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Abstract. This research analyzed global research trends on numeracy assessment in the digital era to
identify future directions for diagnostic assessment development. Numeracy is recognized as a key twenty-
first century competency that supports problem-solving and lifelong learning; however, existing assessments
predominantly focus on summative and formative purposes rather than diagnostic functions. To address this
gap, a bibliometric analysis was conducted using 246 publications indexed in the Scopus database between
2020 and 2025. Data were processed using Biblioshiny and VOSviewer to examine publication trends,
influential authors, institutions, journals, and keyword co-occurrence networks. The results indicate a
consistent growth in publication productivity, with an annual increase of 8.92%, accompanied by strong
international collaboration across institutions in Asia, Europe, and the Americas. Thematic mapping
revealed four major research clusters: student achievement and learning, education policy and systems,
numeracy assessment and design, and home-based learning. These clusters reflect a shift toward
contextualized, learner-centered, and technology-enhanced approaches to numeracy education. Overall, the
findings highlight a substantial gap in diagnostic-oriented numeracy assessments. This study contributes a
conceptual and empirical foundation for advancing adaptive, data-driven diagnostic assessment frameworks
that are responsive to digital learning environments.

1 Introduction been found to significantly strengthen students’

mathematical reasoning [4][5], [6][7]-

In the 21st century, numeracy has been widely
acknowledged as a core competency necessary for
individuals to engage effectively in contemporary
society. International assessment frameworks, including
the Programme for International Student Assessment
(PISA), highlight numeracy as a fundamental dimension
of mathematical literacy and a crucial foundation for
problem-solving [8], [9][9]. The capacity to interpret
quantitative information, reason logically, and apply
mathematical concepts in authentic contexts is essential
for preparing students to become lifelong learners. With

Numeracy refers to a fundamental competency required
to function effectively in real-life contexts that involve
mathematical elements, and it is often wused
interchangeably with terms such as quantitative literacy
and mathematical literacy [1]. The concept of numeracy,
which involves the ability to understand and apply
mathematical concepts in everyday situations, has
become a fundamental competency that individuals are
expected to possess, particularly within academic
contexts.[2][1].

In practice, many students continue to encounter

challenges in developing a deep understanding of
numeracy concepts and in connecting these concepts
with scientific knowledge. Such difficulties often lead to
low learning motivation and hinder the development of
higher-order thinking skills, including analysis and
evaluation [3]. Conversely, longitudinal studies indicate
that children who acquire strong numeracy
competencies tend to retain and even enhance these
abilities into adulthood, enabling them to demonstrate
more sophisticated problem-solving skills, particularly
in technology-oriented environments. Furthermore,
numeracy has been shown to play a crucial role in
fostering critical thinking across disciplines, and the
implementation of formative assessment strategies has
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the rapid advancement of digital technologies and
reshaping educational practices across the globe, the
evaluation of students’ numeracy proficiency has gained
increasing importance—not only as a measure of
academic performance but also as a means of
understanding students’ cognitive processes in solving
problems  within  technology-enriched learning
environments [10] [11].

Recent developments in digital technology have
facilitated the emergence of innovative assessment
practices, such as computer-based testing, online
assessments, and data-driven learning analytics. These
innovations have transformed the landscape of
educational evaluation by supporting more flexible,
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adaptive, and personalized assessments [12][13].
Technological advancements, together with their
diverse functionalities, have enabled the implementation
of high-quality assessments and played a crucial role in
strengthening educational evaluation practices [14].
Consequently, a growing body of research has examined
numeracy assessment within  digital learning
environments, reflecting increasing interest in the
integration of technology into mathematics education.
However, despite the expanding literature on digital
assessment, most prior studies have predominantly
focused on summative and formative assessments aimed
at measuring students’ performance, rather than offering
diagnostic  insights into students’ conceptual
understanding and misconceptions [15][16][17].

In numeracy learning, contextualization plays a
crucial role, as numeracy requires the application of
mathematical concepts across a variety of real-life
situations. Accordingly, learning activities should
integrate authentic contexts by providing students with
meaningful problems derived from everyday situations,
reading texts, or public information to strengthen their
quantitative reasoning [18].

Although numeracy is recognized as a fundamental
right for all students and a vital component of their
academic development, its instruction remains
challenging due to variations in learners' prior
knowledge and engagement [19] [9].

This research emphasizes a continuing challenge in
mathematics education: although digital innovations
have expanded the accessibility and efficiency of
assessment practices, they still fall short of adequately
addressing the crucial need to identify learners’
misconceptions and cognitive pathways. This limitation
is significant, as the absence of diagnostic insight
hinders educators from adapting instruction to
individual learning needs and from fostering a deeper
conceptual grasp of numeracy. Hence, exploring how
contemporary ~ research  integrates  diagnostic
perspectives into numeracy assessment becomes vital
for enhancing pedagogical practices and guiding
evidence-based educational policymaking.

This imbalance indicates a significant gap in the
current body of knowledge. While numerous
international studies have examined the efficiency,
validity, and accessibility of digital assessment tools,
only a limited number have investigated their
development from a  diagnostic  perspective.
Furthermore, there is a lack of comprehensive mapping
that outlines global research trends in numeracy
assessment, particularly in terms of how the field has
evolved, which areas remain insufficiently explored,
and where future diagnostic innovations may
emerge[20][21], [22] [22] [23] existing research also
tends to treat assessment primarily as a tool for
measuring learning outcomes rather than as a process for
identifying students’ conceptual errors and learning
challenges [24]. Therefore, a systematic and data-driven
overview of the global landscape of numeracy
assessment research is essential to support the
advancement of diagnostic assessment models in
mathematics education.

