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Open data offers the potential to enhance citizen participation, transparency, and accountability in society.
However, a lack of competencies that enable citizens to engage in open data ecosystems remains a barrier.
Although authentic open data inquiry has been identified as a promising approach to develop open data learning
designs in schools, its connection to open data competencies is not yet well understood. To advance the un-
derstanding of open data competencies and learning designs, this study focuses on the inductive analysis of two
design-based research cycles and four interventions in Danish schools. A cohort of 7th to 9th grade pupils (n =
78) and their teachers (n = 4) engaged with The Open Data Newsroom, an open data learning design that situates
pupils in the role of data journalists to solve an environmental mystery. Following a thematic analysis approach,
we examined qualitative data from observations, surveys, and interviews to identify four categories that
encompass pupils’ practices for (1) navigating open data: find and assess relevant information and data to
identify a problem; (2) developing authentic open data analysis: analyse and interpret data in connection to real-
world problems and local contexts; (3) building authentic data arguments and stories: explain a problem with
data from different sources and domains to lay audiences; and (4) creating open data representations: build tools
to support inquiry and communication. We argue that these practices, grounded in data literacy and real-world
problem solving, contribute to defining open data competencies in schools, and we present a model to illustrate
this connection.

1. Introduction foster citizens’ engagement in open data ecosystems, they must be able

to not only technically manage available open datasets but also under-

Governments, research institutions, and organisations have increas-
ingly made datasets openly available on topics such as public services,
environmental quality, and city infrastructure to enhance transparency,
public engagement, and citizen-driven innovation [1,2]. These are ex-
amples of open data, which is defined as digital data made available with
the technical and legal characteristics necessary to be freely used,
reused, and redistributed [3]. While one of the reasons to openly release
data is to foster greater civic participation and social value, a gap exists
between the availability of these resources and the ability of non-data
expert citizens or lay audiences to leverage them and participate in
open data ecosystems [4,5].

The use of open data often requires specialised abilities or tools.
Open data users need to be familiar with e.g. dataset formats, statistics,
text processing software, programming languages, and interfaces [6].
These abilities are associated with competencies in Data Literacy [7,8]
or Data Science, depending on the proficiency level [9]. However, to
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stand the perspectives it can create in an open and data-driven society
[5-7]. Open data ecosystems have been defined as dynamic systems of
data cycles [10]. In these ecosystems, actors can adopt several roles such
as users, data providers, or intermediaries in interdependent and dy-
namic ways [11]. The diversity of roles implies a variety of skills and
competencies which have not been clearly defined.

The broad problem of a lack of competencies in the open data field
has been tied to a call for open data educational initiatives that enable
non-expert citizens or lay audiences to participate in open data ecosys-
tems [5,12,13]. In particular, the integration of open data in school
curricula has been suggested to strengthen the community of partici-
pants and beneficiaries of open data (Open Data [3]), and to support
several groups of citizens and communities in adopting different roles in
open data ecosystems [5,14,15].

The increasing research on the integration of open data in school
education has exhibited a potential space to develop data and digital
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skills, and to foster civic participation in young pupils by connecting
classrooms with the real world [16-18]. The main focus of current
educational interventions in school has been on data exploration ac-
tivities for learning school subjects such as geography or statistics [19].
Although data exploration activities in school have been shown to in-
crease data awareness in pupils, this perspective limits the pupils as
users of data rather than as participants in open data ecosystems.
Participation in open data ecosystems might range widely from being
aware of a social issue to creating a data product to analyse it, or from
collecting data to explaining it to non-data experts [20,21]. Therefore,
data awareness does not necessarily increase the opportunities of young
pupils to participate in open data ecosystems as active citizens or experts
of their local issues and context [14].

Although the literature often addresses data literacy in civic or
professional open data domains [22,23], little is known about the
competencies that enable young students to engage with open data and
open data ecosystems. Open data competencies might therefore be a
wide set of skills and abilities [24].

Previous research has explored open data learning designs in schools
to foster open data competencies grounded in the domains of data lit-
eracy and real-world problem-solving [14,24]. Building on this work, an
open data learning design called The Open Data Newsroom has been
iteratively developed to foster authentic open data inquiry as a prom-
ising learning space to develop open data competencies [25]. The Open
Data Newsroom is a game-oriented learning design that immerses pupils
in a simulated data journalism practice for solving an environmental
mystery with open data. Although this design has been collaboratively
developed and tested with pupils and teachers, further understanding is
needed of the competencies and skills enacted, and the ways in which
pupils practice them.

This study addresses that gap by empirically identifying compe-
tencies as they emerge in classroom practice, and by clarifying their
relevance for open data education in schools. The current work seeks to
answer the research question of how young pupils practice open data
competencies through their engagement with an open data learning
design that fosters authentic open data inquiry in schools. Guided by a
design-based research methodological framework, we approach this
question through the inductive thematic analysis of qualitative data
collected from pupils and teachers during four interventions conducted
in upper secondary school (7th to 9th grade) using The Open Data
Newsroom.

2. Background

Previous research has identified that current open data educational
initiatives for non-data expert citizens or lay audiences often emphasize
activities that involve practicing data inquiry in authentic contexts and
collaborating with communities [14]. In our previous studies on the
underlying concepts of open data competencies and learning designs, we
have found these activities to be closely related to the domains of data
literacy and real-world problem-solving [24,25]. In the school context,
data literacy has been defined as the ability to understand, find, collect,
interpret, visualise, and support arguments using quantitative and
qualitative data to answer real problems [26,27]. Real-world prob-
lem-solving has been defined as a dynamic analytical process used to
address complex or ill-defined issues typically encountered in real-world
environments [28]. Studies in civic and critical data literacies may be
seen as bridge between these domains by encompassing the ability to ask
socially relevant questions of concern from data, interpret and use it as
evidence for civic action, while also critically assessing data’s sources,
biases, and roles in everyday life [29,30].

Common for data literacy and real-world problem-solving is that
they involve processes of inquiry [24]. Steps or phases of inquiry such as
problem definition, collecting or acquiring data, building arguments,
elaboration of explanations, and solutions have been identified in both
approaches [31,32]. A clear distinction between them is however that
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real-world problem-solving is mainly concerned with doing inquiry to
solve authentic problems and including authentic contexts [31], and
data literacy is mainly concerned with doing inquiry with data [26]. In
data literacy, the inquiry process is focused on the specifics that data
offers and not necessarily on the context of data. In real-world prob-
lem-solving, the inquiry concerns both the process of problem solving
and connecting to authentic contexts. Considering both in our con-
ceptualisation of open data competencies and learning designs, con-
necting data and authentic context is central in the inquiry process. We
explore how these connect together, firstly from a theoretical lens, and
secondly in an open data learning design.

2.1. Doing authentic open data inquiry

Inquiry-based learning is grounded in the philosophical and educa-
tional theories of John Dewey, who emphasizes the active, and reflective
nature of learning as a process of inquiry [33]. Dewey [34] elaborates an
epistemology of practice directed at solving issues through interaction
with objects in the world rather than receiving decontextualized,
subject-specific facts from books and blackboard teaching alone [35].
According to Dewey [33], knowledge arises from the combination of
reflection and action and implies transformative reflection over time.
This knowledge is acquired through a process of inquiry understood as
the transformation of an indeterminate situation into a new situation
[34,3634].

The inquiry process starts with an indeterminate situation and a
collection of facts about it. Through reflection, observation, and
thinking about what is problematic in the indeterminate situation,
firstly, suggestions or ideas are proposed, based not just on the facts of
the case, but also on the previous knowledge of pupils. Secondly, the
combination of facts and ideas leads to creating hypotheses or proposals
for action. Following, a coordinated action aims to test the hypothesis
and create new knowledge about the problematic situation. In other
words, this process represents the connection between doubt and its
elimination [37]. Biesta and Burbules [36] emphasize that inquiry is not
a strictly linear sequence but a flexible process that adapts to each
experience.

