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Statistical and data literacy are counted among the key competencies of the 21* century and are often
set out as an expected outcome of school education. Accordingly, curricular adaptions of science,
technology, engineering, and mathematics (STEM) education have been made in many countries with
the aim of developing competencies that promote competent handling of data, statistical information,
and their forms of representation. In this paper, we report first results of an ongoing systematic review
on the definition and fostering of statistical and data literacy in STEM school education. This paper
focuses explicitly on cross-curricular approaches to promoting statistical and data literacy in STEM
school education, which have been described and empirically investigated in international research.

INTRODUCTION

Competent use of data, statistics and their forms of representation is of great importance in our
data-driven society and is often set out as an expected outcome of school education (Chalkiadaki, 2018).
The relevance of such skills, which are overarchingly categorized as statistical literacy and data literacy
(e.g., Gal, 2002; Gould, 2017) appears to be increasingly important in broader public perception and
research (OECD, 2021). Technological progress makes it possible to collect, store, and analyze more
and more data, and important decisions in society, business, and science are increasingly made based on
data (Schiiller & Busch, 2019). Not least the current global pandemic situation has shown the relevance
of citizens being able to critically engage with interpretations and representations of data in the media.

The increasing importance of statistics and data in daily life has led to adaptions of school
curricula in STEM domains in many countries, with the aim of developing competencies that promote
competent use of data, statistics, and their forms of representation. Existing literature reviews identified
promising methods for promoting statistical and data literacy in higher education (e.g., Schiiller &
Busch, 2019). What has not been explicitly addressed so far is the question of what role school-based
STEM education plays in building important foundational skills for statistical and data literacy.

The main objectives of the ongoing systematic review described in this paper are to compile,
systematize, and interpret relevant findings from international research on the role of STEM subjects in
fostering statistical and data literacy. The question addressed within the framework of this paper is:
“What cross-curricular approaches to promote statistical/data literacy in STEM school education are
empirically investigated?”. In this contribution, we refer to “cross-curricular” when more than one
STEM school subject is addressed.

STATISTICAL AND DATA LITERACY IN STEM SCHOOL EDUCATION

Many statistics educators and scholars have tried to define and describe statistical literacy (e.g.,
Gal, 2002) and data literacy (e.g., Schiiller & Busch, 2019). According to Gal (2002), statistical literacy
is the ability to interpret, critically evaluate, and communicate statistical information. Gould (2017)
found that knowledge about data collection, privacy, and the creation of data representations is also
gaining relevance. Thus, additional skills were included in his definition, and statistical literacy was
expanded to data literacy, which was understood as an overarching concept. However, it should be noted
that there is no consensus on the definitions of these terms, and often, the terms are defined for adults
as data recipients (e.g., Gal, 2002).

The analysis of various competency frameworks and educational standards (e.g., National
Council of Teachers of Mathematics, 2000) shows that some of the above listed competency areas
related to statistical and data literacy are already listed in STEM education curricula (e.g., measuring,
collecting data, experimenting, presenting data, interpreting data representations, evaluating data,
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concept of measurement uncertainty). According to the educational plans, such skills should be
developed in mathematics and science classes from primary school age and in all STEM subjects in
secondary schools. What is missing so far, however, is an overview of cross-curricular approaches that
have been empirically studied for their effectiveness in promoting statistical and data literacy in STEM
education at the primary and secondary levels. The ongoing systematic review presented in this paper
contributes to fill this research gap.

METHOD
Search Strategy

The systematic review presented in this paper is planned, conducted, and reported according to
PRISMA 2020 guidelines (Page et al., 2021). It is preregistered at the open-source platform OSF
(Friedrich et al., 2021, September 3). A broad systematic search of three literature databases (Psychlnfo,
ERIC, Web of Science) was conducted in September 2021 that resulted in 18,243 records (see Figure
1). The search string included the terms (“data,” “quantitative,” “probabil*,” “data oriented,” “data
based,” “statistic*), supplemented with keywords (“literacy,” “literate,” “reason*,” “competen*,”
“think,” “understand,” “comprehend*,” “argu*,” “mastery”) in every possible combination and order,
as well as the terms (“data and chance,” “uncertainty and data”) in every possible order.

