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Abstract. This study utilised bibliometric visualisation of keywords
used to represent documents on reading literacy, scientific literacy, and
mathematical literacy indexed in the Scopus database to analyse the
volume and growth of the literature. The study adopted a bibliometric
research design, an approach that is also quantitative. Data was collected
from Scopus, and analysis was based on Scopus’ built analytical facility
while mapping was carried out using VOSViewer. Reading literacy is
the youngest of the three literacies, with early references dating back to
1607. However, research on reading literacy began to gain momentum in
2002. Mathematical literacy is the oldest, but significant growth occurred
around 2003, while scientific literacy dates back to 1963. The trend in
publications shows the highest growth for reading literacy and the low-
est for mathematical literacy. Analysing document types revealed that
scientific literacy had the largest quantity of documents, while reading
literacy had a higher proportion of articles compared to the other two
literacies. The study provides valuable insights into the historical devel-
opment and current trends within these literacy domains, shedding light
on their changing dynamics and challenges.

Keywords: measuring student knowledge and skills - bibliometric visu-
alisation - reading literacy - mathematical literacy - scientific literacy

1 Introduction

Literacy is generally defined as the ability to read, write, comprehend, and ef-
fectively use written language [2|. According to the OECD |[28§], literacy encom-
passes these basic skills. At the same time, UNESCO expands the definition to
include the ability to identify, understand, interpret, create, communicate, and
compute using printed and written materials associated with varying contexts
[12]. Literacy is a fundamental skill that enables individuals to access information
and knowledge that can improve their lives, and it allows them to participate
actively in society and the economy. There are various forms of literacy, each
essential in different contexts. Basic literacy involves reading and writing simple
sentences, while functional literacy refers to using these skills in everyday life.
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Advanced literacy goes further, enabling individuals to read and write complex
sentences and texts and engage in critical thinking and analysis. In recent years,
the concept of literacy has broadened to include scientific literacy, which is the
ability to understand and use scientific information, and digital literacy, which
involves effectively using digital technologies [28§].

Globally, literacy is a critical skill, but there is a stark contrast between lit-
eracy rates in developing and developed countries. In many developing regions,
children and adults lack access to basic quality education and literacy programs,
which hinders their ability to participate fully in society. This disparity under-
scores the importance of global development programs like the United Nations
Sustainable Development Goals, which aim to achieve universal literacy and ed-
ucation for all by 2030. Efforts to improve literacy rates are crucial to ensuring
that all individuals have the opportunity to develop the necessary skills for per-
sonal and societal success. Educational systems around the world are constantly
evolving to observe better and address students’ learning challenges, reflecting
the growing interest in and importance of literacy [33].

As society progresses, there is an ever-increasing need for new knowledge and
capacity. Recognising this, the Organisation for Economic Cooperation and De-
velopment identified three key literacy domains in 1999: reading literacy (RL),
mathematical literacy (ML), and scientific literacy (SL). These domains are crit-
ical at all levels of human existence and correspond to school subjects, forming
a dynamic model of lifelong learning. They enable learners to continuously ac-
quire new knowledge and skills necessary for adapting to changing circumstances.
These literacy domains also foster successful learning by preparing students to
organise and regulate their learning, learn independently and in groups, and
overcome learning difficulties. Hence, literacy is not just about reading and writ-
ing; it is about equipping individuals with the tools they need to navigate and
contribute to an ever-changing world. Whether through understanding complex
texts, utilising digital tools, or grasping scientific concepts, literacy forms the
foundation of lifelong learning and development [19, 27].

Also, reading literacy goes beyond merely decoding words; it involves com-
prehension, interpretation, and the capacity to evaluate information critically. It
equips individuals with the skills to access, analyse, and apply knowledge from
various sources, making it an essential skill in an information-rich society. Math-
ematics is often described as the universal language of science and technology.
Mathematical literacy extends beyond mastering mathematical concepts and
calculations; it encompasses problem-solving, logical reasoning, and the ability
to apply mathematical principles in practical contexts. Mathematical literacy
is fundamental for participation in the modern workforce and for addressing
real-world challenges [28].

Scientific literacy, in turn, empowers individuals to engage with the increas-
ingly complex and interconnected world of science and technology. It involves
not only knowledge of scientific facts but also an understanding of the scientific
method, critical thinking, and the ability to make informed decisions based on
scientific evidence. Scientific literacy is crucial for addressing global issues, from
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climate change to public health, and for participating in democratic decision-
making processes [25].

1.1 Statement of the problem

In recent years, the global volume of research on the three core literacies — math-
ematical literacy, scientific literacy, and reading literacy — has seen substantial
growth. Studies conducted across various regions and cultures underscore the
significance of these literacies for personal and societal well-being. Proficiency in
mathematics often aligns with a higher level of scientific literacy, as mathemat-
ics provides essential tools and language for understanding scientific concepts.
Similarly, strong reading skills are linked to better literacy in science and mathe-
matics, given that comprehension of written texts relies on reading. The OECD’s
PISA program has played a pivotal role by developing standardised frameworks
and assessments that enable international comparisons of literacy skills. This
global perspective has influenced educational policies and practices worldwide, as
governments and institutions often use PISA results as benchmarks for evaluat-
ing their education systems. Additionally, interdisciplinary collaboration among
scholars from fields like education, psychology, and sociology has expanded our
understanding of literacy beyond traditional reading and writing skills [26].

The OECD’s emphasis on these literacies has far-reaching implications. It
promotes a global outlook in literacy scholarship, fostering cross-country analy-
ses that enhance our understanding of literacy trends and best practices. More-
over, the development of standardised assessments has spurred advancements in
measurement methodologies and assessment techniques. This, in turn, has in-
formed evidence-based interventions and educational programs aimed at improv-
ing these key literacies. Beyond education, the impact of these literacies extends
to social and economic realms, influencing individuals’ life outcomes, employ-
ment opportunities, and social engagement. In essence, research and focus on
these core literacies contribute to a holistic approach to literacy that transcends
mere academic skills and reaches into the fabric of society and policy-making
[25].

Regarding mathematical literacy, several studies have visualised research in
the area. Chen et al. [3] mapped author collaboration using big data to deter-
mine trends in publications on mathematical literacy research. They identified
scholars, research institutions, countries, and regions with the most influence
on research in the area and how they collaborate. They also identified research
hotspots and determined the evolution trend of research in the area. Their data
source was the Web of Science Core databases. Additionally, Ahyan et al. [1]
examined the bibliometrics of mathematical literacy in Indonesia, visualising
authors’ networks and co-word mapping based on data collected from the Sco-
pus database covering the period from 2010 to 2020. Indonesia emerged as a top
country in mathematical literacy research.

As the importance of literacy grows, so too has the body of research dedi-
cated to understanding and enhancing it. Despite this reality, Nguyen et al. [22]
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have suggested that attention to the subject can be considered insufficient. Evi-
dence from the literature shows that there is some attention to the bibliometric
visualisation of research in the three areas of literacy of interest in this study,
but they are all standalone studies. There is a need to examine the volume and
growth of the literature on the three key types of literacy: reading literacy, sci-
entific literacy, and mathematical literacy, over specific time periods. It is also
necessary to understand the development and trends in research related to these
literacies, including when they began to gain prominence, the types of documents
published in these areas, and the keywords used to represent the literature in
each of these fields. Additionally, it is important to understand the prominence
of different document types within each category and provide insights into the
composition of literacy-related materials.

1.2 Purpose of the study

This study was designed to examine the structure of the literature on the three
key literacies — reading literacy, scientific literacy, and mathematical literacy —
up until December 2022. Specifically, the study aims to:

1) analysed the annual volume of documents on reading literacy, scientific lit-
eracy and mathematical literacy,

2) examined the research on reading literacy, scientific literacy, and mathemat-
ical literacy by document type, and,

3) analysed the research hotspots and evolution analysis by mapping the key-
words.

