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Abstract
As society increasingly recognises the value of data, proficiency in using and understanding data has become
crucial. However, there is no universal consensus on the definition of data literacy. Therefore, this study
provides the first extensive, mixed methods scoping review of the topical evolution of data literacy within
social and educational sciences from 2011 to 2023. By identifying key themes and research trends, this
review offers a comprehensive understanding of the dynamic nature of data literacy. Our sample consists of
210 English‐language, peer‐reviewed articles from Scopus and Web of Science. The findings reveal a field
that is evolving alongside media and digital literacy discussions, with notable growth in publications,
particularly in 2019, 2020, and 2023, thus highlighting data literacy’s recognition as a distinct paradigm.
Data literacy is shifting beyond traditional frameworks, with increasing attention to issues of equity and
accessibility—areas still underexplored in current literature. Notably, the research demonstrates a shift from
simply developing individual data skills to fostering a socially aware form of data literacy that empowers
citizens to critically engage with data and navigate a datafied society actively and responsibly. This review
emphasises the need for a nuanced, context‐specific approach to data literacy, much like digital literacy, as
different demographics and contexts encounter varying needs and challenges. As a dynamic, ever‐evolving
concept, future research and programs must address these diverse levels of engagement and expertise,
ensuring that data literacy is inclusive, adaptable, and supported by social structures.
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1. Introduction

There is an increasing importance of data literacy in today’s datafied society (Bhargava et al., 2015; Gray
et al., 2018). Data is used across various fields and areas of society, such as in business, policy, and
education, and employers are increasingly seeking data‐literate employees (Ghodoosi et al., 2023). As a
result, data literacy is a concept that has gained traction over the years and is discussed across different
disciplines and contexts (Wolff et al., 2016). However, as with the discourse on media literacy (van Dijk,
2020), data literacy has been going through a conceptual evolution, with authors not agreeing on a unified
definition or framework. This evolution goes hand in hand with societal changes, such as the emergence of
big data and AI, and various disciplines, such as those within social sciences, are starting to pay more
attention to the concept. Over the years, various aspects have been emphasised within the definition of data
literacy. Earlier definitions mainly focus on data analysis skills (Schield, 2004), while more recent definitions
include the competences to understand the individual implications of data (Seymoens et al., 2020). Other
related concepts also emerged that were sometimes used interchangeably, such as information literacy
(Carlson et al., 2011; Schield, 2004). In their meta‐review, Wuyckens et al. (2022) find that there is a
conceptual confusion and lack of clarity around media literacy, information literacy, and digital literacy.

On the conceptual ambiguity surrounding different types of digital literacies, Mensonides et al. (2024) traced
the historical development of media, information, and digital literacies. They emphasise the need for digital
literacies to be flexible and adaptable to the challenges posed by new technologies and to be recontextualised.
The authors argue for a shift away from one‐size‐fits‐all understandings of digital literacies, proposing instead
that these concepts should be understood as socially situated pedagogical processes able to change and evolve
and be influenced by societal changes and contexts (Mensonides et al., 2024). Similar to the understanding
of information literacy and other forms of literacy (Wuyckens et al., 2022), data literacy has been defined
and interpreted in various ways, with no clear consensus on its scope or the specific competences it entails
(Bawden, 2001;Mensonides et al., 2024; Van Audenhove et al., 2020). Due to the specific challenges posed by
the increasing availability and complexity of data, academic discourse has been calling for a separate definition
(Koltay, 2015). There is a need to distinguish it fromother literacies and ensure a comprehensive understanding
of its meaning.

Therefore, the purpose of the study is to provide contextual understanding of the topical evolution of data
literacy in social and education sciences. As society becomes more data‐driven, there is an increasing need
for data literacy among citizens. And as data increasingly influences the societal, political, and cultural
aspects of our lives, we observe a growing need for data literacy that leaves the confines of data science and
statistical analytics and encompasses other disciplines (Bhargava et al., 2015; D’Ignazio, 2017; Gray et al.,
2018; Van Audenhove et al., 2024). As Williamson et al. (2020) highlights, datafication in education—where
data is used to assess and personalise learning and instruction—serves as an example of how data plays an
increasingly central role in shaping educational practices. Alongside these developments, concepts like
critical and creative data literacy have emerged, offering new interpretations of and pathways to engaging
with data in meaningful ways (D’Ignazio, 2017; Louie et al., 2022). In this study, we focus on the topical
evolution of data literacy in education and social science disciplines, such as communication, sociology,
library and information studies, psychology, education, and pedagogy. We will identify which main topics
and themes can be recognised, which topics carry the most research interest, as well as what trends can be
identified. We will then provide a mapping of the development of data literacy research, contributing to a
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clearer conceptual framework, focusing on the period from 2011 to 2023—starting from the year that
relevant articles were published and included in the covered databases. Consequently, the study aims to
answer the following research questions:

RQ1: What is the topical evolution of data literacy in social and education science publications from
2011 to 2023?

