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Abstract. In the rapidly evolving landscape of modern healthcare, nurses must
proficiently navigate data utilization and grasp the principles of data science.
Despite this urgency, nursing stakeholders currently do not fully understand the
extent of data literacy or data science literacy they need to acquire. This paper
aims to elucidate the distinctions between data literacy and data science literacy,
offering insights into strategies for nurturing these competencies within nursing
education, research, and practice. Through a state-of-the-art review of 22 articles
and six healthcare industry resources, we identified a notable absence of
comprehensive frameworks and assessment tools, highlighting key areas for future
development.
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1. Introduction

In the dynamic landscape of modern healthcare, nurses, as frontline healthcare
professionals, find themselves at the intersection of escalating data availability and its
growing significance. It is imperative that nurses utilize data proficiently and grasp
principles of data science. Therefore, there is a critical need for comprehensive
education tailored to equip nurses with a nuanced understanding of both data literacy
and data science literacy. Despite the essential role of data literacy and data science
literacy in nursing practice and research, considerable ambiguity exists regarding the
distinction between these literacies. This ambiguity extends to diverse nursing
stakeholders, encompassing students, nurses, nurse practitioners, nurse administrators,
nursing faculty, nurse informaticists, and nurse scientists and leaves a gap in the clarity
of educational expectations in nursing. This review is to explore and synthesize
multifaceted frameworks related to healthcare data management across academic
education, practice, and industry. Additionally, the paper aims to elucidate the
distinctions between data literacy and data science literacy, offering insights into the
strategies needed to nurture these competencies within nursing education, research, and
practice.

2. Methods

2.1. Study design and search strategy
We conducted a state-of-the-art literature review, which addresses emerging trends and
synthesize insights from the latest literature and identify key areas that warrant further
research [1]. Systematic literature searches were performed independently by three
research team subgroups, with a focus on academia, clinical practice, and the healthcare
industry. The searches were conducted from October to November 2023 using PubMed,
ProQuest, Scopus, CINAHL, and Google. The search strategy, developed initially using
MeSH terms and keywords in PubMed with Boolean operators, was then applied
consistently across other databases. Key search terms included data science, data
literacy, data competency, training, education, assessment, curriculum, clinical,
practic*, health occupations, and health personnel. The search was limited to
English-language literature published from August 2018 to August 2023. The initial
search yielded a total of 330 unique articles for academia, 146 articles for clinical
practice, and six industry resources.
2.2. Study selection and review process
We adhered to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [2]. Included studies met the following criteria:
1) direct relevance to data literacy or data science literacy within the healthcare
domain, 2) exploration of concepts, curricula, training, or assessment tools related to
data literacy or data science literacy, and 3) publication in peer-reviewed journals,
conference papers, books, reports, or materials. Article abstracts underwent initial
screening by a pair of reviewers using Rayyan [3]. Following abstract screening, 40 and
21 articles were selected for full-text review by the academia and clinical practice
subgroup, respectively. The first round of article reviews involved independent
assessments by pairs of reviewers, while subsequent rounds engaged all reviewers until
consensus on inclusion/exclusion was achieved. Ultimately, 22 articles (15 in academia
and seven in clinical practice) and six industry resources were chosen for data
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extraction. Data from each article were recorded in an Excel template, encompassing
categories such as title, first author, year, study purpose, definitions of data/data science
literacy, frameworks employed, domains of data/data science literacy, content and
duration of training programs, study settings, target audiences, assessment tools for data
literacy and data science literacy, and other outcomes. Findings were organized into
definitions, components of frameworks, educational content, and assessment tools
related to data/data science literacy across academia, clinical practice, and the
healthcare industry.