2 Methodology

This study adopted a bibliometric research design. Bibliometrics refers to a set of
methods used to analyse academic literature quantitatively [6, p. 417]. The study
mapped and visualised the keywords associated with the three literacies — reading
literacy (RL: 1974-2022), scientific literacy (SL: 1963-2022), and mathematical
literacy (ML: 1961-2022). Data was collected from Scopus, the world’s largest
abstract and citation database of scientific literature [30]. Scopus boasts the
highest number of journals, conference proceedings, and other sources across all
fields, offering a broader and more diverse focus compared to the Web of Science.
Additionally, Scopus provides a broader geographical distribution than the Web
of Science, which, despite being an advantage, can also be seen as a constraint
of the database [35].

The three key literacies identified by the OECD are inherently interdisci-
plinary, allowing researchers to explore how these literacies have evolved and
grown from various perspectives. Scopus offers bibliometric data, such as pub-
lication trends, author affiliations, and collaboration networks. Researchers can
utilise this information to examine the growth of research in literacy education,
identify key research institutions, and track international collaborations in this
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field. The historical data in Scopus, dating back several decades, enables re-
searchers to trace the development of literacy education and policies over time
and understand how societal changes have influenced the emphasis on these lit-
eracies. Scopus also allows for a global perspective on literacy research, which is
crucial for understanding how different countries have approached literacy edu-
cation and the impact of international assessments like PISA on literacy policies.
Moreover, Scopus provides data visualisation tools that help researchers create
charts, graphs, and maps to illustrate trends and patterns in literacy research,
enhancing the understanding of the evolution and growth of literacy research.

While Scopus is a valuable database for academic research, it has some con-
straints when studying OECD’s literacies or any other topic. Scopus may not
cover all academic journals, particularly those from smaller publishers or non-
English language journals, possibly leading to a bias towards research published
in well-known journals or journals in English. Additionally, although Scopus cov-
ers a wide range of academic disciplines, it may not provide in-depth coverage
of very specialised or niche topics [30]. Therefore, some literacies or subtopics
within literacies may have limited coverage in Scopus. Despite these limitations,
Scopus remains the most efficient database for achieving broader coverage of
literature. Different terms are used to express reading literacy, scientific liter-
acy, and mathematical literacy in the literature [38]. For example, terms like
reading proficiency, effective reading, and reading comprehension are associated
with reading literacy but only address aspects of the subject. This is also the
case with SL and ML. Therefore, we adhered to the terminologies in the OECD
framework, using “reading literacy”, “scientific literacy”, and “mathematical lit-
eracy’ as independent search terms in the title, abstract, and keyword fields in
Scopus on January 18, 2023. The scope of the search was limited to the period
up to December 31, 2022, allowing the start period to be determined by the
index since the concepts have different histories.

The annual growth of publications was presented as the number of documents
retrieved each year (figure 1), taken as an indicator of the amount of attention
researchers gave to the subject. The inbuilt analytical facility in Scopus was used
to analyse document types, while the annual growth data was analysed using
Microsoft Excel. We used VOSViewer, “... a software tool for creating maps
based on network data and for visualising and exploring these maps” [34, p. 3],
to perform the visualisation and mapping. VOSViewer permits three types of
mapping: network data, bibliographic data, and text data. Our dataset was a
bibliographic data set, and analysis was based on the co-occurrence of keywords.
Fractional counting was the selected counting method, and “all keywords” was
chosen as the unit of analysis, meaning both author-selected and indexer-selected
keywords were combined. In presenting the results, the labels, clusters, total link
strength (TLS), and the number of occurrences of a keyword were emphasised.
Nwagwu and Williams [24] have explained the meaning of these terminologies.
The labels in the tables were ranked according to their occurrences or frequency
of occurrences, a measure of their popularity. Table 1 provides a summary of key
indices in the retrieved data.
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Table 1. Summary of key issues.
) Number of Number KeywoFd Number of , Number Start
Literacy documents of analysis | threshold | R of ear
keywords | threshold | keywords clusters | ¥

RL 877 2891 5 132 0.7124 8 1974
SL 2000 6249 7 237 0.6254 7 1963
ML 574 1917 5 83 0.4830 9 1961

Table 1 shows the number of documents related to reading literacy (RL),
mathematical literacy (ML), and scientific literacy (SL) used in the analysis.
The total number of documents retrieved for RL and ML were 877 and 574,
respectively, and these were the exact numbers used in the analysis. However,
for SL, while 2,851 documents were initially retrieved, only 2,000 were used in
the analysis to align with Scopus’s scope. This disparity is also reflected in the
number of keywords, with SL producing significantly more than ML and RL —
more than thrice for ML and more than twice for RL. To manage this disparity
and create a more interpretable map, the keyword analysis thresholds were ad-
justed. For RL and ML, the number of keywords analysed matched the numbers
yielded from Scopus. In contrast, for SL, the keyword threshold was increased
to seven to reduce the number of keywords and achieve a more manageable and
interpretable map.

3 Findings

3.1 Annual volume of documents on reading literacy, scientific
literacy and mathematical literacy

Reading literacy (1974-2022). Figure 1 illustrates the growth of documents
in reading literacy from 1974 to 2022. Apart from a single paper published in
1974, there was no attention to the subject in the literature until 1984. Subse-
quent years saw minimal activity, with two papers in 1986 and one in 1990. In
1993 and 2001, there were eight and seven papers, respectively. Although doc-
uments on the subject began to appear consistently from 1991 onwards, 2003
marks the year when research attention in this area indeed took off. Over the 48
years, a total of 793 papers were published, averaging about 17 papers per year.
The pioneering paper that addressed reading literacy in 1974 was D.S. Leeds from
the Department of Communication Sciences at Kean College, United States, who
authored the first paper on reading literacy titled “Sociology of reading: Liter-
acy and language”, published in Reading World in 1974 [17]. This paper cited
only once by Karatza [15] in 2020, reported that Smith [31] had dated reading
instruction to 1607. The second document, published in 1984 by Roit and Pfohl
[29], examined how informed parents were about the readability of P.L. 94-142
Parent Materials used in the United States to guide parents in getting involved
in the education of their children [29]. Using MS Excel to analyse the trend, we
plotted the growth of documents and displayed the slope equation and R-Square
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Fig. 1. Annual quantity of documents on reading literacy (1974-2022).

value, obtaining Y = 4091X — 18.002 and R? = 0.7124. This measure of best fit
suggests that research on reading literacy will continue to grow.

Scientific literacy (1963-2022). Figure 2 illustrates the growth of documents
on scientific literacy from 1963 to 2022. Between 1963 and 2002, there is con-
sistent annual research on the subject, except for the years 1965, 1967, 1969,
1975-1976, and 1980. Notably, only a single research document was produced
annually during 1963-1971. The first year to record two documents was 1972.
Until 1990, research attention remained sparse, with the highest output being
11 documents in both 1989 and 1990. Since 1991, the number of research publi-
cations has consistently exceeded single digits. On average, 47 documents were
published per year. Specifically, the average was 2.21 documents per year during
the single-digit document production period (1963-1990) and 87 documents per
year during the period from 1991 to 2022.

According to Scopus indexing, the first document to mention scientific lit-
eracy was written in 1963, titled “Scientific literacy begins in the elementary
school”, which also referenced mathematical literacy [36].

