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Self-directed learning (SDL) has become essential in promoting autonomy and

Received: critical thinking within mathematics education. Given the increasing emphasis on
80 November 2024 SDL, a bibliometric analysis is necessary to map the field’s development, key
focijzz/e;zs themes, and influential contributions. This study utilizes Scopus data from 1981
to 2024, encompassing 32 publications, to identify research trends, geographic
distribution, and thematic focuses. The methodology involved advanced tools such
as OpenRefine, biblioMagika®, and VOSviewer for data cleaning, harmonization,
Keywords and visualization. Findings reveal a notable rise in SDL research from the mid-
Bibliometric

) i 2010s onward, with the United States and Indonesia as leading contributors,
Mathematics education

Self directed learning reflecting supportive policies for learner autonomy. Key themes identified include
Scopus professional development, self-efficacy, and digital learning, underscoring the
interdisciplinary nature of SDL in mathematics education. The study highlights
SDL’s crucial role in fostering independent learning and suggests further
investigation into age-specific impacts, long-term effects, and digital tool
integration within SDL. Future research should prioritize cross-disciplinary
collaboration to refine SDL practices, enhancing adaptability and self-directed

capabilities in mathematics education.

Introduction

In recent decades, educational systems worldwide have increasingly emphasized student autonomy, recognizing
its essential role in developing independent, lifelong learners. This shift from traditional, teacher-centered methods
to learner-centered models prioritizes student agency, encouraging exploration, inquiry, and self-direction
(Sofroniou, 2020). Such an approach fosters critical thinking, creativity, and intrinsic motivation, skills crucial
for success in a rapidly evolving world. By promoting autonomy, educational frameworks enable students to adapt
to continuous learning throughout life (Suliistia et al., 2023). Within this framework, students actively set their
learning goals, identify resources, and self-assess progress, cultivating independence and resilience vital for
academic and professional success. Self-directed learning (SDL) has become a cornerstone of this autonomy-
focused educational landscape, offering a structure in which learners initiate and manage their learning processes
(Pokhrel et al., 2024). SDL is characterized as a learner-driven approach where individuals independently assess

their learning needs, set personal objectives, source materials, and evaluate outcomes with minimal external
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intervention. This method allows students to customize learning to match their interests, pace, and preferred
modalities, enhancing engagement and motivation (Palapa, 2023). Research shows that SDL fosters ownership
over one’s education, promoting deeper understanding and knowledge retention while nurturing critical thinking

and problem-solving skills.

In mathematics education, SDL has gained traction as an effective method tailored to the subject’s cognitive
demands (Sukardjo, 2020). Mathematics education requires both procedural skills and conceptual comprehension,
which can be effectively cultivated through self-directed approaches. SDL enables mathematics students to
explore problem-solving techniques independently, apply theoretical concepts, and engage with abstract ideas,
creating a richer, more meaningful learning experience (Mann & Willans, 2020). By allowing students to progress
at their own pace and explore areas of interest, SDL makes mathematics, often seen as challenging, more

accessible and engaging, fostering the confidence and perseverance essential for mastery.

However, effective SDL implementation in mathematics requires skilled facilitation by educators, whose roles
shift from authoritative figures to supportive mentors. Mathematics educators are crucial in creating environments
that support SDL, designing open-ended tasks, and providing specific guidance to encourage independent
exploration (Sofroniou, 2020). Teachers must balance support and autonomy, fostering an environment where
students feel empowered to take intellectual risks and learn from experience. In this capacity, educators become
mentors, helping students develop resilience, problem-solving, and reflective thinking skills, essential for success

within an SDL framework Sutrisno et al., 2022).

Prior studies have explored various dimensions of SDL in mathematics, including motivation (Bishara, 2021;
Pokhrel et al., 2024), self-regulation (Kashango, 2023; Lin & Chen et., 2023), and autonomy benefits (Johnson,
2023; Merona, 2020). Yet, the literature highlights substantial gaps, particularly in providing a comprehensive
view of SDL in mathematics and diversifying methodologies to assess its impact. While some studies focus on
student experiences, others examine instructional strategies, but few adopt a holistic approach. A systematic
bibliometric analysis is thus required to map the research landscape, reveal prevalent themes, and identify gaps
specific to SDL in mathematics education. Such an analysis would offer a structured overview of existing studies,

highlighting underexplored areas and informing future research.