RQ2: What thematic trends can be identified in the topical evolution of data literacy (2011–2023)?

RQ3: What main themes and topics are addressed in the publications on data literacy (2011–2023)?

In previous research, we defined three different fields within data literacy research, namely: the social
sciences, open data, and STEM/education fields. The open data field, which focuses on making data freely
available to enhance participatory democracy but recognises the need for data literacy among citizens; the
STEM education field, which integrates data into curricula to teach students how to use and reflect on data,
though it often emphasises usage over understanding; and the social sciences field, which examines the
broader societal implications of data, promoting critical reflection on data’s role in society (Van Audenhove
et al., 2024). This is to be expected, as different disciplines and contexts require unique data competences,
such as data interpretation for policy decisions, data literacy for fact‐checking, data visualisation
development, or using learning analytics to improve education. Other categorisations of data literacy are
based on how different communities of practice define the concept. A good example is Ahmed et al. (2021),
who conducted a study focused on three categories of communities of practice: education, fields and
professions, and citizenship. Each community had a different understanding of the notion of data literacy.

Salomão Filho et al. (2023) conducted a systematic and narrative review of 39 articles that explore the
educational and socio‐political aspects of data literacy (2015–2021). The authors note the interdisciplinary
nature of research on data literacy encompasses a wide range of topics and distinct aspects of data literacy,
making it challenging to form a cohesive conceptual understanding. While we recognise that the
interdisciplinary nature of the concept of data literacy makes it difficult to identify separate domains, we use
the fields identified in Van Audenhove et al. (2024) as a conceptual starting point for understanding how
data literacy is approached across different fields. Concretely, we focus on data literacy from educational
and societal perspectives, with the education dataset focusing on data literacy within structured learning
environments, such as curricula and pedagogical practices, while the social science dataset emphasises
broader societal implications, including policymaking and civic engagement. This distinction allows us to
analyse data literacy from educational and societal perspectives. Moreover, by treating “open data” as an
interdisciplinary concept embedded in both fields, rather than as a separate field, we aim to provide a
comprehensive review of how data literacy evolves across education and social sciences.

This study is structured as follows: (a) a methodology section outlining the approach used to select and analyse
210 articles, and (b) the results section, which provides a bibliometric analysis of the literature, an exploration
of early definitions and the lack of consensus on data literacy, and a look at the thematic trends and concepts
in the research. The review concludes with a summary of key findings, implications for future research, and
the study’s limitations.
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2. Methodology

This study maps the topical evolution of the data literacy concept in the social and education sciences
(2011–2023), identifying the main themes, evolutions of the concept, and gaps for future research. Since
this is a topical analysis of one concept, a scoping review is a fitting methodology as it allows for a
comprehensive mapping of the broader literature. For this, we made use of the methodological framework
from Arksey and O’Malley (2005), combining this with the PRISMA guide for scoping reviews (Tricco et al.,
2018). Following these guidelines, we first developed a research protocol (see the Supplementary File,
Appendix 1, for the full research protocol).

We collected 391 articles from Web of Science (WoS) and Scopus databases between 2011 and 2023,
mapping a 12‐year span. Since we aimed to have a broad understanding of the concept and trace its
evolution over time, we chose to start our analysis in 2011. This year marked the first significant mention of
data literacy in education and social sciences journals, based on a preliminary review of the databases,
capturing the period when data literacy began gaining prominence. We only included English, peer‐reviewed,
open‐ or early‐access journal articles and book chapters in the field of social and education sciences. Review
articles, proceedings, essays, and non‐academic publications were not included. Due to accessibility,
consistency, and resource constraints, we did not include non‐English language sources, with the exception
of translated sources. Our search string—(“Data literac*”) AND (“competence” OR “skills” OR “proficiency”
OR “understanding” OR “use”)—was too limiting, only giving 104 results starting in 2016. Accordingly, we
broadened our search looking for papers containing “Data literac*.” We placed no other restrictions on
article selection. The search results were exported into Excel and duplicates were manually removed.

After applying our inclusion criteria and the removal of the duplicates (103 studies were duplicates), a
selection of 288 studies’ titles and abstracts was reviewed in‐depth. Fifty‐two studies were removed that
did not mention data literacy in the title or abstract and did not address and/or lacked emphasis on data
literacy competencies. Studies that fell outside of the education and social sciences were also excluded.
Another 26 results were removed as they did not fit the formal article criteria (proceeding papers, reviews,
etc.). After applying these criteria, 210 articles remained for analysis, as illustrated in Figure 1. The full
research protocol in which all decisions are explained in detail can be found in the Supplementary File.
The coding was conducted by the main author and checked by the secondary author. Cases where there was
doubt were discussed amongst the author team and a decision was made.

The metadata fromWoS and Scopus were exported in Excel, charting the following data: author(s), article title,
abstract, publication year, source title (journal), author keywords, publisher, publisher’s address, research areas,
and DOI. For further analysis, several categories were added in new columns, namely “topic,” “subtopic 1,”
“subtopic 2,” “target group(s)/demographic,” and “specific concepts.”

