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Abstract. Artificial Intelligence (AI) is gaining ground in school curric-
ula worldwide, leading to an urgent need to train teachers in AI and data
literacy. However, according to recent literature reviews, there is a lack
of research-based professional development for teachers in these areas. In
the following paper, we outline the steps we have taken to fill this gap
by developing a 7-hour professional development program for teachers
using the action research approach and evaluating it with 70 computer
science teachers using a mixed methods approach. The results show that
the program has increased teachers’ perceived competence in introducing
students to AI and improved their understanding of AI concepts. How-
ever, there is no clear evidence that a 7-hour program is sufficient for
teachers to teach AI and data literacy related content in their classes.

Keywords: Data Literacy · Artificial Intelligence Literacy · Teacher
Education · Action Research · Mixed Methods

1 Introduction

In response to the rapid development of artificial intelligence (AI) technologies
and their ubiquity in children’s lives, UNESCO member countries are taking
steps to implement AI Literacy and Data Literacy (AI&DL) at various levels
of K-12 education [1]. These are two distinct sets of skills. The former is a set
of competencies that enables individuals to develop and critically evaluate AI
technologies, to communicate and collaborate effectively with AI, and to use
AI as a tool online, at home, and at work [2]. The latter intersects with the
former, serves as its essential component [1], and is associated with the ability
to critically collect, manage, evaluate, and apply data [3]. However, the key to the
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effective integration of AI&DL into school education is the effective preparation
of teachers [4, 5]. Despite the growing number of academic publications on AI
education [6], according to recent literature reviews [7–10], there is a lack of
research on professional development programs for AI&DL.

Through our research, we take a step towards filling this gap. Based on the
requirements for professional development programs for teachers as identified
through (i) dialogue with European policymakers and (ii) a review of European
education policies, we created a one-day professional development program for
in-service computer science (CS) teachers, none of whom had prior knowledge of
AI. The program is based on the Dagstuhl Triangle Model [11] and was evaluated
with 70 CS teachers from Germany, Austria and Lithuania under the guidance
of the following two research questions (RQ):

1. What is the effect of the designed program on CS teachers’ perceived com-
petencies to incorporate AI&DL into their teaching repertoire and on their
understanding of AI&DL concepts?

2. To what extent are teachers able and willing to incorporate AI&DL content
introduced in the program into their teaching, and what are the potential
barriers?

In the following, we present the program structure, evaluation approach and
instruments, and our findings. We begin by reviewing existing professional de-
velopment programs for teachers on AI&DL and the policy frameworks that
support teacher professional development on AI&DL in Section 2. In Section
3, we then outline the process we used to design and evaluate the program. In
Section 4, we present details of the program format. The implementation of the
program with 70 CS teachers is reported in Section 5 and finally, in Section 6,
we discuss key findings.

2 Related work

In a recent systematic literature review, Sanusi et al. [7] found that there is a
lack of teacher training programs that include AI for K-12, although we found
some recent research. Jeon et al. [12] developed a teacher training for primary
and secondary teachers using the ADDIE (analyze, design, develop, implement,
evaluate) model and conducted a case study with 21 participants in South Korea.
Their training concept included unplugged approaches for elementary schools
and block-based programming combined with physical computing for secondary
schools. More recently, Lee et al. [13] presented how a professional development
program could be conducted in the form of an AI book club, where teachers spend
a few hours a week independently reading selections from an AI book, reviewing
AI activities, and then meeting online to discuss the materials. We also noted
the development of a variety of courses on AI&DL for the general public (e.g.,
Elements of AI [14]) and for teachers specifically (e.g., the National Progression
Award in Data Science for teachers in the United Kingdom [15]). However, we
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could not find any research describing the design choices, implementation, and
effectiveness of these programs.

There are a number of educational guidelines and recommendations that rec-
ognize the need for professional development for in-service teachers. For exam-
ple, a recent Organization for Economic Cooperation and Development (OECD)
working paper stated that continuing professional learning is vital for teach-
ers to broaden and deepen their knowledge, keep up with new research, tools
and practices and respond to their students’ changing needs [16]. Regarding
education for technological developments, the European Union (EU) recently
published the European Digital Competence Framework DigComp 2.2 [17]. The
document includes a list of more than 80 examples of knowledge, skills and atti-
tudes related to citizens interacting with AI systems. Data literacy is one of the
framework’s five competence areas. For teachers specifically, the EU has pub-
lished the Framework for the Digital Competence of Educators (DigCompEdu),
which focuses specifically on digital competences for teachers [18]. The most re-
cent version of this document is from 2017, and does not mention data literacy or
AI literacy. However, in the Digital Education Action Plan (2021-2027), the EU
takes note of the rapid changes in digital communication and use. The document
contains 14 actions, divided into two main priorities. Specifically, Action Six fo-
cuses on “Ethical guidelines on the use of AI and data in teaching and learning
for educators” and Action Eight deals with “Updating the European Digital
Competence Framework to include AI and data-related skills” [19]. More doc-
uments on global education policy on AI can be found in the multidisciplinary
repository of the OECD AI Policy Observatory [20]. For European countries,
a similar visualization of national AI initiatives is provided by the Council of
Europe [21].