Recognizing this gap in the existing body of
knowledge, the present study aims to examine global
research trends on numeracy assessment in the digital
era and identify thematic directions that may inform the
development of future diagnostic assessment models.
Employing a bibliometric research mapping approach,
this study analyzes publication trends, influential
authors, contributing countries and institutions, sources
of publication, keyword networks, and emerging
thematic clusters. The insights derived from this
analysis are expected to link current developments in
numeracy and digital assessment with future research
needs, thereby narrowing the existing research gap.
Furthermore, this study provides a scholarly foundation
for the development of diagnostic-oriented numeracy
assessment tools aligned with international frameworks
such as PISA.

This research contributes by presenting a systematic
and globally oriented synthesis of research on numeracy
assessment within the digital era. It maps the evolution
of publication trends, identifies influential scholars, and
highlights the key sources that have shaped the scholarly
landscape of the field. Moreover, the study establishes a
bibliometric groundwork for advancing diagnostic-
focused approaches in numeracy education, thereby
facilitating the development of assessment frameworks
that reveal students’ conceptual understanding and
underlying learning processes. Accordingly, the study is
guided by the following research questions:

RQ1: What are the primary bibliometric characteristics
of global research on numeracy assessment in the digital
era, including annual publication trends, leading
authors, countries, institutions, publication sources, and
the most highly cited documents?

RQ2: How do current research trends in numeracy
assessment reveal existing gaps and future directions in
the field?

Understanding the global landscape of numeracy
assessment research is crucial for analyzing how the
field has evolved and identifying arecas where
meaningful innovation is still required. By
systematically mapping research trends and thematic
developments, this study offers a comprehensive
overview of current scholarly contributions while
highlighting underexplored areas that warrant further
investigation. Ultimately, the findings are expected to
contribute to enhancing numeracy education and
strengthening assessment frameworks that better
capture students’ learning processes and conceptual
understanding.

2 Method

2.1 Database selection

This study utilized data retrieved from the Scopus
database, which is widely recognized as one of the most
reliable and comprehensive sources for bibliometric
analysis. Scopus offers broad multidisciplinary
coverage and consistent metadata quality, thereby
ensuring analytical accuracy and reproducibility
[25][26]. The search process employed Boolean
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operators applied to the title, abstract, and keyword
fields to identify relevant publications. The retrieved
documents consisted of journal articles, conference
papers, and review papers, which were exported in CSV
format for further analysis using Biblioshiny and
VOSviewer software [27] .
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Fig. 1. PRISMA diagram of data collection and selection
criteria [28].

2.2 Selection criteria

The criteria for selecting relevant documents were
established carefully to ensure that the collected data
were accurate and aligned with the objectives of this
study. The data search was conducted in the Scopus
database using the following Boolean search string
applied to the TITLE-ABS-KEY field: (“numeracy” OR
“numeracy  skills”) AND (“assessment*” OR
“diagnostic assessment”) AND (“digital” OR “learning”
OR  “technology”). This search query was
systematically constructed to identify publications
related to numeracy assessment in the digital era. The
inclusion criteria consisted of: (a) publications from
2020 to 2025, (b) removal of duplicate records, (c)
limitation to relevant subject areas, (d) document type
restricted to journal articles, and (e) English-language
publications. In addition, only open-access documents
were included to ensure transparency and data
verification. These criteria were applied to obtain a
dataset that accurately represents current and relevant
research on numeracy assessment in the context of
digital transformation.

2.3 Data analysis

Data analysis in this study was carried out using two
primary tools, namely RStudio and VOSviewer.
RStudio was employed to conduct bibliometric analysis
using the Bibliometrix package, which systematically
processed bibliographic data, including annual
publication trends, document types, sources of
publication, and the distribution of authors and
affiliations. The Biblioshiny interface was additionally

utilized to generate interactive visualizations, enabling a
clearer exploration of publication trends and
collaboration networks in global research on numeracy
assessment [26] [29].

VOSviewer, on the other hand, was used to examine
research foci and relationships between keywords
through co-occurrence analysis [30]. The visualizations
generated by VOSviewer helped identify thematic
clusters and emerging keywords, providing insight into
the conceptual structure and evolutionary direction of
research in numeracy assessment. The combined use of
RStudio and VOSviewer offered a comprehensive,
transparent, and replicable analytical framework that
enabled an in-depth understanding of the development
of numeracy assessment and diagnostic innovation in
the digital era.

3 Results and discussion

3.1 Main information

The analysis of main information provides an overview
of the characteristics of the documents included in this
study, encompassing publication distribution, sources,
contributing authors, and levels of collaboration and
citation [31]. Based on the bibliometric results (Figure
2), a total of 246 documents were published between
2020 and 2025 across 133 sources. The annual growth
rate of 8.92% indicates a consistent increase in scholarly
interest in this topic. A total of 1,062 authors contributed
to these publications, of which only 18 were single-
authored documents. The average of 4.79 authors per
publication suggests a strong tendency toward
collaborative  research, while the international
collaboration rate of 33.74% reflects the presence of
active cross-country research networks. Additionally,
859 author keywords were identified, demonstrating
diversity in research focus and methodological
approaches. A total of 2,170 references were cited, with
an average document age of 2.18 years, indicating that
most studies draw upon relatively recent literature.
Furthermore, the average of 6.83 citations per document
signifies a moderate but meaningful level of scholarly
impact within the academic community. Overall, these
findings suggest that research on numeracy assessment
continues to develop dynamically and exhibits strong
relevance to current educational discourse.

