meet the professional
requirements of students when practicing teaching. Furthermore, blended learning is
also applied in various areas of mathematics, allowing students to observe and experi-
ence its application in teaching mathematical topics during their practice teaching. By
designing lessons, observing how a class is organized, checking and evaluating lectur-
ers, and with the role of learners who have authentic learning experiences in blended
learning lessons, mathematics preservice teachers can acquire knowledge of teaching
organization, as well as analyze and compare to augment their own experience.

Table 4. Blended learning models

Flipped model (341, [36], [37], [39], [421], [44], [54] 7 | 2800
Mixed model [43], [46], [48], [49], [50], [52] 6 24.00
Supplemental model [41] 1 4.00
Online practicing model [31], [32], [33], [38], [51], [55] 6 24.00
Blended learning (not mentioning | [35], [40], [45], [47], [53] 5 20.00
particular models)

Table 4 shows the blended learning models used in the studies. Most studies refer to
the specific model used (20 studies), and some consider the blended learning approach
in general (five studies). In cases where the authors did not mention the model they
used, this was determined based on comparing their methods of organizing blended
learning with [2] [11] model descriptions. Accordingly, four different models were
used among the selected studies: flipped, mixed, supplemental, and online practice.

Based on the assessments, the flipped model is the most used (seven studies,
accounting for 28%). This model allows learners to engage in online theoretical learn-
ing and spend class time problem-solving and discussing the content [2] [11] [57].
The mixed and online practicing models are the other significantly more widely
adopted models, with six combined studies of 48%. In the mixed model, learners par-
ticipate in theoretical and practical learning in both face-to-face and online formats.
Unlike the online practicing model, the mixed model involves students conducting
practice activities on specialized online learning platforms [2] [5]. With the mixed
model’s characteristics as described above and given that the relevant studies were
published between 2019 and 2022, it can be said that the mixed model is appropriate
for use during the study period that the COVID-19 epidemic interrupted.

Finally, it is worth noting that among the studies analyzed, only one study applied
the supplemental model, which focuses predominantly on theoretical and practical
face-to-face learning and relegates the online element to the status of an auxiliary
activity [2]. In addition, Tables 3 and 4 show that each mathematical subtopic can
be effectively taught using various blended learning models. This demonstrates the
flexibility and feasibility of these models in teaching across a broad range of the
mathematics teacher education curriculum.

3.2 Blended learning effectiveness testing methods

RQ2: What research methods have been used to assess the effectiveness of
blended learning in mathematics teacher education?
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Table 5. Distribution of articles by research methods

Methods Paper ID f %
Quantitative [38], [47], [50] 3 12.00
Qualitative (311, [34], [35], [36], [41], [42], [43], [44], [52], [55] 10 40.00
Mixed methods [32], [33], [37], [39], [40], [45], [46], [48], [49], [51], [53], [54] 12 48.00

Most of the selected studies on applying blended learning to the training of math-
ematics preservice teachers used mixed methods (12 studies, accounting for a total of
48%) to answer research questions. Aside from this, 40% of the studies use qualitative
methods (10 studies), and the quantity of quantitative methods accounts for only 12%
(three studies); see Table 5. With the above ratio, it can be seen that two qualitative and
quantitative methods are used with almost equal frequency in these studies, where
qualitative methods predominated. This phenomenon is explained below.

The 25 selected studies were conducted through various research designs, including
surveys, case studies, quasi-experimental studies, and experimental studies. In some
cases, studies used more than one research design. Only 2 out of the 25 studies were
conducted in survey form (accounting for a total of 8%); four studies conducted case
studies (16%), another four conducted quasi-experimental studies (16%), and 17 stud-
ies (68%) conducted experimental studies (see Table 6). In all experimental and survey
studies, the subjects were preservice mathematics teachers (including students and
graduate students), with sample sizes ranging from 7 to 315 participants (see Appendix).

