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This study aims to explore the field of statistical literacy in relation to quantitative, data, and digital
literacy, highlighting their interconnected development and significance, to better understand how
STEAM educators and researchers contribute to advancing these essential skills. Scientific literature
indexed in Web of Science from 2000 to 2024 (n = 674 articles and books) is analyzed using co-
occurrence analysis in VOSviewer. Five interrelated key trends are discovered: Data Literacy,
Statistical Applications for Modeling and Prediction, Statistics Education, Mathematics, and
Quantitative skills, Statistical and Quantitative Literacies and Digital Literacy. The findings highlight
the growing relevance of statistical, data, and digital literacy, as well as the need of an effective
integration of these literacies for education, research, and professional practice in STEAM disciplines.

MOTIVATION

In a data-driven world, data, statistical, and digital literacies are increasingly interconnected and
essential. For STEAM students and graduates, mastering this multi-literacy is crucial for advancing the
information and knowledge society, driving innovation, and contributing to societal progress. This study
underscores the need for further research of the intersections between statistical, data, and digital
literacy, particularly in the STEAM disciplines.

Bibliometric studies shed light on the main concerns and topics of interest for the educational
and research community.

The overall objective of this study is to explore the thematic field of statistical literacy
examining its development alongside related literacies, specifically quantitative, data and digital
literacy, to gain a deeper understanding of how educators and researchers of STEAM area are engaging
in the advancement of these critical skills. In order to better understand the development of academic
production, the following specific research objectives are proposed:

e ROI: To identify the most significant terms used in titles and author-selected keywords, in order to
uncover the main research trends in the field.

e RO2: To analyze the temporal evolution in the usage of key terms, highlighting how the focus of
research has shifted over the study period.

LITERATURE REVIEW

Although it is difficult to establish clear boundaries between statistical literacy and data literacy
(Schield, 2005; Weiland, 2017), statistical literacy is understood as the ability to think critically about
statistical information, involving the analysis and interpretation and the comprehension of key statistical
concepts (Garfield and Ben-Zvi, 2004; Schield, 2004), while data literacy refers to the ability to access,
assess, manipulate, summarize, present data and comprehending data (Koltay, 2015). Data literacy is an
essential component of both information literacy and statistical literacy which involves a series of skills,
critically evaluating data and its sources; knowing how to select and synthesize data; using data ethically
(Gould, 2017; Sorgo, 2018).

With regard to the evolving definition of Digital literacy, there is a lack of agreement about its
scope (Heitin, 2016; Bieza, 2020; Dimitrakopoulou, 2022). Osterman (2013), Feerrar (2019) and the
American College Research Libraries (2015), frame Digital literacy as the ability to effectively use
information and communication technologies to locate, evaluate, create, and communicate information,
combining both cognitive and technical skills.

We also identified in the literature a significant presence of works focused on numeracy and
quantitative literacy, which incorporate concepts and practices from statistics (Steen, 2001; Lackie,
2004; Karaali et al., 2016; Wilkins, 2016; Brock et al., 2021), thereby blurring the boundaries among
these related literacies.
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There is a clear overlap among these literacy frameworks, as a result of the interconnected nature
of digital literacy, information literacy, data literacy, quantitative literacy and statistical literacy. Schield
(2005, p. 6) stated that it ““is difficult to promote information literacy or data literacy without promoting
statistical literacy”.

We found several recent bibliometric analyses focused on data literacy, statistical literacy, and
related fields. Naseema and Sevukan (2022) conducted a scientometric analysis of publications indexed
in Scopus on data literacy, using CiteSpace and VOSviewer. Their study identified key areas of
specialization (education, medicine, and technology). They conclude that enhancing data literacy
requires a multidisciplinary approach and a stronger focus on foundational skills. Marchy and Juandi
(2023) investigated the research landscape on statistical literacy, finding out that most of the studies
were conducted at the secondary school level and the preferred learning method was project-based
learning. The findings underscore the importance of conducting further investigations into statistical
literacy in Asian and African contexts, especially at the primary school level. Ghodoosi et al. (2023)
conducted a systematic review of data literacy education, excluding other related literacies such as
digital and statistical literacy but this analysis drew from Google Scholar, Science Direct, ResearchGate,
and Scopus, excluding Web of Science. Results show that data literacy education is largely grounded in
established learning theories and pedagogical approaches, but lacks enough empirical evidence and a
clear consensus on the core competencies that define it. These gaps point to an urgent need for empirical
research to better define both the content and the most effective methods for teaching data literacy.
Finally, Fernandez-Pascual et al. (2024) conducted an analysis of the scientific production indexed in
Web of Science regarding the thematic field of data literacy and its related literacies, combining co-
occurrence (using VOSviewer) and co-citation (using CiteSpace) techniques. A progression in the data
literacy terminology was discovered. Data literacy has evolved from early focuses on quantitative and
statistical literacy to applied uses across disciplines, and more recently, to societal themes like
citizenship and big data. Results revealed the most significant trends and the evolution of data literacy,
highlighting its expansion across multiple disciplines.

