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Abstract—This research-to-practice full paper presents
findings from a student-centered seminar tailored to address a
reported gap in digital competence training in the teacher
education program at the University of Vienna. The course was
designed to impart digital competencies through the
collaborative development of digitally enriched Open
Educational Resources (OER) on topics of computer ethics.
Students gained digital skills, practiced critical thinking
toward technological developments, and gathered teaching
experience through simulated teaching lessons.

Embedded in Participatory Action Research (PAR), data
was derived from Reaction Sheets, paired pre/post surveys, peer
evaluations, researcher notes, and the testing of selected OER in
simulated classroom settings and subsequently in school lessons.

The mixed-methods evidence shows improvements across
multiple DigComp 3.0 domains, including content creation,
safety, and problem solving, as well as growing confidence with
digital tools. Course evaluation and qualitative feedback
indicate that the learning environment was perceived as
supportive and motivating, with a strong emphasis on
collaboration. Reaction Sheets consistently highlighted the open
atmosphere and opportunities for hands-on experimentation as
key elements of the learning experience.

Together, the results suggest that this seminar format—
integrating OER development with teaching practice and tool
experimentation—is a promising approach for strengthening
digital competences in pre-service teachers.

Keywords— Higher education; Open Educational Resources;
Computational thinking; Critical thinking; Critical reflection;
Educational software; Collaborative learning; Ethics; Student
perception

1. INTRODUCTION

In the rapidly changing digital world, keeping up to date
with technological advancements is a challenging task.
Teacher education programs have the responsibility of
preparing pre-service and early-career teachers for their future
roles, who in turn will bear the same responsibility for their
students. This raises the question how we can best support and
effectively prepare our students for challenges that are yet to
come. To address this, it is essential to continuously research
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and identify ongoing topics and impart digital skills that will
remain relevant in the students’ future roles as teachers. It is
also crucial to involve pre-service teachers and their opinions
in this process so they can participate in forming their own
future. Therefore, prior research underlying this paper
investigated the opinions of our students [1, 2, 3] and
university staff [4]. These studies revealed a dissatisfaction
among students regarding the integration of digital
competences into teacher education programs. While
interviews with faculty highlighted key challenges in fostering
digital competences, they also identified promising best
practices and potential directions for improving the status quo
— and led to new approaches, including the one discussed in
this work.

The generated insights highlight a clear gap between
curricular intentions and students’ expectations, as students
often have to acquire these skills independently instead of
learning them through their studies. To address this gap, we
designed and iteratively refined a student-centered seminar
focusing on digital competences, computer ethics and
practical teaching experience. Over four course iterations, the
design evolved based on students’ reactions, lecturer
reflections, and empirical evaluation.

This paper contributes to closing this gap by presenting
findings from three iterative evaluations of a seminar
specifically designed to meet pre-service teachers’ needs and
improve the perceived quality of teaching at the University of
Vienna. We report changes in students’ self-perceived digital
competences and derive implications based on three cycles of
Participatory Action Research (PAR). While this study is
investigating teacher education, it directly contributes to
engineering and computing education by addressing the
preparation of future educators responsible for teaching digital
and computational competences in schools It also prepares
future teachers and their students for the reflective use of Al
services and their impact on society and contributes to
improving digital literacy for future generations, including
prospective computer science and engineering students.

The investigation addresses the following research
questions:



RQ1: What impact does the course have on participants’
self-perceived digital competences?

RQ2: What are the students’ reflections on the PCeL
approach implemented in the course?

II. BACKGROUND AND RELATED WORK

A. Background

Different efforts have been made to define the skills and
competences required from citizens, teachers, and students in
a rapidly evolving digital world. These are often grouped as
“digital skills” and considered part of broader “future” or
“21st-century” competences. Such groupings have formed the
basis for various models and frameworks, including
DiKoLAN [5], digikomp [6] or the recently released
European DigiComp 3.0 framework by the European
Commission [7]. This framework outlines general
competence areas, corresponding specific competences, and
illustrative examples.

For this research the “DigComp 3.0” was chosen as a basis
for classifying the competences our students gain and
specifying the research results. The students were also tasked
to align their developed resources with the extended
framework“DigComp 2.3AT” [8, 9]. In addition to the five
areas of the original DigComp framework (1. Information and
Data Literacy, 2. Communication and Collaboration, 3.
Digital Content Creation, 4. Safety and 5. Problem Solving )
the Austrian extension adds the area “0. Foundations, access,
and digital understanding,” focusing on core conceptual
knowledge of digital technologies.