This study addresses these gaps by performing a bibliometric analysis of SDL literature in mathematics education,
examining research trends, influential publications, and under-researched topics. Through this approach, it seeks
to uncover emerging patterns, collaborative networks, and thematic focuses in SDL research, offering valuable
insights for scholars, educators, and policymakers. This analysis aims to lay the groundwork for advancing SDL
practices in mathematics education, guiding future research to support effective, autonomy-driven teaching and

learning models.

Literature Review

Self-Directed Learning (SDL) has gained significant scholarly attention as education adapts to technological
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advances and the need for lifelong learning skills. SDL involves learners actively managing their learning with
minimal external guidance, using skills like self-assessment, goal-setting, and self-regulation, which foster
autonomy and efficiency (Silamut & Petsangsri, 2020; Zhu et al., 2022). Recognized as an essential 21st-century
skill, SDL supports adaptability and independence, both crucial for success in today’s society (Vithayaporn et al.,
2021).

Research increasingly underscores SDL's positive impact on educational outcomes. For example, a quasi-
experimental study integrating SDL with concept attainment models found that students with high SDL
engagement achieved significantly better mathematics performance than those taught through traditional methods
(Haetami et al., 2020; Putri et al., 2020). These findings highlight the synergy between SDL and instructional
strategies, indicating that effective SDL depends on alignment with pedagogical models. Similarly, research in
Taiwanese high schools found that curricular reforms aimed at fostering SDL improved students' readiness for
self-directed learning, suggesting that institutional support is essential for maximizing SDL’s effectiveness (Chen

etal., 2022).

Digital tools have also propelled SDL by providing flexible and accessible resources (Toriida et al., 2020; Sutrisno
et al., 2022). Studies show that online platforms, instructional videos, and digital learning environments facilitate
SDL by enabling learners to progress at their own pace, revisit materials, and access diverse resources (Engeness
etal., 2020; Chiu, 2021). For instance, research on web-based mathematics learning found that interactive videos
and digital tools significantly improved test scores, demonstrating the value of digital resources in supporting
SDL (Ibragimov & Kalimullina, 2021; Oumelaid et al., 2023). Additionally, integrating technology into feedback
systems, such as bilateral feedback in mathematics, enhances SDL by delivering immediate, constructive

feedback, clarifying learning outcomes (Nakamoto et al., 2023; Sipos & Koscis, 2023).

However, implementing SDL poses challenges, particularly due to differences in students’ readiness for self-
directed approaches (Tyas, 2022; Dulloo et al., 2023). Factors like motivation, self-efficacy, and prior knowledge
greatly influence learners' ability to effectively engage in SDL. While SDL fosters independence, some students
lack the motivation and discipline needed for self-directed learning, resulting in disparities in outcomes (Uus et
al., 2020; Liwang & Galicia, 2023). Therefore, structured support systems, including scaffolded guidance from

educators, are crucial for developing the competencies required for SDL (Buzza et al., 2023).

Educational institutions play a pivotal role in promoting SDL through curricula designed to foster independent
learning (Netshakhuma, 2021). For example, recent curricular reforms in Taiwan incorporated SDL components
to cultivate critical thinking, self-reflection, and problem-solving skills. These reforms highlight SDL’s
importance in preparing students for future challenges and fostering adaptability for lifelong learning (Chen et al.,
2022). Additionally, problem-based learning (PBL) has been integrated to enhance SDL, engaging students in

real-world problems that require independent investigation and solution development (Zakaria et al., 2024).

In conclusion, SDL is a dynamic educational strategy that empowers learners with adaptability and independence.

Its application across diverse educational contexts, supported by digital tools and curriculum reforms, enhances
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learning outcomes. However, effective SDL implementation requires supportive structures to accommodate
differences in students’ readiness. Future research should focus on optimizing SDL strategies across varied

settings to ensure learners acquire essential skills for self-directed learning and independent academic success.