This process of inquiry has been applied in data science and data
literacy to explore and make sense of data through questioning, analysis,
interpretation, and reflection. Inquiry in this context includes practices
such as asking meaningful questions about data, exploring patterns,
trends, and anomalies, drawing inferences, or making decisions based
on evidence, and iterating the process through new questions and
further investigation. Considering notions of experiential learning,
Wolff, Cavero Montaner, et al. [8] frame the data inquiry process around
authentic problems to develop data literacy in schools. Experiential
learning stresses that learning should be situated within a real-world
context and concerning pupils’ experience rather than relying on rote
learning of a collection of facts [34].

The alignment of educational practices with the real world has been
described as authenticity in education [38]. Authentic learning is a
pedagogical approach that situates learning tasks in contexts of future
application, enabling learners to transfer robust knowledge into practice
[39]. The realistic tasks challenge learners to solve problems by thinking
in the same ways as professionals working in real-world contexts [40,
41]. Shaffer and Resnick [42] define authenticity in educational in-
terventions through four interdependent dimensions: (1) real-world
authenticity, where learning refers to contexts outside school; (2) per-
sonal authenticity, where learning is personally meaningful; (3) disci-
plinary authenticity, where learning reflects the practices of a discipline;
and (4) assessment authenticity, where assessment aligns with the
learning process. Nachtigall et al. [43] elaborate on this definition to
formulate four intentions of authenticity: (1) to create personally
meaningful learning activities, (2) to emulate the work of professionals
of a certain discipline, (3) to connect learners with a community of
practitioners, and (4) to reflect experiences from real/daily life.
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Authenticity is then achieved in the relation of the learning activity with
the real world, a professional practice, and personally to the learners
[42,4342].

Authentic inquiry is therefore rooted in real-world contexts,
personally meaningful to learners, and aimed at producing knowledge
or solutions with relevance beyond the classroom. In this perspective
open data not just contributes with real facts, but facilitates a reflection
on the data context which should be close to pupils’ interests and daily
lives.

Grounded in notions of authentic and experiential learning,
authentic open data inquiry emerges theoretically from the combination
of the data inquiry process of solving problems with data and the
authentic inquiry process of addressing complex real-world issues. It
encompasses processes where learners engage in the investigation of
real-world problems using actual, meaningful open datasets, guided by
self-generated or socially relevant questions to draw insights, make
decisions, or take informed action.

2.2. Learning designs for authentic open data inquiry

In previous research, the iterative development of an open data
learning design contextually explored game-based learning and
authentic principles to create opportunities for authentic open data in-
quiry in schools [25,44]. In this design, game-based learning is an
approach to situate abstract knowledge within engaging,
problem-oriented activities, while authenticity to ensure that such ac-
tivities are connected to real-world contexts, professional practices, and
pupils’ personal experiences. Together, these pedagogical approaches
theoretically underpin learning activities where pupils are supported in
engaging with the complexity of open data.

Educational games contribute to making knowledge that is abstract
and common for experts more concrete and embedded in a situation [45,
46]. Games have been used in new approaches to authentic science
education [45] to create environments where pupils think like pro-
fessionals and solve problems as professionals do [40,41,47]. Games
support the educational goal of producing worthwhile effects that
transfer from one context to another [48].

In this study, the simulation of an authentic activity is central to
enabling open data inquiry. An authentic activity has been defined as
the ordinary activity of the practitioners [49]. In open data learning
designs, it includes professional inquiry processes by identifying prob-
lems, collecting and analysing data, and communicating findings. In this
way learners collaboratively solve ill-structured real-world problems
through self-directed inquiry and investigation. The creation of
authentic activities in the classroom can be supported through various
types of game-oriented learning designs, such as storylines and role-play
[50].

In an open data learning design, storylines are approached to embed
open datasets and complex societal problems into a narrative that pro-
vides coherence and purpose for pupils’ inquiry. On the other hand, role-
play is used to further strengthen authenticity by assigning pupils pro-
fessional roles with specific responsibilities for open data processes and
ecosystems such as data exploration or collection, interpretation, and
communication to lay audiences. To be authentic, this approach requires
the integration of elements of an authentic open data practice such as
open datasets, data exploration tools, and hybrid elements (physical and
digital).

A game-oriented open data learning design therefore aims to
enhance three kinds of authenticity: professional, personal, and real-
world authenticity. Professional authenticity to support pupils
engaging in data inquiry as professionals; real-world authenticity to
support pupils linking the learning activity and the real world; and
personal authenticity to support pupils working with problems that are
personally meaningful and connected to their daily life.
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3. The Open Data Newsroom: a game-oriented open data
learning design

The Open Data Newsroom is a game-oriented learning design
intended to simulate the practice of data journalism, positioning pupils
as data journalists within a newsroom context under the guidance of an
editor. Through the process of conducting authentic open data inquiry,
pupils engage in addressing locally relevant environmental issues with
open data [44].

The learning design builds a narrative where the chief editor of the
so-called "Data Journalists Hackers", a fictitious international network,
invites professional data journalists in a local newspaper to analyse
several mysterious events that have recently affected local teenagers,
schools, and the surrounding environment. Four cases are presented to
several teams of data journalists (pupils) including open data, press
articles, scientific papers, and social media posts are physically provided
to contextualise the data. The data journalists need to unravel these
mysterious events with open data and present the truth behind to the
public in a Press Conference.

A chief editor guides the work of the pupils as data journalists in the
newsroom by providing feedback and challenging the data behind pu-
pils’ conclusions to ensure the achievement of the interests of the
newspaper and the citizens. This editor’s role is proposed to be played by
the teacher or an external facilitator. Simulating real interdisciplinary
data journalist teams, pupils are divided into groups of two or three
people, trying to ensure that a variety of skills and interests are included
in each team.

Data journalists work with open data from different sources such as a
public repository, data generated by so-called "Data Journalists
Hackers", scientific reports and the press. An open data repository built
of open data visualisations is provided to pupils in a digital online
platform that allows exploration through interactive visualisations [51].
Through the platform, pupils work with both real water quality open
datasets [52] and generated data about the game mysteries, also called
synthetic data.

The learning activity is structured to mirror an authentic data jour-
nalism practice, unfolding across six interconnected phases. Initially,
pupils work as data journalists work on four isolated cases, investigating
each separately. However, as their clues emerge, the Data Journalists
Hackers network and the chief editor in the newsroom suggest that the
cases may be connected, prompting pupils to pursue a larger investi-
gation. They ultimately uncover a broader case of water and environ-
mental damage caused by a company. Throughout the activity, pupils
document their claims in an open newspaper repository to enhance
transparency. Table 1 outlines the six phases and their sequence,
providing an overview of the activity’s progression. A more detailed
description of the full design and its iterative development is presented
in Celis Vargas et al. [25].

The game-oriented learning design deliberately deploys inquiry
processes through its game mechanics. The initial case exploration re-
quires pupils to identify and frame a problem, the open data repository
provides authentic material for evidence gathering and analysis, and the
editorial meeting introduces the collaborative experimentation of hy-
potheses. The press conference represents the communicative phase of
inquiry, where findings are presented to an audience.

In this way, the open learning design models an inquiry cycle that is
both authentic and driven by open data, providing a structured context
for pupils to practice authentic open data inquiry. The following sections
focus on how pupils enact these practices in schools and how they
contribute to the definition of open data competencies.