Table 6. Distribution of articles by research designs

Designs Paper ID f %
Case study [41], [43], [51], [55] 4 16.00
Experimental (311, [32], [33], [34], [35], [361, [39], [40], [44], [46], [48], [50], [51], [52], | 17 68.00
(53], [54], [55]
Quasi-experimental | [37], [38], [47], [49] 4 16.00
Survey [40], [45] 2 8.00

Table 7. Distribution of articles by evaluation instruments

Instruments Paper ID f %
Test [33], [39], [43], [46], [47], [49], [51], [54] 8 32.00
Questionnaire [32], [37], [40], [45], [46], [49] 6 24.00
Interview [33], [34], [36], [42], [43], [44], [45], [48], [49], [51], [52], [54], [55] | 13 42.00
Observation [31], [32], [35], [38], [39], [41], [42], [46], [52], [55] 10 40.00
Self-reflective journals | [34], [36], [39], [54] 4 16.00
Others Lesson plan: [32], Course plan: [51], Footage: [52], 7 28.00

Final products: [31], [41], Reflections: [48], The average success
rate in the subjects: [50]

Table 7 shows the evaluation instruments used in the selected studies. The five
main evaluation instruments used were interviews (13 studies, accounting for 42%),
observation (10 studies, accounting for 40%), tests (eight studies, accounting for
32%), questionnaires (six studies, accounting for 24%), self-reflective journals (for
research, accounting for 16%), and some other tools equivalent to final products
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(seven studies, accounting for a total of 28%). The implementation of blended learn-
ing in the classroom, its impact on students’ knowledge acquisition, skills, and crit-
ical thinking was assessed using tests, self-reflective journals, and output products.
Students’ attitudes, engagement, and challenges with blended learning were primar-
ily examined using interviews, questionnaires, and observations (see Appendix).
The significant number of studies using tools such as interviews, questionnaires,
and observation explains why qualitative data processing and analysis methods
account for a high percentage of the total number of selected studies.

3.3 Advantages of blended learning in mathematics teacher education

RQ3: What are the main advantages of blended learning in mathematics teacher
education?

Table 8. Main advantages of blended learning in mathematics teacher education

Advantages Paper ID

Knowledge and academic performance

Pedagogical knowledge [38], [52]

Content knowledge [33] (not meet), [38], [41], [49], [52], [53]
Technological knowledge [38], [51], [52]
Technological pedagogical knowledge [38], [52]
Technological content knowledge [38], [52]
Academic performance (371, [40], [45], [50]
Cognitive skills and soft skills

Higher order thinking (34], [35], [46], [47]
Pedagogical skills [31]

Technology integration skills [32], [38], [51], [52]
Research skills [51]
Independence learning [39]

Social interaction/communication [35], [41], [42], [48]
Cooperation/Collaboration [39], [42], [44], [54]
Attitudes

Engagement [44], [48]
Motivation [36], [38], [49]
Satisfaction [35]

Positive learning attitude (351, [36], [37], [49], [51]
Self-directed learning readiness [40]

Self-efficacy [34], [40], [51], [54]
Self-regulation [44]

Awareness of technology integration [45], [51], [52]
Learning awareness [39], [54]

(Continued)
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Table 8. Main advantages of blended learning in mathematics teacher education (Continued)

Advantages Paper ID

Others
Time-saving [42], [51]
Reasonable cost of tools [55]

Table 8 lists the various advantages cited in the 25 selected studies. Most stud-
ies refer to developing students’ thinking and soft skills through blended learning
(15 studies). Among them, four studies demonstratess the development of higher-
order thinking in mathematics preservice teachers after taking courses with a com-
bination of face-to-face and online learning [34] [35] [46] [47]. Five studies show
the effectiveness of blended learning in developing students’ technology application
skills (four studies), pedagogical skills (one study), and research skills (one study).
In addition, through self-study activities, online interactions, and discussions, math-
ematics preservice teachers participating in studies have reported improvements in
independent learning skills (one study), interaction and communication skills (four
studies), and teamwork skills (four studies).

Aside from the above, the positive effects of blended learning on students’ atti-
tudes were also clarified in 15 studies. In particular, many studies show that students
with more positive learning attitudes [35] [36] [37] [49] [51] are motivated to learn
[36] [38] [49], actively engaged in learning [44] [48], and satisfied with the course
[37]. Moreover, participating in courses organized according to the blended learning
method has stimulated self-directed learning readiness [40], self-efficacy [34] [40] [51]
[54], self-regulation [44], as well as learning and technology integrating awareness
[39] [45] [51] [52] [54] among mathematics preservice teachers.

Regarding knowledge, 12 studies mention the benefits of blended learning for form-
ing professional knowledge and learning outcomes for mathematics pedagogical stu-
dents. Five of these studies show that students are, to a greater extent, endowed with the
content knowledge, or mathematical knowledge, used in teaching [38] [41] [49] [52] [53].
A study [33] concluded that the impact was insignificant. Aside from this, two studies
show that students can accumulate pedagogical knowledge [38] [52]. More specifically,
in terms of technological knowledge, the application of blended learning in subjects
for preservice mathematics teachers is mentioned in some studies as an effective tool
for developing technological knowledge [38] [51] [52], technological pedagogical knowl-
edge, and technological content knowledge [38] [52]. On the other hand, three studies
have tested the progress in academic performance of mathematics pedagogical stu-
dents after the experimental learning process with blended learning [37] [40] [45] [50].

