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ABSTRACT

As data increasingly influences decision-making in educational and professional settings, data literacy
has become an essential competency. This study examines the effectiveness of a workshop conducted
according to the Data Literacy (DALI) for Citizenship Framework, which comprises three main
components: understanding data, acting on data, and engaging with data. This study focused solely
on the data understanding component. The aim was to assess whether a DALI-based educational
intervention could improve participants’ data literacy and learning experiences. Using a pre- and post-
test design, data were collected from 35 participants in Aceh, Indonesia, who completed the workshop
with a 10-item questionnaire to assess understanding of data types and a follow-up semi-structured
interview to explore participants’ learning experiences. A paired t-test analysis revealed a significant
increase in participants’ understanding of data types following the workshop, however, Cohen’s d
effect size indicated a moderate effect. The follow-up interview showed that the workshop increased
participants’ awareness of the importance of data literacy for decision-making. The workshop also
enhanced participants’ understanding that, every day, they are acting on and engaging with data.
Participants reported positive perceptions of their learning experience, suggesting that the workshop
facilitated engagement, understanding, and confidence in working with data. These findings illustrate
the significance of systematic, theory-based methodologies in data literacy education. The study
provides empirical validation of the DALI framework as an evaluation and instructional instrument,
offering evidence for its use in educational and professional development contexts and advancing
research on effective data literacy pedagogy.
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INTRODUCTION

The traditional and straightforward definition of literacy is the ability to read and write.
However, the definition of literacy is expanding alongside advances in digital information
technology and the acquisition of new skills needed to comprehend, interpret, generate, and
communicate in a rapidly evolving, information-rich world (UNESCO, 2019a). Depending on
the perspective and context, terms such as data literacy, media literacy, digital literacy, and
statistical literacy are increasingly used. Although definitions vary across fields, there is
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consensus that data literacy includes the ability to collect, manage, evaluate, and use data
critically (Gummer & Mandinach, 2015; Ridsdale et al., 2015; Wolff et al., 2016; Koltay, 2017,
Ghodoosi et al., 2023). Most research and educational initiatives on data literacy focus on
formal settings, particularly higher education and K-12 institutions (Matuk et al., 2021; Lee
et al., 2024). Bowler and Shaw (2024) found a significant lack of organised informal learning
activities, especially for groups such as older adults and young children. They also found that
public libraries and community-based programmes present promising yet underutilised
opportunities for informal data literacy development.

The current state of informal data literacy education is characterised by increasing
recognition of its importance alongside formal education; however, it remains
underdeveloped and inconsistently implemented (Bowler & Shaw, 2024). The scope and
importance of informal data literacy education relate to the need for individuals to
understand, analyse, and use data critically in everyday situations beyond traditional
educational settings. This includes digital information from social media, large data systems,
and various real-world data sources. Improving data literacy is essential as society becomes
increasingly data-centric (Bowler & Shaw, 2024; Castafieda et al., 2024).

Informal education often adopts humanistic, socio-technical, and critical perspectives on
data literacy (Castafieda et al., 2024) and uses educational methods such as gamification,
arts integration, and interactive data activities to engage learners creatively (Matuk et al.,
2021; Bowler & Shaw, 2024; Castafieda et al., 2024). A key challenge is that most studies
using instructional interventions lack assessment methods for measuring data literacy,
limiting their ability to evaluate effects on learners’ competencies (Yeom, 2025; Nwagwu,
2025).

Informal data literacy education needs more structured frameworks, inclusive teaching
strategies, and greater participation beyond formal education to equip individuals with
essential data skills for the 21st century (Bowler & Shaw, 2024; Castafeda et al., 2024). As
communities become increasingly data-driven — affecting everything from market prices to
local health indicators — Community Learning Centres (CLCs) play a crucial role as informal
education providers. In low-resource settings, these centres are vital for promoting lifelong
learning and community empowerment (The World Bank, 2023). However, to fulfil this role,
CLC facilitators must support learners in developing data literacy skills that are meaningful,
ethical, and actionable (UNESCO, 2019b). Among various educational approaches, the Data
Literacy for Citizenship (DALI) framework is notable for integrating technical, critical, and
civic data use (Calzada Prado & Marzal, 2013; Castafieda et al., 2024). This framework uses
a competency model that divides literacy into three core domains — Understanding Data,
Acting on Data, and Engaging through Data — with Ethics and Privacy as a cross-cutting
concern (Castafieda et al., 2024). By moving beyond technical skills to include provenance,
critical interpretation, and civic participation, the DALl model aligns with current
recommendations to treat data literacy as a fundamental civic skill for adults (Mandinach &
Gummer, 2016; UNESCO IITE, 2021).

Most empirical studies on data literacy have been conducted in the Global North,
highlighting the need for global perspectives (Bowler & Shaw, 2024). Conducting empirical
studies on data literacy in the eastern region is essential to contribute to a global
perspective. This study seeks to achieve that objective. In our initial effort to conduct
empirical research on data literacy in the eastern region, we employed the DALI Framework,
which has been validated as effective in Europe (Castafieda et al., 2024). This study aims to
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determine the efficacy of the DALI Framework in the eastern region, particularly in Aceh,
Indonesia.