3. Results

3.1. Definitions of Data Literacy and Data Science Literacy
No clear distinction in defining data literacy and data science literacy was found in the
reviewed articles. Few articles provided refined definitions of data literacy, with some
emphasizing healthcare-related literacies such as digital information literacy [4],
genomic literacy [5], and public health informatics competencies [6]. Notable is the
review of nursing informatics competency, the knowledge, skills, and attitudes for
information use in nursing care, with a call for further research to establish core
domains and assessment tools [7, 8]. Explicit definitions of data science literacy were
lacking, but the articles presented varied definitions and scopes of data science. Data
science was defined to encompass statistics, artificial intelligence (AI), machine
learning (ML), database management, and systems engineering, with wide-ranging
interpretations. Different terms like "Data Intelligence" [9] and "AI Literacy" [10] were
introduced, emphasizing the transformation of data into value and covering principles
like data governance, basic statistics, data visualization, and their impact on clinical
processes.
3.2. Main and Sub-Components of the Data (Science) Literacy Frameworks
Various frameworks and models with diverse constructs and domains were cited,
including data literacy framework [11], the European Commission digital competency
framework [4], Data Intelligence Model [9], Data Science Curriculum Organizing
Model [12], curricular categorizations [13], genomic nursing data science life cycle
[14], the Health and Care Digital Capabilities Framework [15]. Scientific Reasoning
Augmentation activities were categorized as problem identification, hypothesis
generation, evidence generation, and communication [16].
3.3. Content of data (science) literacy education/training
Diverse healthcare professionals were targeted in data/data science training, with seven
articles exclusively focusing on nurses and nursing students. An interdisciplinary
approach was advocated in data science education, emphasizing consideration of the
context with technical solutions driven by ML [17]. Data science content was proposed
for nursing programs and professional training, including PhD nursing curricula using
the Data Science Curriculum Organizing Model [12], genomic nursing education [14],
general nursing curricula [18], critical care nurses [7], and school nurses [19].

Further broadening the scope, various experts shared data science course outlines
designed for general healthcare professionals [15], biomedical researchers [20], and
biomedical students [21]. Diverse modules were proposed, including data intelligence
training modules [9], health data science competency courses [13], six data science
programs [22], genomic literacy training with culturally appropriate communication
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[5], and a comprehensive AI education approach, incorporating data governance,
algorithmic decision-making, data visualization, and AI processes [10].
3.4. Data (science) literacy assessment tools
There was a notable absence of comprehensive data/data science literacy assessment
tools. Swan [23] employed an AI competency questionnaire; however, information on
psychometric properties was absent. Scientific Reasoning and Augmentation were
measured using a decision scenario in a medical context [16]. A Digital Competency
Tool assessed information processing, content creation, communication, safety, and
problem-solving skills [4]. Public health informatics competencies were evaluated
through four questions [6]. A Nursing Informatics Competency Assessment Tool, was
used to examine the impact of informatics competency training [7].
3.5. Data literacy and data science literacy resources in the healthcare industry
The six industry web resources primarily aimed at enhancing data literacy for various
organizations and personnel, only one explicitly targeting healthcare professionals.
Notably, no resources were found for data science literacy. These tools offer
competency-based frameworks for acquiring data literacy, presenting personas aligned
with different data literacy levels (e.g., the categories Data Guru, Data Apprentice, Data
Newcomer, and Data Avoider on qlik.com or Level 0-9 on healthcatalyst.com). These
resources typically feature hands-on formats and/or online modules. While they are
valuable for advancing data literacy based on need assessments, a notable gap exists in
the form of assessment tools to evaluate acquired knowledge and training outcomes.

4. Discussion

This review revealed that the emergence of frameworks and models, indicating a
growing interest in structuring data literacy and data science education potentially
applicable to nurses. However, the absence of comprehensive assessment tools
underscores a critical gap in evaluating training programs effectiveness and identifying
areas for improvement. The industry's focus on data literacy suggests a recognition of
its importance, but the dearth of resources for data science literacy targeting healthcare
professionals, including nurses, highlights an area for future development. The lack of a
clear distinction between data literacy and data science literacy highlights a need for
standardized definitions and frameworks in the field.

5. Conclusions

This state-of-the-art review reveals diverse frameworks and models aimed at
structuring data literacy and data science literacy. While data literacy is essential for
understanding data concepts and interpreting data, data science literacy enables nurses
to apply advanced analytical techniques to extract meaningful insights from complex
datasets. The observed variations and paucity of comprehensive frameworks and
related assessment tools underscore the need for future development. Future research
and development efforts should prioritize addressing these gaps to better support nurses
and other healthcare professionals in navigating the complexities of data utilization and
the principles of data science in healthcare.
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