4. Methodology
The study adopts a design-based research methodological framework

to support the iterative development of educational approaches groun-
ded in both theory and practice [53-55]. This approach has been chosen
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Table 1
Phases and sequence of The Open Data Newsroom activity based on Celis Vargas
et al. [25].

Game phase Description

1. Introducing the narrative and the
activity

The chief editor presents the game’s
narrative, goal, and dynamic. The teacher
creates teams, and they choose a case.
Data journalists receive physical
envelopes with news and social media
posts about the mysterious events to build
their case board.

Data journalists analyse open data
through data visualisations on a platform.
This contains an open data repository of
water quality data and case data.

All teams working on the same case join
and meet the chief editor. Create an open
online repository to avoid publishing
unsupported claims.

The “Data Journalists Hackers” network
in a video call presents the hypothesis of a
bigger case based on the ongoing
investigations and introduces self-
collected data.

Data journalists prepare for
communicating their solutions to local
citizens in a press conference.

Each team of data journalists presents.
The critical audience poses questions. The
chief editor presents the solution to the
mystery.

2. Getting and
understanding data

Defining
storylines

Finding data
insights

3. Editorial meeting and open
repository

4. Plot twist - One big case

5. Preparing the data story

6. Delivering data: Press conference

as it enables the simultaneous improvement of classroom practice and
the generation of context-sensitive design principles and theoretical
insights through the collaboration between researchers and practi-
tioners in real-world settings [56]. It develops in iterative cycles con-
sisting of problem definition, design, intervention, and analysis [57]
allowing continuous refinement of the learning design based on
real-world implementation. Design-based research cycles have various
phases that include context and domain research, defining design hy-
potheses, developing theory-based prototypes, and analysis with the
dual focus on developing new practices and theory [58].

This methodological framework guided the development of The
Open Data Newsroom through three cycles and five interventions in
school [25]. The exploratory first cycle provided contextual insights,
which informed the design of the learning space in the second cycle and
supported the refinement of competency enactment in the third cycle.
The present study focuses on the analysis of the qualitative data
collected from the last two cycles which were conducted with The Open
Data Newsroom to understand what learning and learning practices take
place in school and analyse them in the theoretical context of authentic
open data inquiry towards defining open data competencies.

4.1. Design-based research iterative cycles and participants

Two design-based research cycles and four interventions were con-
ducted with the participation of 78 pupils (aged 14-16) and four
teachers in Danish schools. The first cycle was aimed at defining learning
design elements, while the second cycle was aimed at delving into the
development of competencies. Each cycle included two interventions in
Danish schools; each intervention consisted of playing The Open Data
Newsroom, a game-oriented learning design, in the classroom during
regular school time with a group of pupils and one teacher.

During the first intervention (int 1), we tested the learning design
using physical elements with pupils in the 7th grade. During the second
intervention (int 2), we incorporated a digital platform with pupils in
8th and 9th grade [44]. Both interventions were conducted with 17
pupils and one teacher. The third intervention (int 3) was conducted
with 21 pupils in the 7th grade and one teacher, and the fourth
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intervention (int 4) included 23 pupils in the 8th grade and one teacher.
Interventions were facilitated either by a member of the research team
or the teacher. Each student had a laptop and access to the internet.
Table 2 summarises the information about the four interventions con-
ducted in Danish schools during the two cycles included in the current
study.

4.2. Methods: data sources

We used a mixed-methods approach to observe and analyse inter-
action and collaboration processes that emerged in schools with The
Open Data Newsroom [59]. During the interventions, the participation
of pupils and teachers was documented for analysis using audio and
video recordings, as well as photography. After each intervention,
qualitative research methods were applied to investigate what kinds of
learning and learning practices took place. Table 3 summarises the
qualitative data collection methods and participants involved.

Observations were conducted to document pupils’ practices, in-
teractions, and use of the materials during the whole intervention in
school. These observations were developed through audio and video
recording of pupils’ dialogues and interactions to understand their re-
flections and knowledge supported by the learning design [60]. Audio
and video recordings were made both in the classroom and within each
pupil’s group.

A qualitative survey was applied to pupils immediately after the
intervention to capture their perception. It consisted of a brief online
form with two open-ended questions: "What did you like about the ac-
tivity? Why?" and "What was the most challenging? Why?".

Semi-structured interviews were conducted with pupils and teachers
to further understand their experience, as well as the potential outcomes
and challenges of the project [61]. A focus group interview was held
with all the participating pupils after the intervention to dive into their
experience, and ideas. It was developed as a conversation for about 30
min following a guide that addressed three topics: the game experience,
the learning experience and ideas for development. Open-ended ques-
tions such as "How did you feel as Data Journalists solving the mystery?
What was different from everyday teaching? And how could the game be
more interesting or fun for you?" guided the conversation.

Interviews with teachers were held after each intervention for
approximately 45 min to gain insights for both improvement and vali-
dation of the learning design. These in-depth interviews consisted of two
parts, the first part focused on the game and the intervention, and fol-
lowed the same topics discussed with the pupils: the game experience,
the learning experience, and ideas for development. The second part
addressed broader questions about their experience teaching data lit-
eracy and real-world problem-solving, as the underlying domains of the
learning design. This part included examples from their experience and a
discussion about how these domains were practiced by pupils in the
learning design and intervention. Following a guide, open-ended ques-
tions included, "What do you think were the main competencies prac-
tised by the pupils during the game? How do you think the game
contributes to building data literacy and real-world problem-solving

Table 2
Interventions in Danish Schools during the two cycles included in the current
study.

Intervention Date Grade Participants ~ Duration
(Int)
Int1 January 7th grade 17 pupils 3h
2024 1 teacher
Int 2 March 2024 8th and 9th 17 pupils 3h
grade 1 teacher
Int 3 May 2024 7th grade 21 pupils 35h
1 teacher
Int 4 June 2024 8th and 23 pupils 4h
9th grade 1 teacher
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Table 3
Qualitative data collection methods during each school intervention.
Method Participants Duration When
Observations Pupils participating in 25t03.5h During the
the intervention (varied by intervention
session)
Qualitative Pupils participating in 10-15 min After the
survey the intervention intervention
Focus group Pupils participating in 20-30 min After the
interview the intervention intervention
Semi-structured Teachers participating 45- 60 min After the
interview in the intervention intervention

competencies in pupils? And how can the game do it better?".

Following data protection regulations, sessions with pupils and
teachers were recorded, anonymised, and transcribed. Furthermore,
sessions with pupils were conducted in their primary language (either
English or Danish), and translations to English were carried out for
analysis purposes.

4.3. Analysis of data

The analysis of the qualitative data followed a Thematic Analysis
approach to identify, analyse, and interpret patterns of meaning
(themes) within textual data [62]. This approach enabled us to discover
themes and patterns about the kinds of learning and learning practices
that took place in school with ‘The Open Data Newsroom’ [63]. We
conducted an inductive analysis to explore and uncover the practices
that emerged among students [64,65]. Therefore, the analytical process
was data-driven, themes were derived directly from the data collected
rather than from pre-existing coding frames or analytical pre-
conceptions. The resulting themes are discussed in relation to authentic
open data inquiry and open data competencies to ensure they are
coherent, distinctive, and conceptually consistent [62].