There is an urgent need for a robust literacy movement in Indonesia. Only 25% of Indonesian
students aged 15 reached level 2 or higher in reading (OECD, 2024). Level 2 pupils should be
able to locate information using explicit criteria, even when these criteria are somewhat
complex. They must also identify the main ideas in relatively lengthy texts and articulate the
format and purpose of writing when explicitly instructed (OECD, 2024).

Forum Taman Bacaan Masyarakat (Community Reading Centre Forum; TBM) is a leading
organisation in Indonesia's literacy movement. The TBM is a designated space that provides
reading materials to the community, primarily to foster a passion for reading and promote
lifelong learning. The TBM may be managed by either the community or the government,
serving as an educational centre and information resource. Community-managed TBMs, also
known as community libraries, can be categorised as Community Learning Centres (CLCs)
(Novrita et al., 2025). The non-governmental organisation Forum TBM serves as a platform
for assembly and coordination for the founders and managers of TBMs, literacy advocates,
communities, and society to collectively advance the literacy movement in Indonesia (Forum
TBM, 2024). Forum TBM envisions itself as a hub for enhancing community literacy and
fostering a capable and prosperous learning society (Forum TBM, 2024). Numerous TBMs in
Aceh Province are facing sustainability challenges and require support (Novrita et al., 2025).
Taking all this into account, this paper aims to elucidate the impacts of a community service
and research initiative dedicated to improving data literacy among the facilitators of
community libraries associated with Forum TBM Aceh, using the gamification approach
proposed by the DALI framework and incorporating assessment methods to evaluate data
literacy.

LITERATURE REVIEW

Literacy, in its classic and simplified sense, is defined as the ability to read and write (Stokes,
2008). As societal and workplace demands have increased, the meaning of literacy has
broadened beyond this foundational definition. In 2019, UNESCO stated that in a constantly
changing, information-saturated world, literacy includes not only reading and writing but
also the ability to identify, understand, interpret, create, communicate, and compute using
printed and written materials (UNESCO, 2019). More recently, UNESCO has extended this
view to encompass a wider range of capabilities, including digital literacy, media literacy,
education for sustainable development, global citizenship, and job-specific competencies.
Literacy skills, therefore, continue to expand and evolve as individuals increasingly engage
with information and learning through digital technologies (UNESCO, 2025).

Within this broader evolution of literacy, data literacy has become increasingly important.
As the importance of data grows, the ability to understand and work with it is rapidly
becoming essential in today’s world (Rubin & Gould, 2023). A lack of data literacy skills not
only restricts an individual’s ability to secure employment in an expanding knowledge-based
economy but also limits their capacity to interpret and apply critical information for health,
political, and financial decision-making (Cui et al., 2023). Consequently, statistical and data
literacy are now recognised as essential competencies in the 21st century (Schreiter et al.,
2024). Reflecting this shift, the need to develop data literacy has been widely documented
in the literature (e.g., Fontichiaro & Oehrli, 2016; Ongena, 2023; Pinto et al., 2023; Pothier
& Condon, 2025).

Page 115



Oktavia et al.

Despite its growing importance, data literacy remains context-dependent and is neither
defined nor operationalised uniformly. Ghodoosi et al. (2023) examine data literacy through
various educational perspectives and note that a universally accepted definition remains
elusive because expectations shift across contexts. Their study highlights a discrepancy
between how data literacy is framed in academic settings and the practical expectations of
public sector organisations. This misalignment reflects Koltay’s (2017) argument, which
distinguishes general data literacy education from the specialised skills required for the
professional practice of information experts. Using Ridsdale et al.’s (2015) framework to
examine these differences, Ghodoosi et al. (2023) identified a clear divergence in how data
is prioritised: academic competencies often emphasise the technical lifecycle of data — such
as collecting, managing, and ethically analysing data — whereas businesses and community
members tend to focus on transforming data into actionable knowledge for decision-
making.

The contextual nature of data literacy necessitates examining how data literacy
requirements vary across disciplines and application settings. In response to this need, the
present project aims to enhance data literacy skills among TBM facilitators in Aceh, with the
longer-term goal of transferring these skills to the community members served by the TBMs.
To support a structured, citizenship-oriented approach that aligns with non-formal learning
contexts, this study adopts the descriptions of data literacy summarised by the Dali: Data
Literacy for Citizenship project (Castafieda et al., 2024).

The DALI project is a collaborative initiative involving five institutions: the University of
Bergen, Coventry University, Friedrich-Alexander-Universitat, the University of the Balearic
Islands, and the University of Murcia. It spans four countries: Germany, Norway, Spain, and
the UK. Its primary objective is to enhance data literacy among citizens, starting with adults
who have significant influence over the management of citizen data. The framework
comprises three main components: (i) understanding data, (ii) acting on data, and (iii)
engaging through data, along with a fourth overarching component, (iv) ethics and privacy,
which is integrated into each of the three elements. The framework also outlines markers of
advancing proficiency for each of the three main components. In this study, the focus is on
the first component, Understanding Data, which encompasses three aspects: Knowledge,
Awareness, and Critical Thinking (DALI Project, 2023a).