In addition to the benefits of developing mathematics pedagogical students’
knowledge, skills, and attitudes, three studies have confirmed the time and cost ben-
efits of blended learning in teaching. Of these, studies by [42] and [51] suggest that
applying blended learning saves students time in class; thus, students can spend
more time learning theory and practicing self-study. Aside from this, the study men-
tioned that the reasonable cost of studying, thanks to the free support of many online
learning platforms and low Internet charges, are benefits [55].

3.4 Challenges of using blended learning

RQ4: What are the challenges of using blended learning in mathematics teacher
education?
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Table 9. Challenges of blended learning in mathematics teacher education

Challenges Paper ID

Technological challenges

Infrastructure [55]

Technical problems [39], [44], [54], [55]
Tools selection [32], [54]
Language (of technological tools) [45]

Material challenges

Resources (32], [42]
Course content quality [32]

Lesson plans/activities [51]
Questions [51]

Course preparation time [39], [54], [55]
Time distribution [51], [55]
Assessment [55]
Competency challenges

ICT skills (321, [39], [54]

Dependence on the lecturer’s professional development | [42]

Students engagement [36], [55]
Knowledge transfer [33], [55]

Along with the many benefits mentioned above, applying blended learn-
ing in mathematics teacher education poses several challenges too for lecturers
and teacher students. Table 9 shows the challenges mentioned in 10 of the 25
selected studies.

Challenges related to technology factors (six studies) include inadequate facilities,
such as computer equipment and Internet connection for lecturers and students
(one study; [55]). In addition, technical issues, such as the lack of detective services
and devices that support the online learning process, were mentioned in four stud-
ies [39] [44] [54] [55]. Furthermore, the teaching organizer’s choice of the right tools
[32] [54], the language used in the online teaching and learning platforms also
pose significant obstacles, especially for lecturers and students in countries where
English is not students’/teachers’ first language [45]. These problems are no small
challenges for many universities, especially in areas where socio-economic condi-
tions cannot ensure adequate technological facilities for teaching. Therefore, invest-
ment in developing facilities in universities should be a priority. In addition, it is
necessary to conduct studies on the development or application of tools that support
blended learning and clarify the operation methods, advantages, and disadvantages
of those tools. Choosing the appropriate tools for various educational objectives and
environments will be possible while overcoming technical language or technique
constraints. On the other hand, mathematics preservice teachers must actively learn
different tools and improve their ability to use tools and their facility with foreign
languages to meet the needs of applying technology and techniques in teaching with
blended learning.
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In addition to the features mentioned above of blended learning technology, stud-
ies also demonstrate teaching and learning materials issues. Studies by [32] and [42]
mention the lack of material resources regarding tools and explain how the blended
learning organization affects teachers’ ahility and confidence in applying blended
learning. Research by [32] and [51] addresses the challenges of ensuring course
content quality, preparing lesson plans and activities, and designing appropriate
questions to apply blended learning effectively. According to these studies, lectur-
ers may encounter difficulties in designing teaching content, learning activities, and
questions to match the blended learning model used and online learning platforms;
in addition, they must ensure that these questions are appropriate to the learner’s
level to help learners make connections between existing and new knowledge [32].
Moreover, the time factor also poses challenges for lecturers in teaching organiza-
tions with blended learning; there are three studies mentioning course preparation
time [39] [54] [55], and two studies mentioning the time distribution between and
within different components of blended learning [51] [55]. Studies are concerned
that lecturers have to spend much time preparing lessons, as well as requiring a
reasonable allocation of time between the face-to-face component and the online
component, as well as the distribution of time between activities of dynamics in
each component—all of which can drastically increase workload and affect teaching
effectiveness. In addition, one study shows that assessment is a noticeable problem
when applying blended learning [55]. Specifically, mathematics preservice teachers
found it difficult to assess learners’ progress in both online teaching and learning.
Due to the limitations of continuous formative assessment, proximity and eye con-
tact, teachers cannot determine students’ needs or abilities to acquire knowledge,
affecting teachers’ lesson plan preparation [55].