As part of our mixed methods approach, we applied a quantitative frequency analysis using 4CAT Capture
and Analysis Toolkit (Peeters & Hagen, 2021)—a tool for natural language processing—as well as a
bibliometric analysis. The quantitative frequency analysis, after tokenising all the words, reviewed the word
frequencies in titles and article abstracts allowing us to note the most common topics and chart their
presence over a 12‐year span. For the bibliometric analysis, we checked the main journals, authors, and their
geographical distribution. This was followed by a qualitative analysis applying grounded theory with three
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Figure 1. Prisma flowchart.

levels of thematic coding (open, axial, and selective; Glaser & Strauss, 1967; Strauss & Corbin, 1990). In this
process, sensitising concepts were used, using the most frequent topics discovered through the word
frequency analysis to guide our thematical coding process to allow for easier comparison at the end (Bowen,
2006). Concretely, the existing codes based on the quantitative analysis were used as inspiration during the
analysis. However, room was allowed for an inductive approach to discover emerging themes and topics not
captured by the quantitative analysis, leading to new codes (Bryman, 2016).

3. Discussion of Results

3.1. Bibliometric Analysis of the Literature

This section analyses the bibliometric data of the 210 selected articles. By examining the evolution of
publications from 2011 to 2023, identifying the most prolific authors, and highlighting the journals with the
highest frequency of publications, we aim to uncover trends in the academic discourse surrounding
data literacy.

Media and Communication • 2025 • Volume 13 • Review 9237 5

https://www.cogitatiopress.com


3.1.1. Evolution of the Number of Articles Published

During 2011–2023, we observe that the number of published articles on data literacy in social and
education sciences (𝑛 = 210) has increased significantly (see Figure 2). The data reflects a general upward
trend, with spikes in 2019, 2020 and 2023. This steady increase indicates a growing interest in and focus on
data literacy within these fields over the years. Moreover, data literacy is starting to distinguish itself from
other digital literacies. Despite the overall upward trend, we could attribute the dip in publications in 2021
to the possible impact of the Covid‐19 pandemic, which provided challenging work circumstances for most
sectors. The pandemic also influenced work performance in academia, with female academics especially
experiencing a greater influence of the pandemic on their research productivity (Püttmann & Thomsen,
2024; see also Peetz et al., 2022; Sawert & Keil, 2021; Staniscuaski et al., 2021). The dip could also be
attributed to academics shifting their research focus to Covid‐19‐related topics (Aristovnik et al., 2020; Liu
et al., 2022; Roychowdhury et al., 2022), although this is hard to say definitively (Sohrabi et al., 2021).
Overall, the broader trend implies a continuously growing interest in data literacy.
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Figure 2. Evolution of number of publications per year (𝑛 = 210).

3.1.2. Most Occurring Journals

To gain an overview of the journals with the most publications (Figure 3), we conducted a bibliometric
analysis of the journals (𝑛 = 135). Most articles were published in a 2020 special issue of the Journal of Media
Literacy Education, the journal of the National Association for Media Literacy Education (𝑛 = 7, 5.18%). This
was followed by the Journal of Business and Finance Librarianship (𝑛 = 6, 4.44%; Routledge, Taylor & Francis),
of which five articles were published in 2020, and Teaching and Teacher Education (𝑛 = 6, 4.44%; Elsevier),
which included publications ranging from 2015 to 2022. Information and Learning Sciences (Emerald
Publishing) published five articles (3.7%). Two journals, British Journal of Educational Technologies (Wiley) and
Education and Information Technologies (Springer), had four articles each (2.96%). Other journals had three or
fewer publications on the topic.

Although a select number of journals had a slightly higher number of publications (Figure 3), the top‐occurring
journals had only a few articles published on data literacy. This indicates that the research on data literacy is
spread across various disciplines and journals and is not concentrated in a single source, although we must
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Figure 3. Top occurring journals (𝑛 = 210).

also consider that only open‐access articles were selected for analysis. Overall, this shows that whilst research
on data literacy is distributed across many journals, a few journals publish more data literacy‐related content,
with a notable peak in specialised publications around 2020.

3.1.3. Top Published Authors and Geographical Distribution

This subchapter provides an overview of the author diversity in the selected publications as well as the most
prolific authors (Figure 4) and the geographical location of their most current research institution. We note
that, in terms of author diversity, 575 authors are involved in the 210 publications. Fifty publications (23.8%)
are single‐authored contributions. The maximum number of authors in one publication is nine authors. Of the
210 publications, 433 authors (75.3%) are involved in only one, while 142 authors are involved in at least two.
A few authors are more prolific in publishing research within the field of data literacy, with Raffaghelli J. E.
(𝑛 = 6), Italy, and Shreiner T. L. (𝑛 = 5), US, standing out as the leading contributors. Beck J. S., US, and Cowie B.,
New Zealand, (co‐)authored four papers. This was followed by Atenas J. (UK), Burress T. (US), Condon P. (US),
Edwards F. (New Zealand), Havemann L. (UK), Koltay T. (Hungary), Mandinach E. B. (US), McGowan B. S. (US),
Nguyen D. (The Netherlands), Reeves T. D. (US), and Whitesides H. (US) each (co‐)authoring three papers.
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The geographical distribution of top authors shows that they are all based in countries commonly referred to
as the West, and primarily in the US.

