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Abstract: Mathematical literacy is a crucial competency for 21st-century teachers to foster
critical thinking and problem-solving skills in various educational contexts. However, several
pieces of evidence suggest that many prospective teachers struggle to develop mathematical
literacy, which may hinder the effectiveness of mathematics learning. This study aims to provide
a comprehensive overview of the mathematical literacy of prospective teachers through a
systematic literature review of previous research. The study used the PRISMA protocol by
searching articles from five reputable databases (ERIC, ProQuest, Taylor & Francis, Emerald
Insight, and Scopus) using predefined inclusion and exclusion criteria. Of the initial search results
of 8659 articles, only 13 articles were eligible for further review after the screening and
duplication removal process. The analysis was focused on six research questions which included:
(1) the geographical distribution of the research, (2) the academic background of the research
subject, (3) the research topic, (4) factors that affect mathematical literacy, (5) the readiness of
prospective teachers, and (6) the form of debriefing by the teacher education program. The results
showed that the mathematical literacy of prospective teachers was influenced by both internal
factors, such as conceptual comprehension, self-efficacy, and anxiety, as well as external factors,
including pedagogical training and sociocultural contexts. However, most teacher education
programs have not optimally emphasized the development of contextual and applicative
mathematical literacy. This study highlights the importance of strengthening the teacher education
curriculum through a contextual, activity-based, and culturally responsive approach, enabling
prospective teachers to develop and effectively implement mathematical literacy in diverse
learning contexts.

Keywords: mathematical literacy, prospective teacher, systematic review, teacher education,
pedagogical preparation.

= INTRODUCTION

Mathematical literacy has become an important skill for being an active and
informed citizen in a world where data, technology, and complex social demands are
increasingly important. This global recognition is also reflected in international education
policy frameworks, most notably the United Nations' Sustainable Development Goals
(SDGs). Sustainable Development Goal 4 (SDG 4) aims to ensure inclusive and equitable
quality education, promoting lifelong learning opportunities for all (Boeren, 2019).
Within this framework, SDG Target 4.6 emphasizes the importance of functional literacy
and numeracy among youth and adults as basic competencies in achieving other SDG
targets (McKay, 2018). In this case, mathematical literacy is not only about acquiring
basic computation skills but also about enabling individuals to interpret and evaluate data,
solve authentic problems, and make reasoned decisions in personal, professional, and
civic domains (Pillai, 2017). A person who has good mathematical literacy, thinks
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critically about information, assesses risks, understands public policy issues, and
participates meaningfully in a democratic society. Therefore, improving mathematical
literacy, especially for prospective teachers, is a strategic step to support the achievement
of global education goals. This presents a challenge in various studies on how teacher
education programs can enhance mathematical literacy, not only by mastery of teaching
materials but also by the development of pedagogical skills and contextual understanding
needed to teach mathematics in a way that is relevant to the real world (Boeren, 2019;
McKay, 2018).

Concurrently, the OECD's Programme for International Student Assessment
(PISA) identifies mathematical literacy as a key indicator for assessing students' ability
to apply mathematics in real-life settings (OECD, 2023a). Mathematical literacy has been
described as an essential element among the international basic competencies considered
crucial in education (Platas & Sitabkhan, 2019; Rizki & Priatna, 2019). In this regard,
mathematical literacy extends beyond computational fluency; it encompasses the ability
to formulate, apply, and interpret mathematics in diverse and authentic situations (Genc
& Erbas, 2019; OECD, 2023c). This multidimensional view of literacy includes engaging
with mathematical problems situated in personal, societal, occupational, and scientific
contexts, requiring individuals to reason, justify, and communicate solutions effectively.
According to the PISA 2022 framework, mathematical literacy involves not only
cognitive competencies but also metacognitive awareness, such as selecting appropriate
strategies and evaluating the plausibility of results (OECD, 2023b). Such skills are
particularly vital in a world inundated with quantitative information, from interpreting
statistical reports in the media to making financial or health-related decisions. Thus,
mathematical literacy is not a domain-specific competence but a transversal one, pivotal
for lifelong learning and democratic participation.

The importance of improving mathematical literacy is also reflected by the
increasing need for critical, creative, and adaptive thinking in solving daily problems
(Maslihah et al., 2020; Singh et al., 2022). As nations strive to improve educational
outcomes and global competitiveness of teachers, especially prospective teachers who are
the central agents in fostering mathematical literacy among students (Dirgantoro, 2018;
Wery & Thomson, 2013). Teachers' mastery of mathematical literacy has a significant
impact on their students' learning experiences and achievement (Polk, 2006; Rizki &
Priatna, 2019). However, much evidencesuggests that many prospective teachers struggle
with key aspects of mathematical literacy, including contextual understanding, problem-
solving, and mathematical communication (Beswick et al., 2011; Yustitia et al., 2020).

From a theoretical perspective, this study adopts the PISA 2022 framework, which
defines mathematical literacy as "an individual's capacity to reason mathematically and
to formulate, employ, and interpret mathematics to solve problems in a variety of real-
world contexts" (OECD, 2023c, p. 28). This framework integrates three mathematical
processes (formulating, employing, and interpreting) which intersect with content (e.g.,
guantity, space, change) and context (e.g., personal, societal, occupational). It also
emphasizes the importance of cognitive demands such as problem-solving and reasoning,
and this model has proven influential in both research and curriculum development
globally (Genc & Erbas, 2019; Kramarski & Mizrachi, 2004).

Although mathematical literacy has received increasing attention, differing views
persist in the literature regarding the most effective way to develop it in teacher education.
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Some researchers recommend instilling literacy early through foundational courses and
mathematical modeling (Haara et al., 2017; Aydogan Yenmez & Gokge, 2023; Nurmasari
et al., 2023), the use of ICT in developing numeracy (Genlott & Gronlund, 2016; Hu et
al., 2018), or mathematical interventions in informal learning settings (Carter et al., 2024).
Other studies emphasize practice-based learning through learning design and culturally
relevant activities (Astambayeva et al., 2021; Kurniawan et al., 2024). Additionally, some
research highlights the affective factors, such as anxiety and low confidence, which
hinder prospective teachers' ability to engage with mathematical content meaningfully
(Bursal & Paznokas, 2006; Oren Vural & Sevgi, 2024). While these studies are valuable,
they have not addressed the specific roles and needs of prospective teachers. Prospective
teachers need not only to possess mathematical literacy but also to be able to develop and
transfer it to diverse students. Unfortunately, many teacher education programs still
struggle in integrating mathematical literacy in a meaningful and contextual way
(Bansilal et al., 2015; Mufiiz-Rodriguez et al., 2016).

In Indonesia, the low mathematical literacy scores in PISA (OECD, 2023a) have
led to national efforts, such as the Asesmen Kompetensi Minimum (AKM) initiative,
which aims to embed literacy in school assessments (Kemendikbud, 2022). However,
research indicates that Indonesian prospective teachers face difficulties in understanding
and applying mathematics in real-life contexts (Rahmawati et al., 2023; Yustitia et al.,
2020). This underscores the urgency for teacher education reform, not only in Indonesia
but globally.

To fill this gap, this study conducts a systematic literature review focused
exclusively on mathematical literacy among prospective teachers, with attention to
geographical trends, program structures, contributing factors, and educational strategies.
This SLR is distinct in its scope, offering both a synthesis of existing knowledge and a
foundation for improving policy and practice in teacher education. The following
predetermined research questions (RQs) have definite answers from this thorough
scientific review:

1. What is the geographical distribution of research sites? (To identify regional patterns,
gaps, and global equity in research, focus on prospective teachers.)

2. What study programs do the research subjects belong to? (To understand whether
mathematical literacy is being studied across different teacher education pathways
(e.g., primary vs. secondary).)

3. What research topics are related to the mathematical literacy of prospective teachers?
(To map current scholarly focus and discover underexplored themes or trends in the
field.)