2020:2025 m 246 8.92 %
Authors Authors of single-autho International Co-Authors| Co-Authors per Doc
Author's Keywords (DE) References Document Average Age Average citations per doc|

859 2170 2.18 6.833

Fig. 2. Main information.
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3.2 Growth Patterns

The analysis of publication trends was conducted to
observe the development of research interest over time
in the topic under investigation. Identifying such
patterns is essential to understanding the progression
and dynamics of scholarly attention within the field
[32][31]. Based on figure 3, the publication data from
2020 to 2025 reveal a consistent upward trend. In 2020,
a total of 30 documents were published, followed by a
slight increase to 31 publications in 2021. A notable rise
occurred in 2022 with 36 publications, marking the
beginning of a growing research focus on this topic. The
period of 2023-2024 represents the peak years in
publication productivity, with 51 and 52 documents,
respectively—the highest output recorded within the
analyzed timeframe. Although the data for 2025 do not
yet represent a full year, the 46 publications recorded
thus far indicate that scholarly interest in numeracy
assessment within the digital context remains strong and
stable.
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Fig. 3. Annual scientific production.

3.3 Most Global Cited Document

Based on the results presented in Table 1, the articles
with the highest citation counts can be grouped into two
dominant thematic areas: (1) the impact of the COVID-
19 pandemic on basic learning and numeracy, and (2)
digital transformation and new literacies in education.
Most of the highly cited studies—such as Estimation of
Learning Loss, PISA-like Task Design, and
Complementary Basic Education in Ghana—emphasize
the decline in foundational learning skills caused by
prolonged school closures. This thematic cluster
contributes to a deeper understanding of learning loss,
learning poverty, and various strategies for educational
recovery. The Normalized TC values of these articles
indicate that research on learning recovery and
diagnostic assessment has attracted significant attention
across different countries. The second theme, Digital
Transformation and New Literacies in Education, is
represented by studies such as Higher Education
Students' Perceptions of ChatGPT, which marks the
emergence of a new research focus on the integration of
artificial intelligence (AI) in learning and assessment.
With the highest Normalized TC (31.19), this study
highlights that technology-based literacy and numeracy
have become rapidly expanding research frontiers in the
post-pandemic era.

Table 1. Top 10 global cited document.

TC
Paper TC per NTC
Year

Estimation of the fundamental
learning loss and learning poverty
related to COVID-19 pandemic in
Mexico

Numeracy, adult education, and
vulnerable adults: a critical view | 76 | 12.67 | 5.47
of a neglected field

Potential effects of COVID-19
school closures on foundational
skills and Country responses for
mitigating learning loss

Youth well-being predicts later
academic success

Designing PISA-like mathematics
task using a COVID-19 context | 47 9.40 3.44
(Pisacomat)

Practice makes perfect: Practice
engagement theory and the
development of adult literacy and
numeracy proficiency

Higher  education  students'
perceptions of ChatGPT: A global | 40 | 40.00 | 31.19
study of early reactions

Welcome to the era of vague
news: a study of the demands of
statistical ~and  mathematical | 40 | 10.00 | 4.16
products in the COVID-19
pandemic media

Using educational transitions to
estimate learning loss due to
COVID-19 school closures: The | 40 8.00 2.93
case of Complementary Basic
Education in Ghana

Short-term effects of a classroom-
based STEAM program using
robotic kits on children in South
Korea

90 | 2250 | 9.36

49 9.80 3.59

47 | 11.75 | 4.89

41 6.83 2.95

38 | 12.67 | 5.84

*TC: Total citations
*NTC: Normalized total citations

In addition, studies focusing on adult numeracy and
practice engagement theory underscore the relevance of
lifelong learning approaches and the connection
between numeracy skills and social well-being. This
broader perspective extends the scope of numeracy
research from the school setting to community and
workforce contexts. Overall, these patterns reflect a
paradigm shift from viewing numeracy solely as a
cognitive skill toward understanding it as a
multidimensional  construct shaped by social,
technological, and global educational policies.

3.4 Most productive affiliation

Based on the analysis results in Table 2, Nanyang
Technological University emerged as the most
productive institution with 23 publications, followed by
Sriwijaya University (22 publications), Semarang State
University (21), and Jakarta State University (20). The
involvement of internationally recognized institutions
such as the University of Cambridge (16 publications),
along with other contributors including Padang State
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University, the University of Cape Town, Queensland
University of Technology, Malang State University, and
Universiti Teknologi MARA (each contributing
between 10 and 11 publications), reflects the global
reach of research in this field. The strong representation
of Asian institutions, particularly from Indonesia,
highlights the growing role of universities in this region

publications each, further enriching global scholarly
output in this field. Overall, the participation of authors
from diverse geographical regions reflects strong
international collaboration and growing global interest
in numeracy assessment research.

Table 3. Top 10 productive sources.

in advancing research on numeracy and digital Sources SQ Country Articles
assessment. This trend also suggests increasing regional Frontiers in Education Q2 | Switzerland 11
engagement in international collaboration and Tnternational ] Tof
knowledge production. rematonat Journat o United
gep Educational Q1 10
. e Kingdom
Table 2. Top 10 productive afflitiation. Development
— - PLos One Q1 | United States 10
Affiliation Articles Early Childhood | (" United ;
Nanyang Technological University 23 Research Quarterly Kingdom
Universitas Sriwijaya 2 Social . .Scwnces and Ql I_Jmted 7
— - Humanities Open Kingdom
Universitas Negeri Semarang 21 Journal on Mathematics 93 Indonesia .
Universitas Negeri Jakarta 20 Education
University Of Cambridge 16 Foonomics of Education | ) K?é‘glﬁn 5
Universitas Negeri Padang 11 International Review of QZ Netherlands 5
University Of Cape Town 11 Education
- - Journal of Numerical
Queensland University of Technology 10 Cognition Ql Germany 5
Universitas Negeri Malang 10 South African Journal of .
. . Q3 South Africa 5
Universiti Teknologi Mara 10 Childhood Education