The DALI Project aims to deliver customised data literacy learning experiences for adults in
non-formal educational settings. It combines networked learning with playful learning by co-
creating educational games that go beyond entertainment through intentional pedagogical
design. The game-based learning approach highlights key elements such as viewing failure
as a learning opportunity, fostering creativity through immersive gameplay, and engaging
participants in voluntary, intrinsically motivating activities. The development process follows
the Transdisciplinary Model for Developing Game-Based Interventions, which balances
entertainment with educational objectives (DALI Project, 2023a).

The game used in this study, Data Iceberg, is designed to teach players about different types
of data and how to identify them in everyday situations. It presents scenarios that
participants may have experienced and prompts them to reflect on these situations to
recognise the types of data generated — either by themselves or through their interactions
with related devices. The game comprises two main sections. In the first, a memory-style
guessing game, players find card pairs and recall the locations of previously revealed cards.
In the second, they determine what type of information each card represents and place it
on their board (DALI Project, 2023d).
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Importantly, the DALI games' instructional approach is adaptable across different contexts.
Facilitators can adjust gameplay to suit their participants and practical needs. Before
beginning Data Iceberg, facilitators decide how participants will be grouped, for example, by
shared or diverse skills, by ensuring each group includes at least one participant with
advanced skills, or by allowing participants to self-organise or collaborate with unfamiliar
peers. During play, the facilitator supports participants by preventing fixation on a single
“correct” solution. The facilitator may introduce an answer sheet, and for some cards, more
than one answer may be acceptable; if a player or group provides sufficient valid arguments,
their response may be considered correct. The session may then conclude with guided
participant self-reflection (DALI Project, 2023c).

This study’s methodological positioning is informed by broader discussions about research
skill development. Mixed-method research requires researchers to cultivate a diverse skill
set spanning both quantitative and qualitative approaches. Molina-Azorin (2016) noted that
researchers often find it difficult to move beyond familiar methods in which they have
developed comfort and expertise. In this study, the researchers’ stronger quantitative
background influences the methodological approach adopted. In line with Molina-Azorin
(2016), expanding and refining methodological skills can strengthen the rigour of conceptual
thinking. For this reason, the study employs a quasi-mixed-method research design.

A quasi-mixed-methods research design involves collecting two distinct types of data
(qualitative and quantitative) and analysing them separately. There is minimal or no
integration of findings or inferences across the two strands, primarily because they do not
address a shared research question that would necessitate a fully mixed-methods approach.
A study does not qualify as mixed-methods research when it lacks an integrated mixed-
methods research question. In addition, quantitative and qualitative analyses are not
combined, and inferences from each strand are not synthesised to address the research
guestion(s) (Tashakkori et al., 2020).

METHODS

The research employed a quasi-mixed-methods design (Tashakkori et al., 2020), which

minimally integrates a one-group pre-test and post-test quasi-experimental approach with

a qualitative case study component. This design allows for the quantitative assessment of

changes in students’ competencies before and after the intervention, while simultaneously

enabling a qualitative exploration of the learning process and experience. The study was

guided by the following research questions:

i.  What are participants’ initial data literacy levels, specifically their understanding of
data, before attending the workshop?

ii. To what extent does the DALI-based workshop improve participants’ data literacy,
particularly their understanding of data as measured by the post-test results?

iii. How do participants perceive their learning experience during the DALI-based
workshop, particularly regarding content relevance, instructional clarity, confidence
development, and applicability to real-world tasks?
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The study was conducted according to the following sequence:

Pre-test

The main purpose of the pre-test is to assess participants’ understanding of data types
before the focus group discussion (FGD) and workshop, thereby establishing a baseline. The
participants are TBM Facilitators attending the FGD and workshop. The instrument used for
the pre-test was a 10-item questionnaire assessing participants’ understanding of data types
encountered in everyday life, such as those found in social media, e-commerce,
transportation, and health apps. The pre-test was administered at the venue of the FGD, the
Senate Meeting Room of the Faculty of Mathematics and Natural Sciences at Syiah Kuala
University. Using a Google form, an example of the translated items is shown in Figure 1.
The instrument's items are provided in Appendix 1. The responses were recorded and
analysed using IBM SPSS Statistics.

To prepare for my next holiday, | use my search engine to find good driving routes in
the area. My search engine saves the websites | visited, as well as clicks and mouse
movements on those websites.