4. What are the factors that affect the mathematical literacy of prospective teachers? (To
identify both internal (e.g., self-efficacy) and external (e.g., pedagogy, context) factors
that influence teacher development.)

5. How is the readiness of prospective teachers in helping to improve students’
mathematical literacy? (To assess perceived and actual readiness for teaching
mathematics in a literacy-oriented way.)

6. How does teacher education prepare prospective teachers for mathematical literacy?
(To evaluate which methods and strategies are most effective and identify areas for
improvement.)
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By answering these questions, this review aims to provide a comprehensive and
critical synthesis of existing studies, while offering insights that can inform curriculum
design, teacher preparation, and future research directions.

= METHOD

This study uses the Systematic Literature Review (SLR) approach to ensure a
systematic, comprehensive, and transparent review of the existing literature on
mathematical literacy in prospective teachers. The SLR design enables the identification
of patterns, gaps, and emerging themes from a wide array of sources. The study follows
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
protocol to ensure transparency and compliance with international standards. PRISMA
employs a systematic review process consisting of four stages: identification, screening,
feasibility assessment, and inclusion (Moher et al., 2009). Domain knowledge as a
researcher in the field of mathematics education with spesific expertise in mathematical
literacy and teacher prepparation was applied to refine the screening process, interpret
findings, and ensure relevance to educational contexts.

Research Design

This study employed a qualitative SLR design to systematically explore and
synthesize peer-reviewed literature addressing mathematical literacy among prospective
teachers. The review process was guided by four stages: identification, screening,
eligibility assessment, and inclusion, using the PRISMA model as illustrated in Figure 1.
The objective was to identify research trends, influential factors, and pedagogical
strategies relevant to the development of mathematical literacy in teacher education.

Identification of studies via databases and registers.

Records identified from:

1. ERIC Databases (n = 7623) Additional records
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Figure 1. PRISMA flowchart
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Search Strategy

The article search was conducted across five major academic databases relevant to
education and the social sciences, namely ERIC, ProQuest, Taylor & Francis, Emerald
Insight, and Scopus. These databases were selected due to their extensive indexing of
peer-reviewed literature in the field of educational research, including mathematics
education and teacher training. The search process was carried out in November 2024 and
followed a systematic and replicable protocol to ensure comprehensive coverage.

An expanded Boolean search string that included synonyms and related terms for
both mathematical literacy and the target population was employed to avoid potential
selection bias stemming from overly narrow terminology. The search keywords used
were: ("mathematical literacy” OR "mathematics literacy"” OR "quantitative literacy" OR
"numeracy™) AND ("prospective teacher" OR "preservice teacher" OR "student teacher"
OR "teacher candidate™) AND ("teacher education” OR "initial teacher training" OR
"teacher preparation™). This expanded query was intended to capture diverse formulations
and descriptors used in different educational and regional contexts, ensuring that
potentially relevant studies were not excluded due to terminological variation. Boolean
operators (AND, OR) were used strategically to maximize the inclusivity of the search
results without compromising relevance.

The database search using this refined query yielded a total of 8,659 articles,
distributed as follows: (1) ERIC: 7,623 articles, (2) ProQuest: 826 articles, (3) Taylor &
Francis: 23 articles, (4) Emerald Insight: 5 articles, and (5) Scopus: 182 articles. The
entire review process, including the stages of identification, screening, eligibility, and
inclusion, is illustrated in Figure 1 using the PRISMA flow diagram. This structured and
transparent procedure supports the reproducibility and credibility of the review findings.

Inclusion and Exclusion Criteria
Screening Stage

Screening criteria were carefully designed to refine the initial search result set to a
collection of studies that were methodologically sound, topically relevant, and timely.
The goal of this stage was to ensure that only articles meeting a predetermined set of
scholarly standards were included in subsequent analyses.

Specifically, the screening aimed to: (1) ensure temporal relevance by limiting the
corpus to studies published between January 2015 and October 2024, thus reflecting
current practices and educational discourse on mathematical literacy and teacher
preparation; (2) maintain academic rigor by including only peer-reviewed, empirical
journal articles, thereby ensuring that the selected studies have undergone critical
scholarly evaluation and presented original data; (3) guarantee linguistic accessibility by
restricting the review to English-language publications, enabling consistent interpretation
and minimizing translation-related biases; (4) ensure access and usability by including
only full-text articles, whether open-access or accessible via institutional subscriptions,
to facilitate in-depth appraisal; (5) maximize topical relevance by focusing on studies that
explicitly addressed mathematical literacy about prospective, preservice, or student
teachers; and (6) limit disciplinary scope to the field of mathematics education or teacher
education, to maintain conceptual coherence with the research objectives.

These multilayered filters contributed to enhancing the objectivity and
reproducibility of the review process. The complete inclusion and exclusion criteria
applied during the screening stage are summarized in Table 1.
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Table 1. Criteria of inclusion and exclusion in the screening stage

Criteria Inclusion Exclusion

Year of Articles published between Articles published before 2015 or after

publication January 2015 and October 2024  October 2024
to capture recent developments

Type of Peer-reviewed empirical studies ~ Non-empirical works (e.g.,

publication articles, including qualitative, conceptual papers, editorials),
quantitative, or mixed-methods  proceedings, or book chapters

Language Avrticles written in English for Avrticles in languages other than
consistency in interpretation English

Access Full-text available (open access  Abstract-only articles or articles
or through institutional access) behind paywalls without institutional

access

Topical Focus on mathematical literacy in Irrelevant focus; articles that mention

relevance the context of prospective keywords without substantive
teachers or teacher education. engagement

Field of study Situated within the field of Conducted in non-educational
mathematics education or teacher disciplines (e.g., engineering,
education economics, general pedagogy)

Eligibility Stage

Following the initial screening process, a total of 1,842 articles remained for further
eligibility assessment after removing two duplicate entries. This stage involved a more
rigorous evaluation of the articles' content and relevance to ensure alignment with the
research objectives and to reduce selection bias that may have occurred due to the use of
broad search terms.

The eligibility assessment involved four primary criteria: the relevance of the title
and keywords, alignment of the research focus, disciplinary fit, and full-text availability.
Articles were excluded at this stage based on a more detailed reading of abstracts and,
when necessary, complete texts. Specifically, 1,738 articles were excluded because they
were tangential or unrelated to mathematical literacy in prospective teachers, despite
matching some of the search terms. These typically included studies that mentioned
mathematical literacy but focused on students in general, early childhood education, or
digital literacy unrelated to mathematical content. An additional 74 articles were excluded
because they lacked empirical grounding, were too generic, or fell outside the discipline
of mathematics education, such as studies in pure mathematics, engineering, or education
technology without a pedagogical application. Table 2 outlines the inclusion and
exclusion criteria for articles at the eligibility stage.

Table 2. Criteria of inclusion and exclusion in the eligibility stage

Criteria Inclusion Exclusion
Acrticle title & Reflect the study's focus on Use of keywords without substantive
keyword mathematical literacy and focus, an ambiguous or misleading
prospective teachers. title, and an abstract
Content Addresses at least one of the Lacks focus on teacher education, or
relevance research questions or discusses mathematical literacy, which is not

empirical findings related to ML. central to the study
Disciplinary Situated in mathematics Belongs to unrelated fields (e.g.,
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focus education or teacher education statistics, engineering, general
pedagogy without a math context)
Accessibility Fully accessible (either open Only abstracts are available or
access or institutional access) inaccessible due to paywalls
Research design  Presents empirical findings with a Theoretical, opinion-based, or lacking
transparent methodology methodological description

To ensure methodological rigor and minimize the risk of bias in the review, the 13
articles that met the eligibility criteria were further subjected to a manual quality
appraisal. Although no specific software tools such as MMAT or CASP were applied
digitally, the core principles from these frameworks were adopted in evaluating the
studies. Each article was examined based on the clarity of its research objectives, the
suitability of its design and methods, the transparency of data collection and analysis, the
relevance to the review focus, and the presence of reflections on limitations or ethical
considerations. Articles that met most of these criteria were retained in the final synthesis.
While some studies did not explicitly mention ethical procedures or had limited
discussion of study limitations, they were nevertheless included due to the robustness of
their design and strong relevance to the research questions. This internal quality screening
ensured that only credible, peer-reviewed, and thematically aligned research was
incorporated into the final analysis. Through this careful and transparent eligibility
process, the final selection consisted of 13 empirical journal articles that offer meaningful
insights into the landscape of mathematical literacy in prospective teacher education,
forming the basis for the next stage: data analysis and synthesis.