The collected qualitative data were coded and analysed for the
identification of different themes [62]. Our process was highly iterative,
with the direct participation of two researchers in the coding process
and the participation of another researcher in iterative discussions to
refine codes and ensure consistency. We analysed the data from the four
interventions in separate packages and rounds to ensure that the results
of each step accurately reflected the perspectives of pupils and teachers,
and to minimise potential biases. Firstly, we considered the collection
method. Data from qualitative surveys and interviews, and data from
audio and video observations were analysed at different stages,
considering that both had different purposes. Data from surveys and
interviews captured the perception of pupils and teachers, while data
from observations provided insight into the actual behaviour of pupils.
Secondly, data collected from pupils and teachers were analysed sepa-
rately considering that pupils’ responses tended to describe their own
practice, whereas teachers’ responses often offered a more analytical
perspective on pupils’ behaviour.

According to Attride-Stirling [66], the coding process involved three
main steps: first, the identification of initial codes derived from partic-
ipant’s textual responses; second, their classification on bigger cate-
gories according to similarities on their topics to summarise abstract
principles; and third, the identification of global themes encapsulating a
main idea present in different previous categories. In our process, we
refer to these final themes as analytical categories, as they were derived
inductively from the data, and subsequently interpreted and situated in
relation to relevant literature and theoretical frameworks on authentic
open data inquiry.

Initial codes were made from textual data obtained through surveys
and interviews to encapsulate insights about what pupils learn with The
Open Data Newsroom and how they learn it. From pupils’ data, initial
codes such as ‘deciding what data was relevant’, and ‘figure out a mystery’
were generated (n = 123). From the teachers’ data, initial codes
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including ‘being critical of sources’ and ’to be critical about the data’ were
identified (n = 99). Next, we identified categories from the initial codes.
In this step, categories emerged from pupils’ data (n = 29) and cate-
gories from teachers’ data (n = 22). It was important to understand how
these two perspectives related to one another; therefore, we combined
them into categories according to their shared topic (n = 17). For
example, an identified category called ‘Finding out the problem’ included
pupils’ initial codes such as ‘we got the perfect amount of data to find out
the problem’, and teachers’ initial codes such as ‘they need to have some
data before they can understand that it is a problem’. This example illus-
trates how a category was made to include two complementary
viewpoints.

In the following step of the analysis, we examine the audio and video
observation data to identify how pupils’ practices aligned with the
categories previously developed from surveys and interviews, and we
coded examples of the categories. For example, we previously identified
a category about ‘make connections and see correlations’, and we exam-
ined in pupils’ dialogs and interactions, how they practice it during their
engagement with the learning design. We then coded pupils’ words such
as ‘we need to find out locations, dates, and times’.

Finally, we created analytical categories that connected the various
sources of data (surveys, interviews, and observations) to reflect on what
pupils and teachers said and what pupils practiced. Analytical categories
that unfold pupils’ practices of authentic open data inquiry were iden-
tified in the end (n = 4). Fig. 1 shows an overview of the whole analytical
process.

5. Results

The inductive thematic analysis of qualitative data from observa-
tions, surveys, focus groups, and semi-structured interviews allowed the
identification of four analytical categories. Each analytical category
encompasses processes and practices conducted by pupils while
engaging with The Open Data Newsroom, which are: (1) Navigating open
data focuses on finding and assessing relevant information and data
allowing the identification of a problem; (2) Developing authentic open
data analysis elaborates on the analysis and interpretation of data in
connection to real-world problems and local environments; (3) Building
authentic data arguments and stories entangles the process of explaining a
problem with data from different sources and domains to lay audiences;
and (4) Creating open data representations elaborates on tools to support

Data package 1: surveys and interviews from 4 interventions

From pupils From teachers

! !

Initial codes (n = 123) Initial codes (n = 99)

| |
Categories of initial codes (n = 29) Categories of initial codes (n = 22)
—_ _—

Combined categories of initial codes from pupils
and teachers (n = 17)

4
Added data package 2: observations from four interventions

l

Analytical categories from surveys, interviews and
observations with pupils and teachers (n = 4)

Fig. 1. Overview of the inductive thematic analysis process of qualitative data
collected through surveys, interviews and observation during four interventions
in Danish schools with The Open Data Newsroom learning design.
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inquiry and communication.

Table 4 outlines the four analytical categories and their corre-
sponding processes and practices.

Pupils’ practices were highly iterative; therefore, these categories are
better seen as overlapping rather than sequential. The following sections
present findings on the open data learning practices that we have
identified during the interventions with ‘The Open Data Newsroom’ in
schools.

5.1. Navigating open data

The practice of what pupils defined as ‘navigating’ different sources
to make sense of data and information in relation to a problem was
central in pupils’ interaction with the learning design. Navigating open
data was described by pupils as an exploration and sense-making prac-
tice. This practice involved two types of processes: ‘deciding on the
relevant data’, and ‘making connections and seeing correlations’.
Deciding on the relevant data relates to finding a problem and assessing
the reliability of sources and involves connecting different data and
domains. Making connections and seeing correlations refers to linking
pieces of relevant data and information from the sources. Both processes
are interconnected and overlap.

In the open data learning design, pupils worked on solving different
cases. They received articles, reports from authorities, and different sets
of open data visualisations about the mysterious events occurring in
their city. Pupils described their initial investigation processes as "we had
to find the data" (Student_survey_Int 4), and "we had to decide what data
was relevant and what wasn't" (Student_survey_Int 2). It is therefore
central to understand what the concept of ‘relevant data’ means to pu-
pils and teachers. For pupils, the relevant data was tightly connected to
finding or explaining the problem. While deciding on the relevant data,
pupils find a problem behind the data and make connections between
the different data and materials provided in the learning design. The
following example from a group work discussion occurs while they
navigate the data and the mystery. In this example, the group of pupils
worked with a case of sick teenagers. The pupils discussed and decided
on the relevant data while navigating open data visualisations about
water quality in different locations, synthetic data about the reported
sick teenagers’ cases, and the material provided to contextualise the
cases such as articles and stories:

"Student 1: It sounds like we need to find a bit more about locations.

Table 4

Analytical categories that emerged in the thematic network analysis of quali-
tative data collected from observations, surveys, focus groups, and interviews
with pupils and teachers.

Analytical category Processes and practices

(1) Navigating open data

Deciding on the relevant data

o Questioning the reliability of sources

o Finding the problem

Making connections and seeing

correlations

o Finding a common ground in the group

(2) Developing authentic open data Linking to authentic contexts outside
analysis school

Using local knowledge and experience

from pupils’ daily lives

Bringing out open data arguments

o Creating hypotheses

o Making accurate conclusions

Creating authentic data stories to

communicate

o Creating solutions

o Synthesising

Making an overview of the process and

solution

Using data visualisations to explain the

problem

(3) Building authentic data
arguments and stories

(4) Creating open data
representations
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Student 2: Yeah. Yeah. Dates and times

Student 1: I'm trying to make a list of dates on all these stories in a few
more places.

Student 3: It is more likely to come from the water (...) This one just says
11 and 30 Student 4: They were younger when they got it

Student 3: How old were they in 2012? And how old were the others in
20122

Student 1: If we look at the graph, we see a clear increase in cases of
babies in the centre of the city.

Student 3: If a virus spread, it could have spread to other sources and
places."” (Students_Int 2)

In this dialogue, pupils are discussing and trying to connect several
types of data while deciding on the different relevant parts. They worked
on aligning the articles, stories, and datasets on water quality and sick
teenagers’ cases. They found that the location of cases, water quality,
and age of sick teenagers are related, therefore they extracted pieces of
relevant data such as dates, case numbers, and locations to understand
and solve the mystery. During the interview, a teacher explained the
process of navigating the open data as a critical thinking practice con-
nected to extracting what is important:

"They [students] had to pinpoint what is necessary, being able to analyse,
“we have this long text... What is the data in this text that we actually need
and take with us?” (...) I think it is a big part of critical thinking, being
able to consider different sides. What is relevant? And what is not rele-
vant? Being able to read through articles or data and being able to
pinpoint the important parts of it. " (Teacher_Int 4).

