561

International Journal of Learning, Teaching and Educational Research
Vol. 25, No. 8, pp. 561-582, August 2026
https.//doi.org/10.26803/ijlter.25.8.22

Received May 4, 2026; Revised Jul 7, 2026; Accepted Jul 31, 2026

Tendencies in the Trends of Mathematics
Teacher Knowledge: A Bibliometric Analysis

Dian Permatasari*, Tatang Herman ', Siti Fatimah* and Kusnandi

Universitas Pendidikan Indonesia, J1. Dr. Setiabudhi No. 229,
Kota Bandung, Jawa Barat, Indonesia

Abstract. Despite growing scholarly interest in mathematics teacher
knowledge over the past 25 years, no comprehensive systematic mapping
has been conducted to examine its conceptual evolution, thematic
structure, and developmental trajectory. This study aims to map
publication trends; identify high impact works; uncover thematic
associations and conceptual co-occurrences; trace the temporal evolution
of dominant topics; and classify research themes by their developmental
trajectory, distinguishing motor, basic, niche, and declining themes in
mathematics teacher knowledge research. A total of 550 Scopus-indexed
articles published between 1 January 2000, and 31 December 2025 were
analysed using the bibliometrix R package, covering performance
analysis, science mapping, and keyword co-occurrence network analysis.
The results show a steady increase in publications, with a sharp rise after
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2018 and a peak around 2025. Citation impact was highest during the
formative period of 2005-2010, reflecting the field’s consolidation around
foundational frameworks of mathematical knowledge for teaching.
Mathematical content knowledge, PCK, and MKT consistently constitute
the field's conceptual core, with mathematical content knowledge serving
as the central connecting node across all thematic clusters. Topic trends
analysis reveals a clear trajectory from broad theoretical frameworks
toward more specialised, practice-oriented, and technology-integrated
topics from 2020 onward. Strategic diagram analysis classifies teaching
quality and initial teacher education as current motor themes, indicating
that the field has matured from defining teacher knowledge to
operationalising it in classroom practice. Future research should prioritise
cross-database validation and geographic network analysis and should
examine how the depth of mathematical content knowledge conditions
the development of technology-integrated teaching competencies such as
TPACK.
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1. Introduction

Mathematics teacher knowledge occupies a central position in mathematics
education research, with decades of scholarship showing that what teachers
know, and how they understand it, directly shapes instructional quality and
student learning outcomes (Copur-Gencturk & Doleck, 2021; Mohr-Schroeder et
al., 2017; Yang et al., 2021). Its theoretical foundations trace to Shulman's (1987)
influential distinction between Content Knowledge (CK), Pedagogical Content
Knowledge (PCK), and General Pedagogical Knowledge (GPK), a typology that
foregrounded the idea that teaching demands a qualitatively distinct form of
subject-matter understanding. While serving as a foundation for subsequent
large-scale studies of teacher competence(Konig et al., 2014), Shulman’s
framework has been critiqued for its relatively static view of teacher knowledge,
as it does not fully capture the dynamic and context-dependent nature of
classroom practice (Hwang & Cho, 2021).

In response, mathematics education researchers have developed more specialised
frameworks: Ball et al.’s (2008) Mathematical Knowledge for Teaching (MKT),
which distinguishes common from specialised content knowledge; Rowland et
al’s (2005) Knowledge Quartet; Carrillo-Yafiez et al’s (2018) Mathematics
Teacher's Specialised Knowledge (MTSK) model; and Davis & Simmt’s (2006)
collective and emergent conception of teachers' mathematics for teaching.
Together, these frameworks reflect a field undergoing continuous theoretical
development, with its conceptual boundaries and empirical priorities evolving
substantially over time.

Despite this theoretical richness, existing reviews of the mathematics teacher
knowledge literature remain relatively narrow in scope. Published syntheses have
focused on specific sub-domains such as PCK development (Asvat, 2024;
Grigalitniené, Lehtinen, et al., 2025; Kholid et al., 2023) and TPACK integration
(Handayani, Hussin, & Helmi, 2023; Zou et al., 2022). offering valuable but partial
perspectives. To date, no study has undertaken a longitudinal, field-wide
mapping of how research themes have emerged, evolved, consolidated, or
declined across the 25-year development of this literature. This gap limits a
comprehensive understanding of the field’s intellectual trajectory, including
where it has come from and the directions in which it is likely to develop.