Data Analysis

This review analyzed thirteen selected studies using a thematic analysis approach,
based on the six steps introduced by Braun & Clarke (2006). The process begins with
repeated readings to understand the content and identify initial insights, followed by
manual coding of relevant concepts, keywords, and patterns. These initial codes were
grouped into potential themes, which are then reviewed and refined to ensure clarity and
consistency. Refined themes were then defined and named to represent the main ideas in
the data, before being organized into a narrative of the findings that integrates with the
study's objectives.

The entire process was conducted manually, without the aid of software such as
NVivo. A structured data extraction form was used to ensure consistency, including
metadata, study characteristics, and relevance to the research questions. The resulting
themes were mapped to six primary research questions and classified into internal factors
(such as self-efficacy, cognitive abilities, and affective dispositions) and external factors
(such as curriculum, institutional policies, and pedagogical strategies). This approach
helped systematically organize the findings and reveal patterns across educational
contexts and regions. Details of each study and its characteristics are presented in Table
3, which forms the basis for the synthesis in the results section.

Table 3. List of reviewed articles

Research Instruments

No Author Year Title Country Design Participants Used Key Findings
1 Gller& 2017 Mathematical Turkey Qualitative 63 prospective 5 written PISA- Many participants struggled
Avrslan Competencies high school style tasks to distinguish between

Required by mathematics “competency” and




1362

Jurnal Pendidikan MIPA, 26 (3), 2025, 1355-1376

No Author Year

Title

Research

Country Design

Instruments

Participants Used

Key Findings

Mathematical
Literacy Problems

teachers

“process.” There is limited
awareness among
prospective teachers about
the competencies required
by mathematical literacy
tasks.

2 Lestariet 2018

Gender differences

Indonesia Mixed-

157 prospective Mathematical

Female students performed

al. in prospective method teachers literacy test better in mathematical
teachers' literacy than their male
mathematical counterparts. Females
literacy: problem exhibited stronger reasoning
solving in the and interpretation skills.
occupational
context of a
shipping company

3 Suharta & 2018 A Case Study on Indonesia Qualitative 12 prospective  Test and Mathematical literacy levels

Suarjana Mathematical (Case Study) elementary interview guide were generally low. Females
Literacy of school teachers and students with strong
Prospective mathematical skills
Elementary School performed better. Content
Teachers strength varied: strongest in
statistics/probability,
weakest in
algebra/functions.

4 llhanet 2019 What is the Turkey Quantitative 232 prospective Visual There is a positive
al. predictive power of (correlationa teachers Mathematics correlation between visual

visual mathematics | study) Literacy mathematics literacy
literacy perception Perception Scale, perception and success in
and its sub- Geometry Test geometry. Visual literacy is
dimensions for a significant predictor of
geometry success? performance in geometry.

5 Aydin & 2019 The PISA Tasks: Turkey Mixed 52 prospective  26-item PISA  Significant difficulties were
Ozgeldi Unveiling methods elementary test + interviews found in contextual and

Prospective mathematics conceptual knowledge.
Elementary teachers (12 Procedural understanding
Mathematics interviewed) was better, but many
Teachers’ struggled to explain their
Difficulties with reasoning mathematically.
Contextual,
Conceptual, and
Procedural
Knowledge

6 Ozgen 2019 Problem-Posing Turkey Qualitative 13 preservice and3 open-ended  Most posed problems were
Skills for case study five in-service ML problem-  open-ended and fell under
Mathematical mathematics posing tasks occupational/personal
Literacy: The teachers contexts. Teachers
Sample of Teachers outperformed preservice
and Preservice teachers in posing
Teachers mathematically rich

problems.

7 Hall& 2019 Australia's literacy ~ Australia Descriptive 20 teacher LANTITE High-achieving students
Zmood and numeracy test analysis education numeracy test  displayed stronger skills in

for initial teacher students (top 10 data interpreting and applying

education students: and bottom 10 mathematical information.

Trends in numeracy scorers on The study recommends

for low- and high- LANTITE enhanced institutional

achieving students numeracy) support for low achievers to
develop numeracy
competency.

8 Canbazog 2020 An activity-based Not  Mixed- 73 preservice  Achievement  Activity-based teaching
lu& practice for mentioned methods elementary test, awareness  significantly improved
Tarim improving (embedded teachers test, reflective  mathematical literacy and

mathematical design) interviews, awareness, with cooperative
literacy and teaching learning enhancing
awareness of activities problem-solving and

elementary school
teacher candidates

reflective thinking skills.
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No Author Year Title

Country

Research

Design Participants

Instruments
Used

Key Findings

9 Astambay 2021 Algorithmic

Kazakhsta Experimenta 86 preservice

Diagnostic tests

A special course on teaching

evaetal. methodological and n& |study primary teachers (Bloom's algorithms significantly
mathematical Russia (42 control, 44 taxonomy), improved the algorithmic,
literacy of the future experimental) + questionnaires, methodological, and
primary education 38 in-service and interviews mathematical literacy of
teacher: Perspective teachers preservice teachers; the
of learning achievement of the
technology experimental group

increased from 25% to 73%.
10 Aydogan 2023 Investigating the Not  Mixed 113 preservice  Computer-based Mathematical modeling

Yenmez Role of Modeling mentioned methods mathematics PISAtest (21  practices significantly
& Gokee Practices on (thoroughly teachers items), semi- improved participants'
Mathematical mixed structured contextual and conceptual
Literacy concurrent interview understanding; however,
equal status) they struggled to connect
mathematics to real-life
contexts.
11 Rahmawa 2023 Profile of Indonesia Qualitative 28 students Mathematical ~ Students with high learning
tietal. Mathematical descriptive (initial literacy test independence demonstrated
Literacy of participants); 6  (integral calculus proficiency in all seven

Prospective Teacher
Students in Solving
Integral Calculus
Problems Seen from
Learning
Independence

students
(analyzed in-
depth: 2 high, 2
moderate, 2 low
learning
independence)

problems),
Learning
Independence
Questionnaire,
and interviews.

indicators of mathematical
literacy. Those with
moderate independence
achieved most indicators but
had difficulties in using
symbolic operations.
Students with low
independence may struggle
to model problems
mathematically or interpret
data accurately, which can
lead to incorrect solutions.

12 Kurniawa 2024 Integrating cultural

Indonesia Qualitative Preservice

Observations,

Integrating local cultural

netal. artifacts and ethnographicteachers, mentor interviews, and artifacts into lesson planning
traditions from study teachers, and 2 cultural artifact enhanced students'
remote regions into local cultural ~ analysis mathematical literacy,
developing leaders particularly in geometry,
mathematics lesson and promoted culturally
plans to enhance relevant and meaningful
mathematical learning experiences.
literacy

13 Oren 2024 An Investigation of ~ Turkey Systematic - (100 studies  Publishing Most studies have focused
Vural & Mathematics review analyzed) Classification  on perceptions, attitudes,
Sevgi Education Studies Form and pedagogical content

Conducted with
Turkish Primary
Teachers

knowledge, using mainly
quantitative methods with
small sample sizes.
Geometry was the most
studied topic among the
learning areas.

= RESULT AND DISSCUSSION

The findings of the 13 selected articles will be presented explicitly based on the
topic derived from the research question. The findings will be carefully analyzed and
synthesized to provide a comprehensive overview of this research.