Meeting the capacity requirements of learners and lecturers is a partic-
ularly important challenge for the effectiveness of blended learning. Firstly,
three studies address the capacity of both lecturers and learners to apply ICTs
[32] [39] [51]. The use and design of lectures, testing, and assessment on online
platforms require teachers to be fully equipped with knowledge and skills to
use as tools to support the teaching process. In addition, learners also need to
have basic skills in applying ICTs to study online, practice, exercise, participate
in online discussions, and search for other online learning materials. Second,
according to [42], the effectiveness of blended learning depends on the teach-
er’s professional qualifications and is also considered a challenge. This study
suggests that teachers need to develop appropriate expertise to teach in differ-
ent contexts and accommodate differences in learners’ levels. In addition, stu-
dent engagement is mentioned in two studies, one by [36] and another by [55];
students’ knowledge transfer abilities, as mentioned in studies by [33] and
[55], are also important issues. These studies indicate that the lack of teacher-
student interaction and the many instances of learning disruption during online
learning at home affect the engagement of mathematics preservice teachers.
In addition, students said that during practice, they have difficulty transform-
ing knowledge from learned knowledge into teaching knowledge or converting
between representations of the same mathematical knowledge [33] [55].

4  DISCUSSION

The first research question investigates the descriptive characteristics of the
selected studies regarding the year of publication, the country of publication, the

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet

Tong et al.

mathematical topics taught during the impact, and the blended learning model
applied to teach that topic. The analysis revealed a sharp rise in studies on the appli-
cation of blended learning in mathematics education starting in 2019 and reach-
ing a peak in 2022. Consequently, it can be said that there is a high demand for
online education right now. Dealing with the COVID-19 epidemic has stimulated the
interest of educators in blended learning. Due to this, empirical studies or actual sur-
veys are now required to shed light on the practical implications of implementing
blended learning models, their efficacy, and their challenges when instructing math-
ematics to preservice teachers. Besides, this is mentioned in studies [2] and [24]. The
first research question also addresses the geographical distribution of the countries
conducting these studies. According to the results, these studies were conducted in
many countries and regions, with Indonesia being the most popular reviewed study.
This result is consistent with the contention of [56] that studies on blended learning
are carried out in many developing countries in Asia.

Regarding the application of blended learning in teaching various mathematical
topics, the research data shows that blended learning is applied in most mathemati-
cal subjects, especially in teaching methods. For mathematics pedagogy, developing
students’ knowledge and skills in teaching methods is essential for future teaching
quality [26]. Regarding the blended learning models used in the studies, with the
advantages of flexibility in applying both face-to-face and online components, the
flipped, mixed, and online practicing models are frequently used. However, depend-
ing on teaching goals and actual conditions, blended learning models, when prop-
erly applied, can promote their respective strengths [2] [5]. Therefore, in practice
and in new research, educators should consider applying different blended learning
models to clarify each model’s advantages and disadvantages.

Concerning the second research question, it can be seen that various qualitative,
quantitative, mixed methods, study designs, and assessment tools have been used in
research on mobility in using blended learning in mathematics teacher education.
The results show that research designs have been examined, such as empirical, quasi-
experimental, case studies, surveys, and various tools such as tests, interviews, question-
naires, observation, and self-reflective journals and final products. Others have been
used to collect data on the effectiveness and difficulties of blended learning concerning
aspects of students’ knowledge, skills, and attitudes. Experimental studies and evalua-
tion through observation and interviews are commonly used in research studies. This
shows the feasibility of empirical studies in blended learning research and the effective-
ness of qualitative tools such as observation and interviews. However, new studies may
develop novel study designs or assessment tools to achieve meaningful new findings.

The third research question looked into the advantages students might experi-
ence from enrolling in programs that use blended learning strategies. Regarding
knowledge, many studies show that blended learning positively impacts students’
formation of content knowledge and pedagogical knowledge, particularly given
the feature of combining face-to-face and online components. However, the online
component is the component that is of interest in most research on blended learn-
ing. When participating in these courses, students also develop knowledge related
to technical factors, including technological knowledge, technological pedagogi-
cal knowledge, and technological content knowledge. Thus, some studies test the
progress of students’ learning outcomes after an extended period of studying with
blended learning. A study by [50] conducted a controlled experiment from 2019 to
2020 to show the improvement in the academic performance of mathematics pre-
service teachers in the experimental group across each subject through the appli-
cation of blended learning. Systematic reviews by [5] and [9] found similar results.
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However, [33] reported a different empirical result in one of the selected studies.
Specifically, for the four aspects of modeling, interpretation, translation and reifi-
cation in forming students’ conceptual knowledge, blended learning had almost no
significant influence on the first three components. As regards skills, studies show a
positive impact of blended learning on students’ higher-order thinking abilities, most
notably creative thinking and problem-solving [35] [46] [47]. Moreover, professional
skills such as technology application, pedagogical, and research skills are developed.
In addition, through independent learning and online Discussion, the students par-
ticipating in these studies also practiced independent study skills, communication
skills, social interaction skills, and social skills of teamwork and cooperation.