3 Methodology

To develop a professional development program, we followed the action research
approach [22]. Action research is characterized by its iterative nature, involving
multiple cycles of planning, action, observation, feedback, and reflection. As
suggested by Dittrich et al. [23], the process consisted of three phases:

Phase 1 - Understanding Practice: We conducted research on the availability
and common practices of professional development for CS teachers. We then
examined 38 education policies from Germany, Austria and Lithuania, as well as
specific EU-wide policies, to understand the requirements for introducing AI&DL
into teacher education. In addition, we conducted a cycle of four workshops with
87 policy makers from public authorities, research and education and collected
recommendations on program formats and methods, possible ways to integrate
AI&DL into professional development and best practice examples [24, 25]. We
also conducted a review of existing pedagogical frameworks for AI and data
literacy in teacher education [26] and reviewed competency areas, pedagogical
approaches, contexts and formats for introducing AI literacy in schools [27].
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Phase 2 - Deliberate Improvements: We designed a one-day professional de-
velopment program on AI&DL for secondary school CS teachers. We focused on
in-service CS teachers because this audience is naturally exposed to the teaching
of technology-related topics in schools. Prior to implementation, we conducted
a pilot session with CS teachers to test whether the underlying concepts were
appropriate for the participants’ prior knowledge and experience.

Phase 3 - Implement and Observe Improvements: We implemented the de-
veloped program in Germany, Austria, and Lithuania. To gain an understanding
of the impact of the sessions, we used a mixed methods approach following
Creswell’s concurrent nested design [28]. This design allowed us to enrich and
clarify our quantitative findings with qualitative data.

Quantitative data collected through pre- and post-evaluation surveys and pre-
and post-knowledge tests enabled us to evaluate the effectiveness of the program.
The survey items measured perceived competence in introducing AI&DL into
the classroom. Sample items and the measurement scale are presented in Fig-
ure 1. The surveys also included questions about participants’ attitudes toward
AI&DL in the school context and post-program feedback about the suitability
of the selected topics and materials used in the professional development for CS
school education. The pre- and post-knowledge test contained 14 multiple-choice
knowledge questions about the understanding of the AI concepts introduced in
the session. No question went above the understanding level (the lower level)
of Anderson’s taxonomy [29]. We did not test higher levels because the post-
questionnaire time was very short and we could only get a quick snapshot of
concept understanding. An example of an AI concept question was: “Classical
AI systems are particularly suitable when: (A) the number of possible results
grows exponentially with increasing input parameters; (B) expert knowledge is
available; (C) the problem space can be described unambiguously; (D) the ap-
plication requires speech or image recognition; (E) don’t know”. Choosing all
options correctly (B, C, not A, not B) earned the participant 1 point. Choos-
ing three correct options and one incorrect option (A, B, C, and not B) earned
the participant 0.75 points. If option (E) was selected, the participant received 0
points. The Wilcoxon signed-rank test was used to analyze the quantitative data.
This test compares two related samples, specifically the pre- and post-measures,
taken from the same individuals.

Qualitative data were collected through semi-structured personal interviews
conducted immediately after the sessions. The interviews provided insights into
the participants’ perspectives on professional development provided in the course
and their thoughts on integrating AI&DL into their teaching practice. The inter-
views were transcribed and analyzed using summarizing content analysis [30] and
focused content analysis [31]. Intercoder reliability could not be tested because
only one main coder was involved. To reduce coding bias, the coder corresponded
with other researchers to code questions. Saturation was assessed by examining
whether new data ceased to generate new themes or categories.

Several limitations should be noted when interpreting the results. First, data
were collected from a limited number of participants, which affects the gener-
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alizability of the results. Second, we were not able to evaluate the quality of
the survey instruments prior to their use in the field. However, we made the
survey instruments and interview guidelines available to researchers to better
understand our procedure and results [32].

