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Abstract

The concept of the “teaching library,” which originated in the Anglo-American world, describes all
activities of libraries in the field of promoting information, media, and data literacy, as well as other
skills in dealing with analog and digital media [1]. Although data literacy is explicitly mentioned in this
definition, many training courses in academic libraries seem to focus more on promoting library use,
information, and media literacy [2]. According to the German Libraries” Information Literacy Portal, a
large number of university libraries across Germany offer courses and introductions to information
literacy [3]. This article focuses on the growing importance of academic libraries in teaching data
literacy. This trend is set to continue, given that the creation of data management plans, as well as the
indexing, storage and reuse of research data, have become standard elements of the research process.
The integration of these elements in the basic data literacy course of the Data Literacy Initiative (DaLlI)
at TH Koln, in cooperation with the university library, is described below.

Keywords: academic library; competence model; cooperation; data literacy education; data literacy
survey; evaluation of data literacy; flipped classroom; open data project; teaching libraries

1. Introduction

Dealing and engaging with digital data is part of everyday research and course life for all students.
Students from all faculties use and generate data and are repeatedly confronted with questions of
data management, data evaluation and interpretation, as well as the ethical handling of data and
data protection. However, students often do not yet have sufficient skills and lack basic knowledge
and practical data literacy at a higher level [4,5]. Data literacy enables students to critically analyze
and interpret data and, based on this, make informed decisions [6]. It promotes critical thinking,
problem-solving skills, and the ability to formulate evidence-based arguments [7-9].

In order to systematically anchor data literacy and thus the appropriate and ethical handling
of data in the curricula of the degree programs at TH Koln, the Data Literacy Initiative (DaLI) was
launched as a research project in 2020. The Data Literacy Basic Course is one of several courses
developed by DalLl to elevate a highly heterogeneous student body to an uniform baseline level of data
literacy. In the Data Literacy Basic Course, which has been offered at TH K&ln on an interdisciplinary
and cross-semester basis since 2021, students from all faculties have the opportunity to acquire basic
data skills. They are sensitized to the relevance of data, recognize a wide range of possible applications,
and learn to deal with data in a well-founded and critical manner. To this end, they apply relevant
process steps, including those related to the research data cycle, by working independently on an open
data project throughout the course.

The evaluation of the DaLl basic course at the beginning and end of the course shows where
students — according to their own assessment — achieve the greatest increase in competence. The
evaluation is carried out using various methods, including quantitative surveys on self-assessment of
data literacy before and after attending the course and qualitative evaluations by students after the
course. Among other things, the evaluation revealed particular gaps in students” knowledge in the
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area of “publishing data”, a topic that is originally a library subject. Franke et al. [2, p.192] describe
how academic libraries offer numerous other training courses and workshops in addition to their focus
on information literacy. They state that this offering can be particularly successful in cooperation with
other institutions, enabling libraries to become partners in promoting future skills such as digital and
data literacy or even Al (in the scientific work process). The basic course in data literacy at TH K&ln
was also developed in cooperation with the university library in several areas of expertise related to
the data life cycle.

2. Theoretical Background

Data literacy supports the responsible and prudent handling of data and, due to the growing
volume of data, is described as an essential and comprehensive skill for all situations, sectors, and
disciplines [7,10]. Data literacy is defined as the ability to critically collect, manage, evaluate, and apply
data (cf. Ridsdale et al. [6, p.3]). Through the professional and critical use, analysis, and interpretation
of data, data literacy aims to help identify issues and develop appropriate solutions for global economic
and social phenomena. Schiiller et al. (2019) see data literacy as a key competence of the 21st century
and describe it as “a cluster of all efficient behaviors and attitudes for the effective fulfillment of all
process steps for value creation or decision-making from data” [8]. On the one hand, data skills are
necessary in order to be able to use data professionally and optimally in a specific subject and research
area, both at university and in later professional life (cf. ibid., p. 16).

2.1. Areas of Competence in Data Literacy

In order to integrate academic libraries into data literacy training, it is helpful to include models
for structuring and describing the underlying competencies and tasks. competence frameworks
and models provide guidance by identifying the elements that are necessary to act effectively in a
specific area of responsibility [9]. In the higher education context, they describe which areas of data
literacy are necessary in a basic course of study in order to provide students entering an increasingly
data-dependent working world with a sound basis for action [6,9].