3.2. Thematic Trends and Topical Distribution in Data Literacy Research

In this section, we aim to unpack the thematic trends within data literacy research, identifying key areas that
have garnered attention and how these topics intersect. Through a word frequency analysis combined with
inductive qualitative coding, we identified six main categories under which the diverse topics in data literacy
research can be grouped: “teaching and student learning,” “professional development and capacity building,”
“data use and knowledge‐based decision making,” “critical thinking and ethics,” “research and analytical skills,”
and “engagement and society,” although most topics are interconnected.

The word frequency analysis of the selected articles highlights the evolution of frequent topics in data
literacy research (2011–2023), with Figure 5 visualising certain topical trends. It portrays an emerging and
growing field, where earlier publications reflect broader discussions about data literacy. Within the field,
there is a distinct interest in incorporating data literacy into education and training settings, though various
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trends and understandings on how to go about this are observed. We also note a diversification of themes
over time, such as an increasing frequency of “critical,” “ethics,” and “social,” suggesting an emerging focus on
a critical and ethical approach to data literacy, alongside analytical skills. The terms “professional” and
“development” highlight a focus on building capacity for educators to effectively use, understand and teach
data. The connections in the graph (Figure 5) suggest that data literacy is increasingly being explored beyond
the central discussion around education. This shows the complex, nuanced field of data literacy with
connected concepts and themes, showing the interconnections between categories. For instance,
discussions on data‐based decision‐making frequently intersect with professional development and
analytical skills. Nevertheless, the categorisation highlights a broad range of topics and a multifaceted field.
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3.2.1. Demographic Focus in Data Literacy Publications

Regarding the addressed demographics in the selected publications, we observe that most articles discuss
and research educational contexts, thus developing frameworks, interventions, and other for educators,
students, and researchers. A significant portion of the content, programs, or discussions are focused on
students in formal education settings. This includes various subcategories including but not limited to
undergraduate students, graduate students, K‐12 students, and secondary school students, with a particular
emphasis on higher education. There is also a primary focus on educators and formal schooling, covering
various types of teachers (preservice, novice, elementary, secondary, and tertiary education) and schools in
general. This was an expected outcome due to the focus on social and education sciences. Still, the results
reflect a broad focus on supporting teaching staff and improving educational settings and a significant focus
on the professional development of (preservice) educators, although the focus of these articles mainly seems
to remain on technical skills (Carey et al., 2018; Cowie & Cooper, 2017; Edwards et al., 2022). This is
confirmed by the systematic literature review by Raffaghelli and Stewart (2020), who identified a strong
focus on technical and operational skills within higher education, with the authors arguing for a critical
approach to educators’ data literacy development. Libraries and the role of librarians garner less focus.
However, as the third most common category with a more specialised focus on enhancing the role of
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libraries as educational support services, libraries are seen as essential in providing access to resources and
supporting data literacy (Copeland et al., 2021; Pothier & Condon, 2020; Seidlmayer et al., 2020).

The focus on these three subgroups suggests a research gap for other target groups and sectors. Governments,
civil society actors, and non‐formal education lack representation in the selected literature. There is also less
focus on the private sector and specific data professionals, although data literacy is crucial to work equitably
and inclusively. Likewise, there is less attention on other demographics, such as older adults, parents, and
vulnerable communities, although several articles define data literacy as a transversal and even lifelong skillset
(Atenas et al., 2020; O’Neill, 2019; Seidlmayer et al., 2020).

3.2.2. Trends in the Selected Literature

Earlier publications concerning data literacy, such as Berendt (2012), Prado and Marzal (2013), and
MacMillan (2015), focus on data literacy from an information perspective. For instance, Berendt (2012)
defines data and privacy literacy as important sub‐competences for information literacy. Data skills have
frequently been discussed under the broader umbrella of information literacy, which includes the ability to
navigate and use different types of information in a digital environment, encapsulating competences from
computer, media, and data literacy (Bawden, 2001; Schield, 2004). Information literacy emphasises
competences on searching for and assessing information, which are essential for understanding and using
data (Berendt, 2012; Schield, 2004).