Bibliometric analysis is well positioned to address this gap unlike narrative
reviews, it enables systematic, replicable mapping of publication patterns, citation
impact, thematic co-occurrences, and the structural evolution of research clusters
at scale (Dede & Ozdemir, 2022; Donthu et al., 2021; Wirzal et al., 2022). To address
this gap, the present study poses the following research questions:

RQ1: What has been the trend in publications on mathematics teacher knowledge
from 2000 to 20257

RQ2: Which years and papers had the highest citation rates in research on
mathematics teacher knowledge from 2000 to 2025?

RQ3: What have been the major topics in research on mathematics teacher
knowledge from 2000 to 2025, and what are the most common associations among
them?
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RQ4: How have topic trends in mathematics content knowledge research
developed from 2000 to 2025?
RQ5: What is the motor, basic, declining, and niche themes of mathematics
teacher knowledge research?

2. Literature Review

Mathematics teacher knowledge has evolved into a prominent and increasingly
important area of research within mathematics education(Ponte & Chapman,
2016). It plays a central role in mathematics education (Even & Ball, 2010; Fennema
& Franke, 2006), attention to what characterizes this knowledge as “specialized”
has also intensified. A defining characteristic of mathematics teacher knowledge
is that it extends beyond mere mastery of mathematical content.

Bromme (1994) observed that school subjects carry "a life of their own," operating
according to a logic that does not always align with academic disciplines, an
insight implying that school mathematics must be understood on its own terms
rather than merely as a simplified version of university mathematics. Buchholtz
et al. (2013) This distinction was formalised through a bridging form of
knowledge that connects school mathematics with advanced mathematics,
drawing on Klein’s notion of elementary mathematics from an advanced
standpoint." Together, these perspectives establish that mathematics teacher
knowledge is neither static nor unidirectional: it is cumulative, context-
dependent, and continuously reconstructed throughout professional practice.

Building on this premise, scholars have conceptualised mathematics teacher
knowledge as a multidimensional construct that encompasses at least three
complementary aspects (Scheiner et al., 2019). First, teachers need knowledge
beyond the content itself, which is demonstrated by anticipating students'
misconceptions when teaching systems of linear equations (Marhami et al., 2026).
Second, teachers must understand this content in qualitatively different ways,
applying specialized content knowledge (SCK) to analyse student errors, interpret
their mathematical reasoning, and recognise the approaches they use during
instruction (6zdemir et al., 2022).

Moreover, third, they must present material accessibly, transforming it through
representations and explanations aligned with learning goals that are consistent
with ambitious, discourse-rich teaching and the use of scaffolding for diverse
learners (Dogbey, 2025; Johnson & Roy, 2026; Zahner et al., 2025). In practice, this
means that a mathematics teacher must be able to judge the validity of a non-
standard student algorithm, diagnose the reasoning underlying unfamiliar errors,
and select representations that support conceptual understanding tasks that
extend well beyond the demands of mathematical expertise alone (Lynch et al.,
2025; Ozdemir et al., 2022).

Empirical research has consistently substantiated the value of more specialised
conceptions of mathematics teacher knowledge. Baumert et al. (2010) and
Blomeke et al. (2014) demonstrated that teachers' mathematical knowledge
predicts instructional quality and student outcomes in ways that general content
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knowledge does not, establishing that what teachers know mathematically
translates measurably into classroom effectiveness. Building on this, Ijeh et al.
(2025) found that stronger mathematical knowledge for teaching significantly
influenced student achievement, retention, and attitude toward mathematics,
while Sakaria et al. (2023) confirmed that such knowledge develops collectively
through professional learning communities. These findings support a range of
theoretical frameworks that, although developed in response to different research
objectives, share a cumulative and hierarchical conceptual structure.