Based on an extensive literature review, Ridsdale et al. developed a competence matrix that
summarizes the core skills and competencies of data literacy. In total, this matrix describes 23 com-
petencies and the associated skills, knowledge, and expected tasks (64 in total), which are divided
into five competence areas: “Conceptual Framework,” “Data Collection,” “Data Management,” “Data
Evaluation,” and “Data Application” [6, p.3]. Examples of such competencies include data discov-
ery and collection, data organization, data manipulation, data visualization, and others. The “Data
Application” competence area includes competencies such as critical thinking, data culture, and data
ethics. The competence matrix developed by Ridsdale et al. forms the basis for other studies [i.e., 4].
Schiiller et al. [9] also use this as a basis for their data literacy framework, which encompasses the
competencies necessary for decision-making and knowledge development when dealing with data.
The cyclical process model divides the respective process steps and the associated competencies into
productive and receptive steps. The productive area encompasses competencies that are necessary
for deriving data products from the available data. The receptive area maps skills and tasks that are
necessary for decoding data projects and uncovering the underlying data. The respective skills are
divided into “basic level,” “advanced level,” and expert level” [9, pp. 33-34].

2.2. Libraries as Cooperation Partners in Teaching Data Literacy

The role of libraries in teaching data literacy is viewed in different ways. The spectrum ranges
from the use of premises as scientific infrastructure and training facilities to the actual integration of
library-specific content, i.e., to concrete participation and input. The question is by no means new. As
early as 2004, Schield [11] called for an expanded role for libraries: They should go beyond traditional
information transfer and also become active in the fields of data and statistical literacy, because these
skills are central to critical and evidence-based work. He argues that the three literacies — information
literacy, statistical literacy, and data literacy — are closely linked and interdependent. He sees librarians
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as traditionally responsible for teaching information literacy and recommends that librarians and
libraries should also integrate statistical literacy into their teaching programs in the future in order to
enable students to deal critically with data and its statistical evaluation.

Almost 10 years later, Calzada and Marzal [12] saw the integration of libraries into the field of data
literacy in the following five key areas: understanding data / finding and obtaining data / interpreting
and analyzing data / data management / communicating and presenting data. Communication was
broadly defined, as it also included the presentation and dissemination of data, including visualization,
citation, and sharing of data, as well as ethical aspects of data handling (e.g., data protection, copyright).
Since the handling of research data and its provision, indexing, and retrieval was still much less
developed, this area is not mentioned. Instead, according to Calzada and Marzal, these five fields form
the framework according to which libraries should structure and design their data literacy offerings.

The data literacy study by the Higher Education Forum on Digitalization also examines ap-
proaches to teaching data literacy and confirms the active involvement of academic libraries as key
partners in higher education. On the one hand, it states that teaching data literacy skills should begin
as early as possible in the course of study and that various models of integration are conceivable.
[7, p- 8f] All of the teaching options examined were interdisciplinary and collaborative with other
institutions.

Since the beginning of the Data Literacy Initiative (DaLI) at TH Koln, libraries have been actively
involved in the curricular and extracurricular teaching of data literacy. The initiative was scientifically
monitored and documented, and it teaches data literacy skills with the direct involvement of library
staff. The study by Fiihles-Ubach et al. [13] suggests that libraries could take on specific content-related

a

tasks in the areas of “establishing data culture,” “providing data,” and “publishing data,” thereby
assuming key roles within data literacy education. The extent to which these assumptions can be
implemented will also be determined by the evaluation of the courses.

The current working paper by Demiroez and Laemmlein [14] analyzes studies on the integration
of data literacy into university curricula and explicitly states that university libraries are key players in
teaching this future-oriented skill. Various approaches and competency frameworks are presented,
such as that of Calzada and Marzal [12], which defines the five central areas in which libraries promote
data literacy. The working paper summarizes the state of research and assesses libraries as “key

institutions” that impart empirically verifiable competencies in practice.