For our research in this and previous works [1, 2, 4, 10]
we apply the following definition of digital competences: “By
digital skills, we mean all the skills and abilities necessary in
the digital era to participate responsibly in social and
professional life, such as the informed acquisition of
information and the responsible use of digital media, tools,
and platforms”

In Austria, to adapt to the challenges of this quickly
evolving digital world, a new mandatory subject “Digitale
Grundbildung” (“Basic Digital Education”) was introduced in
2022 for secondary education [11]. While the subject is
already being taught in schools, the corresponding university
teacher training program has only recently been introduced,
and teachers from other disciplines currently fill this gap. As
a result, these teachers require additional training and up-to-
date teaching materials. Since such materials quickly become
outdated, there is a need for resources that are accessible,
current, and adaptable—an area where OER provide a suitable
solution and a key direction for this research.

B. Related Work

The master’s thesis of Prenner [12], who surveyed
graduates of the teacher education program of the University
of Vienna, concluded that nearly half of the 15 respondents to
their survey felt insufficiently prepared to integrate digital
skills into their teaching, Additionally, newly qualified
teachers reported a lack of relevant courses addressing digital
competences. The study also revealed considerable
differences in how these skills are taught across institutions,
even within the same country.

Similar results can be found in educational facilities of
different countries: Gudmundsdottir et al. [13] analyzed newly
qualified teachers’ digital competences. The analysis of the
conducted survey showed that their teacher education
programs are not considered to be efficient at helping students
develop digital competence. Another analysis concerning the
level of ICT integration among Norwegian student teachers by
Rokenes et al. [14] used a mixed methods approach employing
a survey and 15 interviews. They concluded that pre-service
teachers should not only be provided with suitable resources
and tools, but also the opportunity to engage in collaborative
learning with their peers and to participate in experiential
learning activities within the context of didactics courses.
They further emphasized that tools need to be applied in depth
rather than being only briefly introduced.

This approach is reflected in our course design, which
emphasizes active use of digital tools through practical
engagement. Students experiment with new tools and develop
OER on current topics, either for lesson preparation or for use
in classroom settings. Particularly relevant to this work,
Andone et al. [15] analyzed the results of involving students
in the collaborative creation of OER for reuse in higher
education programs in STEM. They evaluated if creating OER
increases students’ understanding of open education
principles and if they therefore can apply it on future
occasions. Their findings suggest that this process enhances
students’ understanding of open education practices and
supports the development of lifelong digital learning skills. To
support OER development in our course, guidelines and
checklists [16] as well as quality assurance measures [17]
were provided.

III. RESEARCH APPROACH AND METHODS

Research Design: The present study is one of the results
of a three-year research work with different research designs
and investigations, which are briefly described in section “IV.
A Diagnosing”. In particular, this paper describes the
investigation of a pilot intervention to the concerns raised by
our students.

This study uses participative action research (PAR) as
overarching research framework to study the university course
“Teaching Computer Ethics with 21 Century Skills”(TCE21)
including its effect on students who develop OER. The PAR
framework encompasses qualitative and quantitative methods
described in section B. The PAR was iterated over three
cycles, corresponding to three consecutive instances of the
course, which was improved based on students’ reactions and
feedback as well as the lecturer’s observations after each
cycle. This paper focuses on analyzing the third cycle but
includes additional data from previous cycles or the most
recent and most advanced fourth cycle which is in the process
of being completion as of the writing of this work.

A. Participatory Action Research

From the beginning, the research and resulting measures
were conceptualized as a cyclic process combining research
and action taking. Therefore, the integrated approach of
Participatory Action Research (PAR) [18], was chosen as the
most appropriate methodology for this study.

In accordance with the recommendations set forth by
Susman and Evered [19], the process was adapted to our



needs. As indicated in Fig. 1, PAR typically consists of five
cyclic phases and was adapted to involve an extra step in phase
3: 1) diagnosing (the initial research), 2) action planning
(planned measures, in this case the course), 3) action taking
((A) the course being held, (B) the resources being tested in a
real classroom situation), 4) evaluating (the evaluation with
different methods of data collection), and 5) specifying
learning (the outcomes and implications for the future).