QRL1. Geographical Distribution of Research Sites

Research on mathematical literacy among prospective teachers was conducted in
various locations, covering several countries with diverse geographical backgrounds. Of
the 13 articles from a systematic review of the PRISMA process, eleven articles came
from four countries, while the other two did not include country names. Of the four
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countries, Turkey dominates the distribution of research sites with a percentage of 45%
(Aydm & Ozgeldi, 2019; Giiler & Arslan, 2019; llhan et al., 2019; Oren Vural & Sevyi,
2024; Ozgen, 2019), followed by Indonesia with a percentage of 36% (Kurniawan et al.,
2024; Lestari et al., 2018; Rahmawati et al., 2023; Suharta & Suarjana, 2018), and 9%
each from Australia (Hall & Zmood, 2019) and Kazakhstan (Astambayeva et al., 2021).
This pattern may reflect a regional research focus driven by systemic needs to improve
mathematical literacy. For example, both Turkey and Indonesia have launched national
initiatives that emphasize mathematical competencies in their school curricula (e.g.,
Turkey's integration of mathematical literacy and Indonesia's Minimum Competency
Assessment, implemented since 2020). These policies may have stimulated empirical
studies in teacher education to support improvements in student achievement. A recent
review of mathematical literacy research also reveals a notable contribution from Turkey
and Indonesia, underscoring this regional concentration (Kappassova et al., 2025). The
distribution of countries is shown in Figure 2.

e Mo

#T Kadakhstan (1)
key@ Q. LT

%nﬁbneé»?é @
Ny,

Autralia (1)

) 8, A (
Y 5 =g

Figure 2. Article distribution by research site country

An interesting comparison among these four countries is related to their
participation and positioning in the PISA. Turkey is a PISA member and has varied
performance in mathematics. According to the 2018 PISA Results, Turkey was ranked
39th out of 81 nations in terms of mathematical literacy (OECD, 2023a). Thus, Turkey
has an opportunity to increase mathematical literacy outcomes among students and
prospective teachers. Indonesia has a relatively lower PISA assessment score compared
to Turkey. Based on the results of PISA 2022, Indonesia ranks 70th out of 81 countries
in terms of mathematical literacy (OECD, 2023a). Research in Indonesia often
emphasizes the importance of contextualizing mathematics learning within local cultural
contexts to develop mathematical literacy skills, in addition to enhancing student
performance at the international level. In PISA 2022, Kazakhstan ranks 46th out of 81 in
the math literacy ranking (OECD, 2023a). It means the country is positioned in the middle
and actively finds solutions to improve mathematical literacy through much research
among prospective teachers. Australia, one of the participants in this study, has the
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highest PISA rating among Turkey, Indonesia, and Kazakhstan. In the 2022 PISA test,
Australia ranked 17th out of 81 countries in terms of mathematics literacy (OECD,
2023a). It means that the mathematical performance of Australian students is above
average; however, the mathematical literacy of prospective teachers requires more
research to improve and maintain a higher international ranking.

Some studies do not explicitly identify the research locations, indicating the need
for more equitable global representation. The focus on teacher education in some
countries also reflects strategic reform agendas and the drive to improve international
rankings, which drives research in this area. However, it is important to remember that
similar interventions can have varying impacts across countries due to social, economic,
and cultural differences. Factors such as classroom norms, levels of teacher autonomy,
and access to digital technology can influence the implementation and acceptance of
mathematical literacy programs (Chan et al., 2021; Jurdak, 2018). Therefore, cross-
national research should seriously consider contextual factors when evaluating the
effectiveness and replicability of a learning model.

QR2. Subjects’ Academic Background

The research subjects are primarily prospective teachers enrolled in the teacher
training program. Of the 13 articles, the research subjects of 7 articles (54%) were
mathematics education students (Aydogan Yenmez & Gokege, 2023; Giiler & Arslan,
2019; llhan et al., 2019; Kurniawan et al., 2024; Lestari et al., 2018; Ozgen, 2019;
Rahmawati et al., 2023), five articles (38%) were primary education students
(Astambayeva et al., 2021; Aydin & Ozgeldi, 2019; Canbazoglu & Tarim, 2020; Kiziltepe
et al., 2020; Subarta & Suarjana, 2018), and 1 article (8%) was both mathematics and
primary education students (Hall & Zmood, 2019). This means that the studies carried
out not only focus on prospective teachers from the mathematics education study program
but also from the elementary education study program. This is particularly relevant,
considering that primary education teachers play a crucial role in laying the foundation
for students' mathematical literacy in the early stages of learning (Yustitia et al., 2020).

However, despite the involvement of prospective primary education teachers, the
study remains limited in scope because its focus has yet to expand to other subject
teachers, such as science, social studies, or economics teachers. Expanding the focus
beyond mathematics and primary education teachers is crucial, as mathematical literacy
is relevant across disciplines. PISA emphasizes that mathematical literacy encompasses
the ability to understand and apply mathematics in real-life contexts (OECD, 2023c).
Mathematical literacy is a cross-disciplinary ability that must be taught not only by
mathematics or basic education teachers but also by teachers of other subjects (Bolstad,
2020), such as computer science, physics, geography, or biology that inherently use
mathematical concepts in their learning (Kuznetsova et al., 2023). Therefore,
strengthening mathematical literacy among prospective teachers from diverse academic
backgrounds ensures students receive a well-rounded education, fostering problem-
solving and analytical thinking across multiple disciplines.

These limitations highlight the need for more comprehensive research on
mathematical literacy to ensure that prospective teachers from diverse backgrounds have
adequate competence. By integrating mathematical literacy across various discourses,
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students can develop these skills in broader dimensions, helping them understand
everyday phenomena and prepare for potential challenges.

QR3. Topics in Mathematical Literacy

Based on the 13 articles analyzed, they could be grouped into two big topics
associated with mathematical literacy research topics for prospective teachers: (1)
mathematical literacy competencies and challenges in teaching; (2) mathematical literacy
in social, cultural, and learning contexts.

The first topic, competencies in mathematical literacy and related challenges in
pedagogy, combines prospective teachers' mathematical literacy skills with the
challenges they face in developing these competencies. Several studies on the
competencies and factors influencing mathematical literacy among prospective teachers
highlight various crucial dimensions of mathematical skills. For example, llhan et al.
(2019) investigate knowledge of visual mathematical literacy and its correlation to
students’ performance in geometry, while also examining how this type of literacy can be
used to predict performance in that area. Furthermore, the study by Aydin & Ozgeldi
(2019) on the knowledge needed to solve PISA-related problems and the difficulties faced
by prospective teachers related to contextual, conceptual, and procedural knowledge.
Subsequent research by Guler & Arslan (2019) further elaborated on prospective teachers'
awareness of critical competencies in answering PISA-related items and distinguishing
between mathematical processes and skills required for solving them. Another important
question is the development of algorithmic, methodological, and mathematical literacy,
which is necessary in successful didactics (Astambayeva et al., 2021). Conversely, Oren
Vural & Sevgi (2024) and Canbazoglu & Tarim (2020) investigate the influence of
mathematical anxiety on prospective teachers' performance, emphasizing the importance
of improving pedagogical content knowledge and effective teaching methods to enhance
their mathematical literacy.