Mathematical literacy (1961-2022). Figure 3 shows the growth of doc-
uments on mathematical literacy since 1961. The average number of papers
per year during the single-digit entry period (1961-2006) is 0.9, while the av-
erage for the double-digit period (2007-2022) is 63. We analysed the trend us-
ing the slope and displayed the equation and the R-squared value as follows:
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Fig. 2. Annual quantity of documents on scientific literacy (1963-2022).

Y = 7025X — 12.87; and R? = 0.482. This measure of best fit suggests that
research on the subject will continue to grow.

By Scopus indexation, the first document on mathematical literacy was “On
the Mathematical Literacy of Medical Students” by Hopkins and Berry [10]. The
second document in Scopus is authored by Gaskell [9]. In this article, Gaskell [9]
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Fig. 3. Annual quantity of documents on Mathematical Literacy.
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argues that mathematical literacy is becoming increasingly important in modern
society and will continue to be so in the future. He defines mathematical literacy
as the ability to use basic mathematical concepts and tools in everyday life, as
well as the ability to reason logically and quantitatively. Gaskell notes that as
technology advances and becomes more integrated into daily life, mathematical
literacy will become even more crucial.

3.2 Research on reading literacy, scientific literacy, and
mathematical literacy by document type

Table 2 shows the number of documents on scientific literacy, mathematical
literacy, and reading literacy during their respective periods in the study. Out of
a total of 877 documents on reading literacy, 689 (78.56%) were articles, while
69 (7.87%) were conference papers. Only 48 (5.47%) were book chapters, 45
(5.13%) were reviews, and 12 (1.37%) were books. From conference reviews to
errata, the numbers were either fractional or zero.

Table 2. Reading literacy, scientific literacy and mathematical literacy by document

type.
Document type Reading literacy|Scientific literacy| Mathematical literacy
Quantity % Quantity % Quantity %
Article 689 78.56 1857 65.14 296 51.57
Conference paper 69 7.87 483 16.94 187 32.58
Book chapter 48 5.47 241 8.45 61 10.63
Review 45 5.13 142 4.98 8 1.39
Book 12 1.37 36 1.26 11 1.92
Conference review 6 0.68 16 0.56 8 1.39
Editorial 5 0.57 23 0.81 2 0.35
Note 0 0 17 0.60 1 0.17
Letter 0 0 12 0.42 0 0
Short survey 0 0 5 0.18 0 0
Erratum 2 0.23 2 0.07 0 0
Total 877 100 2834 65.13 574 100

Scientific literacy has entries in all the document type categories in Scopus,
with 1857 (65.14%) articles and 483 (16.94%) conference papers. Additionally,
there were 241 (8.45%) book chapters, 142 (4.98%) reviews, and 36 (1.26%)
conference reviews. Mathematical literacy has the lowest number of documents,
totalling 574, with 296 (51.57%) articles, 187 (32.58%) conference papers, and
61 (10.63%) book chapters. There were zero documents for notes, letters, and
short surveys for both reading literacy and mathematical literacy and additional
zero documents for errata in the case of mathematical literacy.
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3.3 Research hotspots and evolution analysis

Visualisation and mapping of all co-occurrence of keywords on mathe-
matical literacy, 1961-2022. Table 3 and figure 4 depict the keywords used to
represent research on mathematical literacy. Overall, the diversity of keywords
reflects the complex and multifaceted nature of mathematical literacy, encom-
passing various issues and factors. The most frequently appearing term, “mathe-
matical literacy”, underscores the significant focus on fundamental mathematical
concepts. Additionally, terms like “students”, “teaching”, and “mathematics edu-
cation” highlight the critical role of pedagogy and learning processes in ML. The
presence of keywords such as “PISA” and “assessment” indicates that measuring
and evaluating mathematical literacy is also an important consideration. Other
terms, such as “curricula”, “learning systems”, and “problem-based learning”, sug-
gest that the design and structure of educational programs can also play a role in
developing mathematical literacy. Finally, terms such as “engineering education”
and “physics” suggest that mathematical literacy may be closely connected to
other scientific and technical fields.

The keywords suggest that mathematical literacy is a complex and multi-
faceted concept that involves many different factors, including both the content
of mathematics education and the way in which it is delivered and assessed.

Cluster analysis of the keywords on mathematical literacy
ML Cluster 1: Mathematical education and literacy

Cluster 1 pertains to the field of mathematics education, specifically focusing on
the development of mathematical literacy skills and the utilisation of mathemat-

Fig. 4. Visualisation map of all keywords in mathematical literacy.
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Table 3. Top 30 keywords in mathematical literacy.

Ne Label Cluster|Links| TLS|Frequency
1 [Mathematical literacy 1 55 | 110 181
2 |Students 2 74 | 138 143
3 |Mathematics education 4 54 | 41 45
4 |Physics 2 48 40 40
5 | Teaching 2 47 38 38
6 |Mathematics literacy 6 47 33 36
8 |Junior high schools 7 44 33 33
7 |Education computing 3 45 33 33
9 |Pisa 1 17 | 21 31
10|Problem solving 2 40 25 25
11 |Mathematics 1 29 22 23
12|Learning systems 3 30 19 20
13|Education 1 33 16 18
14|Mathematical problems 2 31 17 17
15|Design research 6 22 13 16
17|Mathematics teacher 7 27 15 15
19(Surveys 3 29 15 15
16|Mathematics learning 2 32 15 15
18 {Numeracy 1 11 15 15
20| Mathematical knowledge 5 28 12 14
21|Literacy 1 15 12 12
22| Curricula 8 25 11 11
23| Engineering education 4 21 11 11
25|Problem based learning 3 24 10 10
24|Mathematical concepts 2 20 10 10
28|Development study 6 16 9 9
29 |e-Learning 3 24 9 9
30| Elementary schools 2 21 9 9
26 | Assessment 1 15 8 9
27|Curriculum 1 15 8 9

ical modelling within the curriculum (table 4). Mathematical literacy involves
the application of mathematical concepts and reasoning to address real-world sit-
uations. In contrast, mathematical modelling entails using mathematical tools
to describe, analyse, and predict complex systems or phenomena [38]. The com-
ponents within this cluster illustrate that diverse factors, including curriculum
design, teaching methodologies, and assessment strategies, influence the advance-
ment of mathematical literacy.

Mathematical modelling has significant applications in diverse fields such as
science, engineering, and economics. Integrating mathematical modelling into the
mathematics curriculum can enhance students’ development of critical thinking,
problem-solving skills, and decision-making capacities [8, 14, 18].
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Table 4. Cluster analysis of mathematical literacy keywords.

Clusters Items Description

Cluster 1 |article, assessment, curriculum, education,|Mathematical education and
literacy, mathematical literacy, mathematical|literacy
modelling, mathematics, mathematical mod-
elling, etc.: 18 items

Cluster 2 |creative thinking, daily lives, data collec-|Mathematical thinking and
tion, mathematical communication, math-|communication in daily life
ematical concepts, mathematical problems,
mathematical reasoning: 17 items

Cluster 3 |e-learning, educational computing, educa-|Use of technology and novel
tional mathematics, learning mathematics,|teaching methods
learning models, learning processes, learning
systems, problem based learning: 10 items

Cluster 4 |engineering education, financial literacy,|Multidisciplinary literacies
mathematics education, reading literacy, sci-|and their interactions with
ence literacy, STEM: 9 items mathematics education

Cluster 5 [functions, mathematical education, mathe-|Mathematical knowledge
matical knowledge, mathematical thinking,|land education
mathematical teachings: 9 items

Cluster 6 |algebra, design research, development study,|Research methods and eval-
formative evaluation, mathematics literacy,|uation in mathematics edu-
potential effects, research methods: 8 items |cation

Cluster 7 |Indonesia, international students, junior high|Mathematics education in
school, mathematics teacher, school mathe-|{Indonesia and international
matics, teaching and learning: 7 items settings

Cluster 8 |curricula, primary schools, scientific literacy,|Development and implemen-
scientific materials: 4 items tation of the scientific cur-

riculum in primary schools
Cluster 9 |gender: 1 item Gender

ML Cluster 2: Mathematical thinking and communication in daily life

This cluster of terms relates to the ways that mathematical concepts and reason-
ing can be applied in real-life situations and the importance of effective commu-
nication in solving mathematical problems. It relates to the previous one because
mathematical thinking also involves creative problem-solving, critical thinking,
and reasoning skills. Mathematical communication is used to describe the ability
to express mathematical ideas and concepts clearly and effectively.
Mathematical thinking and communication are essential for understanding
and solving everyday problems. Mathematical thinking and communication also
relate to the ability to collect and interpret data in different aspects of our daily
lives, ranging from making informed decisions to solving complex problems [§].
The US National Council of Teachers of Mathematics (NCTM) has carried out
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studies on mathematical reasoning and communication and averred that they
are foundational skills that should be emphasised in mathematics education. By
encouraging students to think creatively and communicate effectively, educators
can help them develop the problem-solving skills necessary for success in both
academic and non-academic settings [38].