CK serves as the irreducible base upon which Shulman’s (1987) PCK elaborates
the transformation of content into pedagogically accessible forms; Ball et al. (2008)
MKT operationalises PCK into measurable sub-domains for mathematics teaching
(Hill et al., 2005; Kersting et al., 2012); Carrillo-Yafiez et al.'s (2018) The MTSK
framework integrates mathematical and pedagogical knowledge as inseparable
domains, while uniquely positioning teachers’ beliefs as a constitutive component
of professional knowledge rather than a peripheral influence(Escudero-Avila et
al., 2021); and Koehler & Mishra’s (2005) TPACK extends all prior frameworks by
adding a technological dimension whose relevance has intensified in the post-
pandemic context (Akpalu et al., 2025; Pérez Echeverria et al., 2025). Nevertheless,
several dimensions remain underexamined, particularly the specialized
knowledge deployed in instructional settings, such as evaluating alternative
solution strategies (Eaves et al., 2025; Grigalitiniené, Rutkiene, et al., 2025; Lee,
2017; Novikasari, 2023).

3. Methodology

This study adopts a bibliometric approach, a systematic and transparent method
for mapping and analysing the scholarly literature within a research
field(Batanero et al., 2019; Hallinger & Kovacevi¢, 2021; Hudha et al., 2020). The
method is well-suited to uncovering trends in article and journal performance,
collaboration patterns, and research community characteristics, typically through
three components: performance evaluation, indicators of scholarly behavior, and
network visualization (Dede & Ozdemir, 2022; Donthu et al., 2021; Utami et al.,
2024; Wirzal et al., 2022). The analysis was conducted in three sequential stages:
data collection, screening, and analysis, all of which were guided by the PRISMA
protocol (Page et al., 2021) to ensure transparency and reproducibility, the study
followed procedures consistent with established bibliometric research practices
(Pham et al., 2023; Wei et al., 2022).

3.1 Data Collection

A bibliometric analysis was conducted to examine research trends and thematic
developments related to mathematics teacher knowledge. Since the validity of
bibliometric findings depends strongly on the quality and coverage of the
bibliographic data, Scopus was selected as the sole data source. While both Scopus
and Web of Science are widely recognized as premier scholarly databases
(Chadegani et al., 2013; Mongeon & Paul-Hus, 2016) within the social sciences,
including mathematics education, Scopus provides a greater number of
documents compared to Web of Science under identical search conditions
(Martin-Martin et al., 2021; Narong & Hallinger, 2024; Nguyen et al., 2022). Scopus
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is highly compatible with widely used bibliometric software, including
Biblioshiny, Gephi, and VOSviewer, making it a suitable source for
comprehensive bibliometric analysis (Tomaszewski, 2023).

The search was conducted on 4 April 2026 using the query TITLE-ABS-
KEY ("mathematics teacher knowledge"), which was applied to the titles, abstracts,
and keywords of records indexed in Scopus. This umbrella phrase was selected as
the most representative term encompassing the breadth of the field while
maintaining conceptual precision. The search results were subsequently refined
using Scopus’s built-in filters for subject area, document type, source type, and
language to ensure the relevance and quality of the dataset (Narayanan et al.,
2025), as shown in Table 1.

Table 1: Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria
Subject area Social seience and Other subject area
mathematics
Document type | Articles Conference paper, book chapter,
Conference proceedings, books,
Source type Journal book series, trade journals, and
undefined
Language English Languages other than English

3.2 Data Screening

The screening process followed the PRISMA flow diagram presented in Figure 1.
The initial search yielded 10,001 records, which were subsequently exported in
BibTeX format for further analysis. During the first screening stage, 4,468 records
were excluded for not meeting the inclusion criteria in Table 1, leaving 5,533
records for eligibility assessment. In the eligibility phase, each remaining record
was evaluated against three criteria: (1) alignment with the research scope, (2)
conceptual relevance to mathematics teacher knowledge, assessed through
examination of titles, abstracts, and full texts, and (3) exclusion of records outside
the defined scope or publication timeframe.

To ensure the reliability of these judgements, a two-stage review process was
employed, whereby each document was independently examined twice by the
authors. Consequently, formal inter-rater reliability was not calculated.
Discrepancies between the two review stages were resolved through re-
examination and discussion until consensus was reached. This stage removed a
further 4,983 records, yielding a final dataset of 550 articles for bibliometric
analysis.
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Figure 1: Results of Article Search Using PRISMA

Prior to analysis, the dataset was normalised to improve consistency and
accuracy. Only author-supplied keywords were retained for the co-occurrence
and thematic analyses, whereas Keywords Plus terms were excluded because they
are algorithmically generated and may not accurately reflect the conceptual focus
of individual articles. Conceptually equivalent terms (e.g., "PCK" and
"pedagogical content knowledge") were merged into single keyword strings so
that co-occurrence patterns reflected genuine conceptual relationships. Duplicate
records were removed during the Scopus export process and subsequently
verified using the bibliometrix deduplication function, which identified no
additional duplicates in the dataset.