4 Designing the professional development program

The design of the professional development program was guided by insights from
the policy analysis in Phase 1, literature reviews in the field of AI education,
and the Dagstuhl Triangle Model [11]. The main insights that we considered
from Phase 1 were: to provide teachers with ready-to-use teaching materials
and tools; to design a professional development with a duration of 7 hours; to
combine unplugged teaching approaches with tools to actually develop small AI
systems; to provide a self-assessment test for teachers to determine their existing
knowledge. We built the program around two components: (1) content knowledge
- the subject matter to be learned and taught, and (2) pedagogical knowledge -
the process and methods of teaching and learning. Table 1 outlines the structure
of the program and the learning objectives for each phase.

In terms of content knowledge, following the Dagstuhl Triangle model, we fo-
cused (i) on fundamental paradigms of machine learning, rule-based AI, and the
data lifecycle (technological perspective), (ii) ethical use of data in AI systems
(socio-cultural perspective), (iii) building systems based on machine learning,
and conducting data analysis (application perspective), as these are recurring
and overarching themes in international policy and educational frameworks [17,
33]. We also introduced teachers to national curricula and guidelines on AI&DL
as informed by policy work, so that teachers could refer to them when incorpo-
rating new topics into their teaching.

For the pedagogical knowledge, we based the program on the didactic biplane
[34], which is commonly used for CS professional development for teachers. Ac-
cording to this method, the facilitator conducts the session in the same way
as a teacher would in the classroom. The teachers take on the role of the stu-
dents and work with the materials as they would use them in their classes. This
method allows both pedagogical and content knowledge to be addressed simul-
taneously, thereby increasing teachers’ understanding of the topic and enabling
them to learn how to use the materials. We selected research-based, unplugged
and computer-based educational materials that have been successfully tested
with students and are based on fundamental ideas of machine learning, rule-
based AI, and the data lifecycle [35–37]. All materials are published and open
source, and include suggestions for classroom use, including recommended tim-
ing and lesson structure [38]. The majority of the activities targeted the Un-
derstanding Level of Anderson’s Taxonomy. The data analysis project targeted
higher levels (apply, analyze, evaluate).
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Table 1. Outline of the one-day, 7-hour professional development program.

Activity Learning Objectives Description Materials

AI Bingo Recognize AI in real-
world settings and acti-
vate prior knowledge

Participants guess whether a 
given computer system is an 
AI application

Images

Round of 
introducti-
ons

Participants and the faci-
litator know each other

Each person introduces him- / 
herself

-

Intro to AI 
and AI&DL

Become familiar with AI 
terminology; be aware of 
international guidelines 
on AI\&DL and natio-
nal curricula including 
AI&DL.

The facilitator presents an 
overview of AI, outlining the 
role of data in this process 
and international frameworks 
and guidelines for AI\&DL; 
another local facilitator 
presents national curricula 
relevant to AI\&DL.

Slides

Beat the 
robot

Explain the idea of 
classical AI and contrast 
classical and reinforce-
ment learning approach.

Defi ne a classical AI that 
plays hexapawn; train an 
agent that plays hexapawn

W KI-B3.2

Customer 
prototypes

Experience and explain 
the unsupervised learning 
paradigm

Identify cluster centers by 
replaying the vector quantiza-
tion algorithm

W KI-B3.5

Biting and 
non-biting 
monkeys

Experience and explain 
the supervised learning 
paradigm

Classify monkeys with a 
decision tree and evaluate the 
result in a confusion matrix

W KI-B4.1

 Lunch break

Intro data 
literacy 
and data 
lifecycle

Know the data analysis 
workfl ow; understand 
basic statistical concepts

The facilitator presents an 
overview about data science

Slides

First steps 
in Orange3

Explore Orange3 and 
implement an explorative 
data analysis workfl ow

Classify monkeys in biting 
and non-biting ones

W KI-
B4.2; PC

Data analy-
sis project

Create, train and test 
predictive models with 
the data mining tool 
Orange3

Analyze a sample data set 
with real-world data

W KI 
B4.3; PC

Review and 
discussion

Visualize ways to integra-
te activities in their own 
classroom

The facilitator summarizes the 
workshop; participants share 
their feedback

Slides
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5 Results of the program implementation and evaluation

