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Introduction

Working with and exploring data is an essential scientific practice from which researchers want
to gain insights into personally or socially meaningful issues. However, what researchers have long
known and consider common practice can also be a powerful tool for all citizens. Citizenship can be
promoted through data science education projects (Geiger et al., 2023; Makar et al., 2023). Here,
acquiring the capacity to work with and make sense of data is a significant step towards data literacy for
learners, as Ridsdale et al. (2015) point out. In our view, an essential goal in this respect is for learners
to carry out their own data projects to explore personally meaningful issues. In doing so, learners can
be actively involved in the knowledge construction process and shape their community’s knowledge
and methods. The literature refers to epistemic agency (Odden et al., 2023), which we will discuss here.
Additionally, we present opportunities for learners to develop epistemic agency in the context of data
exploration projects and propose a combined framework for such projects by building on the Use-
Modify-Create-framework (Lee et al., 2011) and the PPDAC-cycle (Wild & Pfannkuch, 1990).

From our point of view, data exploration projects serve as an ideal connection between
mathematics and computer science education, as they build on statistical skills and the interaction with
a computer for data processing and visualization to make complex relationships understandable.

Background

Statistical projects are recognized as a powerful teaching method for fostering data science skills
(Gomez-Blancarte & Ortega, 2018). Projects let learners engage with key statistical concepts, including
data, representations, and variability (Burrill & Biehler, 2011). Additionally, studies show that project-
based learning can boost students’ motivation (Bilgin, Newbery, & Petocz, 2015).

Wild and Pfannkuch (1999) introduced the widely used PPDAC cycle to structure statistical
thinking in empirical investigations. The five phases—problem, plan, data, analysis, and conclusion—
guide the data analysis process. In “problem,” statistical questions and hypotheses are defined. “Plan”
involves designing the data collection conducted in “data.” The “analysis” phase covers statistical
evaluation, and the “conclusion” interprets the results, which eventually then drive another iteration.
This framework is commonly found and adapted in various ways in curricula and teaching materials to
guide learners through the process of statistical data analysis.

Data literacy—the ability to collect, manage, evaluate, and apply data critically (Ridsdale et al.,
2015)—is essential in such a data investigation. School education provides a strategic starting point to
embed data literacy, equipping students with the skills needed for evidence-based decision-making and
workforce readiness. For the “analysis” phase in the PPDAC cycle (Wild & Pfannkuch, 1999), the
competencies related to “data evaluation” outlined by Ridsdale et al. (2015) can be highly relevant.

A way to foster those competencies is by using data moves (Erickson et al., 2019). Data moves
refer to the essential actions of manipulating and transforming data to make it useful for analysis,
especially when working with large, complex datasets. These actions include filtering, merging datasets,
creating new groupings, or constructing measures, which enable goal-driven exploration and analysis.
Unlike traditional statistical instruction, which often uses pre-structured datasets and predefined tasks,
data moves emphasize the dynamic and transformative nature of data. Teaching data moves helps
students understand that datasets are not static but socially constructed and modifiable, fostering deeper
engagement with data analysis.

Learning to apply data moves might therefore help students explore personal interests through
data. This way, students might gain responsibility for their own learning and might influence the
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knowledge-shaping processes in the classroom or their community—thus fostering their epistemic
agency (Odden et al., 2023). Epistemic agency refers to the idea of learners taking ownership of their
own inquiry processes regarding their epistemic interest and the methods used (Miller et al., 2018).
Opportunities to foster epistemic agency include especially (a) building on students’ knowledge, (b)
gaining knowledge, (c) creating a knowledge product, and (d) identifying actions for change in local or
global structures (Miller et al., 2018). From this viewpoint, we see a direct connection to empirical
investigations, as described by Wild and Pfannkuch (1999), to foster data literacy (Ridsdale et al., 2015).
As tools for conducting such inquiry processes, we consider CODAP (https://codap.concord.org/) and
Jupyter Notebooks with Python (Granger & Perez, 2021) to represent two suitable platforms. These
have different characteristics and, therefore, offer different use cases regarding learning goals.

CODAP is a digital tool for learning data analysis (Haldar et al., 2018). Its user-friendly
interface requires no coding skills, thereby addressing especially middle school students. CODAP lets
beginners quickly explore data and pursue their own questions through direct manipulation. At the other
end, a Jupyter Notebook is a more professional tool for data analysis and visualization. Its flexibility
and integration with the programming language Python makes it a powerful platform for data science.
While some coding skills might be helpful for working in Jupyter Notebooks, they also provide a rich
environment for learning, enabling students to explore data, document their processes, and develop skills
to engage in programming for pursuing individually meaningful projects (Granger & Perez, 2021).

While the CODAP environment directly enables engaging in inquiry processes through its
“hands-on” character, using Jupyter Notebooks and the programming language Python requires an
external scaffold to support students in their interwoven programming and knowledge processes. In this
regard, we support students with worked examples (Atkinson et al., 2000; Muldner et al., 2023). These
are complete solutions to similar (programming) endeavors that the students can use as guidelines or as
sources for programming snippets.

In the following, we present two exemplary teaching modules for data exploration projects
within the CODAP or the Jupyter Notebook environment.