3.3 Data Analysis

This study employed three types of bibliometric analyses to address the research
questions: network analysis, science mapping, and performance analysis.
Performance analysis assessed the prominence of research topics over time by
examining citation counts and publication counts. Science mapping was
employed to identify the most prominent research themes in the dataset using a
tree map and to examine their evolution over time with trend-topic plots.
Network analysis involved constructing a keyword co-occurrence network to
explore interconnections among keywords within individual documents; the
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resulting clusters highlighted central research themes. Furthermore, a strategic
diagram, another science mapping technique, was constructed to distinguish
between basic, emerging, declining, niche, and motor themes based on two
dimensions: centrality, which reflects the strength of connections between a
keyword cluster and other clusters, and density, which indicates the internal
cohesion of the keywords within a cluster) (Yu et al., 2021). All analyses were
performed using the Bibliometrix package in RStudio (version 4.2.3). It was used
for its flexibility, scalability, and compatibility with various statistical R packages,
making it particularly effective for science mapping, especially in fields
characterized by extensive, fragmented, and sometimes contested bodies of
empirical research (Aria & Cuccurullo, 2017).

4. Results and Findings

This section presents the main findings derived from the bibliometric analysis.
The results offer a comprehensive overview of how research on mathematics
teacher knowledge has evolved and been conceptualized over time.

4.1 RQ 1: Publication Trends

Research output remained minimal between 2000 and 2004, increased gradually
from 2005 to 2008, and then accelerated markedly from 2010 onward. Periodic
declines around 2014 and 2017 interrupted the upward trajectory but did not
reverse it. Growth became considerably more pronounced after 2018, recovering
quickly from a brief dip in 2021 and reaching its highest point in 2025, with
approximately 60 articles. Despite intermittent fluctuations, the overall trend
indicates strong and accelerating scholarly interest in this area of research.

Annual Scientific Production
60

40

Articles

20

S

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Figure 2: Annual Scientific Production
4.2 RQ 2: Citation Impact and Most Cited Papers
The Average Citations per Year graph (Figure 3) exhibits a fluctuating pattern,

marked by a prominent peak around 2005 and a smaller secondary increase
around 2010. From 2011 onward, averages stabilized at a lower level, including
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the most recent period (2020-2025). This pattern should not be read as a decline
in scholarly impact. The peaks observed in 2005 and 2010 correspond to the
publication of several field-defining studies, whose foundational contributions
have continued to attract substantial scholarly attention and sustained citation
over the past two decades. The comparatively low averages for recent years reflect
citation lag: newly published articles have not yet had time to accumulate
citations, a well-documented artifact of citation-based metrics rather than
evidence of diminishing influence. The concentration of citation impact during
the field’s formative period therefore highlights the enduring influence and
scholarly authority of its foundational theoretical frameworks.

Average Citations per Year

Citations
30

20

v 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2028
ear

Figure 3: Average Citation per Year

The ten most-cited works (Table 2) are clustered around three thematic foci. The
empirical foundation was established by Hill et al. (2005), the most-cited work
with 1,576 citations, which provided the first large-scale evidence linking MKT to
student achievement, along with the COACTIV studies (Baumert et al., 2010;
Kleickmann et al., 2013; Krauss et al., 2008), which demonstrated that pedagogical
content knowledge (PCK) is a stronger predictor of instructional quality than
content knowledge alone. Framework development is represented by Rowland et
al. (2005), Carrillo-Yafiez et al. (2018), and Niess (2005), the last offering an early
conceptualization of TPACK. Assessment and application are represented by
Kersting et al. (2012) and Tirosh (2000). The dominance of framework-defining
studies and large-scale empirical validations among the most-cited works
suggests that the field has placed greater value on theoretical consolidation and
robust measurement frameworks than on isolated empirical contributions.