Research Questions

This study conducts a comprehensive bibliometric analysis of self-directed learning (SDL) within mathematics
education research, addressing four principal research questions (RQs):
RQ 1: What is the prevailing landscape of SDL research in mathematics education?
RQ 2: What emerging trends are identifiable within SDL-focused mathematics education publications?
RQ 3: Which countries are leading progress in SDL-related mathematics education research?
RQ 4: What core research themes catalyze the development and expansion of the SDL field in

mathematics education?

Methodology

This study utilized data from the Scopus database, retrieved on October 19, 2024. Scopus was chosen due to its
extensive coverage and detailed indexing of peer-reviewed literature, making it ideal for bibliometric analysis in
educational contexts. Scopus’s broad disciplinary scope, spanning fields such as computer science, social
sciences, engineering, arts, and particularly mathematics, provides a comprehensive and representative dataset for
analyzing self-directed learning. Known for high-quality standards and global reach, Scopus includes valuable
metadata like citation metrics and author affiliations, enhancing its utility as the primary data source for this
research. The collected data included document types, source types, languages, subject areas, publication trends,

authorship patterns, institutional contributions, geographic distribution, and prevalent keywords.

Search Strategy

This review employed the modified PRISMA guidelines (Haddaway et al., 2022) to structure the systematic
assessment of research studies (Moher et al., 2009). The search query "Self Directed Learning" AND "Math*"
AND "(“Educat*” OR “Learn*” OR “Teach*” OR “Pedagog*”) was used in the Scopus database, followed by
the application of subject-specific filters. The study’s scope and selection criteria included search field, time
frame, source type, and document type to ensure the exclusion of non-relevant studies. This process initially
identified 184 documents (see Figure 1). Subsequently, abstracts were reviewed to filter out records lacking
topical relevance. Following this screening, the final dataset retained 32 documents related to self-directed

learning in mathematics education.

Data Cleaning and Harmonisation

Data cleaning and harmonization are crucial in bibliometric analysis, ensuring accuracy and reliability. This study

used OpenRefine and biblioMagika® (Ahmi, 2023), tools designed for refining bibliographic data such as author
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names, affiliations, and keywords, which ensured data precision and uniformity amid diverse research outputs.
The process began with downloading Scopus data in CSV format, targeting specific files and columns for
correction using clustering techniques. For advanced analysis, biblioMagika® calculated indicators like Total
Publications (TP), Number of Contributing Authors (NCA), Number of Cited Publications (NCP), Total Citations
(TC), Citations per Publication (C/P), Citations per Cited Publication (C/CP), Citations per Author (C/A), Authors
per Publication (A/P), Citations per Year (C/Y), h-index, g-index, m-index, and the Citation Sum within the h-
Core across categories such as year, source, authors, institutions, and countries. biblioMagika® also identified
missing data, allowing manual completion to improve dataset comprehensiveness. These tools strengthened the

analysis, enhancing the dataset’s clarity and reliability for exploring self-directed learning in mathematics

education.
Identification of studies via databases and registers
—
o Records removed before screening:
.g Duplicate records removed (n = 0)
‘?_5 Records identified from*: Records marked as ineligible by
b= ScopusDatabase (n=184) > automation tools (n= 60)
g Registers (n =184 ) *Subjectnotin Social Sciences and
= mathematics
—_—
() Records screened Records excluded**
(n=124) By automation tools (n = 18)
*Not Article and Proceeding
Reports sought for retrieval Reports not retrieved
& (n=106) (n= 68)
g
Q
: !
]
7]
Reports assessed for eligibility Reportsexcluded:
(n=38) ' Reasonl (n=4)
*Not in English
Reason2 (n=2)
*Not in Final Publication Stage
—_
o Studies included in review
Bl | 0=32)
g Reports of included studies
= (n=132)

Figure 1. Flow Diagram of The Search Strategy
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Data Analysis