In addition, earlier publications primarily focused on the relevance of data use for development, for example
using assessment data to inform instruction (Piro et al., 2014; Vanhoof et al., 2011). That said, there is a
continuous interest in data‐based decision‐making and development, especially within the school context.
Authors call for improved data literacy for teachers to handle and analyse assessment data to adapt their
instruction and/or improve the school. These articles highlight the value of data‐driven and evidence‐based
decision‐making and tend to go hand in hand with calls for professional development and capacity building
among educational staff (Bocala & Boudett, 2015; Conn et al., 2022; Cowie & Cooper, 2017; Hansen &
Wasson, 2016; Luo et al., 2022; Piro et al., 2014). This is something Carey et al. (2018) refer to as
“data‐driven pedagogy.” Yet, Whitesides and Beck (2020, p. 1) note that teachers are not data literate
enough to “recognize inequitable data practices,” allowing room for data bias in their teaching. Gibson et al.
(2023, p. 1) find that “to expand students’ data skills, educators must be grounded in a framework that
holistically considers ethics, community impact, and science.” In turn, we also find a focus on resource and
support development for educators to effectively teach data literacy, such as introducing “colleague
coaching” (Edwards et al., 2022).

Alongside this discussion, several authors also call for an updated education curriculum for students (Gehrke
et al., 2021; Wilkerson et al., 2022), emphasising the importance of including data science and/or
data‐related practices, with a focus on statistical thinking, practical application, and inter‐/multidisciplinary
approach due to a cultural shift referred to as the “data culture” by Gould (2021). This could lead to
improved student understanding and appreciation of the practical uses of statistics, preparing students to
handle real‐world scenarios (Bailey et al., 2020; Ow‐Yeong et al., 2023; Watson & Smith, 2022). Adding to
this, LaMar and Boaler (2021) reiterate the need for a curricula update to include “data science.” The authors
note that this empowers students by providing them with tools to analyse and understand the data they
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encounter during their everyday lives whilst also stressing the importance of working with authentic,
real‐world data and being “critical consumers” of this data. Researchers emphasise hands‐on, experiential
learning approaches to build students’ data literacy in practical and engaging ways (Cottone et al., 2023;
Halliday, 2019; Kjelvik & Schultheis, 2020), but observe challenges in implementing data literacy education,
such as curriculum constraints, disciplinary focus, and the need for resources (Ow‐Yeong et al., 2023; Yoon &
Copeland, 2020).

Especially after 2019, we find a growing attention for critical thinking, ethical data use, and civic
participation. The increase in attention to critical thinking tends to go hand in hand with authors touching
upon the importance of civic participation (or citizenship), bias in data, and transparency of data use
(Gutiérrez, 2019; Heiser et al., 2023; McCosker, 2022; McCosker et al., 2022; Taylor et al., 2024; Whitesides
& Beck, 2020). Markham (2019) observed critical thinking as crucial for data literacy, so that those who are
data literate not only know how to use and critique data but are also able to take “social action.” Sander
(2020) argues for “critical big data literacy,” focusing on awareness and reflection rather than data use.
Whereas the understanding of the term can be inconsistent, “critical data literacy” is a concept mentioned in
several abstracts, arguing that the traditional definitions of data literacy focus too much on data analytics
and that the societal and participatory aspect is not considered sufficiently in models and frameworks.

The need for citizens to understand their data surroundings is not only mentioned by authors focusing on data
science and statistics. There is a steady growth of articles focusing on citizen empowerment and awareness
(Calabrese Barton et al., 2021; Carmi et al., 2020; Gebre, 2018; Pangrazio & Sefton‐Green, 2020; Raffaghelli,
2020; Raffaghelli et al., 2024). A data‐literate citizenry can create societal change, for instance by using open
data for community development (Yoon & Copeland, 2020)—if the data is accessible and citizens have the
necessary resources. For this, several authors call for working collaboratively with authentic, or real‐world,
data, for example developing climate change solutions by working with open data (Kuhn et al., 2023; see also
Robertson & Tisdall, 2020; Palsa &Mertala, 2023;Werning, 2020). Open data is a growing concept within data
literacy publications and often emerges as a subtheme within both education and social sciences, supporting
our decision to treat it as an interdisciplinary concept rather than a distinct field. For instance, in education,
open data is often integrated into discussions on data‐driven learning, while in social sciences, it is connected
to topics such as community engagement, accessibility, and transparency. Especially as of 2020, we observe a
rise in publications that note its importance for data advocacy and societal change through data. Loría Solano
et al. (2023) published a systematic literature review on open data literacy, noting a lack of open data literacy
and a focus on technical skills in literature.