Within each cycle, a range of research methods was
applied during the action-taking phases. The outcome of one
cycle directly informed the next, ensuring continuous
evaluation and iterative refinement of the course and the
resulting OER, ultimately contributing to improved student
satisfaction with their study program and enhanced digital
competences.

1.
/ Diagnosing \
5.
Specifying 2. Planning
learning

2 3a. Action
- Taking
Evaluating Phase A

R 3b. Action /

Taking
Phase B

Fig. 1: adapted PAR cycle with an additional step in action taking

B. Research Instruments Embedded within the PAR

For this research, we used data collection methods that
already proved effective in previous work [20] — Reaction-
Sheets [21], pre/post-surveys, researchers’ notes and
standardized course evaluations.

Pre- and Post-Survey Regarding Digital Skills and
Competences: In the first lecture, participants completed a
pre-survey to self-assess their digital competences based on
the DigComp model. The survey was conducted via the LMS
“Moodle” using the validated questionnaire by Schauffel et al.
[22] comprising 25 closed questions in which students rated
their agreement with given statements on a Likert scale
ranging from strongly disagree (1) to strongly agree (6). The
questionnaire includes six subscales: General, Communicate,
Process and Store, Generate Content, Safe Application, and
Solve Problems. At the end of the course, students completed
the same questionnaire as a post-survey. Responses were
paired, including only participants who completed both
surveys.

In addition, students answered further questions derived
from the original survey [1], which examined whether digital
competences are sufficiently integrated into their studies and
whether they feel prepared to impart these competences to

their pupils. These items were included to determine whether
the course influenced students’ perceptions in this regard.

Data Analysis: The data of the pre- and post-survey
regarding students’ perceived digital competence were
exported from Moodle and imported in Microsoft Excel for
further processing and matching. The paired records were then
anonymized and exported to be analyzed in R. Due to the
small sample size and several subscales revealing a significant
result in a Shapiro-Wilk test for normality, non-parametric
Wilcoxon rank sum tests were used to find significant
differences in students’ self-perceived digital competence.

Reaction-Sheets (Data Collection and Analysis):
Reaction Sheets are an open feedback format based on Carl
Rogers [21], allowing students to openly reflect on their
experiences during the course. They were submitted weekly,
and key themes were presented at the beginning of the
following session, including how feedback influenced
subsequent lessons. This process encouraged continued
participation and engagement.

Approximately 32,000 words of feedback from the third
course iteration were analyzed with a focus on PCeL. Due to
space constraints, a full content analysis [23] was not
conducted; instead, a targeted thematic analysis combined
with keyword search was applied using deductive categories
such as “atmosphere,” “feedback,” and “openness.” The
analysis was conducted in Microsoft Word.

Standardized Course Evaluation: At the end of the
course, a standardized online questionnaire with 41 items was
distributed (winter term 2023), resulting in 14 complete
responses. The data were examined for indicators of teaching
quality and the extent to which student needs were addressed
and PCeL-related aspects were reflected. Participation was
voluntary and anonymous. Descriptive analysis and
visualizations were conducted using Microsoft Excel. As this
instrument was not part of our primary design, these results
are considered supplementary to the main analysis.

Alignment with Research Questions: The quantitative
pre/post survey was used to address RQI1 (changes in
perceived digital competences), while RQ2 was explored
through qualitative analysis of Reaction Sheets and supported
by findings from the course evaluations

IV. RESULTS AND FINDINGS ACCORDING TO THE 5 PAR
PHRASES

A. Diagnosing

Diagnosing began with investigating what our students
needed and how these needs could be addressed. In our
previous work (Fig. 2), a university-wide survey among pre-
service teachers was conducted [1] to examine their
perceptions of the integration of digital competences in their
teacher education program. This was followed by two focus
groups [3], one with students and one with professors and
lecturers. In parallel, a series of interviews with faculty
explored the challenges of integrating and teaching digital
competences, resulting in a collection of best practices [4].

The overall outcome showed that students were
dissatisfied with the digital competences they acquired during
their studies and provided suggestions for improvement.