What type of data is stored by that search engine?
a. Visible analytical data

b. Visible raw data

c. Invisible analytical data

d. Invisible raw data

e. Functional data

Figure 1: Example of pre- and post-test items

Focus Group Discussion (FGD)

The main purpose of the FGD was to gather participants’ current knowledge, attitudes, and
challenges regarding data use. The participants were TBM Facilitators affiliated with Forum
TBM Aceh. The instruments used were a semi-structured question guide, a Moderator
Guide, and a Qualitative Coding Framework (see Appendix 2). In a group discussion
moderated by a research team representative, participants were encouraged to answer
open-ended questions about their experiences with data, the types of data they work with,
and the challenges to data literacy. A note-taker recorded responses and observations from
the discussion. The Qualitative Coding Framework was used to analyse the concepts and
themes that emerged from the FGD. At the end of the FGD, the moderator summarised the
key points and explained the next step: a workshop to enhance participants’ data literacy.

Workshop

The main purpose of the workshop was to help participants understand data concepts and
data types, enabling them to recognise each type and understand how data influences their
actions in everyday life. The participants were the 35 TBM Facilitators who also attended the
FGD. The instrument used was a memory board game (see a capture of the memory board
game instruments in Appendix 3) adapted from the “Data Iceberg” activities developed by
the DALI: Data Literacy for Citizenship Project (Castafieda et al., 2024). A mini-lecture at the
beginning of the workshop explained the types of data, how each can be found in daily
activities, and how they influence our lives. After the mini-lecture, a hands-on activity using
the memory board game was conducted with all participants, who were divided into eight
groups. The memory board game, called “Data Iceberg”, helps players learn about data by
recognising and categorising different types of data in various everyday situations. The game
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uses a deck of cards and group boards with rectangular spaces to place pairs of cards. In
each pair, there is a statement describing the type of data shown in the picture. An example
of a pair of cards and part of the card holder board is shown in Figure 2. Each rectangular
space represents a data category. Players work in teams, with teamwork and discussion
strongly encouraged.

\» Heart e Ar Heart rate
v

148 148

2 6:22% 2 6:22
— 7,65.. —7,65.

...and the watch records

I use a smartwatch...
my heart rate.

Data Iceberg

Personal game board

1. Human-generated
data

2. Visible human- and
machine-generated data
uuuuuuuuu g non- -
digital technalogy, |
such as a penci
There has always
been data! We are :
datal

Figure 2: Example of the memory cards and a part of the card holder board
(DALI Project, 2023b)

After the game, the facilitators recorded how many pairs of cards each group correctly
placed in the rectangles representing the types of data described on the cards. The facilitator
then explained the correct placement of all pairs of cards and the rationale for their
placement. Group scores were announced, and no further analysis of the data was
conducted.

Post-test

The main purpose of the post-test was to assess changes in participants’ understanding of
data types after the workshop. The post-test was also intended to evaluate the workshop's
impact and effectiveness. All workshop participants completed the post-test at the end of
the workshop. The pre- and post-test instruments were identical, as shown in Appendix 1.
After all participants completed the post-test, a feedback session was held to discuss the
instrument items and explain the correct answers. Once all pre- and post-test data had been
recorded, we checked the data for normality and identified outliers. The data were normally
distributed and contained no outliers. We also ensured independence between pre- and
post-test scores by administering the pre-test two weeks before the post-test. The post-test
was administered immediately after the workshop ended. We believed this arrangement
ensured the independence of the pre- and post-test scores. After all assumptions had been
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met, we applied descriptive and inferential (paired t-test) statistical analyses to assess
whether there were any changes in participants’ understanding of data types after the
workshop. Following the workshop, interviews were conducted to gather in-depth
qualitative feedback from participants about their experiences, perceptions, and learning
outcomes.

Interviews

The main purpose of the interviews was to deepen, explain, and contextualise the pre- and

post-test results. The interviews aimed to clarify why some participants improved more or

less than others and to capture participants’ personal perspectives on the workshop's

learning activities. Three participants were selected for interview after taking the post-test.

They were chosen based on their scores on the pre- and post-tests: the most improved, one

with no improvement, and one with a learning decline. All three participants enjoy

volunteering, adventure, and nature.

= The most improved interviewee (R1) is a 32-year-old female facilitator and founder of
her TBM, whose post-test score increased the most (by 5 points). She is very active in
the literacy movement in Aceh. She was born and raised in a small district in Aceh
Province, where she established the TBM. She has extensive experience as an educator
at the national level and holds a bachelor's degree in the humanities from a state
university in Aceh.

= The no improvement interviewee (R2) is a 23-year-old male facilitator who is a recent
Management graduate from a state university in Aceh. He was a new volunteer at his
TBM. He answered the same questions correctly in both the pre- and post-tests.

= The interviewee who experienced a learning decline (R3) is a 29-year-old female
facilitator who has worked at her TBM for more than five years. She has a bachelor's
degree in humanities from a state university in Aceh, Indonesia. Her pre-test score was
2 points higher than her post-test score.

The instrument used in the interview was a semi-structured interview, with questions
presented in Appendix 4. The interviews were audio-recorded and transcribed verbatim.
Identifying information was removed to ensure confidentiality and anonymity. The
transcripts were then systematically coded manually using an inductive approach. Related
codes were grouped into categories, which were further refined into themes representing
recurring patterns across interviews.