http:/ /ijlter.org/index.php/ijlter



Table 2: The 10 Most Cited Papers by Total Citation Number

569

No Document title Authors Source Citations
1. Effects of teachers' (Hill et al., American 1576
mathematical knowledge for 2005) Educational
teaching on student Research
achievement Journal
2. Teachers' mathematical (Baumert et American 1345
knowledge, cognitive activation al., 2010) Educational
in the classroom, and student Research
progress Journal
3. Preparing teachers to teach (Niess, 2005) Teaching 780
science and mathematics with And
technology: developing a Teacher
technology pedagogical content Education
knowledge
4. Teachers' content knowledge (Kleickmann Journal of 374
and pedagogical content et al.,, 2013) Teacher
knowledge: the role of Education
structural differences in teacher
education
5. Elementary teachers' (Rowland et Journal of 323
mathematics subject knowledge: al., 2005) Mathematics
the knowledge quartet and the Teacher
case of Naomi Education
6. Pedagogical content knowledge (Krauss, Journal of 321
and content knowledge of Brunner, et Educational
secondary mathematics teachers al., 2008) Psychology
7. Measuring usable knowledge: (Kersting et American 295
teachers' analyses of al., 2012) Educational
mathematics classroom videos Research
predict teaching quality and Journal
student learning
8. The mathematics teacher’s (Carrillo- Research in 295
specialized knowledge (MTSK) | Yanezetal, | Mathematics
model 2018) Education
9. Enhancing prospective teachers' (Tirosh, Journal For 225
knowledge of children's 2000) Research In
conceptions: the case of division Mathematics
of fractions Education
10. Secondary mathematics (Krauss, ZDM 192
teachers’ pedagogical content Baumert, et
knowledge and content al., 2008)
knowledge: validation of the
COACTIV constructs

4.3 RQ 3: Dominant Topics and Their Associations

The treemap of the top 25 keywords (Figure 4) highlights both the dominant
themes and the evolving relationships among research topics that have shaped
the field over the past 25 years. At the theoretical core, mathematical content
knowledge (21%), pedagogical content knowledge (17%), and mathematical knowledge
for teaching (10%) form an interrelated cluster reflecting the field's sustained effort
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to define and differentiate the knowledge teachers need. These constructs are
closely linked to teacher education (13%) and pre-service mathematics teachers (5%),
suggesting that investigations of teacher knowledge have been consistently
situated within teacher preparation and professional training contexts. A second
cluster centers on technology integration, where technological pedagogical
content knowledge (7%) emerges as a growing extension of traditional PCK
discourse, reflecting growing research attention to how digital tools reshape
teaching demands.

Meanwhile, content-specific terms such as algebra, fractions, and geometry,
together with conceptual and procedural knowledge, indicate that teacher
knowledge is frequently examined within particular mathematical domains,
reflecting a sustained interest in how teachers understand and teach specific
mathematical concepts. Finally, the professional development, assessment, and
knowledge quartet serves as a methodological and practical thread, focusing on how
teacher knowledge is evaluated and developed in applied settings.

mathematical teacher ST e
content knowledge |education |79

237 141
21% 13%

mathematical
knowledge
for teaching

0, 1 owledge
10%
%o specialized content
knowledge
4 1%

Figure 4: Tree Map

The keyword co-occurrence network visualizes the relationships among
keywords, with spatial proximity representing stronger thematic connections and
node size indicating the relative prominence of each keyword within the
literature. Mathematical content knowledge is the most central and dominant
node, serving as the primary hub that links the field's major themes. It is closely
connected to terms such as teacher education, mathematical knowledge for
teaching, algebra, assessment, and pre-service mathematics teachers, reflecting a
strong focus on teacher preparation and knowledge development. The network is
organized into three distinct clusters.

The green cluster is centered on pedagogical content knowledge and is connected
to themes such as teachers’ beliefs, mathematics teaching, student achievement,
lesson study, and initial teacher education. This cluster highlights the
pedagogical dimension of teacher knowledge and its close relationship with
instructional practice and classroom learning outcomes. The red cluster centers on
technological pedagogical content knowledge, grouping technology integration,
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teacher professional development, STEM, and GeoGebra into a distinct line of
research on digital competencies. The blue cluster acts as a bridge, connecting
teaching quality, professional development, knowledge quartet, proof, and
geometry across the pedagogical, content, and technological dimensions.
Peripheral nodes such as conceptual knowledge, fractions, and procedural
knowledge appear more specialized and less integrated into the main streams.
Overall, the network indicates that research continues to be strongly anchored in
mathematical content knowledge, while maintaining substantial connections with
pedagogical knowledge and increasingly incorporating technology-related
themes into the broader research landscape

mathe mags t e%g&]cger professional development

)