Regarding the effects of blended learning on students’ attitudes, studies have
shown that students have more positive learning attitudes, are motivated to learn,
and actively participate in learning. In addition, thanks to the encouraging charac-
teristics of self-study, students are stimulated with self-directed learning readiness,
self-efficacy, self-regulation, and a sense of learning due to the online platforms
of blended learning courses and their practice and awareness of ICT applications.
In addition, several studies have shown that blended learning saves time in class
for students, leaving them with more time to spend on self-study and practice; study
costs are also reduced, thanks to some of the internet’s affordable and free online
learning platforms [42] [51]. The study [58] proved that promoting an online teach-
ing model that gives students hands-on training and helps them enhance their online
learning experience positively impacts student learning. With such diverse benefits,
blended learning needs to be applied more widely in studies involving other fields,
and at the same time, new studies should investigate the impact of blended learning
on other specific aspects of producing more profound results.

The final research question analyzed the challenges of applying blended learn-
ing in the selected studies. Regarding the technology factor, research shows that the
problems of infrastructure, technical problems, tool selection, and the language of
technological tools are significant challenges for lecturers or learners. Deficiencies
in facilities and technology constitute challenges for some developing and undevel-
oped countries. Therefore, investment in developing facilities at universities should
be prioritized. Thus, there is a need for cooperation and support between coun-
tries to facilitate the development of blended learning in areas with socio-economic
conditions that do not possess the requisite technical facilities. The same suggestion
is also mentioned in the study [7]. In addition, it is necessary to conduct studies
on the development or application of tools to support blended learning and clarify
the tools’ operational methods, advantages, and disadvantages. In addition to digital
tools, educational technologies that have been proven to be useful for online teach-
ing and learning, such as project-based learning [59 — 64] and other active learning
pedagogies [65], can be taken into consideration. It is essential to do this in order to
choose the appropriate tools for various educational objectives and environments
while also overcoming the technical limitations of technique and language.

In addition, mathematics preservice teachers must actively learn about different
tools and improve their ability to use them, as well as their facility with foreign lan-
guages, to achieve the prerequisites for applying technology and techniques in teaching
with blended learning. Regarding the preparation of teaching and learning materials,
many studies have pointed out challenges for teachers in blended learning material
resources, suitability in course content quality, lesson plans and activities, questions,
and the time needed to prepare lectures and allocate time during lectures. This result
aligns with the findings of [23] and [66] about the challenges of transitioning from
in-person to online learning. Furthermore, issues such as the mental health impacts
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of remote learning and isolation [66] and the time of day of instruction that affects
student learning [67] can be considered as interesting directions for future research.
In addition, a study [52] showed that the limitations of implementing continuous for-
mative assessment, proximity, and eye contact also affect teachers’ ability to assess
students’ knowledge acquisition. Finally, the research considers the requirements for
the capacity of teachers and students to apply ICTs, the professional qualifications of
the teachers, the ability to transform knowledge, and the participation of students
in learning significant knowledge for the effectiveness of applying blended learning
in mathematics teacher education. In line with this, [68] stated that education in the
21st century is about training graduates with various competencies, reducing the gap
between the classroom and the real-world environment via professional practice, and
simulating a work environment in the curriculum. On this score, in addition to the
efforts of teachers and students in developing information technology application skills
or professional development, educational managers and educational institutions need
to come up with solutions concerning professional development for teachers. Such
considerations should include teaching expertise, technology application, and skills in
information technology application to prepare teaching and learning materials (e.g.,
plans, technological tools, and assessment instruments). In addition, new studies need
to pay attention to the influence of the challenges mentioned above on the effectiveness
and feasibility of applying blended learning and should propose appropriate solutions.