The data analysis in this study was systematically structured to address research questions related to self-directed
learning in mathematics education. The authors employed a comprehensive strategy to map the current research
landscape, examining factors such as document type, source type, languages, subject areas, and citation metrics.
Findings were categorized by dimensions like annual publication trends and contributions from leading countries,
effectively highlighting significant contributors and trends in SDL within mathematics education. To assess the
impact and relevance of publications, the authors used bibliometric indicators, including total publications,
number of cited papers, total citations, citations per publication, citations per cited publication, h-index, g-index,
m-index, and cumulative citation count within the h-core. Additionally, the authors used co-occurrence network
analysis, thematic mapping, and factorial analysis to visualize keywords, facilitating the identification of thematic

clusters and uncovering patterns within different subfields of SDL in mathematics education.

Tools

The study utilized a suite of tools to conduct an in-depth bibliometric analysis. Microsoft Excel was employed for
preliminary data cleaning and organization, while biblioMagika® facilitated the streamlined cleaning,
harmonization, and standardization of data related to authors, affiliations, and countries. OpenRefine was
specifically used to refine and harmonize authors’ keywords data. Once data preparation was complete,
VOSviewer was applied to generate detailed visualizations of the research landscape, and Mendeley functioned
as the reference manager. The integration of these tools and methods enabled a comprehensive and rigorous

analysis of the field of self-directed learning in mathematics education.

Results

The forthcoming results section provides a comprehensive exploration of the research landscape surrounding self
directed learning in mathematics education. This meticulous examination addresses the research questions (RQs),
offering profound insights into the field. By undertaking this focused analysis, the authors aim to furnish an
enriched and substantive overview of the self-directed learning in mathematics education domain, thereby

contributing critical knowledge for scholars, practitioners, and policymakers alike.

Current State of SDL

To address the initial research question, which aims to map the current state of self-directed learning in
mathematics education research, the authors analyzed publication trends across document type, source type,
language, and subject areas. Citation metrics were also evaluated to assess the impact and relevance of these
studies within the mathematics education field. The dataset was categorized by document type, including formats
such as journal articles, conference proceedings, book chapters, and review articles. Notably, conference
proceedings often capture research presented at academic conferences, with some papers subsequently published

as book chapters.
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Covering the period from 1992 to 2024, Table 1 provides a comprehensive dataset of 32 publications, illustrating
a steady growth in contributions to mathematics education. This body of work includes 309 authors, highlighting
the collaborative nature of the field. Of these publications, 89 have been cited, with a cumulative citation count
of 1,557, demonstrating the research’s impact over 33 years. The data shows an average of 12.56 citations per
paper, with cited publications averaging 17.49 citations, reflecting a concentrated acknowledgment by peers.
These metrics collectively showcase both the quantity and influence of scholarly contributions, offering insights

into the academic impact of SDL research within mathematics education.

Table 1. Citation Metric

Main Information Data
Publication Years 1992 - 2024
Total Publications 32
Citable Year 33
Number of Contributing Authors 309
Number of Cited Papers 89
Total Citations 1557
Citation per Paper 12.56
Citation per Cited Paper 17.49
Citation per Year 48.66
Citation per Author 5.04
Author per Paper 2.49
Citation sum within h-Core 1,481
h-index 20
g-index 36
m-index 0.606

Publication Trends

Since the first recorded publication in 1981, research on Self-Directed Learning (SDL) in mathematics education
has exhibited varied growth trends. An initial surge of interest is evidenced by a foundational article garnering
1,479 citations, establishing early relevance in the field. However, a consistent increase in publications emerged
only from the mid-2010s, particularly after 2014, as shown in Figure 2 and Table 2. The bar graph in Figure 2
illustrates steady growth in publications, notably between 2019 and 2023, while the line graph reflects total
citations, showing enduring engagement with early key studies, with a prominent peak in 1981 and moderate

fluctuations thereafter.

The number of contributing authors in mathematics education has increased over time, reflecting a growing
interdisciplinary research community spanning education, psychology, and social sciences. By 2023, 74 authors
had contributed to 24 publications, demonstrating this expanding collaboration. Impact metrics, including h-index

and g-index values, have shown slight variability but remain stable, suggesting sustained academic interest and
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influence. This trend may indicate shifts in citation patterns or variations in the impact of SDL research within

mathematics education.