3.5 Most productive source

Authors Affiliation Country | Articles | AF
Based. on .the analy'sis results presented ip Table 3, Putri, R. | Universitas .
Frontiers in Education (Q2, Switzerland) is the most LL Sriwijaya Indonesia 6 1.56
productive journal, publishing 11 articles related to the Zulkardi, | Universitas )
topic. This is followed by the International Journal of Zulkardi Sriwijaya Indonesia 6 1.56
Educational Development (Q1, United Kingdom) and Aunio, Helsingin Finland 5 0.94
PLoS One (Ql, United States), each with 10 Pirjo Yliopisto i
publications. Other notable sources that made Graven, Rhodes South
substantial contributions include Early Childhood Mellony University Africa 4 1.83
Research Quarterly and Social Sciences and Humanities Holm —
Open, each with 7 articles, as well as the Journal on Howard, Um\(/)e;rsny Australia 4 0.56
Mathematics Education (Q3, Indonesia) with 6 articles. Steven J. Wollongong '
The dominance of publications in Q1 and Q2 journals College of
ir}dicatfzs that studies in this ﬁelq are Wide?ly Purpura, | Health and United A 0.87
disseminated through reputable academic outlets, with David J. Human States .
strong contributions from Europe, the Americas, and Sciences
Asia. Rose, University United
Pauline of Kinedom 4 0.87
. M. Cambridge &
3.6 Most productive researcher Universitas
Cahyono, Negeri Indonesia 3 0.73
Based on the analysis results presented in Table 4, two Adi Nur Semarang '
researchers from Sriwijaya University, R. I. I. Putri and Clerkin Dublin City
: : : : L . . Ireland 3 0.73
Zulkardi, were identified as the most productive authors, Aidan University
each contributing six publications. This findin iversi
& ., p . . & Gal, Iddo Umver§ ity Israel 3 1.08
underscores Indonesia’s notable role in advancing of Haifa

research in numeracy and mathematics education. Other
leading contributors include Pirjo Aunio from Finland
with five publications, followed by Mellony Holm
Graven (South Africa), Steven J. Howard (Australia),
David J. Purpura (United States), and Pauline M. Rose
(United Kingdom), each with four publications.
Additionally, researchers such as Adi Nur Cahyono,
Aidan Clerkin, and Iddo Gal contributed three

Table 4. Top 10 productive researcher.

*AF: Articles Fractionalized

3.7 Focus research

Figure 4 illustrates the keyword co-occurrence network
constructed using VOSviewer, revealing the semantic
relationships among recurring terms in numeracy
assessment studies. The color differentiation identifies
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thematic clusters that organize the intellectual structure
of the field.

piac

Fig 4. Visualization of co-occurance keywords.

Based on the figure 4 obtained from the VoSviewer
analysis, four clusters were identified, as shown in the
following Table 5:

Table 5. Cluster classification based on color-coded
grouping.

Keywords Color Group name
name

Academic achievement,
Academic performance,
Child, Learning
environment, Primary
school, Reading, School,
Teaching
Education, Education policy,

Student
Red Achievement
and Learning

. E tion
Education development, dl}ca °
. . . Green Policy and
Learning, Literacy, Piaac,
. . System
Primary education
Assessment, design research,
early numeracy, Numeracy
mathematics, mathematics Blue Assessment and
education, numeracy, Design

numeracy skills
Children, home learning
environment, home Blue
numeracy environment

Home-Based
Learning

The red cluster, labeled “Student Achievement and
Learning,” reflects research focusing on student
learning outcomes and classroom learning contexts.
Keywords such as academic achievement, learning
environment, and teaching indicate attention to
instructional strategies, classroom conditions, and
factors that influence learning performance, particularly
at the primary school level. This cluster emphasizes the
crucial role of teachers and school environments in
supporting the development of students’ numeracy
competencies [1][33][34].

The green cluster, titled “Education Policy and
System,” encompasses studies related to educational
policy frameworks and systemic influences on
numeracy learning. The presence of keywords such as
education policy, education development, and PIAAC
suggests research concentration on international
education policies, literacy standards, and how systemic
structures shape the implementation of numeracy
learning and assessment. This cluster highlights the

significant influence of educational policy in directing
instructional practices and improving numeracy
outcomes at both national and international levels [35].

The blue cluster, labeled “Numeracy Assessment
and Design,” represents the core theme of this research
field. This cluster includes keywords such as
assessment, design research, early numeracy, and
mathematics education, which indicate a strong
research emphasis on the development and refinement
of diagnostic assessment instruments. Studies in this
cluster focus on designing assessment tools capable of
identifying students’ strengths and weaknesses in
numeracy, particularly in the context of digital learning
environments.

The yellow cluster, titled “Home-Based Learning,”
highlights the influence of the family environment on
children’s numeracy development. Keywords such as
children, home learning environment, and home
numeracy environment reflect the view that numeracy
learning extends beyond formal schooling and is also
shaped by everyday interactions at home. This cluster
underscores the crucial role of parental involvement in
fostering foundational numeracy skills from an early age
[36].