Summarizing prior research, the students’ wishes as well
as the goals of the course were compiled into the following
list. Students repeatedly asked for:

e more teaching practice

e more “useful” tools (free and easy to use for students
and pupils, without registration requirements)

e more thorough experience with new tools

e cngagement with topics that remain fundamentally
relevant over time (e.g., fake news, social media
influence)

o reducing the “fear” of trying new approaches
e more courses that teach digital skills

e teaching of didactics concerning digital skills and
opportunities to collaborate with other students

Literature Review
(Related Works &
Prestudies)

Status Quo
Educators

Status Quo
Students

FIE2022 [1]

Research Area
»Diagnosing*

FIE2023 [2]

1
Pilot 2
“Sustainable
OER

Pilot 3 “Subject
specific
integration”

Pilot 1: University
Course “TCE21”

FIE 2024 [21]

HIET 2025 [26]

Fig. 2: Research Approach: Theoretical research (research area
“Diagnosing”) and the resulting “Implementing” pilot projects I 1-
3, each with their publications. Previous research and its findings
resulting in the pilot projects described, in this work the course
TCE21

B. Planning

In addition to the students’ wishes, we also added our
aspired learning outcomes:

e address the identified needs within a course

o support self-directed learning in a student-centered
manner

e provide useful input from our own practical
experience in school

o target key competences from the DigComp 2.3AT/3.0
framework

o foster digital collaboration (e.g., video meetings and
collaborative work in cloud environments)

e develop up-to-date teaching materials on current
topics, along with guidance for their creation to reduce
barriers to integrating digital skills into everyday
teaching

The findings from the diagnosing phase in 2021 led to the
planning of this course, addressing students’ needs while
incorporating these objectives. Overall, the course’s
pedagogical design is grounded in Person-Centered,
Technology-Enhanced Learning (PCeL) which emphasizes
learner autonomy, an atmosphere of psychological safety and

reflective engagement with the topics provided. In this course,
PCeL supported the creation of the necessary “safe space” and
an open learning environment which enabled the students to
explore digital tools experimentally. Elements of TPACK
(Technological Pedagogical Content Knowledge) [24]
combined the integration of technological, pedagogical and
content knowledge. While PCeL can be seen as the foundation
for the learning environment, TPACK provided the
conceptual basis for designing OER that combine digital
competences with topic-specific didactics.

The course was structured into three initial input sessions,
followed by ten sessions conducted as “teaching experiments”
based on the collaboratively developed OER addressing topics
in computer ethics. After each session, teaching and materials
were peer-evaluated, and students revised their materials to
improve quality and suitability for school use, which is
examined in a related pilot project [20]. In a third project that
was spawned by TCE21, the collected best practices,
materials, and digital tools were also shared in a subject-
specific collaboration to support the integration of digital
competences into German subject didactics [25].

In case of TCE21, the overall course is intended to be non-
subject specific, allowing it to be applied across all subjects in
secondary teacher education in Austria. To reach a broad
range of pre-service teachers, it is suggested to be integrated
into the ‘general basics of educational science’ component of
the curriculum as a mandatory course.

C. Action Taking

Lecture Design

Pre-Survey
— Lecture 1-3 (Theory)

= Lecture 4-13 (Practice)

Reaction-Sheets

= Post-Survey & Evaluation

Lecturer-Redesign

Fig. 3: TCE21 Course and iterative research design: after the initial
design, the course started with three pre-surveys, followed by three
input and ten practical lessons. The course is accompanied by
permanent feedback through Reaction-Sheets and concluded with 3
post surveys and the anonymous course evaluation. The results lead
to partially redesigning the course if necessary

As mentioned in B. Planning, the course consists of an
introduction part and a practice part. In the first part consisting
of three lessons the course concept itself including the topics
along with the students are getting “updated”:

These input sessions are led by the lecturer and focus on
collecting practical teaching tools and approaches, relevant
digital competences, and current topics from the field of
computer ethics. The selected topics are closely linked to real-
world developments relevant to both the students and their



future learners. The collected digital tools, new teaching
methods and approaches, current topics (...) are then collected
in a shared document which from that moment on serves as a
base for the OER to be developed and therefore upcoming
lessons. For instance, students developed OER on topics such
as: autonomous vehicles (and ethical considerations on
environment, jurisdiction and the job-market), practical
exercises on identifying misinformation like fake news and
deep fakes, responsible use of generative Al and possible
implications on our future, the influence on social media on
adolescents This collaborative process was repeated in each
course iteration, making it possible for the course to be
continuously modernized. After the three initial lessons, the
students had built up a catalogue of digital competences, skills
and tools to use for their own lessons to hold.