ML Cluster 3: Use of technology and novel teaching methods

This cluster of terms relates to the use of technology and novel teaching meth-
ods to facilitate learning and improve outcomes in mathematics education. It
highlights the role of technology and innovative teaching methods in mathemat-
ics education and the importance of incorporating research-based practices to
improve student outcomes. This is inferred from elements such as e-learning,
educational computing, and learning systems, which refer to the use of digital
tools and platforms to deliver educational content and support student learn-
ing. Problem-based learning and learning models involve active, student-centred
approaches that emphasise problem-solving and critical thinking skills. These ap-
proaches are necessary to ameliorate the challenges of modern education, such
as increasing student engagement and promoting deeper learning [5, 8]. The
NCTM further averred that achieving effective mathematics education should be
based on research-based practices that incorporate a variety of teaching methods
and technologies. Technologies enable educators to create engaging and effective
learning environments which can better prepare students for successful lives in
the world.

ML Cluster 4: Multidisciplinary literacies and their interactions with mathemat-
ics education

The theme that summarises this cluster is multidisciplinary literacies and their
interactions with mathematics education. This cluster highlights the intercon-
nectedness of mathematics education with other areas of knowledge and skill
development. For instance, engineering education and science literacy in the
cluster refer to the integration of mathematics with science and engineering dis-
ciplines, and financial literacy and reading literacy emphasise the importance
of mathematics in real-world applications and everyday life. STEM (Science,
Technology, Engineering, and Mathematics) occurs in this cluster, and it is a
multidisciplinary approach to education that emphasises the interconnectedness
of these fields to mathematical literacy.

ML Cluster 5: Mathematical knowledge and education

This cluster of terms highlights the importance of mathematical knowledge and
education in the development of mathematical thinking and problem-solving
skills. Functions are a fundamental mathematical concept, and the study of
functions is central to many areas of mathematics. Mathematical education and
teaching refer to the process of acquiring and imparting mathematical knowl-
edge, while mathematical thinking involves the ability to reason and solve prob-
lems using mathematical concepts and principles. Mathematical knowledge is an
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essential component of mathematical literacy, and the acquisition of mathemat-
ical knowledge is a key goal of mathematics education. Effective mathematical
teaching involves the development of instructional strategies and practices that
promote the acquisition of mathematical knowledge and the development of
mathematical thinking skills [20].

ML Cluster 6: Research methods and evaluation in mathematics education

This cluster of terms highlights the importance of research methods and evalu-
ation in the development and assessment of mathematics literacy. Algebra is a
fundamental mathematical concept that is often used to model and solve real-
world problems. Mathematics literacy refers to the ability to use mathematical
concepts and skills to solve problems in everyday life. Design research and de-
velopment studies are research methods that are commonly used in mathemat-
ics education to develop and evaluate instructional materials and interventions.
Formative evaluation is an evaluation method that involves collecting feedback
during the development process to improve the quality and effectiveness of in-
structional materials and interventions. Potential effects in the cluster refer to
the possible outcomes or impact of instructional interventions on student learn-
ing outcomes. Effective research methods and evaluation techniques can help
to identify the potential effects of instructional interventions and inform deci-
sions about the development and implementation of instructional materials and
interventions.

ML Cluster 7: Mathematics education in Indonesia and international settings

This cluster of terms highlights the context and environment of mathematics
education, particularly in Indonesia and international settings. Mathematics ed-
ucation is an essential component of school education and is crucial for devel-
oping students’ mathematical literacy. Junior high school is a critical period in
mathematics education as students develop foundational mathematical concepts
and skills. Mathematics teachers play a significant role in the teaching and learn-
ing of mathematics and can impact students’ attitudes and motivation toward
mathematics. School mathematics refers to the mathematics curriculum taught
in schools, which can vary across different countries and regions. International
students bring diverse perspectives and experiences to mathematics education,
highlighting the importance of understanding the cultural and social context of
mathematics education.

ML Cluster 8: Development and implementation of scientific curriculum in the
primary schools

This cluster of terms highlights the importance of designing and implementing
effective scientific curricula in primary schools to enhance students’ scientific lit-
eracy. Scientific literacy is a critical component of mathematics education as it
helps students understand the relevance and application of mathematical con-
cepts in real-life situations. Curricula refers to the set of instructional materials,
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resources, and assessments that guide teaching and learning in primary schools.
Effective curricula must be based on sound pedagogical principles and designed
to meet the diverse needs and backgrounds of students. Primary schools are an
essential site for developing students’ mathematical and scientific literacy, as
they provide a foundation for learning and skill development. Scientific materi-
als, such as textbooks, laboratory equipment, and other resources, are critical
for supporting effective teaching and learning in primary schools.

ML Cluster 9: Gender

The presence of the term “gender” in the cluster suggests a focus on exploring the
relationship between gender and mathematical literacy. This includes examining
gender differences in mathematical achievement, participation, and attitudes to-
wards mathematics. Research indicates persistent gender gaps in mathematics
education, with boys often outperforming girls in areas like problem-solving and
spatial reasoning, while girls may excel in computation and numeracy. Social
norms, cultural expectations, teacher biases, and access to educational resources
can influence these differences. Understanding the relationship between gender
and mathematical literacy is crucial for promoting equitable access to mathe-
matics education and improving educational quality overall. By identifying and
addressing gender-based barriers to learning, schools and educators can create
more inclusive and supportive learning environments. The inclusion of “gender”
in this cluster underscores its significance in mathematical literacy research and
practice, helping educators and researchers better understand challenges and
opportunities in fostering equitable mathematics education [4, 7, 11, 21, 32].

Visualisation and mapping of all co-occurrence of keywords on read-
ing literacy, 1974-2022. Based on the occurrences of the keywords, figure 5
and table 5 show that the most frequently occurring keyword is reading literacy,
followed by reading, literacy, and PISA. The relative frequency of occurrence of
the keywords, a measure of the proportion of times a particular event or key-
word occurs relative to the total number of events or keywords observed in a
dataset, the focus of reading literacy research are reading comprehension, read-
ing motivation, reading achievement, and digital reading. Additionally, the table
highlights the use of different assessment methods, such as PISA (OECD’s Pro-
gramme for International Student Assessment) and PIRLS (IEA’s Progress in
International Reading Literacy Study), to measure reading literacy as keywords
used by researchers.

The cluster also suggests that research on reading literacy encompasses ado-
lescents, children, and adults and examines the various factors that impact read-
ing literacy, such as gender and educational status. The keywords in the table
further suggest that e-learning and teaching methods are also areas of interest
in reading literacy research.