Observations

The main purpose of the observations conducted during the workshop was to capture how
participants engaged with the workshop activities, materials, and facilitators. Using an
Observation Rubric (see Appendix 5), researchers systematically observed, listened to, and
recorded participants’ engagement, interactions and collaboration, use of workshop
materials, and facilitator-participant interactions. This provided data on how participants
engaged with the activities, their responses, and the dynamics of the learning process. Each
indicator was rated on a three-point scale. The data were then triangulated with pre- and
post-test results and follow-up interviews.

Ethics statement

This study was conducted in accordance with recognised ethical standards for educational
inquiry. Participation was voluntary, and all participants were informed of the study’s
purpose, the procedures involved, and their right to withdraw at any time without
repercussions. All participants provided informed consent before data collection
commenced. The anonymity and confidentiality of participants were ensured by removing
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identifying information and securely storing all data. Audio recordings and texts were used
exclusively for research purposes and were accessible primarily to the research team. No
harm to participants was expected or experienced as a result of their involvement in the
study.

The authors used OpenAl’'s ChatGPT version 5 and Quillbot to enhance language and
readability during the preparation of this manuscript. ChatGPT was also used to initiate the
literature review process by finding robust references. An example of a prompt used for
ChatGPT is: “Can you provide references on mixed-method research design?” The authors
used Quillbot for paraphrasing to ensure a concise and academic writing style. Following the
use of these language models, the authors reviewed and made necessary edits to the
content, assuming full responsibility for the publication’s content. ChatGPT and Quillbot
cannot be listed as authors, and the authors take full responsibility for the accuracy and
integrity of all content.

RESULTS

Demographics of the participants

The participants in this study are members and facilitators of Forum TBM Aceh. All invited
TBMs were selected from the list of Forum TBM Aceh members, located in Banda Aceh City
and Aceh Besar District. Thirty-five of the 47 invited TBM facilitators participated in this
study, comprising 12 males and 23 females. Participation in this study was by invitation, and
no random selection was used, as we intended to include all TBM facilitators in Banda Aceh
City and Aceh Besar District in the FGD and workshop. Facilitators who could benefit from
the intervention may be denied access to potentially significant educational opportunities if
they are excluded.

Participants’ initial data literacy levels, in terms of understanding data (pre-test resuits)

From the FGD, we found that all participants had frequently used data in their community
libraries’ activities; however, they were not aware of the extent of data involvement in these
activities. They only realised they were producing data from their posts, such as comments,
and from all their social media activities. They did not realise that when they reported an
activity, they were working with data, and that when they made decisions, they sometimes
used data as the basis. We found that most participants were at the basic level of the DALI
Framework’s components (understanding data, acting on data, and engaging through data).

Table 1 presents a summary of descriptive statistics derived from participants’ responses to
the pre-test and post-test, comprising 10 multiple-choice questions designed to assess their
capacity to differentiate data types based on their origin (human, machine, or a
combination) and their nature (raw data or metadata, visible or invisible). All questions had
the same answer options. If a participant answered an item correctly, he or she received one
point. For example, if a participant answered 5 items correctly, the total score would be 5
out of 10. The questionnaire was administered via a Google Form, with an answer key
provided, so the total score was recorded directly in the response table.
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Table 1: Summary of descriptive statistics of pre-test and post-test scores

Pre-Test Post-Test

Participants (N) 35 35

Mean Score 3.60 4.69
Variance 3.01 4.58
Standard Deviation 1.74 2.14

The mean pre-test score is 3.60 with a standard deviation of 1.74, indicating that
participants, on average, scored significantly below the midpoint, which suggests limited
understanding of data types prior to the workshop. The standard deviation of 1.74 shows
moderate variability in scores and noticeable differences among participants. While some
participants scored slightly higher, others performed considerably lower than the group

VAR

123456 7 8 91011121314151617181920212223242526272829303132333435

Participants

Scores

O O MNW s~ D0 WD

= Pre-Test Score Post-Test Score

Figure 1: Pre-test and post-test scores of 35 participants

Participants’ data literacy improvement in understanding data (post-test results)

Figure 3 shows the comparison of each participant’s pre-test and post-test scores. Some
participants scored lower in the post-test than in the pre-test, suggesting that certain
individuals experienced a decline in their comprehension of data types following the
workshop.

The post-test results show a mean score of 4.69 with a standard deviation of 2.14, indicating
a moderate but still below-average level of performance. This suggests that participants
demonstrated only partial or emerging understanding of data types. The moderate increase
in mean test scores from 3.60 in the pre-test to 4.69 (out of 10) in the post-test suggests that
the workshop contributed to some improvement in participants’ understanding of data
types. The null hypothesis stated that the means of the two test score groups are equal; a
paired t-test produced a p-value below the significance threshold of 0.05. This result
indicates a statistically significant difference in the mean scores of the two groups, with post-
test scores, on average, only 1 point higher than pre-test scores.