Exploring data with CODAP: A teaching unit on “data and data detectives”

The “Data and Data Detectives” module introduces students to reasoning about data through a
project-based approach using the PPDAC cycle (Wild & Pfannkuch, 1999) and the JIM-PB
questionnaire dataset (https://www.prodabi.de/en/unterricht/toolkit/jim-pb-daten/). That dataset
contains responses on media and leisure activities from more than 1200 German students (Podworny, et
al., 2022). Young people have been asked about their leisure and media behavior, for example, about
the frequency of reading books and magazines online or offline, playing computer games, using social
media platforms, using YouTube, etc. An example question is: “How often do you watch LetsPlay
videos on YouTube?” with possible answers ‘daily,” ‘several times a week,” ‘once a week,” ‘twice a
month,” ‘once a month,” ‘less often,” and ‘never’. Using the CODAP platform, students are introduced
to several data moves and explore this multivariate dataset to pose and analyze meaningful statistical
guestions. The teaching unit consists of eight 45-minute lessons and concludes with students exploring
the JIM-PB data in small groups based on their own interests, thereby fostering their agency. The
teaching unit addresses fundamental ideas in statistics, such as data, representations, and variability
(Burrill & Biehler, 2011). Accompanying research shows that students are challenged in the final
projects by using percentages, but they discover and present interesting relationships in the data
(Podworny, 2024; Podworny & Fleischer, 2022).

Exploring Data with Python and Jupyter Notebooks: A Teaching Unit on “Analyzing
Environmental Data Through Epistemic Programming”

The other module focuses on inquiry processes through programming in the context of
environmental data (Podworny et al., 2022). Students can come up with individual initial research
questions at the beginning of the teaching module that they want to answer by conducting an exploration



https://codap.concord.org/
https://www.prodabi.de/en/unterricht/toolkit/jim-pb-daten/

Extended Abstract for the
Symposium on Integrating Al and Data Science into School Education Across Disciplines 2025

of environmental data. Within the teaching module, the students retrieve or collect suitable data for their
individual inquiry and afterwards analyze them in the Jupyter Notebook environment. Throughout this
process, they might also change their epistemic interests, e.g., as a consequence of an insight or idea
they get during their analysis process. To scaffold the students’ data exploration and programming
process, a worked example of a CO» analysis is provided, introducing the students to the PPDAC cycle,
relevant data moves, and the corresponding programming code. The students can then use the worked
example as guidance for their data exploration processes and as a kind of “cheat sheet” for program
code. With this help, the students create a so-called computational essay as a reproducible
documentation of their individual programming- and insight processes (Husing & Podworny, 2022),
combining code cells and explaining markdown cells within a Jupyter Notebook.

In this way, the students engage with data within an insight-driven programming approach,
which might enable them to view programming as a means for exploring personal or societal interests
(Hising et al., 2024a). Currently, accompanying research focuses on the question of whether this
programming approach fosters epistemic agency in students’ inquiry processes (Husing & Schénbrodt,
2024) as well as on the evaluation of worked examples as a scaffold (Husing et al., 2024a; Hising et al.,
2024b) and computational essays as a potential learners’ product (Hlsing & Podworny, 2022).

Discussion

In both teaching modules, we use a scaffolded environment in which the students can conduct
a data exploration regarding personally meaningful questions or topics. In the first teaching module,
CODAP itself represents a scaffold for the students to apply data moves, insofar as students can directly
interact with the data. In the second teaching module, worked examples support the students by
providing an exemplary data exploration with already working program code, alongside explaining texts
for the respective data moves.

Through these scaffolds, we hypothesize that the students will be able to engage in a tinkering
or opportunistic (programming) process where they can pursue individual interests or research questions
(Brandt et al., 2008). In both teaching modules, the students learn the data moves gradually, first using
them before adapting them for their individual endeavors, and finally creating their own knowledge
product. In this regard, we adhere to the Use-Modify-Create learning progression by Lee et al. (2011)
and the PRIMM approach by Sentance et al. (2019), which is used to teach learners how to use, adapt,
and extend code to create their own programming product.

Our goal is to explore ways to integrate data projects into the classroom, empowering learners
to independently use data moves to explore personally meaningful contexts and take ownership of their
learning as active, knowledge-driven participants who are starting to develop data literacy. Therefore,
we want to transfer the principles of the Use-Modify-Create model to the use, adaptation, and extension
of data moves (Erickson et al., 2019) for knowledge building with regard to learners’ personal or societal
interests.

To engage young learners in data exploration, we propose integrating approaches from
mathematics/statistics and computer science education by combining the Use-Modify-Create
framework from Lee et al. (2011) with the PPDAC cycle (Wild & Pfannkuch, 1999) as illustrated in
Figure 1.
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Figure 1. Engaging youth in data exploration, combining statistics and computer science
education approaches (based on the Use-Modify-Create Learning Progression (Lee et al., 2011)
and the PPDAC cycle (Pfannkuch & Wild, 1999))

Learners begin by using or exploring an existing scaffold—such as a CODAP activity or a
worked example in a Jupyter Notebook—that is “not their own”. After this “Use-Phase”, they modify
the existing scaffold in order to a) understand how and for which purpose to use the demonstrated data
moves or programming steps (also see the concept of process-oriented worked examples in Van Gog et
al., 2004) and to b) adapt it according to their own needs and interests. Through this guided experience
of learning and practicing “data moves” (Erickson et al., 2019), they develop the skills needed to create
their own data exploration projects. In the “Create-Phase”, students then apply the PPDAC steps in
several cycles, with particular emphasis on the analysis phase. Here, they engage in iterative cycles of
analyzing, refining, and testing until they arrive at meaningful conclusions using digital tools.

In this way, we aim at enabling learners to devote themselves to personally meaningful
questions in their data exploration endeavors, capable of using data moves as tools for gaining personally
or socially meaningful knowledge in the context of data exploration projects, thereby fostering their
epistemic agency.
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