Inspired by the idea of Dale’s cone of experience [26] and
supporting students’ wishes for more practical teaching
experience and for actively using new digital tools in a
classroom setting, selected students take on the role of a
teacher in the following ten lectures — using their own
designed teaching materials on computer ethics and digital
teaching tools of their choice in an experimental lesson. At the
same time the other students participate in those lessons as
“pupils”, followed by a peer reflection and evaluation on the
tools, their possible use cases in teaching as well as they take
part in a discussion in which scenarios the tools might (not) be
beneficial. These lessons are supported by student-designed
Moodle courses, providing hands-on experience with a
learning management system from a teacher’s perspective. In
this way, students develop digital competences while
reflecting on current topics and producing materials for
classroom use.

In this scenario, the “safe space” feeling is important. After
each session, both “teachers” and “pupils” reflect openly on
the content, the tools used, and their personal experiences, also
considering how these approaches could be adapted to
different subjects and age groups. Throughout the whole
seminar, the students tasked to hand in Reaction-Sheets [21,
27, 28] on the lesson they just experienced. This feedback is
anonymized and shared with the presenting group, who then
revise their materials accordingly. The resulting OER serve
both as learning outcomes and as an indicator of the
effectiveness of the approach, as high-quality materials
suggest successful competence development. The resulting
high quality OER packages are also considered as sort of proof
of concept or feedback on the course itself. In follow-up
project these materials are then tested in a real classroom
setting [29, 30], where they have been associated with
increased student interest in the topics and positive responses
to the use of digital tools. Further details on previous course
iterations and classroom implementations can be found in
Ambros et al. [20].

Of the three investigated PAR cycles, this paper primarily
focuses on the results of the third cycle. Due to the limited
capacity of the seminar, each cycle involved 25 students (12
male and 13 female in the third cycle) in advanced stages of
their teacher education program. Twenty participants were
pre-service teachers, while five were already working as early-
career teachers.

D. Evaluating

Pre- and Post-Survey Regarding Digital Competence:
After pairing pre- and post-survey results, eleven records
remained. Students’ overall estimation of their digital
competence increased from an average of 7.29 to 8.23 on a
scale from 0 to 10; this difference was found highly significant
using a Wilcoxon rank sum test with p=009. A deeper
analysis reveals that all six subscales showed a notable
increase from the pre-test to the post-test, two of which were
found significant: The subscale “communicate” and “solve
problems” increased significantly with p=.014 and p=.024
respectively. Considering the small sample size of 11, this is a
distinct result (see Fig. 4).

Percerved Digital Competence (‘lotal) - Summer Term 2024
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Total pre G 7.29
Total post 8.23

Perceived Digital Competence By Subarea - Summer Term 2024
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

General pre - G |59
General post 1.68

Communicate pre I 132
1

Communicate post 43

Process and store pre I 1 28
1.38

Process and store post

Generate content pre NG .09
Generate content post 1.29

Safe application pre I 0.97
Safe application post 119

Solve problems pre NG .04

Solve problems post 1.26
Fig. 4: Students’ perceived digital competence in Summer Term
2024(N=11)

The results highlight the effectiveness of the course
design, which encourages students to engage with digital tools
and teaching methods while confronting typical challenges of
classroom practice and introducing strategies to address them.

For instance, shared cloud-based documents, live
feedback tools, or word cloud applications can support
participation in situations where classroom interaction is
limited, enabling students to contribute anonymously via their
own devices. Due to the small sample size (n = 11), the
pre/post survey was repeated in the most recent iteration,
which had just been completed at the time of writing.

The overall structure of the course remained unchanged,
with only slight differences in cohort composition (n = 12).
These additional data were used to support and contextualize
the earlier findings. Fig. 5 presents the pre- and post-survey
results from the winter term 2025/26, based on twelve paired
responses. An overall increase in perceived digital
competence was again observed, rising from 6.43 to 7.27 on
the total scale. Due to the small number of paired responses,
this difference did not reach statistical significance (p = .054).
However, all subscales, except for the general scale, showed
consistent positive changes.

The increase in perceived content creation competence
was statistically significant (p = .017), while the process and
data subscale remained slightly above the significance
threshold (p =.067).