Cluster analysis of reading literacy keywords. Table 6 shows the analysis
of the keywords in each of the eight clusters in reading literacy literature.
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Fig. 5. Visualisation map of all keywords in reading literacy literature 1974-2022.

RL Cluster 1: Reading cognition and achievement across ages

The first cluster can be described as addressing reading cognition and achieve-
ment across ages. This description encompasses comparative and controlled stud-
ies of reading comprehension and assessment, with attention to child and adult
readers, cognitive processes, and academic literature analysis. This description
also reflects the focus on the understanding of how readers process and make
meaning from written language, as well as the use of cognitive and neuroscientific
approaches to study reading literacy. Further, the keyword reflects a focus on
studying how readers of different ages process and make meaning from written
language, with attention to both cognitive and academic factors. Researchers on
RL use comparative or controlled studies to understand differences in reading
comprehension across age groups. They may also examine cognitive processes
like attention and memory to understand better how readers comprehend writ-
ten text.

RL Cluster 2: Reading literacy and educational achievement

The keywords in the second cluster suggest reading literacy and educational
achievement as major descriptions. In this description are cross-cultural and
large-scale assessments of literacy and decoding skills, with attention to social
and educational inequality, intelligence, and cultural capital. It also focuses on
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Table 5. Top 30 keywords in reading literacy.

Ne Label Cluster|Links| TLS |Frequency
1 |Reading literacy 5 105 | 147 214
2 |Reading 7 93 74 79
3 |Pisa 3 71 62 72
4 |Literacy 2 79 57 65
5 |Pirls 3 50 47 56
6 |Human 1 79 55 55
7 |Reading comprehension 2 63 42 52
8 |Reading literacies 4 43 48 49
9 |Students 4 57 | 44 45
10|Humans 1 71 40 40
11 |{Education 1 72 38 39
12| Article 1 70 37 37
13|Male 1 64 35 35
14 |Female 1 64 34 34
15|Reading achievement 6 22 20 31
16|Adolescent 1 60 22 22
17|Child 1 54 21 21
18|e-Learning 4 29 20 20
19|Reading/literacy 8 21 14 19
21 |Reading motivation 6 15 17 18
20|Educational status 1 55 18 18
23| Gender 6 36 15 16
25| Teaching 4 32 16 16
24|Student 2 45 16 16
22| Adult 1 45 16 16
26|Comprehension 1 40 12 15
29|Digital reading 6 21 13 14
28| Controlled study 1 51 14 14
30|Learning 1 43 14 14
27| Assessment 1 24 12 14

reading literacy in Germany and OECD countries. Further, it highlights the
importance of cross-cultural and large-scale assessments of reading literacy. It
emphasises the role of social and educational inequality, intelligence, and cultural
capital in shaping literacy outcomes. The focus on Germany and OECD countries
suggests that researchers on this subject are interested in understanding how
reading literacy is developed and assessed in specific countries or regions.

RL Cluster 3: Reading literacy and academic achievement in children

The third cluster focuses on reading literacy and academic achievement in chil-
dren. This cluster also highlights a critical methodological subject: longitudinal
studies and international comparisons of differential item function and human-
computer interaction in large-scale assessments of reading skills. This descrip-
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Table 6. Cluster analysis of reading literacy keywords.

Clusters Items Description

Cluster 1|Achievement, adolescents, aged, adult, article,|Reading cognition and
assessment, attention, child cognition, compara-|achievement across
tive study, comprehension, controlled study, cross-|ages
sectional study: 36 items

Cluster 2 |Academic performance, cultural capital, decoding,|Reading literacy and
educational achievement, educational inequality,|educational  achieve-
Germany, intelligence, large scales assessment, lit-|ment
eracy, OECD, social inequality, etc.: 22 items

Cluster 3|Academic achievement, children, differential item|Reading literacy and
function, human computer interaction, interna-|academic achievement
tional assessment, international comparison, lon-|in children
gitudinal study: 18 items

Cluster 4 |Computer-aided instruction, curriculum, e-|Technology and read-
learning, education computing, home literacy|ing literacy
environment, international students, international
students, learning systems: 17 items

Cluster 5 |Contextual factors, elementary school, ICT, infor-|Contextual factors and
mation technology, learning strategies, mathemati-|technology in elemen-
cal literacy, PIRLS 2006, PIRLS 2016, professional|tary school reading lit-
development: 14 items eracy

Cluster 6 |Digital reading, evaluation, gender differences,|Digital reading and
meta cognition, reading achievement, reading at-|metacognition
titude, reading behaviour, reading competence,
reading engagement: 14 items

Cluster 7 |Critical reading, critical thinking, information lit-|Critical thinking in ed-
eracy, mathematics, reading, science: 6 items ucation

Cluster 8 |Curriculum based measurement, item response|Middle school read-
theory, middle schools, reading/literacy, screen-|ing literacy and
ing/benchmarking: 6 items curriculum-based mea-

surement

tion highlights the importance of understanding how reading literacy is related
to academic achievement in children.

RL Cluster 4: Technology and reading literacy

The fourth cluster’s technology and reading literacy encompasses computer-
aided instruction, e-learning, and educational computing in reading curricula
and learning systems. The cluster also touches on the home literacy environ-
ment and international students in diverse educational contexts.

RL Cluster 5: Contextual factors in elementary school reading literacy

What are the contextual and technological factors that influence elementary
school reading literacy? The fifth cluster addresses this question, and it con-
sists of learning strategies and professional development for integrating ICT into
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mathematical literacy and reading instruction. ICT is actually part of the PIRLS
2006 and 2016 assessments.

RL Cluster 6: Digital reading and metacognition

The keywords from the sixth cluster explore the impact of digital reading on
reading achievement, reading competence, reading behaviour, and reading en-
gagement while considering gender differences. The keyword focuses on how digi-
tal reading impacts different aspects of reading, such as achievement, behaviour,
and engagement, while also considering gender differences. They also explore
the role of metacognition (i.e., thinking about one’s own thinking) and read-
ing attitudes in shaping students’ experiences and outcomes related to digital
reading.

RL Cluster 7: Critical thinking in education

The keywords from the seventh cluster focus on the development of critical think-
ing skills in students across different subject areas, including reading, science,
mathematics, and information literacy. These keywords aim to identify effec-
tive instructional strategies and interventions for promoting critical thinking in
educational settings.

RL Cluster 8: Middle school literacy assessment

This cluster focuses on using curriculum-based measurement and item response
theory to assess and improve the reading literacy skills of middle school students.
It also aims to screen and benchmark student progress in their reading, and the
goal is to identify students who may need additional support and how to track
their progress over time. Using these assessment methods and statistical tech-
niques yields a better understanding of how to support middle school students
in their course of developing reading skills and achieving proficiency in literacy.

Visualisation and mapping of all co-occurrence of keywords on scien-
tific literacy, 1963-2022. The list of keywords used by researchers to represent
research in the area of scientific literacy (table 7) covers an extensive range of
topics and issues that are related to scientific knowledge, attitudes towards sci-
ence, education and communication. The list also covers special issues such as
climate change, COVID-19, and sustainability. The list of keywords highlights
the importance of STEM education as a critical tool in the development of
scientific competencies that could lead to acquiring critical thinking skills and
knowledge of the nature of science (figure 6).

The keywords emphasise the role and training of science teachers and the role
of developing curricula in promoting scientific literacy among students of differ-
ent ages and backgrounds. The list also reflects the relevance of socio-scientific
issues, such as citizenship, ethics, and social aspects of science, in shaping atti-
tudes and perceptions towards scientific information and evidence. It also em-
phasises the role of research, data collection, and statistical analysis in advancing
scientific literacy and understanding.
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Table 7. Top 30 keywords in scientific literacy.