The reliability of the data source was highlighted by the teachers as
another criterion for deciding whether the data is relevant or not. One
teacher mentioned:

"They [students] had to make judgement calls as to whether the sources
were reliable or not (...) they had to ask, how the data was accumulated
there? to what extent they [students] can rely on it and to what extent
they have to fact-check and to double-check" (Teacher_Int 2).

This practice described by the teacher could be seen as a process of
assessment or validation of a data source by questioning how data was
collected and double-checking its veracity. During the interventions,
pupils reflected on the reliability of sources in different ways. They
questioned the veracity and usefulness of the sources to contextualise
the cases such as social media posts, press articles, and scientific reports.
For example, a group of pupils discarded the social media posts as valid
sources since they did not contain data. Other pupils double-checked the
veracity of the information received about the cases in the game mate-
rial by searching on the internet for the information that they received.
In this process of navigation of open data, it was essential to create a
common ground or a consensus within the group. During the survey, a
student said "It [the learning design] made people collaborate and find
common ground about theories" (Int 2_Students survey).

Navigating open data thus encompasses abilities to decide which data
is relevant, to question the reliability of sources, and to draw connec-
tions between several domains and data sources, while framing a
problem. In the Data Literacy model of Seymoens et al. [67], using data
includes a navigating practice which is described as finding your way
through a collection of different types of data and ways they were pro-
cessed, and being able to extract the message or what you need from
them. In our findings, pupils conducted the navigation of sources and
data by making connections to define the problem and the relevant data.

Wolff, Gooch, et al. [32] use a data inquiry approach to categorise
Data Literacy skills in connection to five stages of an inquiry process, and
to real-world problem solving and ethics. Considering this model, our
findings relate to the ability to ask questions based on data to identify
problems or questions that can be solved with data. These findings could
also be seen as the occurrence of a problem, and its specification [34],
and identifying and defining authentic problems, which for Dede [31] is
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an essential skill associated with problem solving. Considering that
working with open data often implies working with fragmented data,
crossing domains and disciplines, these abilities are highly relevant.
When pupils navigate open data, they must critically assess its reli-
ability, determine its relevance, and draw connections across datasets.
Criticality in open data practices is essential not just to question the
validity of sources, verify information through cross-referencing, and
evaluate how data can be applied to specific problems, but also to dive
into how the data was collected and its reflection of the context.

5.2. Developing authentic open data analysis

During the data analysis, pupils went beyond the learning design
narrative to make connections to authentic problems outside the game
context. Pupils performed authentic open data analysis in two ways:
‘linking to authentic contexts outside school’, and ‘using local knowl-
edge and experience from their daily lives’. Linking to authentic con-
texts outside school addresses the connections between the relevant data
and problems in the game, and real problems outside the classroom.
Using their daily life knowledge and experience refers to how pupils
used their knowledge about the real places where the game cases were
developed during the data analysis. These practices were central for
pupils to formulate hypotheses and contextualise the open data for
solving real-world problems.

The problems addressed by pupils in the learning design helped them
to make a connection to the real world. As one student said in the survey
“I like that it was a problem that could have been true and took place in real
life” (Student survey_Int 3). First, they formulated ideas based on their
knowledge. Second, they conducted searches on the internet to look for
more data and information about them. The following example from the
audio and video observation shows a group of pupils and the editor
having a conversation about their case. Pupils worked with a case
related to the mysterious appearances of sick fish in supermarkets and
open water places. During the discussion, the pupils presented a hy-
pothesis based on real problems to explain why the fish were found sick:

“Student 1: We don’t think that these fish have been caught in those
places

Editor: Why do you think that this has happened?

Student 2: We are not really certain. I have a hypothesis that some
streams have been flooded and then the fish have gone.

Student 3: It is always good to be careful about the flow of the river”
(Students_Int 4)

In this example, pupils built a hypothesis in relation to floods to
explain the state of the fish reported in the case. The information and
data provided in the learning design were limited to describing the sick
fish, the locations where they were found, and the quality of water in
those places. Pupils used their knowledge about floods and water
streams from real problems outside the learning design narrative. The
following dialogue between a group of pupils and the editor shows
another example of how pupils used experiences from the real world
during the data analysis. In this second example, the pupils worked with
recent mysterious appearances of sick teenagers in different locations:

“Student 1: Can we explain why it is happening in 2024?

Student 2: It could be a COVID mutation

Student 3: In 2023, people started getting out

Editor: Can you support that with the data?

Student 2: Basically, what we need is more data to say it

Editor: But you could always say that. Instead, think on specific what data
you need

Student 4: No, but looking at the data there have been cases before 2023.
The reason should be a new disease

Student 3: We have to check our ideas again” (Students_Int 2).

To explain why teenagers are appearing sick, in this example, pupils
discussed different ideas both connected to data and authentic
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experiences. From the data, they established that a phenomenon
occurring in 2023 could have been relevant, and from their real expe-
rience, they made a connection to COVID. Pupils also reflected on the
need to acquire more data to argue their hypotheses, which exemplifies
an authentic open data practice.

Another way pupils practiced authentic open data analysis was by
using their local experience, as the game events were developed in real
local places. In the learning design, local open data was used and cus-
tomised for each intervention at 20 locations near the school. During the
focus group interview after the intervention, a student mentioned that "it
was easier to find the different places, because the topic was based on places
in Denmark" (Students_focus group_Int 3). This student made it evident
that knowing the places contributed to the analysis of the data. During
the interventions, pupils discussed the places and interacted with the
digital maps on the platform. The following example from a group of
pupils during an intervention shows the use of local places during the
analysis of the data and elaboration of hypotheses:

“Student 1: So, it is connected to bathing. Where are these bathing spots?
Student 2: Yeah, we've seen that most cases are around the same place.
Student 3: It’s very important that we can give a location

Student 1: We can put the target here right [Pointing at a map].
Student 4: Right. Fisketorvet got numbers. Right. Islands Brygge too
Student 1: So, I'd like you to get quite specific about them” (Students_Int
2)

In this example, we can observe how pupils explored open data from
familiar places such as Fisketorvet and Islands Brygge, which they knew as
bathing spots. The local knowledge contributed to their analysis by
bringing their experiences and creating a hypothesis connected to
bathing spots. The local open data also helped pupils to position them-
selves in the role of game characters. The following quotes from a group
work discussion and final presentation show how they positioned one of
the team members as a character in the game:

“[Student name] you live there [pointing at one affected location in the
map] (...) [Student name] doesn’t know what he has, (...) So Green Tech
has been responsible for the fact that these teenagers have become ill,
[Student name] who might have been you” (Students_Int 3).

For the teachers, another way pupils made links to the real world was
to understand the role of open data in real-world problems. During an
interview, a teacher said:

“In Denmark, right now we talk a lot about our ocean environment
because there is a company that lets out chemicals. So that is a real-world
problem.

I think the students could link the game to the real world. And that
they need to have some data before we can solve the problem (...) how
can they see that our ocean is bad? They can see it because they have some
data, so it’s important if they try to solve it that they have some data they
can use” (Int 3_Teacher).

In this quote, the teacher emphasizes the link to real problems, in a
way that pupils could also link the role of open data in real life. It could
be seen as a transfer from the classroom to the real world. In contrast,
the pupils’ use of real knowledge to deepen their analysis in the learning
design could be seen as a transfer from the real world to the classroom.
While the teachers’ quotes highlight a potential learning outcome, the
pupils’ practice shows that the link to real problems and their personal
experience outside the school was an active part of their inquiry process.
These connections relate to notions of Critical Data Literacy, which has
been defined as acquiring a critical view to assess open data and un-
derstanding its role in everyday life [49,68]. Through making links to
real and local experiences, pupils understand the role of data in
real-world problems and become critical about their local areas.