Perceived Digital Competence (Total) - Winter Term 2025/26
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Total pre 6.43
Total post 7.27

Perceived Digital Competence By Subarea - Winter Term 2025/26
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

General pre I (44
General post 1.43

Communicate pre G .15
Communicate post 1.29

Process and store pre | I .07

Process and store post 123

Generate content pre I .02

Generate content post

Safe application pre NG 0.38

Safe application post 1.06

Solve problems pre | INEEEG—G— 037

Solve problems post 1.03
Fig. 5: Students’ perceived digital competence in Winter Term
2025(N=12)

As previously mentioned, one of the pre/post
questionnaires focused on whether the course could influence
students’ perceptions of the integration of digital competences
in their study program and their preparedness to teach these
competences to future pupils. These questions were originally
posed in a university-wide survey among teacher education
students [1], [2]:

In this original study, the vast majority (~ 73%) of the 322
participating teacher education students disagreed or rather
disagreed with the statement 1. “Digital skills are sufficiently
integrated into the courses of my teacher training program”
and almost half (~48%) disagreed or rather disagreed with the
statement I “Overall, I feel well prepared through my studies
to support my students with the acquisition of digital skills”.
In TCE21 in 2024 the results from participants show an even
more drastic picture, where in statement [ PRE (n=19) ~89,5%
(17 students) are disagreeing (3) or rather disagreeing (14)
(Table I) and only 5% or 1 student either rather agrees or fully
agrees. This changes in the POST results (n=13), where still 3
students (~23%) disagree with statement I, the number of
students rather disagreeing was reduced to 7 (~54%) and the
number of students rather agreeing or agreeing increased from
2 to 3 (~23%).

Similar to the paired pre-post survey, due to its voluntary
character, the quantitative results in the 2024 iteration of the
course and the low number of participants (PRE: n=18 POST:
n=13) showed improvement, but for better validation we
repeated the survey in the formally identical 2025 course with
higher participation numbers especially in POST (Table I).
Again the vast majority does not agree (10 students or ~42%)
or rather disagrees (11; 46%) with statement I in PRE. This
again improves in POST, where only 1 student still disagrees
with the statement, 13 (65%) rather disagree, 5 (25%) rather
agree and 1 (5%) agrees.

Statement Il shows a similar trend (Table I). With most
students feeling mostly negative about statement II in PRE - 2
disagree (~8%) and 14 (~58%) rather disagree, while 7
(~29%) rather agree and 1 (~1%) agrees — in POST the
majority agrees with the statement: 1 disagrees (5%), 5 (25%)
rather disagree, 9 (45%) rather agree and 5(25%) agree.

These results indicate a positive influence of the course on
the general perception and satisfaction of the teacher
education program concerning digital skills training.
However, a single course is not sufficient to achieve a high
overall level of satisfaction.

TABLE L. PRE/POST SURVEY RESULTS ON DIGITAL SKILLS
INTEGRATION AND PREPARATION THROUGH STUDY PROGRAM

Statement & possible answer n (%) n (%)
Digital skills are sufficiently integrated into the courses of my
teacher training program 2024 PRE (n=19) POST (n=13)

PRE POST
Disagree 3 (16) 3(23)
Rather disagree 14 (74) 7(54)
Rather agree 1(5) 2(15)
Agree 1(5) 1(8)

Digital skills are sufficiently integrated into the courses of my
teacher training program 2025 PRE (n=24) POST (n=20)

PRE POST
Disagree 10 (42) 1(5)
Rather disagree 11 (46) 13(65)
Rather agree 3(13) 5(25)
Agree 1(5)

Overall, I feel well prepared through my studies to support my
students with the acquisition of digital skills (2024) PRE (n=18)
POST (n=13)

PRE POST
Disagree 3(17) 0(0)
Rather disagree 9 (50) 3(23)
Rather agree 5(28) 7(54)
Agree 1(6) 3(23)

Opverall, I feel well prepared through my studies to support my
students with the acquisition of digital skills (2025) PRE (n=23)
POST (n=20)

PRE POST
Disagree 2(9) 1(5)
Rather disagree 13(57) 5(25)
Rather agree 7(30) 9(45)
Agree 1(4) 5(25)

 The results of the two pre-post survey give a strong indication that the course’s intended
improvement of the situation at the University of Vienna works.