Carmi et al. (2020) refer to this as “data citizenship.” Bhargava et al. (2022) find that data has become central
to our democratic society, and to have influence means to understand data. They argue that traditional
approaches to teaching data literacy, which often emphasise computational and statistical methods and
skills, may not be sufficient to engage a broader and more diverse group of learners. To ensure wider
participation and understanding in civic settings, it is necessary to rethink how data literacy is introduced
and taught in schools, for example through data theatre and a focus on social justice (Bhargava et al., 2022),
as there is a need for broader engagement. This echoes the discussion around critical data literacy.
Data literacy education could benefit from embracing more interactive and creative learning techniques.
Werning (2020) introduces the concept of making data “playable” by using elements of play and games to
interpret real‐world datasets. This approach aims to engage students in a more interactive and creative
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way, contrasting with traditional and statistical methods that often focus heavily on visual evidence.
By integrating other learning strategies, such as games, into data analysis, the article suggests a new
approach to improving creative data literacy. This method encourages students to explore and interpret data
in novel ways, potentially leading to deeper and more innovative understandings of data (Werning, 2020).
This perspective complements ongoing discussions about broadening data literacy to encompass a wider
range of skills and approaches and finding diverse ways to engage learners (Cottone et al., 2023; Sanei et al.,
2024). Additionally, it allows for a wider range of individuals to connect with data, not only those who have
a strong background in statistics and an interest in data analysis. This could foster a more inclusive
learning environment that ensures all participants get to develop their data competences engagingly
and meaningfully.

The last trend we wish to highlight is a continuous interest in data usage and (learning) analytics and data
management (Ahmad et al., 2019;McGowan et al., 2023;Mosha &Ngulube, 2023; Robinson & Bawden, 2017;
Vilar & Zabukovec, 2019). Within an information library and research context, articles on this topic tend to
study how librarians and other data professionals can support students, researchers, and those in a data‐rich
environment in managing and analysing data (Condon & Pothier, 2022; Copeland et al., 2021; Giudice da Silva
Cezar & Maçada, 2021). This is also referred to as “data librarianship” (Pothier & Condon, 2020), with libraries
being considered valuable “information centres” (Seidlmayer et al., 2020) to support the community’s data
needs. MacMillan (2015) argues that librarians need to “expand” their skillset to be able to use and instruct
about data resources, libraries being a valuable resource for individuals to gain the necessary data (research)
skills. Likewise, public libraries are seen by users as important places for accessing data and for educational
programs that teach data skills, especially in ways that are relevant to the local community. Therefore, libraries
can adapt and build on this to meet the users’ needs and tailor their data services to help users improve their
data literacy (Copeland et al., 2021).

Libraries can play a significant role in helping communities access, understand, and use open data. Libraries and
other information centres/organisations can serve as vital hubs for accessing, learning about, and using open
data, and other types of user support. Thereby empowering individuals and communities to make informed
decisions, support innovation, and engage more fully in civic life. The inclusive approach mentioned above
aligns well with the role of public libraries and community centres as key spaces for accessing and learning
about data. By adopting this approach, libraries can enhance their educational programs and data services,
ensuring they are relevant and accessible to the local community and meet users’ diverse needs.

3.2.3. Identification of Diverse Data Literacy Competences and Interpretations

Even in earlier publications on data literacy, authors referred to the importance of critical thinking (Berendt,
2012) and democratic education (Perrotta, 2013) in relation to data literacy, as well as linking it to
information literacy (Perrotta, 2013; see also Berendt, 2012; Koltay, 2015; MacMillan, 2015). However,
most articles primarily touched upon competences related to using, or more specifically, analysing data (Piro
et al., 2014; Vanhoof et al., 2011). As of 2015, there are also mentions of science education, the alignment
of data literacy and research, and the importance of finding (MacMillan, 2015) and managing one’s data
(Koltay, 2015, 2016). Mandinach and Gummer (2016, p. 366) lay out “the specific knowledge, skills, and
dispositions teachers need to use data effectively and responsibly,” calling for data literacy curricula
integration. The integration of data literacy in curricula has been advocated by numerous authors over the
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years. There remains a significant need across various countries to distinguish data literacy from media
literacy and to integrate it into primary, secondary, higher, and adult education programs.

As of 2016, we observe the first mention of “data visualisations” in the selected literature. Philip et al. (2016)
link the ability to interpret and develop data visualisations to civic participation. The article highlights a
project that aimed to address the lack of data literacy in education by incorporating lessons on data
collection, analysis, interpretation, representation, visualisation, and communication into a computer science
class, emphasising the importance of understanding data in context. Specifically, data literacy needs to
incorporate racial literacy, ensuring that students can examine race and power dynamics in data
visualisations. This highlights the possible societal influence of data visualisations and narratives. Shreiner
(2018, 2020) touches upon something similar, zooming in on the presence and purpose of data visualisations
in social studies textbooks. We observe that in this context, data literacy involves more than just the
technical skills to interpret and manage data and includes recognising how data might reinforce or challenge
existing racial stereotypes and inequalities. It requires an understanding of the societal, political and cultural
context, considering power dynamics, possible data risks, and the influence of data narratives (Donohoe &
Costello, 2020; Kouts‐Klemm, 2019; Mueller, 2022). Nonetheless, most articles in 2016–2017 remain
focused on using data for development and data usage education (Reeves & Chiang, 2019; Stowell Bracke,
2017; van Geel et al., 2017). The earlier definitions of data literacy seem to primarily revolve around using
data, specifically on data analytic skills and open dispositions, with a couple of outliers that influenced later
conceptual discussions.