The second topic examines how social, cultural, and educational contexts influence
mathematical literacy. Therefore, research was conducted by integrating culture and
social context into mathematics learning. For instance, Kurniawan et al. (2024)
demonstrate how local cultural artifacts and traditions become integral to mathematics
learning by a process of mathematization that is contextually relevant to the local culture.
This enhances mathematics learning by connecting mathematical concepts with regional
culture. Ozgen (2019) provides information about mathematical literacy, elaborating on
the meaning and component structure. This suggests that it plays an essential role in a
person's development and interacts with other forms of literacy embodied in the curricula
within the classrooms. This shows the importance of improving mathematical literacy
beyond classroom walls. On the contrary, Hall & Zmood (2019) refer to concerns about
linguistic complexity embedded in mathematical literacy tasks and the effects of
socioeconomic status on individuals' numeracy and mathematical understanding. This is
another critical reason that more inclusive and interpretable problem formulations should
be devised. Lastly, Lestari et al. (2018) and Suharta & Suarjana (2018) examine the
influences of gender differences on prospective teachers' communicative competencies
and mathematical reasoning two significant issues in education concerning equity and
inclusion toward mathematical literacy for all.
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In summary, these studies show that the mathematical literacy of prospective
teachers cannot be captured by just one dimension or view; instead, it is a complex
construct containing many elements that need to be formed, such as deep knowledge of
mathematics and skill in teaching mathematics effectively, about social, cultural, and
everyday situations. As such, the preparation of prospective teachers should emphasize
the interaction between technical, pedagogical, and sociocultural contexts to develop
influential and meaningful teaching practices. Prospective teachers should possess more
than just a superficial knowledge of mathematics; they should gain a deep understanding
of the subject area to become proficient in presenting and representing ideas, participating
in problem-solving activities, and applying mathematical thinking (Gearhart, 2007). A
deep understanding of mathematical concepts should enable teachers to relate these
theories to real-life problems encountered in everyday life (Afifah et al., 2018).
Prospective teachers must develop a deep understanding of theoretical models, enabling
flexible application of concepts in various contexts (Fenwick et al., 2013). Educators
should be able to communicate their understanding of abstract theories to students clearly
and in a relatable manner, thus making the information clear and relevant to real-life
situations (Lojo, 2011; Ratinen et al., 2015).

QRA4. Factors Influencing Mathematical Literacy

The factors that influence the mathematical literacy of prospective teachers could
be categorized into internal and external components. The internal factors include
different aspects that pertain to individual ability and individual characteristic, such as (1)
perception of visual mathematical literacy (llhan et al., 2019); (2) self-efficacy or self-
confidence (llhan et al., 2019); (3) mastery of different types of knowledge, whether
conceptual, procedural, and contextual knowledge (Aydin & Ozgeldi, 2019); (4) the
ability in applying knowledge in solving mathematical problems (Aydin & Ozgeldi,
2019); (5) the ability in representing mathematical ideas in various forms, such as
symbols, images, or language (Rahmawati et al., 2023); (6) problem-solving skill
(Rahmawati et al., 2023); (7) critical thinking skill (Rahmawati et al., 2023); (8)
mathematical communication (Rahmawati et al., 2023); (9) mathematical anxiety (Lestari
etal., 2018; Oren Vural & Sevgi, 2024); (10) confidence in teaching (Oren Vural & Sevgi,
2024; Ozgen, 2019); and (11) belief in problem-solving (Ozgen, 2019). Internal factors,
such as perception, self-confidence, and expertise in all dimensions of mathematical
knowledge (conceptual, procedural, and contextual), suggest that mathematical literacy
is closely related to an individual's ability to understand and apply mathematics broadly.
For example, high self-efficacy may encourage prospective teachers to participate more
actively in mathematics learning. On the other hand, some aspects, such as the ability to
explain mathematical concepts and communicate effectively in mathematics, reveal that
mathematical literacy encompasses dimensions of interpersonal skills, empowering
prospective teachers to share knowledge effectively with their learners. Fear of
mathematics remains a significant factor that warrants attention when designing teacher
education programs. Thus, developing these internal factors requires an integrated
approach that strengthens confidence and incorporates relevant problem-based learning.

On the other hand, external factors affecting mathematical literacy in prospective
teachers relate more to conditions outside the individual, which may influence their
learning and teaching practice. These external factors are: (1) the use of teaching
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materials, technology, or other relevant resources (llhan et al., 2019); (2) pedagogical
training and exercises (Astambayeva et al., 2021); (3) the integration of local culture in
mathematics learning (Kurniawan et al., 2024); (4) the academic background of
prospective teachers regarding academic achievement and admission through national
selection (Subarta & Suarjana, 2018); (5) availability of adequate technology and
educational resources (Hall & Zmood, 2019); (6) the quality of pedagogical training that
involves practical experience and the application of real problems through the curriculum
(Astambayeva et al., 2021); (7) exposure to problem-solving methodologies applied in
the pedagogical training of prospective teachers (Canbazoglu & Tarim, 2020); (8)
socioeconomic status, which may affect the access of prospective teachers to relevant
educational resources (Hall & Zmood, 2019); (9) the context in which mathematical
knowledge is applied, such as in personal life, at work, or in society(Aydogan Yenmez &
Gokee, 2023; Suharta & Suarjana, 2018); and (10) designing activities that focus on the
development of mathematical literacy (Canbazoglu & Tarim, 2020). These external
factors, such as the quality of pedagogical training and access to technology, become
important in supporting prospective teachers' mathematical literacy. Systematically
designed and practice-oriented training, when combined with appropriate educational
technology, can expand prospective teachers' abilities to apply mathematical concepts in
various authentic learning contexts. Furthermore, integrating local cultural elements into
mathematics learning can make mathematics more relevant and enrich their mathematical
literacy. Other factors, such as prospective teachers' socioeconomic status and educational
background, also underscore the importance of policies that ensure equal access to
educational resources. Therefore, improving mathematical literacy requires a holistic
approach that focuses on enhancing personal competencies and creating a conducive
learning environment through inclusive education policies, high-quality training, and
engaging learning experiences.

It is also important to consider the interaction between internal and external factors,
as they are not isolated. High-quality external factors, such as access to practical
pedagogical practice and adequate technological resources, have positively influenced
internal factors such as self-efficacy, confidence, and motivation in mathematics teaching
(self-efficacy in teaching mathematics is linked to pedagogical practice) (Berg et al.,
2025). Research on technology integration also indicates that increased knowledge of
technology enhances self-efficacy and promotes the use of technology in teaching
mathematics, creating a reinforcing cycle between external resources and internal
capabilities (David et al., 2023). Likewise, strong internal dispositions, such as high self-
confidence and a strong belief in problem-solving abilities, enable prospective teachers
to utilize external learning opportunities more effectively. This synergistic interaction
suggests that the development of sustainable mathematical literacy requires an integrative
strategy that simultaneously develops individual capacity and provides a supportive
learning environment. Such an approach not only strengthens prospective teachers'
pedagogical readiness but also enhances their resilience in facing the complex and
contextual challenges of teaching mathematics.

QRS. Prospective Teachers’ Readiness
The readiness of prospective teachers to promote students' mathematical literacy
varies significantly, depending on factors such as individual mathematical knowledge,
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training experiences, and confidence in their mathematics skills. A review of the 13
articles reveals that while some prospective teachers appear well-prepared, others require
additional preparation.

Some prospective teachers think they are ready because they have relevant skills
and knowledge that boost their confidence. Some research studies show that
understanding mathematics visual literacy helps better prepare students for improving
mathematics literacy (llhan et al., 2019). Prospective teachers with a high level of
mathematical literacy and independence in learning are better prepared to involve
students in mathematical reasoning and problem-solving activities (Rahmawati et al.,
2023). Moreover, prospective female teachers typically demonstrate better logical
reasoning and a deeper understanding of mathematical concepts, indicating their
readiness for teaching (Lestari et al., 2018). Targeted teaching, which may include
courses on mathematical literacy, helps increase individuals' understanding and capacity
to organize relevant issues (Ozgen, 2019). Involvement in designing activities and
problem-solving tasks provides them with experience-based knowledge vital to
developing teaching skills (Canbazoglu & Tarim, 2020). Further, the experience of lesson
modelling enables them to articulate mathematical arguments more and connect
theoretical ideas to real-life contexts, thus better preparing them (Aydogan Yenmez &
Gokee, 2023). This highlights the importance of enhancing the mathematical literacy of
prospective teachers through effective planning in educational programs, including
courses on mathematical literacy and experiential learning activities such as creating
culturally embedded lessons and modeling. However, many prospective teachers need
help improving students' mathematical literacy due to various challenges.