Reaction-Sheet Analysis: The keyword search of the
reaction sheets showed highly positive responses to
atmosphere, openness, and feedback culture. “Atmosphere”
appeared 21 times, consistently described as “friendly”,
“relaxed”, or “safe space”. Mentions of openness (n=13) and
sympathy (n=9) with positive mentions of the lecturer meeting
students at eye level further highlight the importance of the
PCeL approach.

At the beginning, some students expressed uncertainty
about the open structure of the topics and preparations, while
others perceived this “freedom™ positively. In the final
Reaction Sheet, students who had initially reported a lack of
guidance described the experience as positive and beneficial
for their learning.

Standardized Course Evaluation: The results of the
standardized evaluation (Fig. 6) indicate that, from the
students’ perspective, the course achieved its intended goals,
was well received, and provided useful materials and
feedback. The lecturer was also perceived as adopting a
student-centered approach.
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uvery bad mvery good

Fig. 6: Results of the standardized course evaluation (N=14)

From the open questions and answers, students often
remarked the course was very helpful, motivating and
relevant, with critique mostly referring to the Moodle course
needing to be better organized.

E. Specifying Learning

PAR proved effective in examining the ongoing
development of the course. The mixed-methods approach not
only supported gradual improvements across iterations but
also allowed for adjustments within a cycle and evaluation of
their effects.

The PCeL-informed approach, combined with the use of
Reaction Sheets, ensured that student feedback was
consistently captured and considered.

In the second and third iterations, minor changes were
made to the initial sessions in response to student feedback.
For example, the introductory phase will be made more
interactive in future iterations to further support relationship-
building and engagement.

Additionally, the Moodle course will be restructured, and
existing OER from previous iterations will be updated and
potentially collected in a shared repository for teaching
resources.

By actively involving students in identifying relevant tools
and participating in the lessons, the course remains adaptable
to current developments. The resulting OER provide future
teachers with up-to-date, digitally enriched materials that can
be shared and further developed.This design can be adapted to
different subjects and used to integrate digital competences
alongside  subject-specific ~ content while providing
continuously updated teaching materials.

V. DISCUSSION AND OUTLOOK

In RQ1 we asked: What impact does the course have on
participants’ self-perceived digital competences?

The results from the paired pre-post survey show
significant improvement of perceived digital competences in
certain areas of the DigComp 2.3AT/3.0 framework. This is
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an expected result due to the tasks of creating digital artefacts
by designing and, using and evaluating digitally enriched
teaching materials. Improvements were also observed in other
areas, such as problem solving, which can be linked to the
exploratory introduction of digital tools, where students
applied these tools and Al-based applications to practical
challenges.

In further pre-post questionnaires, the students also report
an overall improved situation concerning the integration of
digital competences into their study program after finishing
the course, suggesting the course’s effectiveness in not only
preparing the students for their future challenges but also
being able to create higher satisfaction levels among students,
which was also confirmed by students already far advanced in
their studies or who already graduated. These findings are in
line with conclusions by Rekenes ectal. [14], whose
recommendation to equip student teachers with appropriate
tools and opportunities for collaborative, experiential learning
partially inspired elements of our course design.

RQ?2: To what extent do the students agree with the PCel
approach of the course?

The open atmosphere and the safe space where it was
possible to talk freely about any challenges and it was
welcome to make mistakes “better now than in a classroom”
created an atmosphere of trust and led to experimentation with
tools, topics and settings, eventually creating fun moments for
all participants. This “open” and “relaxed” atmosphere was
one of the most reported key themes in our qualitative analysis
of the Reaction-Sheets. This memory even stuck with former
participants of the course as it is among the things most
mentioned when students were asked what the first thing(s)
were that come to their mind when they were asked to think
back to the course in a small follow-up study.

From the lecturers notes it can be concluded that
approaching the students on an eye level, providing a fun
atmosphere and pointing out the benefits of good work in the
lecture (the OER are shared after the lecture and the higher the
quality the bigger the benefit for everyone) was enough to
ensure a high level of engagement and self-directed learning
on both sides. As the lecturer can also learn new tools, topics
or teaching approaches through the students teaching
experiments, creating a productive and positive atmosphere is
a shared interest for both students and lecturer.

The perceived lack of guidance and liberty to explore new
ways of teaching, learning, completing tasks and in general
practicing the work of a (future) teacher was reported
problematic by some at the beginning of the course. Via the
Reaction-Sheets their change in opinion was observed and
throughout the course they started to see the approach very
positive. Some of those students called it freedom. Which fits
perfectly, as the pioneer of the Person/Student centered
approach “Carl R Rogers” calls for “Freedom to Learn” [31].