As of 2018, we see a steady increase of critical thinking and reflection‐related competences addressed, as
mentioned in Section 3.2.2. Moving beyond technical proficiency, several abstracts highlight how data
education often focuses too narrowly on quantitative data skills, neglecting the broader understanding of
data’s role in everyday life (Gebre, 2018; Gray et al., 2018). For example, as Burns and Matthews (2018)
argue, data literacy in journalism should extend beyond knowing how to work with data technically.
It involves ethical, reflective, and critical thinking needed to authenticate, analyse, and communicate data
wisely, effectively and responsibly. Authors recognise data as powerful tools for communication and
advocate for a more nuanced and integrated approach to data literacy education that prepares individuals to
navigate and critically engage with the data surrounding them and even influence the systems that produce
and manage data (Gray et al., 2018). Data literacy is a form of influence and power. Therefore, a critical data
citizenry would be able to navigate their data surroundings, hold data users accountable and advocate for
their rights by demanding transparency and ethical data use (Dander & Macgilchrist, 2022; Fotopoulou,
2021; Hagen, 2022).

Carmi et al. (2020) emphasised the importance of developing data literacy initiatives that go beyond the
individual, incorporate critical thinking about the online ecosystem, and empower citizens to be proactive.
This perspective aligns with ongoing discussions about the need for more socially aware approaches to data
literacy. As of 2020, this discussion on civic engagement and data literacy slowly but increasingly focuses on
social justice and data risks and highlights power and accountability, although the focus remains on using
data, though no longer merely for school improvement. Data literacy is currently seen as a potential
instrument to promote social justice, although there is no unified approach (Raffaghelli, 2020). Nguyen and
Beijnon (2024) highlight how critical data literacy can empower users to challenge and even resist the
manipulative practices of big tech. Data literacy not only provides individuals with the tools to navigate
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society but could also play a significant role in shaping activism, as well as personal and scientific inquiry.
The need for transparency and the challenges posed by vague data practices echo the broader concerns
about data literacy and power dynamics explored in other articles.

The gaps between the current state of data literacy education and the more comprehensive approaches
advocated in the most recent literature are evident. While there is increasing awareness of the need to
broaden data literacy to include socio‐technical, ethical, and critical dimensions, much work remains to be
done to integrate these elements into educational curricula and training. Interventions and educational
projects often still emphasise data usage and less data understanding, especially when aimed at educators.

3.2.4. Shift in Focus Towards Societal Awareness and Engagement

The abovementioned topical evolution is similar to that of digital and media literacy. Early on, research on
these literacies primarily focused on the proficiency to use digital technology and media systems, only later
evolving to a more creative, active, and critical stance, combining competences that touch upon both using
and understanding (Iordache et al., 2017; van Dijk, 2020). More recently, since the widespread use of social
media, literature has been referencing “new media literacy,” the definition adapting to the rise of, for instance,
social media and information‐seeking and sharing (Celik et al., 2021). The concept argues the importance
of a critical outlook in an era of “new media technologies,” providing a competence model that could allow
users to recognise and deal with misinformation (Celik et al., 2021). This relates closely to the evolution of
data literacy. A growing attention on “critical thinking,” “awareness,” and “citizenship” implies the growing
importance of proactive, critical citizens who can navigate changes in the information society, such as the
ever‐growing influence of algorithms and AI.

Academics note that the previous definitions of data literacy, which were based on statistics and
computational literacy, mainly focused on data analytics and data use for decision‐making processes, leaving
little room for critical analysis from sociology and community perspectives. Over the years this has evolved
from a traditional data skills approach to models and definitions that also include critical thinking and data
equity. Comparably, Mandinach and Gummer (2016) developed a data literacy framework for teachers, with
the primary focus on data use for teaching improvement. However, in later publications, Mandinach and
Jimerson (2021, p. 9) expand that data use is “at the heart of data ethics,” educators need to carefully
consider their actions regarding data usage, the methods they employ in their work, and how they focus
their efforts on benefiting—rather than harming—the stakeholders involved. Atenas et al. (2023, p. 1)
developed an “ethical framework” for data literacy in research, ensuring that their framework teaches an
ethical approach to research data “to enable a critical understanding of the techno‐centric environment and
the intersecting hierarchies of power embedded in technology and data.” These examples show an evolution
from technical skills towards not only critical thinking, but also data ethics, although this trend remains
relatively small, indicating a need for further exploration. The focus remains predominantly on data usage;
however, considering a critical or community‐focused perspective has become widespread.

4. Conclusion

In this study, we reviewed the state of data literacy research and the concept’s topical evolution
(2011–2023) by examining the main trends and topics. After selecting and coding 210 academic publications,
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we found that the research on data literacy is ever‐evolving. Similar to media literacy (Iordache et al., 2017),
the concept of data literacy has grown increasingly complex, encompassing a wider range of competences
over time. In response to the need for greater clarity and unity in the field, much of the research has focused
on lesson interventions, educational projects, and the development and testing of models and frameworks
for teaching data literacy. This goes hand in hand with the field recognising data literacy as a multifaceted,
transversal skillset crucial for civic participation.