Furthermore, a systematic search of 16 relevant conferences in psychological and educational
contexts was conducted that resulted in 51 records. Please note that the dataset is not yet complete,
because a for- and backwards search for further possibly relevant articles based on the included articles
is still pending.
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Study Selection, Eligibility Criteria, and Data Extraction

After duplicates were removed, two independent reviewers performed a title—abstract screening
against eligibility criteria using 4SReview (van Haastrecht et al., 2021), an active learning software
based on machine learning. Discrepancies were resolved by a third researcher. All potentially relevant
full-text articles were retrieved and independently screened against eligibility criteria by two
researchers. All included studies met the following eligibility criteria:
e At least an abstract in the English language
e Original research
e Investigation scope relates to school education
e Investigation scope relates to STEM domains (physics, biology, chemistry, mathematics,

(computer) science, technology, general studies)

e Peer reviewed

Figure 1. PRISMA flowchart
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In each eligible full-text publication, findings relevant to the research questions were coded,
extracted, and synthesized using qualitative content analysis. For the research question presented in this
paper, study details in terms of information about general study characteristics, sample size, addressed
STEM domains, school career (primary/secondary), as well as detailed information on the investigated
approach to promote statistical/data literacy were extracted.

RESULTS

Of all studies included in the overall systematic review, eight were identified that empirically
examined cross-curricular approaches to promoting statistical/data literacy in STEM education (see
Table 1). Several of these studies used interdisciplinary learning environments addressing authentic
problems and including real-world datasets. This approach has been shown to be effective in developing
students’ knowledge of statistical concepts (Andre et al., 2020) and their ability to ask and answer data-
based questions (Swan et al., 2013; Vahey et al., 2012). Furthermore, increases in students’ confidence
in data analysis and statistical skills (such as data management and data analysis; Dierker et al., 2017)
as well as positive effects on students’ interest in data (Kochevar et al., 2015) have been found. Although
most studies used large existing data sets, one study examined the effectiveness of an approach in which
students collected their own data (Wolff et al., 2021). The results showed that experience with data
collection promotes a critical approach to data among students.

A common feature of most of the approaches listed in Table 1 is the integration of digital media.
The usage of specific software (e.g., Gapminder in Andre et al., 2020; Jiang et al., 2020) and novice-
friendly web-based interfaces (Kochevar et al., 2015; Mosquera et al., 2020; Wolff et al., 2019) has been
demonstrated to be effective in helping students deal with large and complex real-world data sets.

Table 1. Summary of included studies on cross-curricular approaches

Study Domains School career Sample Approach to promote

size statistical/data literacy

Andre et al. (2020) Isfaffgﬁscm linary Secondary (L) 45 izi}ggrld problem-based
Distaredl - abemics ooy (v) 33 [eabverd piect e
gl Ll oy 1,0y 1y ol s
éc())cllgvar etal. g/iailgllli?atics, Secondary (U) 195 Ezill-i\rzlv;rld project-based
1(\;[8;%1)1“3 ctal. Isril‘ff]:irﬁscip linary Secondary (L) 39 Game-based learning
Swan et al. (2013) gﬁﬁi?aﬁcs’ Secondary (L) 576 Eﬁi‘iﬁﬂd problem-based
2;%11162}; et al. g/iailgllli?atics, Secondary (L) 606 Ezill-i\rzlv;rld problem-based
Wolff et al. (2019) Isril‘ff]:irﬁscip linary gggig;ry (L) 67 Collecting own data

Note: The School career is divided into Primary (grade level 1-4), Lower Secondary (L) (grade level
5-8) and Upper Secondary (U) Education (grade level 9-13).

CONCLUSION

In this paper we reviewed findings from international research on cross-curricular approaches
to promoting statistical/data literacy in STEM education. Using authentic problems and incorporating
real-world data has been shown in several studies to be an effective cross-curricular approach to increase
students’ knowledge, interest, and motivation in statistics and data literacy. The use of specific software
and novice-friendly web-based interfaces has proven helpful for students to deal with large complex
data sets. In the next step, the review of international research on the promotion of statistical and data
literacy in STEM school education will also be extended to subject-specific approaches.
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