METHODS: DATA COLLECTION

The selection criteria were established to include only journal articles and books written in
English and published between 2000 and 2024. Consequently, conference proceedings, doctoral
dissertations, and review articles were excluded from the analysis. The search was conducted using the
following query:

TS=("data literacy" OR "data literate" OR "data competence" OR "data competency" OR "data skill" OR "data literacies"
OR "data literates" OR "data competences" OR "data competencies" OR "data skills" OR "data competent" OR "data skillful" OR
"data skilful" OR "quantitative literacy” OR "quantitative literate" OR "quantitative competence" OR "quantitative competency"
OR "quantitative skill" OR "quantitative literacies" OR "quantitative literates" OR "quantitative competences" OR "quantitative
competencies" OR "quantitative skills" OR "quantitative competent" OR "quantitatively skillful" OR "quantitatively competent”
OR "quantitatively skilful" OR "statistical literacy" OR "statistical literate" OR "statistical competence" OR "statistical competency"
OR "statistical skill" OR "statistical literacies" OR "statistical literates" OR "statistical competences" OR "statistical competencies"
OR "statistical skills" OR "statistical competent" OR "statistically skillful" OR "statistically competent" OR "statistically skilful"
AND ("digital literacy" OR "digital literate" OR "digital competence" OR "digital competency" OR "digital skill" OR "digital
literacies" OR "digital literates" OR "digital competences" OR "digital competencies" OR "digital skills"))

After verifying the relevance of the publications to the fields involved, the final dataset included
a total of 674 references.

RESULTS

The descriptive overview of the quantitative scientific production throughout the analyzed
period (2000-2024) reveals a steady growth in data literacy research over the past decade, with a
significant increase that reaches its peak in 2024, with a maximum of 78 publications (Figure 1).
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Figure 1. Evolution of scientific production.

With the aim of identifying recurring topics, major trends, and the evolution over time of the
main terms used in titles and abstracts, we performed a co-occurrence analysis in VOSviewer (Van Eck
and Waltman, 2013, 2017). Following the removal of stopwords (connectors, prepositions, conjunctions,
and articles), a total of 15266 terms were identified for analysis and the 201 terms that appeared more
than 20 times, were included in the maps. Finally, we generated a network visualization to examine the
relationships among items, using the total link strength attribute to quantify the overall intensity of
connections. In this representation, colors denote the cluster affiliation of each term, and label size
indicates the relative weight or importance of each item within the network.

Regarding RO1, results show evidence of five main interrelated trending topics (Figure 2). First,
data literacy and its societal impact, within their applications to the community and society. This trend
focuses on data visualization, big data, artificial intelligence, and open data policies. Second, statistical
applications for modeling and prediction, which focuses on the use of statistics to develop predictive
models for assessment across disciplines. Third, there is growing concern among educators and
researchers about the integration of statistical education, mathematics, and quantitative literacy in
curricula within STEAM disciplines. The fourth trend relates to statistical and quantitative literacy from
the perspective of statisticians, who explore the intersection of these literacies and their implications for
education, research, and professional practice. Finally, the last trend addresses the role of digital literacy
in content creation, communication and dissemination, and digital competencies, as well as the growing
interest in attitudes and behaviors related to digital technologies, data communication, digital security,
and the ethical sharing of information in an increasingly interconnected digital landscape.
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Figure 2. Main trending topics.