5  LIMITATIONS

Although various methods have been selected to avoid bias, the study has poten-
tial selection and publication bias limitations. In addition, the collection of studies in
the Scopus catalog searched from databases such as Scopus, ScienceDirect, Taylor &
Francis Online, Mendeley, Google Scholar, and ERIC may create certain limitations.
In the search process, for example, limit the number of studies that can be selected
because, in other databases besides Scopus, there may be many other articles on
applying blended learning in the education of mathematics teachers. However, due
to the ubiquity of the Scopus catalog, this search method also makes it easier to select
high-impact studies. In subsequent systematic reviews, methods to minimize bias in
research collection and the selection of databases and data collection methods should
be a priority. Additionally, new studies may consider expanding the database in
research search, increasing the rigor of inclusion and exclusion criteria, and expand-
ing the sample size of studies selected while still ensuring the quality of those studies.

In terms of content, during the analysis of selected studies, it is possible to
recognize many differences in the level of detail of the studies in describing the
blended learning model, the study design, and the research design as well as the
benefits and challenges of applying blended learning. In other words, the fact that
some studies only cover the above issues can affect the analysis’s level of detail
and accuracy. Besides, although the blended learning models used in the selected
studies have a combination of face-to-face and online components, most studies
focus mainly on analyzing the characteristics, benefits, or challenges of online
components; this was confirmed earlier in the study [8]. Therefore, this study
could not deeply explore aspects related to the role of face-to-face components in
blended learning. Therefore, future studies on blended learning need to clarify
the research designs and describe in detail the models and activities of blended
learning that have been used experimentally to provide complete information
and a valuable reference for those interested in this topic. Besides, new studies
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can consider face-to-face and online components in applying blended learning
(e.g., characteristics, roles, teaching design principles) or focus mainly on face-to-
face components in blended learning.

6  CONCLUSION

This systematic review analyzed studies on the application of blended learning
in undergraduate mathematics teaching by preservice teachers. The study has syn-
thesized analytical results in many aspects, corresponding to the research questions
posed, including (1) the characteristics of the year and country of publication, the
mathematical topic, and the model of blended learning used in research; (2) the
research methods, study design, and assessment tools used in the selected studies;
(3) the benefits of applying blended learning in mathematics teachers’ education men-
tioned in the studies; and (4) the challenges posed when applying blended learning
in mathematics teachers education mentioned in the studies. Specifically, research
on blended learning in mathematics teacher education tends to increase from 2019
to 2022 and is done more in developing countries. In addition to its application in
teaching mathematics subjects, blended learning is also applied in many subjects
about mathematics teaching methods and commonly used models, including the
flipped model, mixed model, and online practicing model. These studies combine
qualitative and quantitative methods with various research designs, the most popu-
lar of which include experimental methods and assessment tools such as interviews,
questionnaires, observation, tests, and output products. The selected studies mention
benefits in three main aspects: knowledge, skills, and attitudes of students, and the
benefits of saving time and money on tools. Accordingly, after studying with blended
learning, students have developed content knowledge, pedagogical knowledge, and
technological knowledge; improved academic performance; developed higher-order
thinking, pedagogical skills, ICT application skills, and other soft skills such as commu-
nication, cooperation, and independent learning; as well as raised awareness and a
positive attitude toward learning, self-directed learning readiness, self-regulation, and
self-efficacy. On the other hand, studies also point to challenges in applying blended
learning to teaching, including technological challenges such as infrastructure, techni-
cal problems, tool selection, and language of technological tools; learning and teaching
materials challenges such as teaching and learning resources, course content quality,
lesson plans and learning activities, and acquisition questions, as well as course prepa-
ration time, time distribution in lessons, and limitations in assessment; and finally,
challenges related to lecturers and student’s ability to use ICTs, the reliance on lectur-
er’s professional development, students engagement and knowledge transfer abilities.

This study’s results can be considered a reference for future studies on blended
learning, providing educators with an overview of research related to blended
learning applications in mathematics teacher education for 2012-2022. In addition,
limitations of the study or aspects that this study has not analyzed can be considered
for future new research, such as (1) performing systematic reviews on an aspect
specifically when applying blended learning (e.g., models, teaching designs, advan-
tages, challenges and solutions) in other fields of education, (2) conducting studies
on face-to-face components in blended learning, (3) conduct studies on the influence
of blended learning on the development of specific types of competencies and skills,
or (4) the effectiveness of different technological tools in blended learning, such as
mediating tool [69] and mechanism for evaluating distance education [70], and (5)
exploring the fundamental needs and satisfaction of learners in online learning [71].
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