Some studies have revealed that prospective teachers struggle with completing
PISA tasks, indicating a need to improve their mathematical knowledge and problem-
solving skills (Aydin & Ozgeldi, 2019). Many of them feel unprepared because of
mathematical anxiety and a lack of self-confidence in their mathematical abilities (Oren
Vural & Sevgi, 2024). Moreover, since mathematical skills and understanding contribute
to their readiness, low levels of mathematical literacy indicate that their capacities should
be enhanced (Suharta & Suarjana, 2018). Now, the central obstruction becomes the
incomprehension of the mathematical processes and skills needed for teaching
mathematical literacy, while some demonstrate fluency in problem-solving (Gller &
Arslan, 2019).

In reality, several prospective teachers still struggle to generate pertinent and
influential mathematical problems, which is an indicator of the missing competencies
(Hall & Zmood, 2019). Ultimately, insufficient mastery of basic algorithms related to
elementary school mathematics may hinder teachers' ability to successfully teach these
concepts to their students (Astambayeva et al., 2021). That is why preparing prospective
teachers requires a complex approach, including psychological support to address
mathematical anxiety, enhanced training on PISA tasks, and providing educational
materials, all of which facilitate a deeper understanding of mathematical procedures.

QRE6. Preparation by Teacher Education Programs

Teacher education programs are currently engaging in practices that impact the
preparation of future teachers to achieve maximum mathematical literacy. According to
the reviewed articles, improvements in future teachers' knowledge and skills, the
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integration of cultural and visual contexts, and curriculum strengthening all contribute to
mathematical literacy.

First, the development of knowledge and skills becomes the primary focus; for
example, teacher education programs emphasize the integration of contextual and
procedural knowledge, intending to improve prospective teachers' understanding of
mathematics and how to teach it (Aydin & Ozgeldi, 2019; Aydogan Yenmez & Gokge,
2023). Furthermore, prospective educators receive training to develop advanced cognitive
abilities, including problem-solving and critical thinking, essential for effective
mathematics instruction. Problem-based and cooperative learning approaches equip
individuals with important competencies (Canbazoglu & Tarim, 2020; Rahmawati et al.,
2023). In line with this, specialized training on algorithms and mathematical concepts has
been incorporated into the educational curriculum for prospective teachers, providing
theoretical understanding while acquiring practical skills during the learning process
(Astambayeva et al., 2021; Oren Vural & Sevgi, 2024).

The second is achieved by incorporating mathematical literacy as a core component
of teacher education programs. Other programs would also include more specific
coursework that focuses on developing mathematical literacy, along with the proper use
of language and mathematical symbols in teaching practice (Guler & Arslan, 2019;
Lestari et al.,, 2018; Ozgen, 2019; Suharta & Suarjana, 2018). This ensures that
prospective teachers not only understand mathematics but can also teach it in a relevant
and applicable manner. Third, integrating cultural and visual contexts into mathematics
instruction is crucial for enhancing mathematical literacy preparation. Teacher education
inspires prospective teachers to incorporate the cultural context into learning, such as
utilizing local artifacts, to connect with students' lives and foster creativity (Kurniawan et
al., 2024).

Furthermore, it stresses the visual approach to mathematics education. It leads
prospective teachers to use visual representations while developing their understanding
of mathematical concepts, thereby enhancing their practice in mathematics teaching
(llhan et al., 2019). Finally, preparing prospective teachers for tests and challenges within
the teaching practice comes with resource support and assessment. More resources of this
nature are available, which teacher education programs help foster aspiring teachers, pass
graduation exams like LANTITE, and support a career in teaching (Hall & Zmood, 2019).

The methods used in teacher education to prepare future teachers for mathematical
literacy suggest that such preparation encompasses a comprehensive and integrated
system. Effective teaching requires combining content knowledge, pedagogical
knowledge, and pedagogical content knowledge (Lojo, 2011). Developing in-depth
mathematical knowledge, high-level thinking skills, and applying contextual and visual
approaches demonstrates an effort to ensure that prospective teachers not only understand
mathematical theories but also apply them effectively. However, it can also teach them in
a relevant and creative way. Strengthening the curriculum by adding a mathematical
literacy course also reflects the importance of emphasizing teaching based on a broader
range of competencies, which will facilitate the development of students’ mathematical
literacy in the classroom. Resource support, provided in the form of practice tests and
exam strategies, is also critical in preparing prospective teachers to face the challenges of
exams and implement learning in the field.
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Efforts to strengthen mathematical literacy are also reflected in curriculum
innovations, such as including a dedicated mathematical literacy course designed to
expand prospective teachers' competencies in applying mathematics in real-life contexts
and encourage reflection on their roles as educators. Furthermore, resource support—such
as the provision of practice questions, exam simulations, and strategies for dealing with
professional assessments—also plays a role in strengthening their readiness to face
challenges both in the certification process and in authentic teaching practice in the field.
However, several challenges remain. One key challenge is ensuring that the mathematical
literacy training provided is not merely superficial but truly strengthens deep conceptual
understanding, meaningful contextual connections, and reflective problem-solving
strategies. Winter (2014) emphasized that teacher education programs must explicitly
strengthen fundamental mathematical knowledge, an understanding of the various
contexts in which mathematics is used, and problem-solving skills as part of
comprehensive mathematical literacy. Furthermore, consistent implementation of
mathematical literacy programs across teacher education institutions also needs to be
maintained to ensure equitable and sustainable quality.

Research Limitations

This study has several limitations that must be acknowledged as part of intellectual
honesty. First, the number of reviewed articles was limited to publications available in
selected databases within a specific timeframe, which may not fully represent the global
development of ICT integration for regulated learning in mathematics education. Second,
although a systematic review process was followed, potential bias in article selection and
interpretation cannot be eliminated. Third, this study has not thoroughly examined how
socioeconomic and cultural contexts influence the effectiveness of similar technological
interventions, despite these factors being critical in determining the success of educational
approaches across different countries (Jurdak & Shahin, 2001; Bakker, Cai, & Zenger,
2021).

Future Research Directions

Based on the findings and limitations above, future research is recommended to: (1)
broaden the scope by including articles published in multiple languages and from a
broader range of databases; (2) investigate the effectiveness of ICT-based approaches in
diverse socioeconomic and cultural settings, in order to explain how local characteristics
influence regulated learning processes; (3) conduct empirical studies to examine the direct
implementation of ICT for supporting self-regulated and co-regulated learning in
mathematics classrooms; and (4) explore how the success of digital interventions may
relate to other variables such as teacher digital readiness, types of devices used, and
national curricula. These directions could generate more context-sensitive and practical
insights for educators and policymakers.

= CONCLUSION

This study answers a central question in mathematics education: How prepared are
prospective teachers to foster mathematical literacy in their future classrooms? A review
of 13 empirical studies, primarily from countries with moderate to low PISA
performance, reveals that the mathematical literacy of prospective teachers is influenced
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not only by academic training but also by cultural context, pedagogical orientation, and
exposure to real-life problem-solving experiences. Stronger outcomes are linked to
teacher preparation programs that embed interdisciplinary thinking, model-based
reasoning, and PISA-aligned tasks into authentic learning experiences. These findings
collectively affirm that mathematical literacy is not merely a competency to be tested—
it is a mindset that future educators must internalize and transfer meaningfully to their
students.