To address RO2, regarding the analysis of the temporal evolution in the usage of key terms, an
examination of the chronological trends reveals a clear shift in both the terminology employed and the
thematic focus of the research corpus over time (Figure 3). Starting in 2012, these publications were
focused around quantitative skills, quantitative literacy, statistical skills and statistical concepts like
probability, correlation, error, experiment, or forecast. Statistical literacy and related terms, along with
the emerging concern for the assessment and performance, led to the incorporation of applied terms such
as model, evaluation, assessment, scale, or score, which were published on average in 2018. In 2019-
2020, studies covered both the application areas of statistical literacy in different disciplines, courses
and curricula, and its application to citizen, society, community, government and data use. Finally, by
2021, the literature began to incorporate the terms data literacy, data literacy education, digital literacy,
digital competence, big data, and data science.
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Figure 3. Overlay visualization of trending topics (colors indicate the average year of publication).
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DISCUSSION

Findings of our bibliometric analysis of scientific production in WoS on the statistical, data and
digital literacy fields in STEAM disciplines from 2000 to 2024 are consistent with the results obtained
by Ghodoosi et al. (2023). Our results from the analysis of words in titles and abstracts, show that during
the first decade of the 21st century, studies focused on the development and integration of quantitative
and statistical skills in STEAM education. However, by 2012, there was a shift towards statistical
literacy and applied methods for prediction and assessment, which became a focus of interest until 2018.
Around 2018, publications covered both the application areas of statistical literacy and digital literacy
to citizen and society. Although the term data literacy began emerging in the literature in 2011
(Ghodoosi et al., 2023; Fernandez-Pascual et al., 2024), it was not until 2021 that the usage of terms
such as data literacy, digital literacy, big data and data science was consolidated. This trend reflects the
recent interest on these topics within the research community.

The integration of statistical, data and digital literacies, and their implications for education,
research, and professional practice in STEAM disciplines is a topic of interest among educators and
researchers. Meridha (2024) highlighted “the lack of integration of technology into teaching and
learning practices is an obstacle for digital literacy in academic settings” (p. 1), and the importance of
reducing infrastructure disparities between low- and high-ranking institutions to facilitate the adoption
of digital technologies in the teaching—learning process. There is also a growing concern about teachers'
digital literacy, as age and gender differences may hinder the development of fully integrated digital
skills in education (Adeoye, 2023).

Encheva et al. (2024) examined the development of digital literacy tools in STEAM and
concluded that a new generation of STEAM experts is needed, able of effectively integrating digital
skills into teaching practices. Hafizzaturroyani et al. (2024) analyzed the attitudes of students and
teachers regarding digital literacy and emphasized the need to shift teaching approaches toward more
interactive methods that actively engage students in the learning process.

The literature suggests that, in order to promote the integration of statistical, data, and digital
literacies, it is necessary to develop individuals capable of managing data, performing tasks, and solving
statistical problems in digital environments. In this line, some authors recommend active learning as an
effective method to foster digital literacy (Jesionkowska et al., 2020; Caratozzolo et al., 2021), while
project-based learning is gaining support as a strategy to promote the integration of statistical,
mathematical, and digital literacies, increasing positive attitudes and improving the skills levels
(Koparan & Giiven, 2015; Zhang & Fang, 2019; Vistara et al., 2022; Supianti et al., 2025).

The study reveals a shift in STEAM education research from basic statistical skills to integrated
literacies (statistical, data, and digital) highlighting the need to update curricula accordingly. Emphasis
should be placed on teaching students to manage and interpret data in digital contexts. The growing
prominence of terms like data literacy and data science underscores the importance of embedding these
literacies across disciplines. Active and project-based learning are recommended strategies to foster
relevant skills and attitudes, calling for institutional support in teacher training and curriculum design.

CONCLUSION

The findings highlight the growing relevance of statistical, data, and digital literacy, particularly
in STEAM field. It is crucial to conduct further research on the intersections among these literacies,
drawing on diverse sources such as WoS and Scopus. Future research focused on the diagnosis of both
attitudes and actual skill levels across different educational contexts is essential. It is not only important
to understand how they are perceived by educators and students but also to have reliable tools that can
accurately measure data and digital literacy skills in authentic learning environment. Developing and
validating reliable instruments to assess data literacy levels in real-world educational settings is crucial.

Moreover, the growing presence and impact of artificial intelligence (Al) in both learning and
research processes within STEAM field, as well as in broader society, must be considered.
Consequently, understanding and identifying the connections and interrelationships among various
literacies, such as data, digital, and Al literacy, has become an urgent necessity. However, this also
presents a significant challenge, as it entails ongoing processes of diagnosis, reflection, and decision-
making.
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