The magnitude of the effect can be quantified with Cohen’s d formula (Cohen, 2013). The

calculated effect size, d = 0.487, shows that the improvement exceeded the threshold for a
small effect (|d| = 0.2) but was slightly below the threshold for a medium effect (|d| = 0.5),
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and remained well below the threshold for a large effect (|d| = 0.8). This suggests that the
workshop had a moderate, meaningful effect on participants’ understanding of data types.
The improvement is noticeable and practically relevant, though further activities may be
needed to achieve a stronger effect.

Participants perceived learning experience

Participants generally reported a positive learning experience during the DALI-based
workshop, although there were minor discrepancies in depth and confidence. The details
are provided below:

i.  Content relevance

Some participants found the workshop content relevant to their needs, particularly in
understanding types of data, while others noted that the content could be improved. For
example, one of the memory cards used in the board game contains statements about data
transmitted by an electric car to its manufacturer, enabling the manufacturer to assess the
driver’s driving style accurately, as shown in Figure 4. This context is irrelevant for the
participants, as not all are familiar with advanced cars equipped with technology capable of
transmitting such complex data. We attempted to simplify the task by changing the
statement “the manufacturer knows exactly the driving style of the driver” to “the
manufacturer knows exactly the route taken by the car.” Although some participants are
familiar with this technology, most are unable to determine whether the data transmitted
by the vehicle qualifies as raw data or metadata. This is overly complex for those who have
never encountered such advanced technology in a vehicle. We acknowledge that we
implemented the DALI Framework without fully considering participants’ access levels.

3A 3B

) . ...and the car sends data
I drive my electric car... to the manufacturers
about my driving style.

Figure 4: Memory cards with identical images and explanations about the category of
data they represent (DALI Project, 2023b)

Despite the lack of increased knowledge, participants demonstrated greater awareness of
data use and production, particularly through the mini-lecture and memory board game.
The most improved participant noted, “The workshop increased my awareness of the
algorithm linking my social media platform to external sources based on my activities on the
platform (R1).” She reflected, “We are data creators, not just data consumers (R1),” while
the participant whose understanding declined commented:

“I liked the first part of the game, but we got lost in the second part when we tried to group

the types of data that match the data on the cards. When the workshop and the post-test
were over, | finally understood how different pieces of data are based on their traits” (R3).
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These statements capture a critical shift in perception: recognising everyday interactions
with data and the associated power dynamics of data ownership.

The transition from workshop knowledge to community application proved a significant
challenge, despite positive engagement and learning. Participants identified limited digital
infrastructure and insufficient community knowledge of data issues as obstacles. The most
improved participant stated:

“If we are given a training of trainers on the game application and have resources in
Indonesian that are suitable for our community’s age group, | am sure | could use the game
at my TBM. It is good for our group to learn how to use data well” (R1).

The interviewee whose understanding regressed suggested using examples of relevant data
types for their TBM activities in the memory board game. To enhance data literacy through
the DALI Framework, it is essential to localise the framework by incorporating local language
and examples. Common indicators such as market prices, weather patterns, school
attendance, book genres, and crop vyields are of greater significance to the general
population in developing countries. Furthermore, it is crucial to simplify pathways for low-
literacy populations and develop strategies to engage underserved groups.

ii. Instructional clarity

All three interviewees expressed a preference for the interactive instructional methods used
in the workshop. Facilitators were regarded as clear and supportive. Observations from the
workshop showed significant engagement during group activities, especially the memory
game board activity. Engagement was characterised by frequent exchanges of ideas and
clarifying questions among participants. Although some participants were initially hesitant,
they became increasingly vocal as the session progressed, indicating a supportive learning
environment. After the workshop, their understanding of certain abstract data concepts
improved. The differences between raw data and analytical data, as well as metadata and
its creation and use, are now understood.

iii. Confidence development

The most improved participant reported increased confidence in her ability to interpret and
engage with data following the workshop, as well as a readiness to undertake similar
activities at her TBM. She stated:

“The game is a lot of fun, and it teaches us about different kinds of data. We are data
creators, not just data consumers. Every day, we make data, and anyone can access it
without our permission” (R1).

The participant experienced a learning decline and demonstrated confusion during the
workshop and in the post-test. However, she regained her confidence after the differences
between data types were summarised following the post-test, as stated below:

“I thought all the data that computers make is analytical data, metadata, not raw data.
However, after the wrap-up just now, the differences are very clear to me. | should have
known that before the test, but | did not” (R3).

The most improved participant demonstrated increased confidence and readiness to use her

data knowledge, whereas the participant who experienced a learning decline showed
reduced confidence when answering the post-test. She mentioned:
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“I used my intuition to answer the pre-test, but after learning about the different types of
data, | got lost and did not trust my intuition to answer the post-test” (R3).

This highlights the need for differentiated instruction and iterative reinforcement in future
workshops. Engagement levels significantly influenced learning outcomes. Participants who
engaged collaboratively, asked clarifying questions, and gradually built confidence,
especially during the workshop's interactive elements, showed greater improvement. This
finding aligns with adult learning theories that emphasise experience and social learning as
essential for meaningful knowledge construction (Knowles et al., 2025; Brookfield, 2013).

iv. Applicability to real-world tasks

Some participants were able to connect workshop activities to real-life situations,
recognising how data literacy skills could inform decision-making, project planning, and
professional tasks. Participants acknowledged the significance of data literacy in their
professional responsibilities and expressed a desire to incorporate data-driven
methodologies into their TBM activities. All interviewees demonstrated a keen interest in
disseminating their new knowledge of data literacy among colleagues and in enhancing
organisational procedures through improved data use, thereby significantly improving
efficiency, transparency, and impact.