2.3. The DaLl Competence Model of the TH Koln

The DaLl competence model is based on the data literacy competence matrix of Ridsdale et al. and
the data literacy framework of Schiiller et al. and integrates the research data life cycle to emphasize
the importance of data literacy in the higher education and research context. The research data life
cycle describes the management of research data from collection and storage to use, archiving, or
publication. The integration of the research data life cycle emphasizes scientific work with research
data at universities and university libraries, in contrast to everyday data or data from a business
context. Here, the data lifecycle often ends with the storage of data, whereas in the research data
lifecycle, the indexing, citation, and sharing of data (as open data) also play an important role. This
enables an action- and process-oriented approach to the development and implementation of teaching
and learning units on data literacy. Special features of the DaLl competence model are therefore the
competence areas “Establishing a data culture” and “Publishing data.” Both are directly linked to
central topics of academic libraries. The overarching competence area “Establishing a data culture”
includes “data ethics,” “data protection,” and “copyright” and should be seen as the basis for all
other competence areas. The competence area “Establishing a data culture” is the core value of the
competence model and highlights the importance of data-conscious and responsible handling of
data. The competence area “Publishing data” describes university-specific features in the handling of
research data. The focus is on the open reuse and recycling of data as well as its adequate archiving
and publication. The DaLI competence model is therefore divided into seven competence areas aligned
with the research data life cycle: “Establishing a data culture,” “Providing data,” “Managing data,”
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“Evaluating data,” “Interpreting data,” “Classifying data,” and “Publishing data,” each of which
summarizes a variety of detailed competencies (cf. Figure 1).
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Figure 1. Representation of the DaLI competence model.
2.4. Evaluation of Data Literacy and Comparable Research

In their study on the development of a competency framework, Schiiller and Busch examine
measurement instruments for data literacy in higher education and divide them into: instruments
for measuring response, instruments for measuring learning success, instruments for measuring
behavior, and procedures for evaluating results. The study highlights the importance of data literacy
in higher education and emphasizes the need to develop suitable instruments for evaluating teaching
and learning events on data literacy. The study makes it clear that there are currently no testing
and measurement instruments that adequately assess the quality of data literacy courses. Most
of the available evaluation instruments focus primarily on assessing general statistical, visual, or
information-related skills and do not take into account all the skills involved in the data life cycle [8].

The study by Oguguo et al. [5] provides insights into the data literacy skills of students at five
Nigerian universities. The results of the survey, in which 2,550 students from various disciplines
and degree programs participated, show that the participants rate their data collection skills as
comparatively high. In other areas, such as data analysis, data interpretation, and visualization, they
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rated their own skills as average. The study shows that although students consider themselves capable
of searching for data, they have difficulty effectively analyzing and interpreting this data. The authors
of the study suggest that the limited curricular integration of data literacy in degree programs could
be a possible reason for this discrepancy. Another reason for the moderate ratings of students” data
literacy skills could be the limited expertise of teachers in incorporating all aspects of data literacy into
their courses. In addition, according to the authors of the study, the rapid development of technology
and applications for handling data may play a role, requiring continuous adjustments in data literacy
education.

Further insightful information is provided by the evaluation of an interdisciplinary data project
conducted by Bandtel et al. [4]. A pre- and post-questionnaire was used to assess the participants’
personality traits and digital skills. With regard to digital skills, six sub-dimensions were identified:
“Digital information and research,” “Digital communication and cooperation,” “Digital analysis and
reflection,” “IT skills,” “digital identity and career planning,” and “digital science” [15]. The results
show that in the pre-survey, students rated their digital skills as rather low, especially in the use and
creation of digital media in an academic context. However, after completing the data project, they
rated their skills in digital research and information retrieval, as well as in literature management and
knowledge management, higher than before. The experiences in the data project also led to students
feeling more confident in the areas of “digital communication and collaboration” and “handling
sources and methods for scientific purposes” [4, p.407].

The studies presented clearly show the need for suitable teaching and learning scenarios for
the development of data literacy [8,9]. Although students are able to collect data, they seem to have
difficulties with analysis and interpretation [5,16]. The integration of practice-oriented projects and
interdisciplinary approaches [4] can add value to the development of data literacy by creating an
environment for the targeted and action-oriented development of data literacy.