[\ & Y
» b self—eﬁcacy
pedagogical coln!ent knowledge wchnomgy‘,mgmﬁm
didactic-mathematical knowledge
) technological pedagogical content knowledge geogebra
o g .
bk dgelopment mathematics teaching f teaching practice prgservice Reaitior s
teachers sludent achievement " teaching qualit ’
‘fd teach%ehefs s o) Iongilud#al study
DS L ] professionaﬂevelopment
¢ technology
mathematics conytent knowledge ' : o>
mathematical content knowledge
A 4
) lesson study % 1 @ proof
teacher notici  d algebra .
eacher noticing subject matter knowledge teacher education geometry

initial teacher education ‘ ‘
elementaryin-service teachers

pre-service mathematics teachers Ak
mathematical knd’edge for teaching

assessment

: rospective teachers
history of mwalhemalwcsp P 2 fractons

concepluaﬁnowledge procedural"inowledge

Figure 5: Keyword Co-Occurrence Network

The dominance of the MCK-PCK reflects the field’s enduring concern with
defining and distinguishing the forms of knowledge that make teaching
mathematics fundamentally different from merely knowing mathematics. On the
other hand, the three-cluster structure of the co-occurrence network reflects an
ongoing tension between knowledge-oriented and practice-oriented research
traditions. The tight association between these constructs and teacher-preparation
keywords indicates that this question has been pursued primarily in pre-service
contexts, where knowledge can be measured and developed systematically.

4.4 RQ 4: Topic Trend

To examine how research interests have evolved over time, a trend topic plot
(Figure 6) was generated. In this visualization, the length of each line represents
the period during which a keyword remained active in the literature, while the
size of each dot reflects the frequency with which the term appeared. The plot
shows that foundational constructs such as pedagogical content knowledge,
teacher education, content knowledge, and mathematical knowledge for teaching
have remained consistently influential over multiple years, anchoring the field's
intellectual core. In contrast, recent terms such as GeoGebra, technology integration,
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and technological pedagogical content knowledge saw their visibility surge, signaling
a decisive turn toward digital tools and technological competencies in teaching.
Consistent with the preceding visualizations, the timeline reveals a clear thematic
progression, moving from broad pedagogical foundations toward increasingly
specialized and technology-enhanced approaches in mathematics teacher
education.

Trend Topics
mathematics teacher knowledge -
geogebra- °
ical content k 4
technology integration - <
lesson study - —
conceptual knowledge « °
teacher professional development + @
mathematics achievement - —_——
mathematics teacher - @
didactic-mathematical knowledge - _
knowledge quartet -
procedural knowledge - o
mathematics teaching = —_—
beliefs -
mathematical knowledge for teaching - @
pre-service mathematics teachers - -@
€ stem- *
o mathematical content knowledge - !
= pedagogical content knowledge -
teacher education -

mathematics -

professional development -
mathematics content knowledge -
teaching -

teacher beliefs -

leaching practice -

history of mathematics -
prospective teachers -
elementary -

pre-service teacher education -

algebra
assessment

§ 4>
teaching quality - °
teachers' k dge-

L"Wl l}m

proof - a
2008 2010 2012 2014 2016 2018 2020 2022 2024

Year

Figure 6: Topic Trends

4.5 RQ 5: Strategic Theme

To address the fifth research question, Figure 7 presents a strategic diagram that
categorizes themes in mathematics teacher knowledge research into four groups:
motor, basic, niche, and emerging or declining themes based on their levels of
centrality and density. Motor themes, including mathematics, teaching quality, and
initial teacher education, are highly developed and strongly connected, making
them the main drivers of the field.

Basic themes, such as mathematical content knowledge, mathematical knowledge for
teaching (MKT), pedagogical content knowledge (PCK), TPACK, and teacher education,
form the conceptual foundation but require further development. Niche themes,
including geometry, dynamic geometry, and peer teaching, are highly specialized but
exhibit limited connections to the broader research field. In contrast, emerging or
declining themes, such as Knowledge Quartet, contingency, and horizon content
knowledge, occupy a peripheral position, suggesting that they may either represent
developing research directions or areas experiencing a decline in scholarly
attention.
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Figure 7: Thematic Map

5. Discussion

5.1 A Field in Accelerated Expansion

The publication trajectory (RQ1) reflects not only growing interest but also
intellectual consolidation. The sharp increase after 2010 coincided with the wider
diffusion of shared theoretical vocabularies, particularly MKT and the Knowledge
Quartet, which provided researchers with common constructs for empirical
investigation. At the same time, increasing policy attention to teacher quality
positioned teacher knowledge as a measurable factor influencing student
outcomes. The post-2018 acceleration is most plausibly the compounding product
of field maturation, the expansion of dedicated outlets, and broadening
international participation.