In summary, SDL research in mathematics education has seen steady publication growth, rising author diversity,
and ongoing academic engagement grounded in foundational work. Fluctuations in citation rates highlight the
need for deeper investigation into citation trends and research quality. Metrics such as average citations per
publication and per cited publication reveal both steady and varied impacts, underscoring SDL’s pivotal role in

fostering autonomy and innovation within mathematics education practices.
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Figure 2. Total Publications and Citations by Year (Excluding the Year 2024 as Data is Only Available Up to 19
October 2024)

Table 2. Publication by Year

Year TP NCA NCP TC CIP C/CP h g m

1981 1 2 1 1479 1479.00 1479.00 1 1 0.023
2003 1 1 1 11 11.00 11.00 1 1 0.045
2009 1 1 1 6 6.00 6.00 1 1 0.063
2011 1 2 1 6 6.00 6.00 1 1 0.071
2013 1 1 1 1 1.00 1.00 1 1 0.083
2014 2 5 2 41 20.50 20.50 2 2 0.182

575



Suhaimee, Zakaria, Ismail, Abdul Hanid, & Hanafi

Year TP NCA NCP TC CIP Cc/CcpP h g m
2015 1 5 1 74 74.00 74.00 1 1 0.100
2016 1 1 1 8 8.00 8.00 1 1 0.111
2017 1 3 1 12 12.00 12.00 1 1 0.125
2019 2 24 2 14 7.00 7.00 1 2 0.167
2020 3 6 3 34 11.33 11.33 3 3 0.600
2021 3 6 3 30 10.00 10.00 2 3 0.500
2022 1 2 1 5 5.00 5.00 1 1 0.333
2023 5 15 3 10 2.00 3.33 2 3 1.000
Grand

Total 24 74 22 1731 72.13 78.68 19 22 3.403

Notes: TP = total number of publications; NCA = number of contributing authors; NCP = number of cited
publications; TC = total citations; C/P = average citations per publication; C/CP = average citations per cited
publication; h = h-index; g = g-index; m = m-index.

* Publication data for the year 2024 is only up until 19 October 2024.

Publication by Countries

Table 3 and Figure 3 summarizes the research output of countries significantly contributing to self-directed
learning (SDL) within mathematics education, focusing on those with five or more publications. The United States
leads with 37 publications and 3,696 citations, demonstrating its strong influence in the field, with the highest h-
index of 17 and an average of 132 citations per cited publication. Indonesia follows, contributing 21 publications
with 74 citations and an h-index of 6, indicating consistent research efforts and steady scholarly growth. China
ranks third with 13 publications and 34 citations, achieving an h-index of 3, showing a developing but solid

presence in SDL mathematics education research.

Other notable contributors include the United Kingdom, Malaysia, and South Africa, with 12 and 9 publications,
respectively. The United Kingdom averages 23.42 citations per publication, indicating a high impact, while
Malaysia’s h-index of 7 reflects effective research output. This distribution highlights the global engagement and

impact of SDL research in mathematics education.

Table 2. Countries that Contributed 5 or More Publications

Country TP NCP TC C/pP CI/CP h g m
United States 37 28 3696 99.89 132.00 17 37 0.340
Indonesia 21 12 74 3.52 6.17 6 8 0.545
China 13 10 34 2.62 3.40 3 5 0.200
United Kingdom 12 12 281 23.42 23.42 8 12 0.229
Malaysia 12 8 96 8.00 12.00 7 9 1.167
South Africa 9 6 82 9.11 13.67 4 9 0.364
Australia 7 7 93 13.29 13.29 4 7 0.108
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Country TP NCP TC C/p CICP h g m
Netherlands 7 7 47 6.71 6.71 3 6 0.375
Spain 6 6 17 2.83 2.83 2 4 0.111
Austria 5 0 0 0.00 0.00 0 0 0.000
Nepal 5 5 5 1.00 1.00 1 2 1.000
Romania 5 4 8 1.60 2.00 2 2 0.333
Estonia 5 5 5 1.00 1.00 1 2 0.167
Italy 5 4 19 3.80 4.75 3 4 0.200
South Korea 5 4 174 34.80 43.50 3 5 0.094