The learning environment is therefore a crucial
component in achieving learning objectives, as it shapes
the teaching and learning process both inside and
outside the classroom. The learning environment refers
to the physical, social, and psychological contexts in
which learning occurs. Within this environment,
students not only acquire academic knowledge but also
develop social competencies through interaction and
engagement in meaningful learning experiences [37]

3.8 Keyword novelty

The results of the VOSviewer overlay visualization in
Figure 5 reveal several yellow-highlighted areas that
indicate emerging and increasingly popular keywords in
recent studies, such as academic achievement, academic
performance, child, learning environment, school,
teaching, and reading. The presence of these keywords
suggests a shift in numeracy research toward a broader
understanding of contextual learning factors that
influence students’ numeracy outcomes, particularly at
the elementary school level.

Fig. 5. Visualization of keywords novelty.

These findings indicate that current numeracy
research is evolving beyond traditional assessments of
mathematical ability and increasingly explores the
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relationships among the learning environment, teaching
practices, and students’ academic achievement [38][39].
This shift reflects the growing recognition of numeracy
as a multidimensional construct shaped by the
interaction of social, pedagogical, and psychological
factors. Consequently, this perspective opens new
opportunities for the development of diagnostic
numeracy assessments that not only evaluate cognitive
skills but also incorporate affective dimensions,
pedagogical support, and environmental influences on
learning.

The causal relationship among these three
components suggests that a supportive learning
environment—both at school and at home—serves as a
fundamental basis for the development of children’s
numeracy skills [40]. An environment that offers
meaningful numeracy experiences, access to relevant
learning resources, and a safe and engaging atmosphere
can enhance students’ motivation and cognitive
readiness to learn mathematics [41]. Continuous and
appropriately structured learning stimulation enables
children to build stronger conceptual understanding of
numbers and to engage in mathematical problem solving
more effectively [42].

Furthermore, the teaching process plays a mediating
role between the learning environment and students’
academic achievement. Teachers who can adapt
instructional strategies to students’ characteristics and
learning needs are better positioned to optimize
numeracy learning outcomes [43] A diagnostic-oriented
teaching approach enables early identification of
learning gaps and conceptual misunderstandings,
allowing for timely and targeted intervention [44].
Accurate assessment data enables teachers to implement
remedial, or enrichment strategies tailored to students’
individual learning profiles, thereby enhancing
instructional effectiveness.

As a result of the dynamic interaction between the
learning environment and the teaching process,
children’s academic achievement in numeracy develops
cumulatively. When one of these components is
weakened, such as an unsupportive learning
environment or instructional practices that are not
adaptive to students’ numeracy development may be
hindered. Therefore, a comprehensive understanding of
the interrelationship among these three factors is crucial
for designing diagnostic assessments that accurately
capture students’ learning profiles in numeracy.

In this perspective, diagnostic assessments in the
digital era should not be viewed solely as tools for
measuring learning outcomes but as instruments for
identifying individual learning needs. When developed
based on contextual understanding, diagnostic
instruments enable teachers and researchers to identify
the root causes of learning gaps in numeracy more
precisely. They also provide a foundation for designing
targeted, adaptive, and evidence-based learning
interventions. Consequently, the research trajectory
represented by this cluster offers a strategic contribution
to advancing holistic diagnostic assessment models in
numeracy that are responsive to the challenges of
education in the digital age.

3.9 Comparison with other studies

This study is consistent with previous research [21] [22]
and confirms a steady growth in publication output
related to numeracy skill and assessment. As reflected
in the annual scientific production, this trend illustrates
that the enhancement of numeracy competencies,
particularly within digital learning contexts, has become
an increasingly prominent area of scholarly interest. The
present study offers a broader perspective by revealing
that diagnostic assessment approaches have received
limited attention compared to earlier analyses. Unlike
previous bibliometric reviews that primarily focused on
technology integration and learning assessment, this
research highlights the emergence of diagnostic-
oriented approaches as a crucial research focus in the
post-pandemic era. Moreover, the identification of
research clusters, which include student achievement,
educational policy, assessment design, and home-based
learning, demonstrates the multidimensional expansion
of numeracy research.

3.10 Implications and explanation of findings

The overall findings of this research present several
important implications. The considerable increase in
publication output and the expansion of international
collaboration suggest that numeracy assessment has
developed into a global and interdisciplinary area of
study. The identification of emerging themes, including
contextualized learning environments and technology-
based assessment, indicates that researchers are
progressively moving toward holistic frameworks that
integrate learning processes, pedagogical approaches,
and cognitive outcomes. This trend demonstrates that
numeracy is no longer perceived merely as a technical
competence but as a complex construct influenced by
both environmental and affective factors.

At a practical level, the results emphasize the
importance of incorporating diagnostic assessment
principles within digital assessment frameworks. The
frequent appearance of keywords associated with
learning environments and teaching practices shows the
potential of data-informed diagnostics to guide
personalized feedback and support adaptive learning
design. These findings offer meaningful directions for
future studies aimed at developing assessment systems
that go beyond measuring performance to reveal
learning gaps and conceptual misconceptions.

3.11 Strengths and limitations

The primary strength of this research lies in its
comprehensive bibliometric design, which employs data
visualization tools such as Biblioshiny and VOSviewer
to generate transparent, replicable, and
multidimensional insights into global scholarship on
numeracy assessment. The inclusion of recent
publications covering the period from 2020 to 2025
enhances both the relevance and timeliness of the
results, while the emphasis on diagnostic perspectives
addresses a notable gap within the existing literature.
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However, certain limitations should be recognized.
This study is based exclusively on the Scopus database,
which, despite its extensive coverage, may omit relevant
works indexed in other databases, including the Web of
Science and ERIC. Furthermore, the reliance on Scopus
bibliometric data alone might not capture the full
breadth of research on the topic. Future investigations
could expand the dataset or adopt complementary
analytical ~methods to strengthen contextual
interpretation and provide a more holistic understanding
of global trends in numeracy assessment research.