Developing authentic open data analysis elaborates how pupils’ ability
to link open data to real problems fosters a deeper understanding of
what is specific to doing data analysis with open data, and it emphasises
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the importance of contextualizing open data to address real-world is-
sues. In open data ecosystems, these abilities may enhance young citi-
zens’ use of open data to be critical about local and global issues and
could motivate practices such as the collection of data. These findings
can be seen as ways of reflection supporting transformation in the in-
quiry process [34]. The indeterminate situation that pupils face at the
beginning of the activity, becomes clearer and more understandable
when they apply knowledge that is authentic and personally meaningful
[43]. According to Dewey’s five components of the inquiry process, our
findings about developing authentic open data analysis could be seen as
occurrences of a solving suggestion or supposition, when pupils focused
on creating hypotheses.

5.3. Building authentic data arguments and stories

This category encompasses several practices and processes that pu-
pils conducted to create data-driven arguments and authentic stories.
They transitioned from identifying relevant open data and problems to
creating full arguments and authentic stories that explain the issues with
open data to non-expert audiences. The processes of creating authentic
data arguments and stories were highly iterative. Pupils conducted back-
and-forth processes to generate and evaluate hypotheses, make accurate
conclusions, elaborate solutions, and synthesise.

A central practice for pupils was coming to ‘accurate conclusions’
emphasising the use of open data. In the survey, one student highlighted
that in the activity they focused on "making sure that everything we said
was connected to the data and finding the most accurate conclusion” (Int
2 _Students survey). For teachers, the central practice was finding ar-
guments from open data to explain the problem. A teacher said, “They
[students] bring out arguments of why they think this [hypothesis] is or isn’t
extremely important. They have to keep backing it up with data” (Int
4 _Teacher). Pupils built arguments while progressively deepening their
understanding of open data and problems. The more they became
familiar with open data, the better they practiced finding arguments to
explain the problem. The following example from a group of pupils
working with the sick teenagers’ case during the editorial meeting
outlines their argumentation process:

“Something we realised very quickly was that it had something to do with
the water quality because water quality got exponentially better from here
to here [pointing at data visualisations], so that gave us a couple of
questions. If the water is important and the quality gets better, then it’s
probably not bad water for people to swim in. It might be something else.
And, in all the articles we read. It said only teenagers could get the disease
and we then thought What do teenagers have that other people or grown-
ups don’t have? And we thought it might have something to do with pu-
berty, which will lead us to our theory. So, our hypothesis is that in 2011,
when the current teens were one to four years old, the water quality was at
its worst and their inmunity was worse as well. So, the disease has been
incubated for around 11 to 15 years and during puberty” (Students_Int
2)

During the final stage of the learning design, the pupils presented
their findings in a simulated press conference to inform the citizens
about the mysterious events affecting the city. Pupils worked on making
stories to explain the problem to other people and the solution in a way
that citizens could understand the open data behind. The following
example from a group presentation shows how pupils used open data to
create a story and explain their argumentation. The group of pupils
worked with a case related to sick fish:

“Christians Grave is one of the places that has gotten the sickest fish. We
looked at the water quality there and it is really bad. There is also
something with the temperature, there has been over 20 degrees in the long
run of the water, then an alga proliferated creating some poisonous
blockages. And when it rained a lot, the fish ran out into the sea” (Stu-
dents_Int 3).
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Pupils used open data such as the location, water quality, tempera-
ture, and fish cases to create a narrative explaining the problem and to
argue their hypothesis. During the Press Conference, the pupils
immersed themselves in their role of data journalists. A student said: “It
[data journalist’s role] was useful when we were doing a press conference. It
just helped me put together my words” (Int 2_Focus group). This quote
exemplifies how the creation of authentic stories was supported by
professional authenticity in the learning design. For teachers, the pupils’
process of creating authentic data arguments and stories is the result of
an analytical process and a synthesising practice. One teacher said,
“They [students] did a sort of synthesis of it all, I suppose it’s putting it into a
press release” (Int 2_Teacher).

Pupils practised open data inquiry with a focus on solving authentic
problems. In Wolff et al. [8] inquiry approach to Data Literacy, the
analytical phase when learners analyse and create explanations to a
problem from data is essential to solving a problem. Creating data ar-
guments and authentic stories are ways of elaboration of suggestions or
reasoning according to Dewey’s five components of the inquiry process
[34]. In building authentic data arguments and stories, pupils transform
open data into meaningful insights and narratives, which is essential to
using open data for real-world problem-solving. Pupils identified key
patterns, formulated data-driven arguments, and drew accurate con-
clusions. The process of creating hypotheses and synthesizing informa-
tion fosters critical thinking and analytical reasoning, which are
essential for authentic open data inquiry. Additionally, storytelling with
open data allows pupils to communicate complex findings in an acces-
sible way.

5.4. Creating open data representations

Open data representations had a central role in pupils’ authentic
practices of open data analysis, and problem-solving. While engaging
with the authentic open data inquiry process previously described, pu-
pils created and used different data representations as tools to support
their process and facilitate critical thinking, decision making, and
communication. Regarding the creation of open data representations,
two main practices were conducted by the pupils: ‘making overviews’
and ‘using data visualisation to explain the problem’.

Pupils worked with making overviews as tools for supporting their
practices such as making connections, deciding on the relevant open
data, and making arguments. Pupils created different representations to
register their insights and main findings during the exploration of the
problem and the open data. Using the provided materials such as pen,
paper, and sticky notes, pupils created mind maps, visual notes, among
other representations. Different versions of the overviews were created
as the analytical process of pupils progressed. Fig. 2 shows, in three
pictures, the process of a group of pupils creating an overview and its
different functions during the activity.

In Fig. 2, the first picture (left) shows the pupils collecting and
registering pieces of relevant open data from the digital and physical
materials. They wrote dates, locations, and actors involved in the case.
The second picture (centre) shows how the overview was used for
holding discussions inside the group. At this stage of the activity, pupils
wrote ideas of the problematic situation behind the mysteries such as
pollution and sickness, as well as their hypotheses. The third picture
(right) shows the final version of the overview which was used for
communicating to the public (pupils and teachers) during the press
conference. Pupils divided this final version of the overview into three
parts, first “what we questioned”, which reflects their process of deciding
on the relevant open data, the second part contains their hypotheses,
and the last part registers their solution and main data arguments. The
different versions were developed as the case work progressed and thus
became representations of pupils’ knowledge of the case at a given
moment during the learning design.

The following dialogue shows the discussion inside the group of
pupils in Fig. 2, which took place during the creation of the overview.
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Fig. 2. Process of a group of pupils (anonymised) creating and using an overview about their case during the second intervention in school with The Open Data
Newsroom learning design. The first picture (left) shows the pupils collecting and registering pieces of relevant data. The second picture (centre) shows how the
overview was used for holding discussions. The third picture (right) shows the final version of the overview.

Pupils conducted their analysis while using different materials and
sources given in the learning design, but also, they made Google
searches by themselves:

“Student 1: I am reading [in Google] about an organism that is typically
found in large bodies of water (...) It is an Amoeba in the water.
Student 2: So, you should add this [pointing at the papers and sticky
notes].

Student 3: Maybe the rain could have something to do [with the mystery].
Student 2: 1 think rain is a good one [pointing at the papers and sticky
notes]. Might be something with an alga that only occurs in the summer
season.

Student 1: What can algae do to humans?

Student 4: No, but it’s only teenagers, the ones that are affected. It has to
do with puberty. I was reading [game material], and it says puberty. It
doesn’t make logical sense.

