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1 Introduction: Data in society, data science education and
citizen empowerment

We face a new challenge in determining which knowledge, skills,
and dispositions about data and statistics should and could be
taught in secondary education. Data science, as a new field embrac-
ing statistics, touches several disciplines, and its scholarly knowl-
edge is interdisciplinary, dynamic, and unstable. This is already
a challenge for the process of “didactic transposition” [10] of
scholarly knowledge to knowledge to be taught. Moreover, the
transposition has to take into account the role of data in society,
which affects all communities and individuals. Therefore, the use of
and discourse about data in society are more and more pertinent
for those who reflect on the relevance and uses of knowledge to
be taught in secondary and primary schools. School statistics has
not kept pace with how citizens engage with increasingly pervasive
data, such as navigating X feeds, using artificial intelligence (AI) to
identify photos, and streaming GPS data as a live feed into Google
Maps to estimate travel times. Data science and data-driven AI
have led to breakthroughs in science and society. Data science
can be used for social good, including work to protect the en-
vironment and address climate change. But it can also promote
the economic and political interests of a few while failing to serve
the interests of most citizens. Its use has raised massive concerns
about privacy, misuse of data, ethics, and surveillance of citizens,
to name a few. Awareness of the non-objective nature of data,
such as the underlying gender/racial bias in how and whose data
are used to train algorithms, is also at the forefront of these dis-
courses – see, for example, the journals Big Data & Society and
AI & Society.

These developments create the need to redefine what it can
and should mean to empower citizens through education. The

survey identified various conceptions of citizen education, such
as aiming at personally responsible, participatory, justice-oriented
citizens, or global citizenship and promoting the UN’s sustainable
development goals [7,29,33,34]. In the case of expanding data
science to empower citizens, these aims compete with forces on
the educational system, such as economic, military and political
forces as part of international competitions that require workforce
education for different purposes.

The survey identified literacy conceptions for citizen education
from different disciplines and perspectives, which enhance and
transformmore traditional conceptions of statistical literacy [15,17].
These include (critical) statistical or data literacy [24], civic statistical
literacy [29], and data-driven mathematical, computational, and
algorithmic modeling [20]. Data literacy is also conceived as part of
more general literacies, such as digital humanities literacy, media,
news, information literacy, digital literacy, Artificial Intelligence (AI),
and machine learning literacy [9]. The datafication of disciplines has
led to subject-specific data practices in the social and natural sci-
ences. New interdisciplinary approaches have emerged, particularly
in addressing socio-scientific problems within the framework of
citizen science. Moreover, conceptions such as critical datafication
literacy [31], personal data literacy [27], data awareness [18], data
acumen, conscience, ethics, activism, and feminism [11] are put
forward in the discourse.

These complex and demanding developments impact all school
subjects and collide with fully packed curricula in all subjects and
with an abundance of problems in many educational systems, for
instance, a very high number of low achievers.

The survey identified recent books and special issues of journals
that help to orient the discourse in the field. Special issues on data
science education have been published since 2020: in the Journal
of the Learning Sciences (2020); Teaching Statistics (2021); Statis-
tics Education Research Journal (2022); Educational Technology
and Society (2022); Information and Learning Sciences (2024);
Computers and Education Open (2024). This shows that the survey
went far beyond the usual sources for mathematics and statistics
education.

Given this complexity, the survey team focused on four topics.

EMS MAGAZINE 136 (2025) — DOI 10.4171/MAG/257 49



2 Topic 1: Civic statistics and humanistic perspectives on
data literacy education in the U.S. and Europe

Humanistic perspectives and citizenship development have been
prevalent themes in statistics and data science educational research
in the U.S. and Europe for several years (e.g., [23,29]). Scholars in
these areas also work transdisciplinary, infusing data literacy across
the curriculum. Much of this work has been done in small-scale
qualitative projects as these fields try to make sense of the rapidly
evolving nature of data literacy in our information-centric societies.
Several themes have emerged, including (1) reading the world with
data, making sense of the data-based communication of others,
including data viz and data journalism [19,30]; (2) writing the world
with data, using data practices to investigate the world around us
with students authentically engaging in activities of the discipline
through data investigations or creating data stories (e.g., [22,35];
(3) data structures and handling, focusing on data moves and clean
data to make raw data accessible to analysis particularly in the
form of “tidy data” (e.g., [13]); and (4) technology, including the
development, interaction with, and learning from technology.