4 Conclusion

This study provides a comprehensive bibliometric
overview of global research on numeracy assessment in
the digital era. The findings reveal a steady increase in
scholarly attention accompanied by robust international
collaboration and substantial contributions from
institutions across Asia, Europe, and the Americas.
Current research trends demonstrate a growing
emphasis on technology-enhanced and digital
assessments; however, much of the existing literature
continues to focus predominantly on summative and
formative approaches rather than diagnostic purposes.

The mapping and keyword analyses highlight an
emerging shift toward more contextualized and learner-
centered perspectives, emphasizing how learning
environments, teaching practices, and students’
academic achievement interact to shape numeracy
outcomes. These results point to a critical research
gap—namely, the limited investigation into diagnostic-
oriented assessment models capable of identifying
students’ conceptual understanding and learning
difficulties.

By addressing this gap, the present study establishes
both a conceptual and empirical foundation for the
development of adaptive, data-informed, and
diagnostically focused assessment frameworks in
numeracy education. Beyond mapping the existing
research landscape, this study provides strategic insights
to guide future innovations toward more responsive,
evidence-based, and equitable assessment practices that
align with the evolving demands of digital-era learning.

This study contributes to a deeper understanding of
the relationship between digital assessment and
diagnostic approaches, emphasizing that numeracy
should be examined through both cognitive and
contextual lenses. Although the analysis is limited to
data drawn from the Scopus database, the results
nonetheless provide a clear global overview that can
inform future investigations employing broader datasets
or integrated analytical frameworks. Overall, the study
underscores the importance of advancing research on
diagnostic-oriented digital assessments to enhance the
precision and adaptability of numeracy evaluation
practices.

References

1. V. Adelia, R. I. I. Putri, and Zulkardi, A systematic
literature review: how do we support students to

10.

11.

12.

13.

become numerate?. International Journal of
Evaluation and Research in Education. 13, 1816—
1824 (2024).

https://doi.org/10.11591/ijere.v13i3.26849

R. D. Maharani and D. Dasari, Numeracy literacy
ability viewed by characteristics of students’ way of
thinking. KnE Social Sciences. 9, 633—-641 (2024).
https://doi.org/10.18502/KSS.V9I13.15967

K. Glier-Pagin and L. Spectre, Where is the
motivation in motivated numeracy?. Rev Philos
Psychol. 16, 481-498 (2025).
https://doi.org/10.1007/S13164-024-00737-W

S. Y. Duma, Muslimin, A. S. Modjo, and A. Walid,
The role of mathematics education in developing
critical thinking skill in the industrial era 5.0.
Aksioma Education Journal. 1, 1-10 (2024).
https://doi.org/10.62872/RCA4PY44

F. R. Wahidah, F. R. Putra, and A. F. Nugrahaeni,
Statistic course: can it improves numeric reasoning
ability?. Journal of Learning Theory and
Methodology. 3, 53-58 (2022).
https://doi.org/10.17309/JLTM.2022.2.01

S. A. Pratiwi, N. Robiah, N. Peni, and A. Prabowo,
Study on literacy numeracy towards students’ logic
mathematics: a literature review. Numeracy. 11,
58-69 (2024).
https://doi.org/10.46244/NUMERACY.V1111.260
1

D. M. Anggraini, H. Mubarok, and 1. F. Sari,
Improving critical thinking character through
numeracy literacy for elementary school students.
Dawuh Guru: Jurnal Pendidikan MI/SD. 5, 137
148 (2025).
https://doi.org/10.35878/GURU.VS5I1.1807

L. M. Rizki and N. Priatna, Mathematical literacy
as the 21st century skill. J Phys Conf Ser. 1157,
042088  (2019).  https://doi.org/10.1088/1742-
6596/1157/4/042088

V. Geiger, M. Goos, and H. Forgasz, A rich
interpretation of numeracy for the 21st century: a
survey of the state of the field. ZDM Mathematics
Education. 47, 531-548 (2015).
https://doi.org/10.1007/S11858-015-0708-1

R. Oktiana Akbar and R. O. Akbar, The role of
formative assessment in enhancing students’
numeracy literacy: a qualitative evaluation. Jurnal
Penelitian Pendidikan TPA. 11, 160-166 (2025).
https://doi.org/10.29303/JPPIPA.V1117.11905

D. S. Nusantara, Zulkardi, and R. I. Indra Putri,
How to design PISA-like digital mathematics
problems: a preliminary study. AIP Conf Proc.
3046, (2024). https://doi.org/10.1063/5.0194756

I. Saputra, A. Kurniawan, M. Yanita, E. Y. Putri,
and M. Mahniza, The evolution of educational
assessment: how artificial intelligence is shaping
the trends and future of learning evaluation. The
Indonesian Journal of Computer Science. 13,
(2024). https://doi.org/10.33022/1JCS.V1316.4465

J. O. Okafor, The role of digital tools in assessment
and their impact on educational practices.



https://doi.org/10.11591/ijere.v13i3.26849
https://doi.org/10.18502/KSS.V9I13.15967
https://doi.org/10.1007/S13164-024-00737-W
https://doi.org/10.62872/RCA4PY44
https://doi.org/10.17309/JLTM.2022.2.01
https://doi.org/10.46244/NUMERACY.V11I1.2601
https://doi.org/10.46244/NUMERACY.V11I1.2601
https://doi.org/10.35878/GURU.V5I1.1807
https://doi.org/10.1088/1742-6596/1157/4/042088
https://doi.org/10.1088/1742-6596/1157/4/042088
https://doi.org/10.1007/S11858-015-0708-1
https://doi.org/10.29303/JPPIPA.V11I7.11905
https://doi.org/10.1063/5.0194756
https://doi.org/10.33022/IJCS.V13I6.4465