The implications of this research for teacher education policy and practice are that
curriculum designers must ensure that mathematical literacy is integrated as a core,
assessable element of teacher preparation, not being treated as an add-on. Teacher
education institutions should develop modules and simulations that explicitly integrate
mathematics concepts in real-world applications, especially within culturally relevant
contexts, and provide differentiated support for prospective teachers depending on their
readiness levels. Providing structured opportunities for reflection, microteaching, peer
collaboration, and scaffolding of complex tasks can bridge the gap between theoretical
understanding and classroom practice. Although this review is limited by the
geographical concentration of studies and the absence of longitudinal data, it opens up
meaningful directions for future research, particularly in exploring how literacy-focused
interventions shape professional identity and classroom effectiveness over time.
Ultimately, strengthening the mathematical literacy of prospective teachers is not only
about enhancing individual competencies but also about shaping future classrooms where
students experience mathematics as a relevant, empowering, and socially meaningful
discipline. If we invest in teachers' capacity to teach mathematics with insight and
purpose, we invest in a more numerate, critical, and thoughtful generation ahead.

» REFERENCES

Afifah, A., Khoiri, M., & Qomaria, N. (2018). Mathematics preservice teachers’ views
on mathematical literacy. International Journal of Trends in Mathematics
Education Research, 1(3), 92-94. https://doi.org/10.33122/ijtmer.v1i3.45

Astambayeva, Z., Zhumabayeva, A., Romanova, M., Nygymanova, N., Bazarbekova, R.,
& Nizamova, M. (2021). Algorithmic methodological and mathematical literacy of
the future primary education teacher: Perspective of learning technology. World
Journal on Educational Technology: Current Issues, 13(4), 758-774.
https://doi.org/10.18844/wjet.v13i4.6263

Aydm, U., & Ozgeldi, M. (2019). The PISA tasks: Unveiling prospective elementary
mathematics teachers’ difficulties with contextual, conceptual, and procedural
knowledge. Scandinavian Journal of Educational Research, 63(1), 105-123.
https://doi.org/10.1080/00313831.2017.1324906

Aydogan Yenmez, A., & Gokge, S. (2023). Investigating the role of modeling practices
on mathematical literacy. Bartin Universitesi Egitim Fakiiltesi Dergisi, 12(1), 180—
189. https://doi.org/10.14686/buefad.1027353

Bansilal, S., Webb, L., & James, A. (2015). Teacher training for mathematical literacy:
A case study taking the past into the future. South African Journal of Education,
35(1). https://doi.org/10.15700/201503062356

Berg, D. A. G, Ingram, N., Asil, M., Ward, J., & Smith, J. K. (2025). Self-efficacy in
teaching mathematics and the use of effective pedagogical practices in New



Jurnal Pendidikan MIPA, 26 (3), 2025, 1355-1376 |1373

Zealand primary schools. Journal of Mathematics Teacher Education, 28(1), 129—
149. https://doi.org/10.1007/s10857-024-09623-9

Beswick, K., Ashman, D., Callingham, R., & McBain, D. (2011). Teachers' and
preservice teachers' confidence to teach primary school mathematics. AARE Annual
Conference. https://www.aare.edu.au/data/publications/2011/aarefinal00535.pdf

Boeren, E. (2019). Understanding Sustainable Development Goal (SDG) 4 on “quality
education” from micro, meso, and macro perspectives. International Review of
Education, 65(2), 277-294. https://doi.org/10.1007/s11159-019-09772-7

Bolstad, O. H. (2020). Secondary teachers’ operationalisation of mathematical literacy.
European Journal of Science and Mathematics Education, 8(3), 115-135.
https://doi.org/10.30935/scimath/9551

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative
Research in Psychology, 3(2), 77-101.
https://doi.org/10.1191/1478088706gp0630a

Bursal, M., & Paznokas, L. (2006). Mathematics anxiety and preservice elementary
teachers’ confidence to teach mathematics and science. School Science and
Mathematics, 106(4), 173-180. https://doi.org/10.1111/j.1949-
8594.2006.tb18073.x

Canbazoglu, H. B., & Tarim, K. (2020). An activity-based practice for improving
mathematical literacy and awareness of elementary school teacher candidates.
Pegem Egitim ve Ogretim Dergisi, 10(4), 1183-1218.
https://doi.org/10.14527/pegegog.2020.036

Carter, H., Nelson, G., Boedeker, P., Buckmiller, C. W., Eames, J., & Knowles, E. (2024).
Attention to the integration of literacy: A systematic review of early math
interventions in informal learning environments. Psychology in the Schools, 61(5),
2036—-2058. https://doi.org/https://doi.org/10.1002/pits.23150

Chan, M. C. E., Sabena, C., & Wagner, D. (2021). Mathematics education in a time of
crisis? A viral pandemic. Educational Studies in Mathematics, 108(1/2), 1-13.
https://www.jstor.org/stable/48762506

David, C. V., Costescu, C. A., & Rosan, A. M. (2023). Factors that support technology
integration practices in the math education of children with intellectual disabilities.
Children, 10(6), 1-18. https://doi.org/10.3390/children10060918

Dirgantoro, K. P. S. (2018). Kompetensi guru matematika dalam mengembangkan
kompetensi matematis siswa (Competence of mathematics teachers in developing
students” mathematical competence). Scholaria: Jurnal Pendidikan Dan
Kebudayaan, 8(2), 157-166. https://doi.org/10.24246/j.j5.2018.v8.i2.p157-166

Fenwick, L., Humphrey, S., Quinn, M., & Endicott, M. (2013). Developing deep
understanding about language in undergraduate preservice teacher programs
through the application of knowledge. Australian Journal of Teacher Education,
39(1), 1-38. https://files.eric.ed.gov/fulltext/EJ1016572.pdf

Gearhart, M. (2007). Mathematics knowledge for teaching: Questions about constructs.
Measurement: Interdisciplinary Research and Perspectives, 5(2-3), 173-180.
https://doi.org/10.1080/15366360701487617

Genc, M., & Erbas, A. K. (2019). Secondary mathematics teachers’ conceptions of
mathematical literacy. International Journal of Education in Mathematics, Science
and Technology, 7(3), 222-237. https://files.eric.ed.gov/fulltext/EJ1223953.pdf



1374

Jurnal Pendidikan MIPA, 26 (3), 2025, 1355-1376

Genlott, A. A., & Gronlund, A. (2016). Closing the gaps — Improving literacy and
mathematics by ICT-enhanced collaboration. Computers & Education, 99, 68-80.
https://doi.org/https://doi.org/10.1016/j.compedu.2016.04.004

Guler, H. K., & Arslan, C. (2019). Mathematical competencies are required for
mathematical literacy problems. Malaysian Online Journal of Educational
Sciences, 2(April), 157-166. http://mojem.um.edu.my

Haara, F. O., Bolstad, O. H., & Jenssen, E. S. (2017). Research on mathematical literacy
in schools - Aim, approach, and attention. European Journal of Science and
Mathematics Education, 5(3), 285-313. https://doi.org/10.30935/scimath/9512

Hall, J., & Zmood, S. (2019). Australia’s literacy and numeracy test for initial teacher
education students: Trends in numeracy for low- and high-achieving students.
Australian Journal of Teacher Education, 44(10), 1-17.
https://doi.org/10.14221/ajte.2019v44n10.1

Hu, X., Gong, Y., Lai, C., & Leung, F. K. S. (2018). The relationship between ICT and
student literacy in mathematics, reading, and science across 44 countries: A
multilevel  analysis. Computers and  Education, 125(May), 1-13.
https://doi.org/10.1016/j.compedu.2018.05.021

llhan, A., Tutak, T., & Celik, H. C. (2019). What is the predictive power of visual
mathematics literacy perception and its sub-dimensions for geometry success?
Eurasian ~ Journal  of  Educational Research,  2019(80), 1-24.
https://doi.org/10.14689/ejer.2019.80.1

Jurdak, M. (2018). Integrating the sociocultural and the sociopolitical in mathematics
education. In Sociopolitical Dimensions of Mathematics Education (Issue January
2018). https://doi.org/10.1007/978-3-319-72610-6_2

Kappassova, S., Abylkassymova, A., Bulut, U., Zykrina, S., Zhumagulova, Z., & Balta,
N. (2025). Mathematical literacy and its influencing factors : A decade of research
findings. EURASIA Journal of Mathematics, Science and Technology Education,
21(7), 1-19.