The rapid global transition to digital learning during the COVID-19 pandemic
contributed to this momentum by foregrounding the demands of remote
instruction (Atweh et al., 2023). Studies published between 2019 and 2023
highlight sustained professional development, together with teaching experience,
as key factors influencing the development and enhancement of mathematics
teachers” pedagogical content knowledge (Sakaria et al., 2023). Furthermore, the
necessity for digital instruction bolstered interest in frameworks such as
Technological Pedagogical Content Knowledge (TPACK), as educators adapted
to remote teaching environments (Akpalu et al., 2025; Pérez Echeverria et al.,
2025).

5.2 Citation Concentration and the Maturity Paradox

The concentration of citation impact in the field’s formative years (RQ2) does not
indicate a decline in influence; rather, it reflects the enduring relevance of
foundational studies that continue to shape contemporary research and
theoretical development. The peaks correspond to field-defining works whose
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authority has sustained citation over two decades, and the lower averages of
recent years are best understood through two mechanisms. First, citation cycles
inherently lag, so recently published work has not yet accumulated citations
(Alimohammadi, 2009; Cai et al., 2023). Second, the field has reached a level of
theoretical maturity in which its core constructs are well established. As a result,
newer studies tend to build incrementally on a consolidated knowledge base
rather than producing the landmark works typically associated with an emerging
field(Ishmuradova et al., 2024). That the most-cited works are predominantly
framework-defining or large-scale empirical validations indicates a field that has
rewarded theoretical consolidation and rigorous measurement.

5.3 A Centralized Conceptual Core

The dominance of mathematical content knowledge, PCK, and MKT (RQ2, RQ3,
and RQ4) reflects the field’s enduring central concern: defining and differentiating
the forms of knowledge that distinguish teaching mathematics from mere
knowledge of mathematics. The centrality of mathematical content knowledge as
the principal connecting node is significant, as teacher educators must themselves
possess the specialized "meta-knowledge" required to prepare others to teach
(Escudero-Avila et al., 2021). The close association between these constructs and
teacher-preparation keywords suggests that this question has been examined
predominantly within pre-service teacher education contexts. This structure is
corroborated by recent bibliometric work that confirms PCK as the link between
content mastery and pedagogy and validates MKT as a multidimensional
framework (Alka et al., 2023; Asvat, 2024; Handayani, Hussin, & Norman, 2023;
Hwang & Cho, 2021; Jjeh et al., 2025).

5.4 The Integration of Technology

The surge in technology-related themes (RQ3, RQ4, and RQ5), such as GeoGebra,
technology integration, and TPACK, positions digital pedagogical competence as
a defining concern in contemporary mathematics teacher education (Akpalu et al.,
2025; Koehler & Mishra, 2005; Lachner et al., 2021; Ning et al., 2022). However,
these themes occupy peripheral positions in the co-occurrence network,
indicating that technology has entered the research agenda faster than it has been
absorbed into the field's theoretical core.

This peripheral position is significant because the effective use of digital tools
depends not merely on their adoption, but on their alignment with sound
pedagogical and didactic principles (Bray & Tangney, 2017; Bretscher, 2014;
Drijvers, 2019; Jankvist et al., 2019). Teachers with strong TPACK integrate tools
such as GeoGebra into instructional design meaningfully rather than as
superficial additions (Yildiz & Arpaci, 2024; Yuan et al., 2023), and the theoretical
integration of technology into established knowledge frameworks remains a
productive direction for future research. The implication for the field is that
integrating technological and traditional knowledge frameworks, rather than
allowing them to develop in parallel, represents a more pressing theoretical
challenge for future research