We conducted three professional development sessions in Germany, Lithuania,
and Austria from June 2022 to January 2023. The recruitment of CS teachers for
the sessions was supported by local partners. All participants were CS teachers
at the secondary level in grades five to 12 (Lithuania) or five to 13 (Germany,
Austria). A significant number of teachers had never taught AI (29 out of 70).
59 participants were fully qualified teachers, six were pre-service teachers, and
five were in their post-university traineeship (Referendariat in German). The
average age of the participants was 43-45 years. The gender distribution varied
across the countries. In Germany and Austria there was a low proportion of
women (22% and 16% respectively). In Lithuania the proportion of women was
high (57%). One participant in Germany and Austria identified as non-binary
or diverse. Table 2 provides information on the response rates for the pre- and
post-evaluation surveys and the pre- and post-knowledge tests for each program.
We conducted post-program interviews with CS teachers who volunteered to
participate: six in Germany, eight in Lithuania, and six in Austria.

Table 2. Response rates for pre- and post-survey and pre- and post-knowledge test.

Training No. of
Participants

Pre-Response Post-
Response

Pre- and 
Post-Response

Survey Test Survey Test Survey Test Survey Test

Germany, 
2022-06

24 24
23 

(96%)
19 

(80%)
21 

(88%)
20 

(83%)
20 

(83%)
16 

(67%)

Lithuania, 
2022-12 21 21

21 
(100%)

19 
(90%)

17 
(81%)

18 
(86%)

16 
(76%)

14 
(67%)

Austria, 
2023-01

25 25
19 

(76%)
21 

(84%)
15 

(60%)
11 

(44%)
14 

(56%)
11 

(44%)

5.1 Teachers’ perceived competencies and understanding

Overall, the program contributed to an increase in participants’ perceived com-
petence, particularly in how to incorporate AI content into their teaching (see
Figure 1). While the extent of the increase and its statistical significance varied,
the overall trend was positive. On average, post-program DL scores improved
significantly (at the 1% level) in Germany and increased slightly in Lithuania
and Austria, while AI scores increased significantly (at the 1% level) across all
sessions. There was also an observable improvement in the understanding of AI
concepts in all three countries (see Figure 2). Improvements in DL varied, with
significant gains on objective tests observed only in Austria (5% level). In the
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post-survey, participants rated the suitability of the topics and practical exam-
ples for CS education on a 6-point scale, with 1 being ‘not at all suitable’ and
6 being ‘very well suitable’. The feedback showed that the topics of knowledge-
based AI and machine learning were highly valued in Germany and Lithuania,
with around 80-90% of respondents rating the suitability as high/very high. In
Austria, the topic of machine learning was also rated the highest by 67% of
respondents. The data lifecycle topic and the Orange3 example were rated less
favorably in all countries.

According to the qualitative results from all three countries, the program
mainly provided basic knowledge. According to some participants, Orange3 would
be difficult to understand (Germany, Lithuania), and while other topics (e.g., AI)
were considered easy, it was acknowledged that these complex and expansive ar-
eas would in fact require further commitment from teachers to deepen their
knowledge. The length of the program was considered to be good for the content
being taught (all countries). However, given the depth of knowledge required,
additional sessions or input was suggested. In both Germany and Austria it was
noted that there was a lack of connection between the AI and DL parts of the
program. In Germany and Lithuania, however, the structure of the program was
praised. The desire to include more topics was expressed in all countries.

I know how to use
content about DL in

the classroom

I know how to use
content about AI in

the classroom

1 2 3 4 5 6 1 2 3 4 5 6

Austria

Lithuania

Germany

Austria

Lithuania

Germany

Response values

Phase

Pre

Post

Fig. 1. Response distributions for the pre- and post- results of the survey on teachers’
perceived competences to introduce AI&DL-related content in the classroom. For each
item, teachers were asked, “How much do you agree with the following statements?”
and were given a scale from 1 (not at all) to 6 (definitely).
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DL knowledge AI knowledge

0 1 2 3 4 0 1 2 3 4 5 6 7 8 9

Austria

Lithuania

Germany

Austria

Lithuania

Germany

Response values

Phase

Pre

Post

Fig. 2. Response distributions for the pre- and post-results of the knowledge test. The
test consisted of four knowledge questions for the DL dimension and ten for the AI
dimension. For example, in Germany, the average number of correct answers for the
AI dimension was 4.1 before participating in the program and 6 after participating in
the program.