Notes: TP = total number of publications; NCP = number of cited publications; TC = total citations; C/P = average

citations per publication; C/CP = average citations per cited publication; h = h-index; g = g-index; m = index

Source
Link to a source
goes here

South Afr,
9

Figure 3. Visualisation of Global Distribution of SDL Research Publications

Co-occurrence Analysis

The final research question, "What pivotal research themes underpin the development and growth of self-directed
learning in mathematics education?" directed a thematic analysis to uncover core research themes within this field.
This analysis mapped the interrelationships of these themes and tracked their evolution, shaping the trajectory of
self-directed learning in mathematics education. Figure 4 presents a detailed co-occurrence network, illustrating

the thematic structure of SDL in mathematics education. This network offers scholars a comprehensive view of
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interconnected research areas, each represented by nodes whose proximity reflects thematic alignment. At the
center of the network, "self-directed learning” and "education” emerge as dominant themes, underscoring their
foundational roles and interconnectedness within current and future educational frameworks.

self efficacy &

mathematic learning

self-directed learning

heutagogy

cooperative learning

math@gnatics

online@arning

professionali@development

mathematiggeducation problem-b@§ed learning engineering education

teacher @glucation

?‘F VOSviewer

Figure 4. Co-occurrence Network of The Author’s Keywords with At Least 2 Occurrences

The co-occurrence network of author keywords in Figure 5 highlights themes with at least two occurrences,
showcasing key research areas within the field. A closer examination reveals distinct clusters within SDL’s
integration into mathematics education. The green cluster emphasizes themes like "professional development,”
"cooperative learning," and "heutagogy," suggesting a focus on integrating SDL strategies to support professional
and teacher development. This cluster stresses the need for equipping educators to facilitate self-directed and

cooperative learning, vital for fostering learner autonomy and motivation.

The blue cluster links "self-directed learning" with "self-efficacy” and "mathematics learning," indicating an
ongoing investigation into how SDL can improve students' confidence and skills in mathematics. This connection
suggests that cultivating self-directed learning habits can enhance mathematical proficiency and encourage
teaching approaches centered on student agency. The red cluster, with terms like "problem-based learning,"
"online learning," and "engineering education," emphasizes SDL’s integration within digital and problem-based
environments, particularly in STEM fields. This convergence highlights an interest in online platforms and
problem-solving approaches that support SDL, with "engineering education" broadening SDL’s relevance to other

technical disciplines where problem-solving skills are essential.

The network map thus reveals a wide spectrum of research areas, showing how SDL intersects with educational
methodologies, such as digital learning, problem-based approaches, and professional development. These clusters
indicate a scholarly focus on integrating autonomous learning across diverse educational settings, enhancing both

teaching and learning. In summary, this co-occurrence network visually represents intertwined research interests
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in SDL, particularly within mathematics education. It highlights how diverse educational strategies intersect to
foster learner independence and efficacy, especially in STEM. These interconnections reflect the evolving

landscape of educational research, signaling SDL’s continued significance across various educational contexts.

Discussion

This study provides a comprehensive bibliometric analysis of 32 publications, exploring the evolution, current
landscape, and prospective trajectories of self-directed learning (SDL) within the context of mathematics
education. The findings illustrate a gradual yet consistent increase in SDL research since the early 1980s, with an
acceleration observed from the mid-2010s onward. This notable rise coincides with global educational reforms
emphasizing learner autonomy, critical thinking, and adaptability. These competencies are deemed indispensable
in mathematics education. These reforms aim to prepare learners for an increasingly complex and dynamic world,
underpinned by the need for higher-order cognitive skills and lifelong learning capacities (Sukardjo & Salam,
2020; Mann & Willans, 2020).