http:/ /ijlter.org/index.php/ijlter



575

5.5 From Defining to Operationalizing Knowledge

The thematic map (RQ5) reveals the maturation of the field’s epistemic priorities.
Earlier scholarship focused on establishing and defining broad constructs,
whereas recent studies have increasingly operationalized these constructs
through practice-oriented themes. This shift moves the central question from what
teacher knowledge is to how it functions in classroom practice. Crucially,
foundational frameworks are refined rather than displaced: their sustained
prominence across the timeline signals a cumulative rather than substitutive
trajectory (Depaepe et al., 2013; Shulman, 1986). The strategic diagram positions
teaching quality and initial teacher education as motor themes, while
foundational constructs such as MKT, PCK, and TPACK remain in the basic
quadrant. This pattern reveals a displacement between the field’s conceptual
center and its developmental frontier. This shift aligns with global trends in
evidence-informed professional development (Darling-Hammond, 2017; Lee &
Vongkulluksn, 2023).

5.6 A Maturing Field and Its Future Trajectory

The observed patterns suggest that the field has reached a level of theoretical
maturity in which newer studies build cumulatively upon an established
knowledge base rather than replacing existing frameworks (Depaepe et al., 2013;
Ishmuradova et al., 2024). Such maturity is a strength, but it also carries a risk: a
consolidated field can mistake refinement for progress and leave its foundational
tensions unexamined. The present mapping suggests three priorities for the next
phase of research. First, greater conceptual clarity among foundational constructs
such as MKT, PCK, and TPACK would help reduce the terminological
fragmentation revealed by the bibliometric mapping.

Second, the niche and peripheral themes, including the Knowledge Quartet and
horizon content knowledge, merit reintegration into mainstream inquiry rather
than abandonment; their peripheral position may reflect the labour-intensive
observational approaches their investigation requires, or their gradual absorption
into more comprehensive frameworks such as MTSK, rather than diminished
conceptual value. Third, and perhaps most importantly, the field would benefit
from theoretical efforts that more closely integrate its rapidly expanding
technological strand with its established conceptual core, enabling pedagogical
expertise, content mastery, and technology-enhanced teaching to develop into a
coherent framework for effective instruction in technology-rich learning
environments.

5.7 Limitations

Several limitations should be acknowledged. First, the analysis relies exclusively
on the Scopus database, thereby excluding studies indexed in other databases and
potentially introducing indexing bias. Second, the single search term
("mathematics teacher knowledge") may omit relevant studies that use alternative
terminology, prioritizing conceptual precision over exhaustive recall. Third,
keyword co-occurrence reflects terminology rather than underlying conceptual
relationships, potentially fragmenting related themes. Fourth, the exclusion of
non-English publications underrepresents several active communities in
mathematics education. Finally, the reliance on author-supplied keywords,
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without incorporating co-citation or bibliographic coupling analyses, may limit
the depth and granularity of the thematic mapping.

6. Conclusion

This bibliometric analysis provides a comprehensive overview of the
development of research on mathematics teacher knowledge from 2000 to 2025.
Publications increased steadily over this period, moving from minimal output in
the early 2000s to accelerated growth after 2018, with a peak around 2025. This
growth was driven by theoretical consolidation, broader international
participation, and the post-pandemic expansion of digital mathematics teaching.
Citation impact was strongest during the field's formative period of 2005-2010,
reflecting the enduring authority of foundational works on MKT and PCK rather
than any decline in scholarly influence; this pattern is best explained by citation
lag rather than diminishing relevance. Mathematical content knowledge,
pedagogical content knowledge (PCK), and mathematical knowledge for teaching
(MKT) have consistently formed the conceptual core of the field.

Among these constructs, mathematical content knowledge serves as the central
connecting node across thematic clusters, while teacher education remains its
primary context of application. The strategic diagram further indicates that
teaching quality and initial teacher education have emerged as the field’s motor
themes, suggesting that the field has progressed from defining the nature of
teacher knowledge to examining how it is enacted and applied in classroom
practice. At the same time, foundational constructs such as MKT, PCK, and
TPACK remain structurally central yet conceptually unsettled. Niche and
declining themes, including the Knowledge Quartet and horizon content
knowledge, retain conceptual value that the field risks overlooking. Future
research should pursue cross-database validation and geographic network
analysis and should examine whether and how the depth of mathematical content
knowledge conditions the progressive development of technology-integrated
competencies such as TPACK, a question that this mapping surfaces but that
bibliometric methods alone cannot resolve.
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