3. The Basic Course in Data Literacy and Its Modules

Based on the goal of offering data literacy in an interdisciplinary manner at TH Koln, the DaLl
basic course was developed as a modular, interdisciplinary course offering for all students at TH
Koln. This course enables students to view tasks with real data from an interdisciplinary perspective
and to learn about and apply questions and methods from other disciplines in the respective areas
of competence [17]. In order to adequately convey the areas of expertise addressed, expertise from
different disciplines should be included in the design [9]. In this regard, ten teachers from different
faculties at the university were involved in developing the content of the DaLl basic course, who also
took on responsibility for the content of various data competence areas in accordance with their field
of expertise.

The DaLl basic course is designed to last one semester, i.e., approximately 14 semester weeks, and
consists of seven modules in which the topics of the various areas of competence are covered. During
the course, students engage with the content in a self-directed manner and work together on a data
project with open data'. The structure of the course follows the flipped classroom model [18] (see
Figure 2), in which participants work through a module in the corresponding self-study program of
the DaLl basic course on the KI-Campus” between classroom sessions. The first module, “Establishing
Data Culture,” forms the basis of the entire model and also provides the first interface with the library,
because good scientific practice, as taught in the library, also forms the basis for ethical, transparent,
and high-quality research. This also includes the structured handling of research data and the creation
of data management plans, which are also essential foundations of scientific work. In the second
module, “Providing Data,” students at the Al Campus, for example, explore the concepts of secondary

! In the DaLl Basic Course, project data is sourced from the German Environment Agency’s (Umweltbundesamt) air

quality database (https://www.umweltbundesamt.de/daten/luft/luftdaten) and from Meteostat’s weather database
(https:/ /meteostat.net/de/) .

KI-Campus is a German online platform funded by the German Federal Ministry of Education and Research (BMBF), serving
as a primary hub for Al and data literacy courses. KI-Campus.org

2
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and primary research, learn what hypotheses are and how to form them, learn about the process of an
empirical study, and what to look out for when collecting data. Based on the content developed there,
they then work on a project task in an online exchange with other students from different faculties.
Here, too, there are interfaces with library work, such as the introduction of re3data (www.re3data.org)
as a global, web-based directory for research data repositories that helps researchers and students from
all disciplines find repositories for research data in libraries.

Establish Provide Manage Analyse Evaluate Data | Interpret Data ] Publish Data
Data Culture | Data Data Data

« Data ethics = Design » Organize - Statistical « Visualise * Question
« Data security = Research = Convert analysis = Verbalise « Contextualise = Quote
= Copyright = Verify « Create and » Tools and « Evaluate « Derive action = Archive

= Collect use metadata programming « Open Data

* Integrate languages

Open-Data-Projekt: Let'stalk (better) about the weather

Figure 2. Modules of the DaLl basic course.

The respective project tasks are interrelated and build upon one another, guiding learners through
a complete data project lifecycle — from data acquisition and cleaning to analysis and the final
documentation of results. This approach ensures the theoretical content is applied and implemented in
practice right from the start. In the second module, for example, they formulate research questions and
hypotheses based on open meteorological data, define the necessary variables, and actively download
data from an open weather data pool for further processing in the project. Weather data was selected
because, as a generic data type, it is similarly understandable to all degree programs. Students evaluate
the quality and completeness of the available data in relation to their research question and prepare it
for further processing.

After completing the task, students post their results and work steps on THspaces®, the social
learning environment of TH KoIn. The task also involves reading, evaluating, and constructively
commenting on two posts by other students in a peer learning format. Every two weeks, the topic
currently being worked on is discussed and supplemented in terms of content in online meetings.
These include group sessions in which students work together on the open data project and exchange
their results. The DaLl basic course is offered each winter semester and has already been held four
times.

While modules 3-6 deal extensively with the processing, analysis, and visualization of data from
the student project, the seventh module, “Publish Data,” once again covers key areas of library work,
as the research data cycle is closed in the project. Library staff explain the further process steps from
processing and storage to publication, archiving, or even deletion of research data. At the same time,
the principle of FAIR data [19] handling is revisited and reiterated, i.e., research data should be findable,
accessible, interoperable, and reusable.