We observe that data literacy began to separate itself from information literacy and expanded beyond data
science and statistics education to include the competences required to understand one’s data surroundings
and a critical mindsetwhen it comes to using data (Gebre, 2018; Selwyn&Pangrazio, 2018). Research indicates
that the challenge is not merely about teaching individuals to work with data but about equipping them with
the skills and understanding to engage with data as informed individuals. This research field now evolves from
a focus on individual data skills into data literacy for citizens capable of shaping a datafied society in ethical
and socially responsible ways, thusmoving from consumers to creators (Bhargava et al., 2022; Raffaghelli et al.,
2024; Sander, 2024).

Similarly, most of the research published focuses on teaching technical data skills and learning analytics for
development, albeit increasingly critical (Heiser et al., 2023; Mandinach & Jimerson, 2021). Attention for
equitable data use and data misuse challenges also garners more attention in these areas, however, it needs
to be emphasised that awareness is crucial for preventing the misuse of data and for fostering informed,
responsible data use. This is increasingly studied within the school context and is even starting to be
explored within the public sector (Clegg et al., 2023; Fotopoulou, 2021; Nguyen, 2023).

Although we observe an increase in critical thinking within data literacy publications, there is still room for
research that touches upon the ethical use of data, specifically in the subfield of data justice and data
advocacy. Particularly in community‐ and citizen‐focused research, research could address the broader
societal impacts of data‐driven decisions. Libraries, as non‐formal learning environments, are seen as
valuable resources for skill development and data access as well as community engagement (Copeland et al.,
2021; Seidlmayer et al., 2020). The influence of other information centres and civil society organisations on
community development and citizen empowerment leaves room to be studied and possibly compared to or
complement the role of libraries.

We also find a lack of attention to digital accessibility and inclusion in the research, even though there is an
increase in agency‐related topics, such as data justice, empowerment through data literacy, and data for
equity. Therefore, further research is needed on data literacy in vulnerable communities and other
understudied demographics. As argued in multiple publications, all individuals need to possess the necessary
skills and knowledge to navigate a datafied society effectively. Accordingly, data literacy programs and
resources should be designed with inclusivity and social support in mind. It is crucial that these programs not
only focus on developing practical data usage but also address the potential dangers of data misuse and data
risks (Atenas et al., 2023; Dodman et al., 2023; Mandinach & Jimerson, 2021), particularly within the private
sector, which remains understudied.

This study also has its limitations. The scoping review identified key themes and knowledge gaps for future
research; however, it mainly provides a surface‐level overview based on the article titles and abstracts.
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Due to this article providing a summary of the most notable trends in data literacy research, it remains quite
descriptive, providing a synthesis of themes and patterns rather than certain nuances or complexities around
data literacy. The variability of studies included in the research also made data analysis challenging. Scoping
reviews, unlike systematic literature reviews, do not tend to include a quality check of the articles included
nor an assessment of intervention effectiveness. To address these limitations, we only included
peer‐reviewed publications (2011–2023). Additionally, this review only covers open‐ and early‐access
English‐language articles indexed in the WoS and Scopus databases, leaving room for future research to
include other databases and national citation indexes. Our decision to focus on English‐language articles was
made for practical reasons, but we acknowledge the inherent language bias this introduces. To mitigate this
limitation, we sourced articles from two international databases and employed both automated searches and
manual screening. While these measures reduce the risk of algorithmic bias, we recognise that some degree
of bias remains unavoidable. In addition, the scoping review provides a basis for more in‐depth systematic
literature reviews.

Research into specific concepts such as AI, algorithms, and privacy within the broader framework of data
literacy is a topic for further research, as there was a lack of focus on it in the selected abstracts. Due to
the growing interest in these topics, focus on social and education research might shift towards these topics’
role in data literacy. This could also help to explore critical issues such as transparency and accountability in
AI and algorithms. This is essential for understanding how data literacy intersects with various technological
advancements and ethical concerns, further emphasising its societal relevance.

More research is required to foster a data literacy that is meaningful and applicable in real‐world scenarios
and engaging for all citizens, not merely those with an aptitude for statistics. This correlates with the need to
have more effect and impact measurement research on the interventions and resources developed. Data
literacy represents a dynamic paradigm, continually evolving as societal, technological, and educational
contexts shift. Therefore, it needs to be tailored to address the varying levels of engagement and expertise
of different demographics, as they encounter different needs and challenges. Similar to digital literacy, data
literacy does not require a one‐size‐fits‐all approach (Mensonides et al., 2024), but a nuanced and
context‐specific approach, providing a socially aware and adaptable data literacy that includes social support
structures. This adaptability reflects the complex nature of the field, with new challenges and opportunities
reshaping the approach to data literacy.
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