Student 1: We also have to talk about temperature.

Student 2: I mean, these are our hypotheses. Can you write that [pointing
at the overview]?” (Students_Int 2)

In this example, pupils discuss open data and hypotheses at the same
time. They use the overview as a tool to connect authentic open data and
build arguments that drive their creation of hypotheses. This tool sup-
ports them in keeping a register of the inquiry process while they explore
all the different sources, and to keep track of the relevant data or show
the lack of it. Through this open data representation, pupils con-
textualised the open data, which is essential to generate knowledge on
the game case. The functions of these tools were described by a teacher
as:

"they [students] had a specific place to write down and put their insights
on, so it helped them create an overview of what was the storytelling (...)
they [students] had to put the pieces together and looking at the big picture
(...) that’s one of the things that they are currently learning in general that
you have to check all of it and not just have a focus on one task but see the
bigger picture" (Int 4_Teacher).

The teacher linked the creation of an overview to collecting insights
or pieces of storytelling, and to creating a big picture.

Other kinds of open data representation used by pupils were data
visualisations. Pupils used the maps and graphs provided as open data
visualisations as tools for building their authentic data argument and to
support their communication. During a focus group, a student said: "We
use visualising from the graphs and others. So, we have something to point at
instead of just talking" (Student_focus group_Int 3). During the final stage
of the learning design, the pupils presented their findings in a simulated

press conference to inform the citizens about the mysterious events
affecting the city. Pupils used data visualisations to support their stories
and explain the problem to other people as data journalists would do.
Fig. 3 shows a group of pupils during their press conference presenta-
tion; they are using a map that visualises open data to point at different
locations that support the explanation of their hypothesis.

Data visualisation has long been an important component of data
analysis, whether the intent is that of data exploration or as part of a
model-building exercise [69]. Data visualisation allows users to explore
and effectively communicate relevant information about voluminous
data through graphic representations. The graphic mode includes visu-
alisation of all kinds of information [69]. Data visualizations have
increasingly been developed to allow non-data expert users to access
insights about open data with personal relevance [70]. Effectively
visualizing data is a key component of Data Literacy, ensuring that in-
sights can be communicated clearly and persuasively.

In creating open data representations, pupils summarized and struc-
tured information and open data through data representations. Using
open data visualizations such as maps and charts and creating open data
representations to support their inquiry process enhances pupils’ ability
to explain their findings and solve problems. Pupils’ open data repre-
sentations like overviews or visuals for their presentations provided a
glimpse of the knowledge that they had discovered about the data
including contextual and domain information. According to Walny et al.
[71], their practices can be seen as a transformation from numeracy to
abstraction which in data visualisation supports the creation of specu-
lative data hypotheses. In information visualisation, visual metaphors

Fig. 3. A group of pupils (anonymised) use an open data visualisation during
their press conference presentation.
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find uses in presenting information and in implicitly developing ways to
manipulate these metaphors to make sense of the information [70].

In pupils’ practice, the different open data representations created
and used fulfilled these two functions, first as a visual representation
useful for communication, and second, as malleable material that
allowed reasoning and reflection in the inquiry process.

In the open data field, the visualisation has been stressed as crucial
for enabling the interaction between non-data experts and data [16].
This competency is especially valuable in open data ecosystems when
complex datasets or issues need to be accessible to diverse audiences.

6. Discussion

This study examines how pupils engage in authentic open data in-
quiry through an open data learning design, and how these practices
relate to the development of open data competencies. While the Results
section presents the specific practices and categories identified, this
discussion emphasizes their broader implications. Results show that in
authentic open data inquiry, pupils engage in navigating open data,
developing authentic open data analysis, building authentic data argu-
ments and stories, and creating open data representations. They practice
identifying local problems, deciding on the relevant data to define and
solve a problem, correlating arguments and data, making connections
between fragmented data, domains, and contexts, analysing local open
data visualisations, creating authentic hypotheses to explain a problem,
delivering open data and data stories to the public, and creating tools to
support the process and the presentation of the outcomes.

These practices are situated in the use of open data as a socially and
contextually meaningful resource. They highlight how learners nego-
tiate both technical and civic dimensions of open data use when
engaging in authentic inquiry. These practices reveal how pupils not
only interpret open data but also determine how it fits into a broader
context to address real-world challenges [67,8]. By engaging in these
analytical processes, pupils practice going beyond passive data con-
sumption to active and informed decision-making. In this section, we
discuss the theoretical and practical implications of these findings to
understand how they contribute to the conceptualisation of open data
competencies, the limitations of the study and further research
directions.

6.1. Theoretical and practical implications

Our findings show how the inquiry process conducted by pupils with
The Open Data Newsroom is simultaneously authentic and driven by
open data. Pupils do authentic open data inquiry by making sense of
open data in connection to authentic real-world problems which are
personally relevant through navigating open data, developing authentic
open data analysis, building authentic data arguments and stories, and
creating open data representations.

In our open data learning design, constructing new knowledge re-
sults from a process that combines action and transformative reflection
in time [36,34]. The four practices are enacted through an interplay of
action and reflection enabled by open data. Pupils’ action can be seen in
the hands-on activities of exploring and navigating different sources and
data, extracting clues, creating tools such as overviews, formulating
solutions, and presenting them to the public. Pupils’ reflection occurred
in the decision making and criticality applied in different moments of
the game-oriented learning design such as deciding on the relevant parts
of the open data, making connections and correlations, and synthesising;
also, in delivering the story and the data to an audience. Reflection was
also supported by collaboration in group work and the dynamic in-
teractions with the editor and other groups in the newsroom.

From a perspective on inquiry as a process of reflective problem-
solving [34,33], this study understands authentic open data inquiry as
a pedagogical approach that requires and simultaneously develops open
data competencies. Authentic inquiry situates learning in real-world,
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personally meaningful contexts [34,43,42] and requires learners not
only to engage with open datasets but also to practice abilities to criti-
cally navigate, analyse, argue and communicate problems and open
data. Our analysis of school interventions with The Open Data Newsroom
led to the identification of four practices and their associated skills that
pupils developed through authentic open data inquiry:

(1) Navigating open data, pupils identify relevant open data and
evaluated the reliability of sources; (2) Developing authentic open data
analysis, they connect real-world problems to open data, deepening
their understanding of data’s potential to inform and solve issues; (3)
Building authentic data arguments and stories, they interpret and
communicate open data to explain local to lay audiences; and (4) Cre-
ation of open data representations, pupils produce tools to support their
inquiry analysis, critical reflection and communication.

Although these practices resemble an inquiry process, they are not
steps but are articulated practices of authentic open data inquiry that
enable the practice of several skills and abilities connected to open data
real practices [14]. In line with broader conceptualisations of data lit-
eracy [8,26], and real-world problem-solving [28,31] these practices
become a pathway to meaningful participation in open data ecosystems
as users, providers, and intermediaries [5,11,25].

In this way, authentic open data inquiry provides the context as the
learning space in which pupils enact meaningful practices, while the
four analytical categories (navigating open data, developing authentic
open data analysis, building authentic data arguments and stories, and
creating open data representations) are the observable manifestations of
these practices. These practices, in turn, bridge directly to open data
competencies as outcomes of engaging with the open data learning
design. The competencies represent the knowledge, skills, and attitudes
that enable learners to engage with open data ecosystems by solving
real-world challenges using open data.