3 THspaces is a student-centered platform provided by TH K&lIn for digital spaces in teaching, research, and projects. It
supports communication and collaboration, the creation of digital portfolios, and is used for community building, flipped
classroom formats, and peer learning. For more information, see: https://lehrpfade.th-koeln.de/thspaces/.
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4. Research Design and Methodology

In order to evaluate the learning progress of the students, we examined how the methods and
content of the basic course build on and expand the existing skills of the students. How do students
rate their data literacy at the beginning and end of the course, and in which areas of competence are
there positive developments and where are there still deficits?

The following section focuses primarily on the results of the evaluation in the areas of competence
in which libraries take on and impart a larger part of the content: "Establishing data culture”, "Providing
data" and "Publishing data". This evaluation summarises the research conducted between the winter
semester 2022/23 and the winter semester 2024/25. The population consisted of all participants in
the basic course during these three years. The data was collected using two online questionnaires
that were made available to students at the beginning and end of the course. A total of 130 students
completed the pre-questionnaire, while 42 students answered the post-questionnaire.

A separate pre- and post-questionnaire was developed for the evaluation [20], which was based
on the TH Koln’s competence framework for data literacy (cf. Chapter 2.1). In line with the learning
outcomes [21] of the DaLlI basic course, the focus was mainly on competencies in the lower levels of
Bloom’s taxonomy, which relate to knowledge, understanding and basic application skills [22].

5. Results - Assessment of Own Data Literacy

The summary evaluation of the last three years shows that students feel significantly more
confident in handling data after the course than at the beginning of the course (p = 0.00) (Figure 3).

14%

]
| ES

disagree

] , 25%
slightly disagree
0%

41%

undecided
29%

) 15%
slightly agree

45%

agree mPre

24%
m Post
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figure 3. Evaluation of survey responses to the statement I feel confident in dealing with data.” The results
compare self-assessment before and after completing the basic course.

On a scale of one to five, they also rated their general data literacy significantly higher after the
course (p = 0.00) (Figure 4).
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Figure 4. Self-assessment of data competence on a grade scale (1=very good to 5=insulfficient) before and after the
DalLl Basic Course. The question posed was: 'How would you rate your competence in handling data on a school
grade scale from one to five?’

The following assessments of personal data competence were made on a scale of -2 "not applicable”,
-1 "rather not applicable"”, 0 "partly applicable, partly not applicable", 1 "rather applicable” and +2
"applicable".

In the competence area "Establish Data Culture”, the students stated at the beginning of the basic
course that they knew the difference between data, information and knowledge (M*=0.45) and that
they handled personal data with care (M=0.78). In their opinion, they are not good at assessing gross
violations of data protection (M=0.27), have difficulty recognising whether content on the internet is
protected by copyright (M=0.15) and are not sufficiently familiar with guidelines, rules and criteria
relevant to data protection (M= -0.08).

In the area of "Provide Data", the students reported in the pre-evaluation that they found it
difficult to formulate hypotheses from a data set within the framework of a given research question (M
=-0.31). In addition, they stated that they were not familiar with quality criteria for research data (M =
—0.13) and therefore rarely applied criteria to critically evaluate the quality of a data source (M = -0.24).
They also found it difficult to clean existing data (M = -0.63).

The area of "publish data" received the lowest rating, i.e., this was where the least competence
was found. The students stated that they tended not to be familiar with the possibilities of sustainable
data management (M = -0.53). They also stated that they were unable to name the advantages
and disadvantages of open access publications and open data (M = —0.31) or the opportunities and
challenges of long-term archiving and reuse of data (M = -0.62). They were also largely unfamiliar
with methods for citing scientific data and publications in their own discipline (M = 0.01). The need
for library cooperation is by far the greatest in this area.

After completing the basic course, the students rated their skills significantly higher in most areas
than before the course began. The average values ranged between M = 1.10 and M = 1.34 (Figure 5).
There was a particularly marked improvement in skills in the areas of "managing data" (pre: M =
-0.29; post: M = 1.10) and "publishing data" (pre: M = —-0.41; post: M = 1.21). Students also rated their
knowledge of data protection (pre: M = —0.08; post: M = 1.22) and copyright (pre: M = 0.15; post: M =
1.26) was rated significantly higher by the students, who stated that they were better able to recognise