3 Topic 2: Critical perspectives on data literacy emerging
from Latin America

Data literacy in Latin American countries has taken a critical per-
spective in the form of critical data literacy, which is the skill set
that enables people to use and produce data critically concern-
ing the reality behind the data [4]. It requires a combination of
technical skills and the ability to reason critically about data and
context. Critical data literacy in Latin America is strongly influenced
by the critical pedagogy and popular education of Paulo Freire [32],
which seeks to help people to develop their ability to read and
write their world. The work of Giroux and Skovsmose has also been
influential in this perspective. Critical data literacy in a region with
high levels of social, cultural, and economic inequality is needed to
help people to (1) make sense of the important data that affects
their lives, (2) make informed decisions, (3) participate in public life,
(4) recognize the harm that powerful interests can inflict with data,
(5) recognize that data is not neutral, (6) recognize that biased algo-
rithms can exacerbate social and economic inequalities, (7) expose
systematic social injustices, (8) understand the inequalities within
the work system and how disparities between nations exacerbate
the oppression of deprived populations [28].

4 Topic 3: Joint discourse between mathematical modeling
and statistics/data science communities

More researchers have recently worked “at the boundary” of math-
ematical modeling (MM) and statistics/data science communities

(e.g., [3,21]). This section aimed to report new trends in the joint
discourse between the two scientific communities, focusing on
three relevant discourses on data-rich MM since 2020. The first
discourse proposes a data-rich MM process with statistics and
mathematics at its core to develop statistical and/or mathemat-
ical literacy and/or disciplinary learning (e.g., [12]). The second
discourse discusses interdisciplinary data-rich MM, involving not
only statistics and mathematics but also other disciplines/subjects,
to promote STEM literacy as essential for citizens (e.g., [2, 25]).
The third discourse focuses on societal data-rich MM, which uses
global, social, political, ethical, and everyday contexts to promote
critical thinking and citizenship (e.g., [16,36]). All three discourses
emphasize the process of modeling as a cycle and seek to under-
stand the relationship between discipline-specific approaches to
modeling and the role of data herein.

5 Topic 4: What can mathematics/statistics education
contribute to Artificial Intelligence/Machine learning
literacy

The discussion on AI literacy for secondary students has rapidly
expanded in a few years, with several review articles emerging
in this evolving field, primarily from computer science education
(e.g., [1]). Machine learning (ML), which intersects with statistics
and mathematics, is recognized as a key area of focus. It involves
predicting outcomes through mathematical and statistical model-
ing and a broader form of inference than sample-to-population
inference. A major concern is the opacity of ML models [8]. A con-
sensus is forming that at least one type of machine learning should
be taught in schools using a “white box” approach, i.e., a machine
learning algorithm not as a black box, but making it partially trans-
parent to learners (“gray box” or “white box”) [26]. Researchers
propose decision trees [14] and k-nearest neighbors [26] as promis-
ing candidates to reduce the opacity of machine learning algo-
rithms. The reviewed discourse on fundamental concepts of ML
includes distinguishing between regression and classification, un-
derstanding misclassification types, and differentiating training and
test data to address overfitting, bias, and fairness (see [6] for an
overview with examples for teachers). Research projects were iden-
tified that make these concepts accessible to secondary students
through tools like data cards [14], CODAP, and Jupyter notebooks
(e.g., [5]).

6 Conclusion

This survey clearly indicates that statistics has evolved into data sci-
ence with new tools, discourses, and various source domains. The
data demands that pervade most societies require renewed atten-
tion to statistics education at school, data science education across
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disciplines, and research-informed decisions about curriculum and
pedagogy.

An extended version of this report is available. To order, please
email biehler@math.upb.de.
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