Following the workshop, several requests were made for additional practical sessions.
Interviewees suggested incorporating real-world case studies from literacy communities to
improve relevance. When asked about their views on the proposed sharing of resources
among TBMs linked to Forum TBM Aceh, all interviewees agreed, indicating that they see
this as a beneficial approach.

DISCUSSION

The results showed that, prior to the workshop, participants’ understanding of data types
was limited. The workshop’s learning activities helped some participants improve their
understanding. This was evident from the statistical analysis conducted after the post-test
scores were collected. Descriptive analysis revealed that participants’ post-test scores were,
on average, one point higher than their pre-test scores. Despite the statistical significance
of this improvement, as confirmed by the paired t-test, the increase in mean test scores from
3.60 to 4.69 out of 10 is moderate. In general, participants could not answer 50% of the test
items. These findings suggest that the workshop did enhance participants’ performance on
identical test questions after they received training on data types and their properties;
nonetheless, the improvement is modest. Consequently, the training only slightly enhanced
participants’ understanding of data types and their characteristics. Furthermore, the effect
size observed was just below the threshold for a medium effect, indicating that while the
training had a positive impact, it was modest in magnitude.

Several factors have been identified as potentially contributing to this outcome. The DALI
Framework, first and foremost, aims to support digital education for European citizens,
assuming the regular use of digital tools, databases, and online information sources. Even
though Castafieda et al. (2024) suggested that the DALI Framework’s “adaptability and
scalability make it well-suited for addressing the diverse needs and contexts found within
different educational settings and organisations internationally (p. 1),” careful planning and
adaptation of the learning materials to be more relevant for participants from developing
countries should be considered. In this study, not every TBM facilitator consistently uses
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databases, online information sources, and digital technologies. For them, certain digital
terms such as metadata and raw data are rather new. Furthermore, in some regions of Aceh,
electricity and internet connectivity are unreliable, making it difficult for people to practise
and apply the skills required by the DALI framework.

Another factor likely contributing to the limited improvement in participants’ understanding
of the data is the quality of the translations and the cultural contexts in the workshop’s
learning materials. The absence of immediate utility within their TBM contexts was
perceived not as a rejection but as a temporary gap, acknowledging that as digital
technologies advance, the imperative to integrate data literacy will likewise intensify. This
proactive stance highlights participants’ awareness of emerging needs despite current
structural limitations and indicates the possibility of gradual integration of data practices.
With continued exposure to and access to the training resources, participants are expected
to further develop their data literacy skills in alignment with the DALI Data Literacy
Framework, particularly as they apply these skills in their TBM activities.

The programme fostered a positive attitude towards data utilisation, with participants
recognising its capacity to optimise operations, improve transparency, and increase impact
within their TBMs. Participants demonstrated both learning transfer and an increasing ability
to conceptualise and propose system-level improvements based on data logic. This
highlights the motivational significance of perceived value in learning retention and future
behaviour change. Participants provided constructive recommendations for improving
future training sessions, including incorporating real-world case studies and TBM-specific
data examples. These recommendations indicate a need for greater contextual relevance
and authenticity, which is particularly important for adult learners in an informal educational
environment.

In general, participants perceived their learning experience during the DALI-based workshop
as meaningful and beneficial. Although some participants suggested using materials more
relevant to community library tasks, others considered that the workshop facilitator
delivered the content clearly, especially after the workshop concluded. The wrap-up session
at the end of the workshop was the key component that helped participants clarify their
understanding. Most participants reported increased confidence after the workshop and
were ready to apply similar tasks in their community library activities.

CONCLUSIONS

Overall, the workshop provided meaningful exposure to key data concepts and valuable
opportunities for participants to strengthen their foundational understanding of data types
and their properties. The observed gains from the pre-test, though incremental, indicate
measurable learning and affirm the workshop’s role in supporting the development of data
literacy. These initial improvements establish a strong baseline for continued growth. With
strategic planning, thoughtful adaptation of the DALl Framework, and the use of
contextually relevant training materials, future iterations of the workshop are well
positioned to further enhance learning outcomes, enabling participants to deepen their data
literacy skills and apply them more confidently and effectively in subsequent activities.

The findings suggest that data literacy training, when grounded in participatory and

contextualised approaches, can significantly enhance TBM facilitators’ awareness of data
use and production, as well as build confidence and motivation to help their community
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become data literate. Despite ongoing implementation challenges, particularly in low-
resource settings, the potential for long-term transformation is evident. Future initiatives
must emphasise sustainable support, contextually relevant content, and practical
applications that align with participants’ daily activities. TBM can use data not only for
reporting and compliance but also as a strategic asset for community empowerment and
organisational growth.
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Appendix 1: Pre-test and post-test items

These are ten translated items from the pre-test and post-test. Participants may select one of five
options for each question, with only one correct answer. The items are listed below.