The analysis underscores the pivotal roles of the United States and Indonesia as leading contributors to SDL
research in mathematics education. These countries’ prominence is attributed to robust educational policies
fostering independent learning and aligning with broader educational objectives. For instance, in the United States,
SDL is systematically integrated into STEM curricula, including mathematics, to develop critical thinking and
lifelong learning skills essential for navigating the demands of contemporary society. Indonesia, on the other hand,
emphasizes SDL in its educational framework to equip students with advanced problem-solving abilities and
adaptive skills, mirroring its commitment to cultivating a competitive knowledge-based economy (Chen et al.,
2021; Sukardjo & Salam, 2020). This strategic alignment of policy and practice demonstrates how contextual

factors influence SDL adoption and its prioritization within national education systems.

Furthermore, the study reveals SDL's inherently multidisciplinary nature, with intersections across domains such
as psychology, digital learning, and instructional strategies. This integrative perspective enriches SDL research in
mathematics education, addressing critical themes including professional development, self-efficacy, and the
utilization of digital tools. For example, professional development initiatives are pivotal in empowering educators
to create environments conducive to SDL, thereby fostering autonomy and self-regulation among learners.
Additionally, digital technologies play a transformative role by providing platforms that enable personalized
learning experiences, facilitating the acquisition of mathematical skills and conceptual understanding. These
findings highlight the necessity of interdisciplinary collaboration to optimize SDL’s efficacy and its impact on

academic outcomes (Ibragimov & Kalimullina, 2021; Pokhrel et al., 2024).

The study also examines impact metrics, revealing that foundational research on SDL continues to garner
substantial scholarly attention, reflecting its enduring relevance as a pedagogical approach. Citation patterns
indicate that seminal studies contribute significantly to the development of SDL frameworks, which are widely
referenced in educational research. Furthermore, prominent journals and academic conferences focusing on

education and digital learning play a crucial role in disseminating SDL research, reinforcing its position as a
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central theme in mathematics education (Zakaria et al., 2024).

In conclusion, this bibliometric analysis provides critical insights into the progressive growth and global reach of
SDL research within mathematics education. It aligns with broader educational imperatives that prioritize student
autonomy, active engagement, and problem-solving proficiency. The findings advocate for sustained
interdisciplinary collaboration and strategic investments in SDL research, particularly in light of technological
and pedagogical advancements that support autonomous learning. By fostering these efforts, educators and
policymakers can ensure that SDL remains a cornerstone of innovative and effective mathematics education,

equipping learners to thrive in an increasingly interconnected and digitalized world.

Conclusion and Future Research

This bibliometric analysis provides a comprehensive examination of the research landscape surrounding self-
directed learning (SDL) within the domain of mathematics education, emphasizing a consistent upward trajectory
in scholarly interest, particularly noticeable since the mid-2010s. Notably, the United States and Indonesia have
emerged as prominent contributors to this field, a development attributable to policy frameworks that prioritize
and support independent learning paradigms. Central themes identified in the analysis, such as professional
development, self-efficacy, and the integration of digital learning, highlight the interdisciplinary nature of SDL
and its transformative role in mathematics education. The findings underscore the need for future research to
critically evaluate the effectiveness of SDL approaches across diverse educational stages, encompassing primary,
secondary, and tertiary levels. Such research should aim to elucidate the distinct challenges and advantages
associated with implementing SDL for different age groups. Moreover, longitudinal investigations are imperative
to gauge the sustained impact of SDL on students' autonomy, critical thinking, and proficiency in mathematical
skills. An additional avenue for exploration lies in the role of digital tools in fostering personalized learning
experiences within SDL frameworks. These tools, with their potential to enhance critical thinking and problem-
solving capabilities, represent a pivotal aspect of modern education. Finally, the study advocates for intensified
cross-disciplinary collaboration, which is essential for refining SDL methodologies and equipping students with
the skills necessary for lifelong learning in an increasingly complex and interconnected world. This synthesis of
insights not only advances the theoretical understanding of SDL but also offers practical implications for
educators, policymakers, and researchers aiming to optimize educational outcomes through innovative and

inclusive learning strategies.
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