Based on our empirical findings and theoretical analysis, engaging in
authentic open data inquiry supports the development of not only
technical and analytical skills, but potentially higher-order compe-
tencies such as Ecosystems Thinking, Data Literacy, Problem-solving,
Critical thinking and Civic Thinking. These competencies may
contribute to learners’ ability to engage in open data ecosystems and
navigate real-world decision-making contexts. Fig. 4 provides an over-
view of the relationship between authentic open data inquiry, the four
analytical categories, and the associated open data competencies. To
clarify how these competencies are enacted in practice, we provide the
following practical definitions to make explicit the skills and practices
that underpin pupils’ practices of authentic open data inquiry:

e Ecosystem Thinking: The ability to understand and navigate the re-
lationships between different stakeholders, open data sources, soci-
etal contexts and domains, recognizing how local issues connect to
broader scenarios.

e Data Literacy: The ability to locate, assess, interpret, analyse, and

represent quantitative and qualitative data for evidence-based

reasoning and informed decision-making.

Problem-Solving: The capacity to define complex, real-world prob-

lems, generate hypotheses, explore solutions using data, and eval-

uate outcomes critically.

Critical Thinking: The ability to evaluate the reliability, relevance,

and limitations of open data sources and arguments, making

reasoned judgments based on evidence.

Civic Thinking: The disposition to use data responsibly to engage

with societal issues, communicate findings to public audiences, and

participate meaningfully in civic and community decision-making.

Our findings contribute to the ongoing discussion of how compe-
tencies support inclusive open data ecosystems. Critics to current open
data systems have highlighted their focus on the data release process and
data suppliers, rather than on the use of open data and the value created
for citizens [1,2,72]. Literature has stressed the exclusion of several user
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Competencies

Navigating
open data

Developing
authentic
open data
analysis

Authentic
open data

Building

authentic
data arguments
and stories

Creating
open data
epresentations

= Deciding on the relevant data

= Making connections and seeing correlations

Linking to authentic contexts outside school

Using local knowledge and experience from pupils’ daily lives

= Bringing out open data arguments

= Creating authentic data stories

= Making an overview of the process and solution

= Using data visualisations to explain the problem

Ecosystem
Thinking

Data
Literacy

<=

Problem

Solving

Fig. 4. Overview of the relationship between authentic open data inquiry, the four analytical categories, and underlying open data competencies.

groups such as young students due to a lack of competencies [5].

Our results show that in The Open Data Newsroom, pupils worked
with abilities that can be connected to the different roles in open data
ecosystems. Firstly, pupils use open and non-open data from different
stakeholders to identify, understand, and explain problems. Secondly,
they provide data from their analysis and are aware of paths to collect
data which could be later provided as open data. Finally, pupils might be
seen as intermediaries when creating hypotheses and solutions
explaining problems with data to the public, or when local experts
contribute their perspectives to the analysis of a problem with data.

This study contributes to advancing the field of open data education
and creates a ground for further research and future initiatives towards
user-driven and inclusive open data ecosystems. This study might sup-
port educators and open data practitioners in the design of initiatives
aimed at increasing Open Data Literacy in young citizens.

6.2. Limitations of the study

Although this study provides important insights into how school
pupils form knowledge and abilities to engage in open data ecosystems
applying a design-based research methodological framework, in this
section limitations are acknowledged.

First, although the design-based research methodological framework
enables rich contextual insight, it might also limit the transferability of
the findings [73]. The research was conducted within the Danish school
system, which is characterised for strong curricular flexibility, high
teacher autonomy, and openness to pedagogical innovation. Further
research might focus on the transferability of findings to other educa-
tional contexts.

Second, the scope of this study is formal education in schools and
does not cover extracurricular activities or informal learning environ-
ments. However, such environments could play a significant role in
engaging young students in open data ecosystems and enhancing
learning designs. Bridging schools, local governments and local com-
munities could increase the authenticity of the learning activities and
enhance the understanding of the impact of open data in real local
contexts. Additionally, these environments could also facilitate the
involvement of open data communities of practice in the learning
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activities.
Third, the scope of the study is on the learning practices of students
rather than on the development of competencies.

6.3. Further research directions

Future research could explore the validation of these outcomes in
different cultural and institutional contexts. Broader factors such as
teachers’ support, digital tool access, and professional development
infrastructure might be critical for the implementation of our findings in
diverse school systems. In addition, examining how authentic open data
inquiry aligns with existing curricula and educational standards could
provide insights into practical integration and policy considerations.
Further studies might focus on the development of open data compe-
tencies by conducting pre-post-tests or performance assessments, in
order to empirically measure the growth of pupils’ skills and practices
over time. Further investigation into how open data education can be
meaningfully integrated across formal and informal learning environ-
ments could offer insight into governance mechanisms for its imple-
mentation. Finally, future studies are needed on designing age-
appropriate, accessible, and engaging open data tools for young
learners and teachers to engage with open data and reduce data
abstraction and technical challenges. Lastly, further research might
focus on the conceptualization of "Open Data Literacy" at the school
level to advance the field and support curriculum development on a
broader scale.

7. Conclusions

This study investigated how pupils engage in authentic open data
inquiry in schools and how these practices relate to the development of
open data competencies. Drawing on current research and our prior
work, we identified four analytical categories that capture how pupils
enact open data practices within a game-oriented learning design:
navigating open data, developing authentic open data analysis, building
authentic data arguments and stories, and creating open data
representations.

Our findings show how an open data learning design provides
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structured and meaningful opportunities for pupils to engage in
authentic open data inquiry. Pupils interact with fragmented, hetero-
geneous, and ambiguous open data, make decisions about open data
relevance, analyse and interpret real-world problems, construct
evidence-based arguments, and communicate findings supported by
open data to peers and the broader communities. This process cultivates
competencies to foster young learners as active, informed contributors
in open data ecosystems.

Authentic open data inquiry introduces complexity, unpredictability,
and real-world relevance into the classroom, in contrast to traditional
inquiry approaches that often rely on controlled or idealised problems.
This complexity not only enhances open data learning but also mirrors
the challenges of professional data practices, aiming at fostering trans-
ferable skills that extend beyond school.

In this way, authentic open data inquiry functions as the pedagogical
context that transforms pupils’ practices into competencies. It is not
simply that pupils practice navigating, analysing, arguing, communi-
cating and representing open data; rather, these practices acquire
meaning and educational value because they are situated in authentic,
open data—driven inquiry. Authentic inquiry thus provides the condi-
tions under which open data practices underlying higher-level compe-
tencies. Through the theoretical analysis of our empirical findings, we
have identified potential open data competencies such as Ecosystems
Thinking, Data Literacy, Problem-solving, Critical thinking and Civic
Thinking. Rather than presenting universal templates, the competencies
identified here reflect situated practices that emerge when students
engage in authentic open data inquiry.

The study contributes theoretically to the open data field by articu-
lating how open data competencies are enacted through practices of
authentic inquiry and practically by providing a framework for inte-
grating open data learning into school education. These findings can
guide educators and practitioners in designing learning activities that
enhance open data learning while addressing challenges such as data
complexity, teacher preparation, and pupils’ motivation. The potential
alignment with formal curricula has not been explicitly investigated in
this study but remains an important consideration for implementation.

Limitations include the context-bound nature of the study, which
was conducted within the Danish school system, and the focus on pupils’
practices rather than on the validation of long-term learning outcomes.
While contextual, the findings provide transferable insights for
designing learning environments that prepare pupils to participate in
open data ecosystems. Future research could examine the implementa-
tion of open data learning designs in diverse cultural and institutional
contexts, empirically validate the development of open data compe-
tencies, explore integration across formal and informal learning envi-
ronments, and design age-appropriate, accessible tools that facilitate the
engagement of pupils and teachers with open data game scenarios.
Further conceptual work on defining "Open Data Literacy' would
advance the field and support broader curriculum development.
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