Ne Label Cluster|Links| TLS|Frequency
17|Curriculum 6 96 46 49
12|Science 5 127 | 71 73
1 |Scientific literacy 4 232 | 752 935
4 [Science education 4 125 | 133 150
8 |Nature of science 4 81 89 101
23|Socio-scientific issues 4 53 38 44
29| Pisa 4 35 34 38
27|Socioscientific issues 4 33 37 39
5 |Education 3 187 | 128 132
11| Teaching 3 133 | 77 79
20|Climate change 3 96 45 47
18|Engineering education 3 70 49 49
19(Science communication 3 70 43 48
2 |Students 2 202 | 300 301
9 |Science literacy 2 141 | 81 90
0 |Education computing 2 103 | 81 81
25|Surveys 2 85 40 41
28 |Physics 2 71 38 38
26 |Junior high schools 2 61 40 40
7 |Literacy 1 153 | 105 107
3 |Human 1 140 | 151 151
6 |Humans 1 133 | 116 116
14|Student 1 128 | 63 63
13| Article 1 122 | 63 63
15|Female 1 120 | 58 58
16|Male 1 119 | 57 57
22|Knowledge 1 111 | 42 44
24| Adult 1 111 | 41 41
21 |Learning 1 108 | 44 45

Cluster analysis of scientific literacy keywords. Table 8 shows the analysis
of the clusters of scientific literacy keywords.

SL Cluster 1: Cross-cultural health attitudes

The keywords in this cluster suggest a focus on understanding and comparing
the attitudes of people towards health and biology across different cultures,
as well as exploring the roles communication and comprehension play in the
shaping of these attitudes. There is an observation of age-specific keywords such
as adolescent, adult, aged, and child, and this suggests that there is an interest
in examining how attitudes evolve across the human lifespan.

SL Cluster 2: Exploring effective learning strategies

This cluster can be summarised as addressing effective learning strategies. They
also address educational research in relation to collaborative learning, e-learning,
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Fig. 6. Visualisation map of all keywords in scientific literacy literature (1974-2022).

and data analysis techniques. Furthermore, the keywords touch experimental
research with particular respect to the effectiveness of various learning strategies
and techniques, as well as data collection and management approaches. There
is also a focus on “conceptual understanding” and how students learn, develop,
and apply conceptual knowledge in their various learning contexts.

SL Cluster 3: Scientific literacy and education

In this cluster, diverse topics related to scientific literacy are included. These in-
clude the study of human behaviour, public participation in scientific research,
understanding science in the context of societal issues, and climate change. Other
issues include mental processes and abilities, the use of technology for teach-
ing, theoretical structures, course content plans, decision-making, education, and
some fields of study, such as employment and engineering.

SL Cluster 4: Scientific literacy for critical thinking

These keywords encompass various aspects of science education and literacy, in-
cluding the assessment of learning, attitudes towards science, teaching and learn-
ing biology, education for informed citizenship, critical thinking skills, education
at early ages, the influence of media, motivation to learn, gender differences,
active learning and investigation, the process of gaining scientific knowledge,
understanding how science works, and international assessments of student per-
formance (PISA).
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Table 8. Cluster analysis of scientific literacy keywords.

Clusters

Items

Description

Cluster 1

Adolescent, adult, aged, article, attitude, attitude
to health, biology, child, China comparative study,
communication, comprehension, culture, educa-
tional measurement: 237 items

Cross-cultural  health

attitudes

Cluster 2

Collaborative learning, conceptual understanding,
data analysis technique, data collection, data han-
dling, e-learning, education computing, experi-
mental research, experimental groups: 51 items

Exploring effective
learning strategies

Cluster 3

Behavioural research, citizen science, civic scien-
tific literacy, climate change, cognition, computer
aided instruction, conceptual framework, curric-
ula, decision making, diversity, earth science, edu-
cation, employment, engineering: 44 items

Science literacy, varied
topics

Cluster 4

Assessment, attitudes, biology education, citi-
zenship education, critical thinking, elementary
school, media, motivation, gender, inquiry, learn-
ing science, nature of science, pisa, pre-service
teacher: 33 items

Science education for
critical thinking

Cluster 5

Active learning, environment, evolution, health,
higher education, information science, pseudo-
science, reasoning, religion, science, science learn-
ing, science education, stem, systematic review,
teaching and learning: 17 terms

mul-
critical-

Comprehensive,
tidisciplinary,
thinking

Cluster 6

Big data, biochemistry, content analysis, cur-
riculum, first year undergraduate, inquiry
based/discovery, qualitative analysis, science
teachers: 8 items

Multidisciplinary scien-
tific literacy develop-
ment

Cluster 7

Argumentation, citizenship, democracy, evalua-
tion, informal learning, scientific reasoning, social
media, validity: 8 items

Scientific literacy and
civic engagement

SL Cluster 5: Comprehensive multidisciplinary critical thinking

This cluster represents various aspects of scientific literacy, with a focus on teach-
ing and learning. The topics covered include environmental science, evolution,
health, pseudoscience, religion, and STEM education, among others. The cluster
also emphasises the importance of critical thinking and reasoning in develop-
ing scientific literacy. The inclusion of higher education and information science
suggests that scientific literacy is relevant to a broad range of disciplines and
fields. The cluster highlights the need for a multidisciplinary and comprehensive
approach to addressing scientific literacy to foster active learning and critical
examination.
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SL Cluster 6: Multidisciplinary scientific literacy development

This cluster suggests that scientific literacy requires the incorporation of data
analysis, inquiry-based learning, and effective teaching strategies in various sci-
entific fields. It highlights the need to support students and teachers in their
endeavours in scientific literacy in order to foster a deeper understanding of the
scientific literacy landscape. Scientific literacy incorporates big data and content
analysis, encompassing teaching students how to use and analyse large datasets
to understand complex scientific phenomena. It also concerns itself with the un-
derstanding of the role of biochemistry in science education, such as teaching
students the fundamental principles of biochemistry and its application to vari-
ous other aspects of the learning need. Further, the cluster contains issues that
relate to encouraging students to ask questions and explore scientific concepts
through hands-on experimentation and discovery and using qualitative research
methods to examine and understand how students learn science in order to im-
prove science literacy education. The cluster further addresses how to empower
science teachers with relevant skills and resources for effective teaching of science.

SL Cluster 7: Scientific literacy and civic life

This cluster highlights several studies, mainly in the 21st century, that address
the role of scientific literacy as an important tool for effective engagement in
civic life, beyond personal development. Scientific literacy incorporates the abil-
ity of an individual to critically evaluate scientific information and engage in
argumentation and scientific reasoning, as well as the ability to navigate social
media platforms to acquire required information. In this respect, the cluster un-
veils the fact that scientific literacy is closely related to various aspects of civic
life, such as democracy and citizenship. The cluster highlights the importance of
developing skills in argumentation, scientific reasoning, and evaluation to engage
with scientific information effectively. Finally, the cluster emphasises the impor-
tance of understanding the concept of validity in scientific research and how to
evaluate scientific claims in a social and political context critically.

4 Discussion of findings

This study used a bibliometric visualisation of the literature to examine the
volume and growth of the literature on reading literacy (1974-2022), scientific
literacy (1963-2022), and mathematical literacy (1961-2022) indexed in the Sco-
pus database. The study also analysed the document types of the literacies so as
to understand the scope of research in the area. Finally, the study mapped the
keywords used by authors and indexers to represent the literature in the various
years of coverage of the literature in each of the literacies.