EPJ Web of Conferences 344, 01005 (2025)
AIPTEC 2025

https://doi.org/10.1051/epjconf/202534401005

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Indonesian Journal of Innovative Teaching and
Learning. 2, 58-71 (2025).
https://doi.org/10.64420/1JI1TL.V211.202

H. Retnawati et al, A systematic review of the use
of technology in educational assessment practices:
lesson learned and direction for future studies.
International Journal of Robotics and Control
Systems. 4, 1656-1693 (2024).
https://doi.org/10.31763/ijrcs.v4i4.1572

H. Fauziyatun and H. Retnawati, The challenges of
using ICT in mathematics education assessment: a
literature review. AIP Conf Proc. 2575, (2022).
https://doi.org/10.1063/5.0108031

H. G. Weigand, J. Trgalova, and M. Tabach,
Mathematics teaching, learning, and assessment in
the digital age. ZDM - Mathematics Education. 56,
525-541 (2024). https://doi.org/10.1007/S11858-
024-01612-9

G. Burgmanis, M. Mikite, 1. France, and D.
Namsone, Development of computer-based
diagnostic assessment system: case study of
equivalence of paper-and-pencil and computer-
based testing. SOCIETY. INTEGRATION.
EDUCATION. Proceedings of the International
Scientific Conference. 1, 613-622 (2023).
https://doi.org/10.17770/SIE2023VOL1.7096

V. Adelia, R. I. I. Putri, and Zulkardi, A systematic
literature review: how do we support students to

become numerate?. International Journal of
Evaluation and Research in Education. 13, 1816—
1824 (2024).

https://doi.org/10.11591/ijere.v13i3.26849

D. Hains, M. Intindola, D. Lepisto, and B. Wagner,
Scrimmage! teaching quantitative literacy through
a multidimensional simulation. The International
Journal of Management Education. 17, 119-129
(2019).
https://doi.org/10.1016/J.1JME.2019.01.002

H. R. Auliya, M. Christianti, and B. Hidayat,
Development of multi-tier diagnostic tests for
primary schools: a systematic literature review.
Jurnal Prima Edukasia. 13, 59-74 (2025).
https://doi.org/10.21831/JPE.V1311.76906

V. Saputri, Y. S. Kusumah, T. Turmudi, and A.
Jupri, Global trend of numeracy research: a
bibliometric analysis using scopus database. Euler:
Jurnal [lmiah Matematika, Sains dan Teknologi. 13,
188-194 (2025).
https://doi.org/10.37905/EULER.V1312.33003

N. Ibrahim, M. A. Zailani, and H. S. A. Hamid,
Assessment literacy measures: a comprehensive
bibliometric analysis. International Journal of
Education, Psychology and Counseling (IJEPC). 9,
146-163 (2024).
https://doi.org/10.35631/1JEPC.953013

P. Junpeng et al, Validation of a digital tool for
diagnosing mathematical proficiency. International
Journal of Evaluation and Research in Education. 9,
665-674 (2020).
https://doi.org/10.11591/IJERE.V913.20503

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

N. Kalyani, M. Chagamreddy, and S. Kaliki, A
comprehensive survey on traditional and automated
tools for academic learning difficulties.
International Journal for Research in Applied
Science and Engineering Technology. 12, (2024).
https://doi.org/10.22214/ijraset.2024.64205

K. Alalawi, R. Athauda, and R. Chiong,
Contextualizing the current state of research on the
use of machine learning for student performance
prediction: a systematic literature review.
Engineering  Reports. 5, ¢e12699  (2023).
https://doi.org/10.1002/ENG2.12699

J. A. Moral-Muiloz, E. Herrera-Viedma, A.
Santisteban-Espejo, and M. J. Cobo, Software tools
for conducting bibliometric analysis in science: an
up-to-date review. Profesional de la Informacion.
29, (2020).
https://doi.org/10.3145/EP1.2020.ENE.03

J. Baas, M. Schotten, A. Plume, G. C6té, and R.
Karimi, Scopus as a curated, high-quality
bibliometric data source for academic research in
quantitative science studies. Quantitative Science
Studies. 1, 377-386 (2020).
https://doi.org/10.1162/QSS_A 00019

M. J. Page et al, The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews.
BMJ. 372, (2021).
https://doi.org/10.1136/BMJ.N71.

S. Biiytikkidik A bibliometric analysis: a tutorial for
the bibliometrix package in R using IRT literature.
Journal of Measurement and Evaluation in
Education and Psychology. 13, 164—193 (2022).
https://doi.org/10.21031/EPOD.1069307

N. J. van Eck and L. Waltman, Software survey:
VOSviewer, a computer program for bibliometric
mapping. Scientometrics. 84, 523-538 (2010).
https://doi.org/10.1007/S11192-009-0146-3

I. Passas, Bibliometric analysis: the main steps.
Encyclopedia. 4, 1014-1025 (2024).
https://doi.org/10.3390/ENCYCLOPEDIA402006
5

W. Hassan and A. E. Duarte, Bibliometric analysis:
a few suggestions. Curr Probl Cardiol. 49, 102640
(2024).
https://doi.org/10.1016/J.CPCARDIOL.2024.1026
40