4 M = median
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gross violations of data protection (pre: M = 0.27; post: M = 1.38). The students reported being able to
clean data better after the course (pre: M = —0.63; post: M = 1.04). In addition, they are now familiar
with criteria for evaluating research data (pre: M = -0.13; post: M = 1.49) and, according to their own
assessment, also apply these criteria (pre: M = -0.24; post: M = 1.24). After completing the course,
they are also aware of opportunities for sustainable data management (pre: M = -0.53; Post: M = 1.09)
the advantages of open access and open data (Pre: M = -0,31; Post: M = 1,48), the opportunities and
challenges of archiving and reuse (Pre: M = —0.62; Post: M = 1.30) and methods of scientific citation
(Pre: M = 0.01; Post: M = 1.21).
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Figure 5. Self-reported confidence in data literacy skills before and after the course. Students rated their agreement
with statements of the form "I feel confident in my ability to..." on a scale from -2 (strongly disagree) to 2 (strongly
agree). All areas showed a significant increase in perceived competency.

6. Discussion

The pre- and post-evaluation of the basic course show significant improvements among students
in the various areas of competence. After the course, students feel more confident in handling data
and rate their data literacy significantly higher. The pre-evaluation shows that at the beginning of the
course, students rate their receptive data handling positively, but rate themselves primarily negatively
in terms of productive, analytical and scientific data handling. Similar results are also shown in the
studies by Oguguo et al. and Bandtel et al. [4,5].

The students’ self-assessment after completing the course shows significant improvements, pri-
marily in the areas of "managing data" and "publishing data". The increase was highest in both areas
compared to the pre-evaluation (Figure 5). Competencies in the area of "publishing data" are consid-
ered particularly important for supporting transparency and dialogue in science and research [23,24].
A special feature of research data comes into play in the competence area of "publishing data". In the
spirit of open science, this data should be publicly accessible (open access) and available for reuse
and publication. This is at least one of the central areas for active input and the teaching of skills by
academic libraries.

The competence area "evaluating data" shows a lower increase in competence, which suggests
that this module needs to be revised. In particular, the selection and application of quantitative data
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analysis methods and their implementation in analysis software seems to be a challenge for some
students, both before and after the course. The results are also consistent with other studies. Students
describe data analysis as challenging [25] and tend to rate their own skills as low [5].

Due to the limited sample size, the results are not representative. Nevertheless, they offer
valuable insights into practice-oriented digital learning scenarios for promoting basic data literacy skills.
Further research with larger samples is needed to validate the results and draw more comprehensive
conclusions.

7. Implications for Cooperation with Libraries and Outlook

The results suggest that attending and completing the basic course increases students’ data literacy
and promotes their understanding and appreciation of data literacy. Nevertheless, there is room for
improvement in terms of adapting the learning materials and creating greater social interaction
between students. At the same time, the results also show that significant learning progress has been
made in fields where academic libraries have proven expertise. This presents an opportunity to involve
libraries even more closely as strategic partners in embedding data literacy in the curriculum. Future
collaborations should aim to systematically integrate library services with subject-specific teaching
formats in order to cover both technical and ethical-legal aspects of data handling. A promising
approach is the expansion of interdisciplinary teaching and learning settings in which librarians work
together with subject lecturers to support practice-oriented projects — for example, in the context of
open data initiatives or research-related courses. In this context, libraries can act not only as knowledge
mediators, but also as infrastructure and service centres that support the entire research data cycle [26].

In the long term, collaborations should also focus on building sustainable networks between
university libraries, data centres, research groups and external partners. International examples show
that such networks increase the visibility of data literacy offerings, create synergies in the development
of training materials and promote knowledge transfer between institutions [27,28].

In the context of advancing digitalisation and the growing importance of data-driven research,
the role of academic libraries as competent partners in teaching data literacy will continue to gain
relevance. Future developments — for example in the fields of artificial intelligence, automated data
analysis or research data infrastructures — will require continuous adaptation of training content.
Libraries that get involved in these fields of innovation at an early stage can consolidate their position
as indispensable partners in the higher education context and actively contribute to the training of
tomorrow’s "data professionals" [29].

Funding: After initial funding from the Data Literacy Education.NRW programme run by the Stifterverband
Germany (2020) and the Bundesministerium fiir Bildung und Forschung Germany (2021), DaLI has been continued
and continuously expanded at the TH Cologne since 2023 using internal quality improvement funds.
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