Kemendikbud. (2022). Asesmen Nasional. Pusmendik.
https://pusmendik.kemdikbud.go.id/an/

Kiziltepe, R., Irmak, T. Y., Eslek, D., & Hecker, T. (2020). Prevalence of violence by
teachers and its association to students’ emotional and behavioral problems and
school performance: Findings from secondary school students and teachers in
Turkey. Child Abuse and Neglect, 107(January), 1-12.
https://doi.org/10.1016/j.chiabu.2020.104559

Kramarski, B., & Mizrachi, N. (2004). Enhancing mathematical literacy with the use of
metacognitive guidance in forum discussion. School of Education, 3, 169-176.
https://eric.ed.gov/?id=ED489546

Kurniawan, H., Purwoko, R. Y., & Setiana, D. S. (2024). Integrating cultural artifacts and
traditions from remote regions in developing mathematics lesson plans to enhance
mathematical literacy. Journal of Pedagogical Research, 8(1), 61-74.
https://doi.org/10.33902/JPR.202423016

Kuznetsova, I. V., Burakova, G. Y., Troshina, T. L., & Gollay, A. W. (2023).
Interdisciplinary integration in teaching mathematics as a means of forming pupils’
mathematical literacy. In Vestnik of Kostroma State University. Series: Pedagogy.
Psychology. Sociokinetics  (Vol. 28, Issue 3, pp. 45-50).



Jurnal Pendidikan MIPA, 26 (3), 2025, 1355-1376 |1375

https://doi.org/10.34216/2073-1426-2022-28-3-45-50

Lestari, N. D. S., Juniati, D., & Suwarsono, S. (2018). Gender differences in prospective
teachers’ mathematical literacy: Problem solving of occupational context on
shipping company. Journal of Physics: Conference Series, 1008(1), 1-11.
https://doi.org/10.1088/1742-6596/1008/1/012074

Lojo, A. (2011). Teacher knowledge: What every teacher should know about it. 1st
International Conference on Foreign Language Teaching and Applied Linguistics,
24-28.  https://docs.google.com/viewerng/viewer?url=https://eprints.ibu.edu.ba/
files/original/c13fa6fce4818f7030643885c1a4d130.pdf

Maslihah, S., Waluya, S. B., Rochmad, & Suyitno, A. (2020). The role of mathematical
literacy to improve high order thinking skills. Journal of Physics: Conference
Series, 1539(1), 0-6. https://doi.org/10.1088/1742-6596/1539/1/012085

McKay, V. (2018). Literacy, lifelong learning, and sustainable development. Australian
Journal of Adult Learning, 58(3), 390-425.
https://files.eric.ed.gov/fulltext/EJ1199862.pdf

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Grp, P. (2009). Preferred reporting
items for systematic reviews and meta-analyses: The PRISMA statement (reprinted
from Annals of Internal Medicine). Physical Therapy, 89(9), 873-880.
https://doi.org/10.1371/journal.pmed.1000097

Mufiz-Rodriguez, L., Velazquez, P. A., Mufiz, L. J. R., & Valcke, M. (2016). Is there a
gap in initial secondary mathematics teacher education in Spain compared to other
countries? Revista de Educacion, 2016(372), 111-132.
https://doi.org/10.4438/1988-592X-RE-2015-372-317

Nurmasari, L., Budiyono, Nurkamto, J., & Ramli, M. (2023). Mathematical literacy in
primary schools: A systematic literature review. AIP Conference Proceedings,
2540(January). https://doi.org/10.1063/5.0105855

OECD. (2023a). PISA 2022 Result (Volume I): The State of Learning and Equity in
Education. In OECD Publishing.
https://doi.org/10.22201/iisue.24486167¢.2024.183.61714

OECD. (2023b). PISA 2022 Results (Volume II): Learning During — and From —
Disruption. In  OECD  Publishing:  Vol. Il.  https://www.oecd-
ilibrary.org/education/pisa-2022-results-volume-ii_a97db61c-en

OECD. (2023c). Program For International Student Assessment (PISA) 2022 Assessment
and Analytical Framework. In OECD Publishing. https://www.oecd-
ilibrary.org/education/pisa-2022-assessment-and-analytical-framework_dfeObf9c-
en

Oren Vural, D., & Sevgi, S. (2024). An investigation of mathematics education studies
conducted with Turkish primary teachers. Bartin Universitesi Egitim Fakiiltesi
Dergisi, 13(2), 436-452. https://doi.org/10.14686/buefad.1206364

Ozgen, K. (2019). Problem-posing skills for mathematical literacy: The sample of
teachers and preservice teachers. Eurasian Journal of Educational Research,
2019(84), 179-214. https://doi.org/10.14689/ejer.2019.84.9

Pillai, S. P. M. (2017). Comparative studies of mathematical literacy/education: A
literature review. INTERNATIONAL JOURNAL OF EDUCATIONAL SCIENCES,
16(1-3), 67—72. https://doi.org/10.31901/24566322.2017/16.1-3.09

Platas, L. M., & Sitabkhan, Y. (2019). Widening the lens: Going global in mathematics



1376 ] Jurnal Pendidikan MIPA, 26 (3), 2025, 1355-1376

education research. In A. W. Wiseman (Ed.), Annual Review of Comparative and
International Education 2018 (Vol. 37, pp. 59-63). Emerald Publishing Limited.
https://doi.org/10.1108/S1479-367920190000037006

Polk, J. A. (2006). Traits of effective teachers. Arts Education Policy Review, 107(4), 23—
29. https://doi.org/10.3200/AEPR.107.4.23-29

Rahmawati, N. K., Waluya, S. B., & Hidayah, I. (2023). Profile of mathematical literacy
of prospective teacher students in solving integral calculus problems seen from
learning independence. Journal of Higher Education Theory and Practice, 23(18),
91-108. https://doi.org/10.33423/jhetp.v23i18.6625

Ratinen, 1., Viiri, J., Lehesvuori, S., & Kokkonen, T. (2015). Primary student-teachers’
practical knowledge of inquiry-based science teaching and classroom
communication of climate change. International Journal of Environmental &
Science Education, 10(5), 649-670. https://doi.org/10.12973/ijese.2015.259a

Rizki, L. M., & Priatna, N. (2019). Mathematical literacy as the 21st century skill. Journal
of Physics: Conference Series, 1157(4), 0-5. https://doi.org/10.1088/1742-
6596/1157/4/042088

Singh, G., Pathak, S., Singh, J., & Tiwari, S. (2022). Implications of mathematics in data
science and technology disciplines. 2022 IEEE Conference on Interdisciplinary
Approaches in Technology and Management for Social Innovation (IATMSI), 1-6.
https://doi.org/10.1109/IATMSI56455.2022.10119311

Suharta, I. G. P., & Suarjana, I. M. (2018). A case study on mathematical literacy of
prospective elementary school teachers. International Journal of Instruction, 11(2),
413-424. https://doi.org/10.12973/iji.2018.11228a

Wery, J., & Thomson, M. M. (2013). Motivational strategies to enhance effective learning
in teaching struggling students. Support for Learning, 28(3), 103-108.
https://doi.org/10.1111/1467-9604.12027

Winter, M. M. J. (2014). Preservice Teacher Learning and Practice For Mathematical
Literacy [University of the Witwatersrand]. http://wiredspace.wits.ac.za/
bitstream/handle/10539/17530/WinterMark,2014.pdf?isAllowed=y&sequence=1

Yustitia, V., Amin, S. M., & Abadi. (2020). Mathematical literacy in preservice
elementary school teachers: A case study. Journal of Physics: Conference Series,
1613(1). https://doi.org/10.1088/1742-6596/1613/1/012054