A. Limitations

One key limitation of this study is that TCE21 represents
a single course at one university and is offered as one option
among several courses, depending on student interest.
Additionally, it has so far been conducted by the same
lecturer, who also acts as teacher and researcher and has
extensive experience with implementing PCeL. Creating and
maintaining a positive and open atmosphere may therefore



depend on individual experience and may require practice for
those new to the person-centered approach.

The quality of OER is highly dependent on the students
inner motivation and partially on prior teaching experience.
On the other hand technically versatile students or students
who are already teaching might feel underwhelmed by the
tasks.

This research in particular is limited by space constraints:
within the PAR approach, many different research and data
collection methods were implemented and only a fraction of
the available data has been processed. There have also been
time constraints as the fourth iteration of the course just
finished while preparing this work and more recent results
could have added to the bigger picture, especially the follow-
up long-term-effect questionnaire that was set out to former
students.

The voluntary nature of the pre-post survey led to a low
amount of pairs in both iterations of the course. This is a
finding of this research that will lead to some changes in future
iterations of the course and the task will be mandatory, which
so far was opted out as we feared it might influence the results
if students are forced to participate. Overall, the pre/post
survey results indicate a positive trend, but additional data are
required.

Given the small number of paired responses and the
exploratory nature of the study, we consider parts of the
findings as indicative rather than generalizable. However, the
replication of trends across multiple course iterations supports
the robustness of the findings.

B. Further work

In In future work, we will further investigate the long-term
effects of this approach and explore the integration of similar
pilot courses into the curriculum at the University of Vienna
by scaling the design to additional subjects and institutions.
The recently concluded fourth iteration will be analyzed in
detail, and the approximately 40 OER packages developed
across all iterations will be reevaluated with the aim of
publishing them in an open-access repository.

For the fifth iteration, the pre/post surveys will be made
mandatory to increase the amount of paired data. Eventually
this course will be formalized as a flexible model so other
universities or educational institutions can adapt it to their
needs and hopefully reach similar results.

Although long-term effects were not part of the present
research questions, preliminary follow-up data from former
participants suggest that this course may also have sustained
impact on teachers’ confidence, tool adoption and their
engagement with topics of computer ethics (e.g. productive Al
use in school, cyberbullying...). These findings are not
analyzed in detail yet, but indicate promising directions for
further investigation. Future work will therefore explore the
durability of the course’s effects across graduates who have
transitioned into teaching practice.

VI. CONCLUSION

To address students’ feedback on the inclusion of digital
competences at our university, we designed a student-centered
pilot course involving the collaborative development of OER
on digital skills and computer ethics over three iterations. The

results showed that even a single PCeL course focusing on the
students’ feedback can have a major impact on the students on
many levels. Not only did the overall perceived digital
competence improve, but the students also felt more confident
in trying out new teaching methods and tools in their future,
leading to a more experimental approach and potentially
improved lifelong learning for these becoming educators.
Students also report higher preparation levels for imparting
digital skills onto their future students. The three PAR cycles
and the employed research instruments were used to gradually
improve the course and keep it useful and modern for future
iterations.

Moreover, previous results showed the positive impact of
the course on the students including their overall satisfaction
with the study program [10]. Through further analysis of the
data and repeating the survey in later iterations of the course,
we were able to confirm these results. To ensure the quality of
the resulting OER, they were also tested in a school with 14-
15 years-old pupils, resulting in increased interest in these
topics and a very positive reaction to the used tools and the
modern teaching methods [20, 29, 30].

While the course’s OER focus on computer ethics, this
course framework can be applied to any subject and especially
the practical exercises from authentic teaching scenarios will
help students acquire digital competences, a higher confidence
when using digital tools, and provide them with modern
teaching materials. We therefore suggest the course design as
a good practice to teach digital competences in a student-
centered way and developing quality-assured OER at the same
time to address the challenges of the ongoing digital
progression.

The results indicate that the course contributed to
narrowing the gap identified in the university-wide study -
students” expectations on the integration of digital
competence training in their teacher education program and
the reality. As the university wide study showed there was a
lack in preparation for the later teaching realities and the
course TCE21 significantly reduced that gap.
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