No Question Scale
1  What type of data is your tweet on the X platform (formerly = Visible Analytical Data
Twitter) about your disappointment with the refereeing in = Visible Raw Data
the World Cup Qualifier football match between Indonesia = Invisible Analytical Data
and Bahrain? = |nvisible Raw Data

= Functional Data
2 What type of data is your tweet on the X platform (formerly
Twitter) about your disappointment with the refereeing in
the World Cup Qualifier football match between Indonesia
and Bahrain?

3 To plan my next bus trip, | use an app where | add my bus
stops and destination. The app shows me which buses | can
take. What type of data are the bus stops and travel
destinations | added?

4 | visited a website and clicked on several links on that
website. What type of data is generated by clicking those
links?

5 ldrive my electric car, and it sends data to the manufacturer
about my driving style.
The data sent by the car to the manufacturer is...

6 The Internet Protocol (IP) enables communication and data
exchange between devices on the Internet. IP specifies the
address of the device intended to receive the data. To what
type of data does the Internet Protocol (IP) relate?

7 | use a smartwatch to record various biomarkers. For
example, the watch records my heart rate and displays the
different heart rate zones | experience during exercise. What
type of data is the visualisation generated by the
smartwatch?

8 To listen to music, | use the Spotify app where | created a
profile from scratch, without using my social media
accounts. What type of data is the profile | created from
scratch?

9 To prepare for my next holiday, | used my search engine to
find a good road route in the area. My search engine saved
the websites | visited, as well as my clicks and mouse
movements on those websites. What type of data is stored
by the search engine?

10 | booked a flight using my laptop and received ads for hotels
in the same destination on my phone's browser. What type
of data are the ads that appear in my phone's browser?
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Appendix 2: Semi-structured focus group discussion framework

Participants: Facilitators of Community Libraries
Subject: Experiences with data and data literacy in community library environments

Introduction / Preliminary Activity

1. Please provide a brief introduction of yourself and outline your responsibilities within
the community library.
Inquiry: How long have you served as a library facilitator?

2. In your role, how do you typically engage with or use data in managing library
programmes or services?

Section 1: Encounters with Data

3. Could you describe your experiences using data in your community library?
4. How do you typically use data to plan, improve, or evaluate library activities or services?

Probe: Decision-making, reporting, funding applications, or community engagement

5. How confident do you feel when handling data related to library operations or
programmes? Why?

Section 2: Categories of Data Encountered

6. What types of data are most frequently available or collected at your library?

7. Which categories of data do you find most manageable, and which present greater
challenges?

8. How do you typically acquire or obtain data in your library environment?

Section 3: Comprehending and Utilizing Data

9. How do you interpret the data you gather or obtain?
Probe: Using summaries, charts, consultations with colleagues, or personal assessment.

10. What challenges do you encounter when analysing data or determining its application?

Investigation: Insufficient skills, ambiguous data, inadequate instruments, or time
limitations.
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Appendix 3: Instrument of memory board game
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Appendix 4: Interview questions

1. Please provide an overview of your experience during the workshop. What stood out to

you most?

2. Could you give examples of specific moments or activities from the workshop that you
found especially engaging or challenging?

3. How did the workshop improve your understanding of types of data?

4. What challenges might arise if the approach used in this workshop is implemented to
teach data literacy in your TBM?
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Appendix 5: Observation rubric

Dimension Indicators 1-Low | 2-Moderate | 3 —High
Attention, Rarel Participates .
Engagement e .. y . . P Actively and
> participation in participates; inconsistently; .
with Data . consistently
Activities hands-on data disengaged needs articioates
tasks from data tasks prompting P P
. . Demonstrates
Understanding Data terms, Shows limited Demonstrates clear and
of Data interpretation, or incorrect partial
. . . accurate
Concepts reasoning understanding  understanding .
understanding
Use of Data Worksheets, Unable or . Uses tools
Uses tools with .
Tools and datasets, reluctant to . independently
. guidance .
Resources digital tools use tools and effectively
Basic or
Data . - . Accurate and
. Reading charts,  Misinterprets partially .
Interpretation . confident
. tables, datasets or avoids data correct . .
Skills . . interpretation
interpretations
Critical Questioning . Consistently
. . Rarely Occasionally
Thinking with data sources, . . evaluates data
. guestions data  questions data s
Data assumptions critically
Collaboration Discussion, - Some Active
. Minimal . . .
and explanation, interaction collaborative discussion and
Communication  peer support discussion peer support
Applicationto  Linking data to Unable to Clearly applies
PP . g Makes general yapp
Real-Life real-world make , data to real
. . connections
Contexts issues connections contexts
- Askin
Facilitator: . & . Frequent,
. . questions, . Occasional .
Participant . Rarely interacts . . meaningful
. responding to interaction ) ;
Interaction interaction
feedback
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