S. Sukarno, N. H. P. S. Putro, I. Fitrianingsih, Y. A.
Alsamiri, F. M. A. Gharamah, and I. A. G. Tatin,
Exploring the perceptions of literacy in assessment
for learning among high school English teachers.
REID (Research and Evaluation in Education). 10,
143-154 (2024).
https://doi.org/10.21831/REID.V1012.71324

Lumaurridlo, H. Retnawati, H. C. A. Kistoro, and
H. Putranta, School readiness assessment: study of
early childhood educator experience. Elementary
Education  Online. 20, 468478  (2021).
https://doi.org/10.17051/ilkonline.2021.01.041

. J. Way, J. Bobis, J. Lamb, and J. Higgins,

Researching curriculum, policy and leadership in


https://doi.org/10.64420/IJITL.V2I1.202
https://doi.org/10.31763/ijrcs.v4i4.1572
https://doi.org/10.1063/5.0108031
https://doi.org/10.1007/S11858-024-01612-9
https://doi.org/10.1007/S11858-024-01612-9
https://doi.org/10.17770/SIE2023VOL1.7096
https://doi.org/10.11591/ijere.v13i3.26849
https://doi.org/10.1016/J.IJME.2019.01.002
https://doi.org/10.21831/JPE.V13I1.76906
https://doi.org/10.37905/EULER.V13I2.33003
https://doi.org/10.35631/IJEPC.953013
https://doi.org/10.11591/IJERE.V9I3.20503
https://doi.org/10.22214/ijraset.2024.64205
https://doi.org/10.1002/ENG2.12699
https://doi.org/10.3145/EPI.2020.ENE.03
https://doi.org/10.1162/QSS_A_00019
https://doi.org/10.1136/BMJ.N71
https://doi.org/10.21031/EPOD.1069307
https://doi.org/10.1007/S11192-009-0146-3
https://doi.org/10.3390/ENCYCLOPEDIA4020065
https://doi.org/10.3390/ENCYCLOPEDIA4020065
https://doi.org/10.1016/J.CPCARDIOL.2024.102640
https://doi.org/10.1016/J.CPCARDIOL.2024.102640
https://doi.org/10.21831/REID.V10I2.71324
https://doi.org/10.17051/ilkonline.2021.01.041

EPJ Web of Conferences 344, 01005 (2025)
AIPTEC 2025

https://doi.org/10.1051/epjconf/202534401005

36.

37.

38.

39.

40.

41.

42.

43.

44.

mathematics  education. In  Research in
Mathematics Education in Australasia 2012-2015.
Springer Singapore. 49-71 (2016).
https://doi.org/10.1007/978-981-10-1419-2 4

C. M. Sari, A. Ridwan, Ridwan, Y. Sastrawijaya,
and Sastrawijaya, Learning environment of
numeracy: development and validation with
confirmatory factor analysis and rasch model.
Pedagogika. 153, 185-198 (2024).
https://doi.org/10.15823/p.2024.153.9

H. Bisri, Y. Rahmawati, and A. Ridwan, Inventory
for measuring higher-order thinking learning
environment. New Educational Review. 73, 162—
174 (2023).
https://doi.org/10.15804/tner.2023.73.3.12

K. Hidayati, Budiyono, and Sugiman, Developing
scale to measure students’ honesty characters on
mathematics learning using subject scaling. Jurnal
Penelitian dan Evaluasi Pendidikan. 22, 143-153
(2018). https://doi.org/10.2183 1/pep.v22i2.19310

V. Dierkx, B. van de Rijt, D. Hessen, H. van Luit,
and S. van Viersen, Early numeracy development
as a foundation of mathematics achievement in
primary education. Learn Individ Differ. 121
(2025).
https://doi.org/10.1016/1.1indif.2025.102706

A. M. Silver and M. E. Libertus, Environmental
influences on mathematics performance in early
childhood. Nature Reviews Psychology. 1, 407—
418 (2022). https://doi.org/10.1038/s44159-022-
00061-z

G. O’Hara, H. Kennedy, M. Naoufal, and T.
Montreuil, The role of the classroom learning
environment in students’ mathematics anxiety: a
scoping review. British Journal of Educational
Psychology. 92, 1458-1486 (2022).
https://doi.org/10.1111/BJEP.12510

D. Dumas, D. McNeish, J. Sarama, and D.
Clements, Preschool mathematics intervention can
significantly improve student learning trajectories
through elementary school. AERA Open. 5, (2019).
https://doi.org/10.1177/2332858419879446

X. Yang and G. Kaiser, The impact of mathematics
teachers’ professional competence on instructional
quality and students’ mathematics learning
outcomes. Curr Opin Behav Sci. 48, 101225 (2022).
https://doi.org/10.1016/J.COBEHA.2022.101225

T. Fan, J. Song, and Z. Guan, Integrating diagnostic
assessment into curriculum: a theoretical
framework and teaching practices. Language
Testing in  Asia. 11, 1-23  (2021).
https://doi.org/10.1186/S40468-020-00117-Y

10


https://doi.org/10.1007/978-981-10-1419-2_4
https://doi.org/10.15823/p.2024.153.9
https://doi.org/10.15804/tner.2023.73.3.12
https://doi.org/10.21831/pep.v22i2.19310
https://doi.org/10.1016/j.lindif.2025.102706
https://doi.org/10.1038/s44159-022-00061-z
https://doi.org/10.1038/s44159-022-00061-z
https://doi.org/10.1111/BJEP.12510
https://doi.org/10.1177/2332858419879446
https://doi.org/10.1016/J.COBEHA.2022.101225
https://doi.org/10.1186/S40468-020-00117-Y