Of the literature in three literacies, research on reading literacy is the youngest,
although Leeds [17] reported that Smith [31] has dated reading instructions to
1607. However, efforts at reading literacy have ancient origins dating back to the
emergence of written languages and civilisations — the earliest forms of reading



Educational Dimension 11, 28-59 (2024)

https://doi.org/10.55056 /ed.772 o1

involved deciphering hieroglyphics, cuneiform scripts, and other ancient writing
systems. While there was a rise in the quantity of literature in 1993, the actual
takeoff of research on the subject can be traced to 2002. Mathematical literacy
is the oldest, but a visible takeoff was in about 2003; scientific literacy is the
next oldest (1963).

According to Niss and Jablonka [23, p. 1] “one of the first written occurrences
of the term mathematical literacy was in 1944 in the USA, when a Commission
of the National Council of Teachers of Mathematics on Post-War Plans [13,
p. 244] required that the school should ensure mathematical literacy for all who
can achieve it. Shortly after (in 1950), the term was used again in the Canadian
Hope Report [13, p. 401]”. The rise in publication growth in the area can be
traced to around 1996. The trend in publications in the three subjects is highest
for reading literacy (R2 = 0.712) while it is lowest for mathematical literacy
(R2 = 0.482).

Analysing the quantities and percentages allows us to discern the promi-
nence of different document types within each category, providing insights into
the composition of literacy-related materials and the emphasis placed on differ-
ent forms of literacy. As absolute figures, scientific literacy has a larger quantity
of documents than other literacies, about as proportions of their totals, reading
literacy has more articles (78.56%) than scientific literacy (65.14%) and math-
ematical literacy (51.57%). However, mathematical literacy (32.58%) has more
conference reports than reading literacy (7.87%) and scientific literacy (16.94%),
but scientific literacy has documents in all the document types in Scopus, un-
like RL and mathematical literacy with no documents on note, letter and short
surveys.

By frequency of occurrences of the keywords “mathematical literacy” (181),
“students” (143) and “mathematics education” (45) are most occured; by total
link strength, “students” (138), “mathematical literacy” (110) and “mathemat-
ics education” (41). By links, “students” (74), “mathematical literacy” (55) and
“mathematical education” (54) were the top keywords. Mathematical literacy as
an educational component has been focused on junior high school students, with
the curriculum being a critical issue.

Mathematical literacy alone has nine clusters, higher than the other literacies.
While the number of clusters of keywords associated with a particular literacy
does not necessarily indicate its importance or value, mathematics is a highly
structured and abstract discipline that deals with precise concepts and relation-
ships. As a result, mathematical literacy involves a wide range of mathematical
keywords and symbols that represent specific mathematical ideas, operations,
and techniques. The complex nature of mathematics leads to a larger number of
clusters of keywords. The complex nature of mathematics often requires break-
ing down problems into smaller components and employing various mathematical
concepts and tools, leading to a greater number of clusters of keywords. Niss and
Jablonka [23] captured this diversity and complexity of mathematical literacy in
their essay.
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The findings presented in the study, particularly the analysis of keywords
and their clustering, provide valuable insights into the multifaceted nature of
mathematical literacy and its various dimensions within the realm of mathe-
matics education. The study highlights that mathematical literacy is a com-
plex and multifaceted concept. It encompasses not only mathematical concepts
and problem-solving skills but also various other dimensions, including teach-
ing methods, assessment practices, curriculum design, and its integration with
other scientific and technical fields. The presence of keywords related to engi-
neering education, physics, STEM, and other scientific disciplines suggests that
mathematical literacy is closely connected to other domains of knowledge. This
finding underscores the importance of promoting interdisciplinary learning and
recognising the role of mathematics in various real-world contexts.

YRR RIS

The identification of keywords like “teaching”, “students”, “mathematics ed-
ucation”, and “problem solving” underscores the significance of effective teach-
ing and learning strategies in developing mathematical literacy. It emphasises
that mathematical literacy is not solely about content knowledge but also about
how mathematics is taught and learned. The inclusion of keywords such as “e-
learning”, “education computing”, and “learning systems” highlights the increas-
ing role of technology in mathematics education. It raises discussions about the
integration of technology in teaching mathematics and its impact on students’
mathematical literacy. The presence of keywords like “assessment” and “PISA”
points to the importance of measuring and evaluating mathematical literacy.
This raises discussions about the methods and tools used to assess mathemat-
ical literacy and their implications for educational policies and practices. The
study mentions the importance of understanding the cultural and social context
of mathematics education, especially in international settings like Indonesia.
This emphasises the need for culturally responsive mathematics education and
addressing the diversity of experiences and perspectives among students.

With respect to reading literacy, and considering the frequency of occurrence
of the keywords, “reading literacy” (214), “reading” (79) and “PISA” (72) are the
major three keywords. This sequence of keywords remains the same with re-
spect to total link strength, while with respect to links, “reading literacy” (105),
“reading” (93), and “literacy” (79) have the highest frequencies. With regards
to clusters, “gender” is the keyword with the third highest frequency, following
reading literacy and reading. Reading literacy is not a major skill for high school
students; it is for everybody, but gender patterns are a very important consid-
eration. Reading literacy has eight clusters; reading literacy primarily focuses
on the ability to comprehend and interpret written texts, including various gen-
res such as fiction, non-fiction, poetry, and more. It involves understanding the
meaning, context, and structure of written materials, irrespective of their fields
and subjects. Wu and Peng [37] and Lan and Yu [16] examined the breadth
of issues involved in reading literacy, and they are sufficient to justify a large
number of clusters of keywords.

Reading literacy research highlights the importance of understanding how
readers of different ages, including children and adults, process and comprehend
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written language. Researchers in this area conduct comparative and controlled
studies to explore differences in reading comprehension across age groups. This
suggests that reading literacy research is not limited to one specific age group
but spans across the lifespan. It also emphasises the relationship between read-
ing literacy and educational achievement. Researchers in this area investigate
the role of cultural capital, intelligence, and social inequality in shaping literacy
outcomes. They also conduct cross-cultural assessments, indicating a global per-
spective on reading literacy and its impact on academic success. Reading literacy
addresses the relationship with academic achievement, specifically in children.
This suggests a particular interest in understanding how early literacy skills are
linked to overall academic success. The use of longitudinal studies and interna-
tional comparisons highlights a commitment to rigorous research methodologies.

Reading literacy also explores the integration of technology, such as e-learning
and educational computing, into reading curriculum and learning systems. It
indicates a recognition of the role of technology in shaping how reading is taught
and learned in contemporary educational settings. It also concerns the contextual
factors that influence elementary school reading literacy. This includes strategies
for integrating ICT into reading instruction. The consideration of professional
development suggests a focus on teacher training and capacity building.

Reading literacy has also addressed the issue of the impact of digital reading
on various aspects of reading, including achievement, behaviour, engagement,
and competence. It also considers gender differences and the role of metacogni-
tion. This reflects the evolving landscape of reading literacy in the digital age.
The broadening of the scope of reading literacy to encompass critical thinking
skills across different subject areas relates to the foundational role of critical
reading, identifying, in addition, effective instructional strategies for promoting
critical thinking, which is a crucial component of reading literacy and broader
education. The issues of assessing and improving reading literacy skills among
middle school students and the use of curriculum-based measurement and item
response theory provide insights into effective assessment methods for tracking
student progress and identifying those in need of additional support.

“Scientific literacy” dominated the other keywords in respect of occurrences
(935), but “students” (301) and “human” (151) have high occurrences. These
three keywords remain outstanding in respect of total link strength; “scientific
literacy” (232), “education” (202), and “students” (187) had the highest number
of links. We infer that scientific literacy is not only for students but for all
humans, as we all need some scientific capacity to address basic issues in our
lives. A curriculum for facilitating scientific literacy is crucial in ensuring efficient
achievement. Despite being a wide area of literacy, scientific literacy has the
lowest number of clusters, with each of the clusters capturing a key aspect of
scientific literacy.

The cluster analysis of keywords in the field of scientific literacy provides
a comprehensive view of the various facets and research areas within this do-
main. Scientific literacy is a multidimensional concept encompassing not only
knowledge of science but also attitudes, communication, education, and critical
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thinking. Scientific literacy addresses the importance of understanding how atti-
tudes towards health and biology vary across different cultures. It also highlights
the role of communication and comprehension in shaping these attitudes. The in-
clusion of age-specific keywords suggests an interest in examining how attitudes
evolve over a person’s lifespan, which is crucial for tailoring science education
and communication strategies. It also focuses on effective learning strategies in
the context of scientific literacy. It includes collaborative learning, e-learning,
and experimental research, indicating a commitment to exploring innovative ed-
ucational methods. The emphasis on “conceptual understanding” underscores the
significance of not only acquiring scientific knowledge but also comprehending
and applying it effectively.

Also, scientific literacy touches on a wide range of topics related to scientific
literacy, including the study of human behaviour, public participation in scientific
research, societal issues, and climate change. It also touches on technology use,
decision-making processes, and education in various fields such as employment
and engineering. This cluster reflects the diverse and interdisciplinary nature of
scientific literacy research. It also encompasses aspects of science education and
literacy critical for informed citizenship. It includes assessing learning, under-
standing attitudes towards science, and promoting critical thinking skills. The
importance of early education, media influence, and motivation in fostering sci-
entific literacy is evident.

Additionally, international assessments like PISA are acknowledged as impor-
tant benchmarks. Scientific literacy also represents a comprehensive and multi-
disciplinary approach to scientific literacy. It touches on diverse subjects, includ-
ing environmental science, evolution, health, and pseudoscience, while empha-
sising the significance of critical thinking and reasoning. The inclusion of higher
education and information science underscores the relevance of scientific literacy
in a wide range of fields.

Finally, scientific literacy highlights the need for a multidisciplinary approach
to scientific literacy development. It promotes data analysis, inquiry-based learn-
ing, and effective teaching strategies across various scientific disciplines. It also
emphasises the importance of empowering science teachers with the necessary
skills and resources for effective science education. Scientific literacy also delves
into the role of scientific literacy in civic life, emphasising its importance beyond
personal development. It highlights skills such as argumentation, scientific rea-
soning, and the ability to evaluate scientific information critically. Civic engage-
ment, democracy, and citizenship are central themes, indicating that scientific
literacy is vital for informed and active participation in society.

5 Conclusion

This research presents a bibliometric analysis of the literature on reading liter-
acy (1974-2022), scientific literacy (1963-2022) and mathematical literacy (1961-
2022). The analysis revealed several key insights into the development and trends
within these literacy domains. Reading literacy, although with historical refer-
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ences dating back centuries, experienced a notable surge in research activity in
the early 2000s. This suggests a growing recognition of the importance of read-
ing literacy across various fields and contexts. Additionally, reading literacy was
found to encompass a diverse range of topics and issues, including gender-related
patterns, making it a subject of broad interest and research.

Mathematical literacy, as the oldest of the three literacies, saw a visible in-
crease in research attention around 2003. This may be attributed to the recogni-
tion of the critical role of mathematical literacy in education and its importance
in various stages of schooling, especially among junior high school students.
The complexity of mathematics was evident through the multitude of keyword
clusters associated with this literacy. Scientific literacy, while having historical
references, witnessed a significant growth in publications around 1996. This un-
derscores the recognition that scientific literacy is not limited to students but
is essential for all individuals in addressing fundamental issues in their lives.
The study highlighted the importance of curriculum development in facilitat-
ing efficient achievement of scientific literacy. The analysis of document types
emphasised the prominence of different types of documents within each literacy
category, shedding light on the diversity of materials available for research and
learning purposes.

The analysis of the keywords and their clustering underscores the intricate
nature of mathematical literacy as a concept and its far-reaching impact on
education and society. Mathematical literacy encompasses not only mathemati-
cal knowledge and problem-solving skills but also teaching methods, assessment
practices, interdisciplinary connections, and the influence of technology. It high-
lights the need for a holistic approach to mathematics education that considers
various dimensions of mathematical literacy. Moreover, the study suggests that
promoting mathematical literacy involves not only imparting mathematical con-
tent but also fostering critical thinking, communication skills, and the ability
to apply mathematical concepts in real-life situations. It calls for educators to
adopt innovative teaching methods and consider the cultural and contextual
factors that influence students’ learning experiences.

The study’s findings highlight the evolving landscape of research and scholar-
ship in reading literacy, mathematical literacy, and scientific literacy. These key
literacies continue to be of great importance in education and society at large,
reflecting their critical role in equipping individuals with the skills and knowl-
edge necessary to navigate the complexities of the modern world. As research in
these areas continues to evolve, educators, policymakers, and researchers must
remain attentive to the changing dynamics and challenges within these domains
to ensure effective literacy development for all individuals.

Reading literacy research spans different age groups, explores the relationship
between literacy and academic achievement, considers the influence of technology
and contextual factors, and addresses critical thinking skills. It also recognises
the need to assess and support reading skills, especially among middle school
students. The findings suggest that reading literacy is a dynamic and evolving
field that encompasses various aspects of literacy development, teaching prac-
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tices, and assessment methods. Researchers in this domain employ a wide range
of methodologies and perspectives to advance our understanding of how reading
literacy impacts individuals across different stages of life and educational set-
tings. These insights are invaluable for educators, policymakers, and researchers
seeking to enhance reading literacy and promote effective literacy education in
diverse contexts.

The analysis of scientific literacy keywords demonstrates that scientific liter-
acy is a complex and multifaceted concept. It encompasses not only the acquisi-
tion of scientific knowledge but also attitudes, communication, critical thinking,
and its role in education and civic life. Researchers in this field employ diverse
methodologies and perspectives to investigate and promote scientific literacy.
The findings highlight the need for a holistic approach to scientific literacy edu-
cation, one that fosters critical thinking, effective communication, and an under-
standing of the societal implications of science. Scientific literacy is not limited
to any specific age group or discipline; it is a skill set that empowers individuals
to engage with scientific information, make informed decisions, and contribute
to the betterment of society. This research is invaluable for educators, policy-
makers, and researchers seeking to enhance scientific literacy and promote its
broader societal benefits.

5.1 Limitations

This study relied on the Scopus database, which, as previously mentioned, may
have limitations in terms of coverage and language bias. The analysis covers a
specific timeframe for each literacy area, and there is evidence that research on
these subjects predated published indexed literature. Also, the analysis men-
tioned document types, but the study did not delve into the quality or impact of
the documents. A future study could assess the significance of various document
types in each literacy area. Apart from mentioning that research on literacy
is multidisciplinary, it did not explore the extent of interdisciplinary collabo-
ration or the impact of such collaborations on the field. Future research could
investigate these aspects in more detail. Finally, the keyword analysis provided
valuable insights but did not delve into the semantics or context of how keywords
are used in the literature. Understanding the nuanced meanings of keywords and
their evolution over time could be an interesting avenue for further investigation.

5.2 Future research considerations

Conducting a longitudinal analysis to track how research trends and priorities
have evolved over a more extended period could provide a deeper understanding
of the trajectory of these literacy areas. Also, comparing research on different
types of literacy, such as reading literacy, scientific literacy, and mathematical lit-
eracy, could yield insights into commonalities and differences in research themes
and methodologies. It will be interesting to explore the geographical distribution
of research on literacy topics, and assessing regional variations in research focus
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and impact could be informative. Impact assessment and integration of emerging
technologies are issues that would benefit from further studies on the subject.
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