5.2 Perceived ability, willingness and barriers

In the post-survey, participants were asked to rate their agreement with the
following statements: ‘I am willing to invest time and effort to incorporate DL/AI
into my teaching,’ and ‘After the training, I have gathered enough competences
to teach the learned content in class.’ They responded on a scale from 1 (strongly
disagree) to 6 (strongly agree). The results for these two items suggest that,
on average, participants from all three program sessions generally expressed a
strong willingness to invest time and effort in incorporating both AI and DL
into their teaching, with a higher willingness observed for AI compared to DL.
In Germany and Austria, the results indicate a moderate level of agreement that
participants have acquired sufficient competencies to teach the learned content
in the classroom. In Lithuania, the results show a trend towards agreement that
participants have acquired sufficient competences.

In the interviews, materials related to the exercises that could later be used
by teachers in the classroom were highly valued (all countries). Respondents
from all countries indicated that unplugged materials could be used to integrate
topics into CS education. However, there were respondents who were unsure
whether immediate integration was possible, arguing that only basic knowledge
was provided during the session (Lithuania, Austria).In all countries, it is noted
that teachers would need to engage more with the themes and content of the
program in order to teach it effectively.

Regarding the barriers, in some interviews in Germany and Austria it is
stated that no or no major (institutional) barriers are expected for the integra-
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tion of AI&DL in CS school education. On the other hand, time constraints, such
as high teacher workload, are frequently mentioned in all countries. Another bar-
rier is the settling-in period when introducing new topics into subjects/teaching
(Austria). In Lithuania, the fast pace of AI&DL topics is seen as a challenge.
ChatGPT is seen as having significant potential for change and as a challenge
(Lithuania, Austria).

6 Discussion

In our research, we designed, implemented, and evaluated a 7-hour professional
development program on AI and data literacy for in-service CS teachers to enable
them to incorporate AI&DL topics into their teaching.

Overall, the results indicate a positive effect of the designed program. We
found that a one-day professional development program in AI is sufficient to
increase subjectively perceived and objectively demonstrated competence in AI,
with variable improvements in data literacy. This finding may seem trivial, as
one could argue that teachers would naturally know more after the program than
before. However, it is questionable whether competencies for teaching AI can be
effectively achieved in 7 hours, since a new topic like AI requires the acquisi-
tion of specialized technical skills and practice. The fact that teachers actually
learned something and felt more competent afterwards, rather than realizing
what they did not know and feeling insecure, is interesting. However,according
to the quantitative data, there is no clear evidence that a one-day program is
sufficient to actually integrate AI&DL into the classroom. The qualitative results
showed a similar trend: teachers were able to gain a basic knowledge of how to
teach AI in their CS classrooms using the program’s content and materials, but
at the same time, there was a desire for more than basic knowledge to do so
effectively. However, as the policy work in Phase 1 indicated, providing more
time for CS teachers to participate in longer programs is a challenge.

In terms of teachers’ ability and willingness to incorporate the AI, ma-
chine learning content and materials introduced in the program, the results
were mixed. The knowledge-based AI and machine learning topics, introduced
through unplugged materials, were highly valued and perceived as appropriate
for CS classrooms. The data lifecycle topic introduced through computer-based
materials was perceived as less relevant and appropriate for the school context.
We do not have comparable results from previous research using the same materi-
als. However, consistent with the teacher ratings, previous research has reported
positive results for the unplugged approach for both students and teachers [39].
We are surprised that data literacy received mixed reviews and was less popu-
lar among CS teachers. We initially assumed that CS teachers would associate
data literacy experiences with teaching data modeling topics that are part of a
regular CS school curriculum. Perhaps more time to work with Orange3 could
improve the rating. Providing additional scaffolding should also be considered,
as previous research has shown that understanding and preparing the data is
generally a time-consuming and tedious task [40].
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The results indicated that major barriers for CS teachers were time con-
straints (current workload, settling-in period, fast pace of technology) and lack
of knowledge. However, with a few exceptions [13, 15], we could not find any
research-based, long-term professional development programs for teachers on the
topic of AI&DL. Future research is needed to design and evaluate such programs
and their effects. Longitudinal studies of the integration of AI&DL into teacher
education and the evaluation of the long-term effects of such interventions are,
in our view, a promising direction for research.

7 Conclusion

This paper presents results from the development of a professional development
program for CS teachers on AI. Overall, the results showed that teachers’ per-
ceived competence in introducing AI into CS education increased, as did their
understanding of AI concepts. While improvements in data literacy were also
positive, the statistical significance varied. In future work, following the action
research approach, we will incorporate the results of the evaluation into the
design of further professional development programs for CS teachers. In future
research cycles, we also intend to apply the findings to elementary and STEAM
teachers, as well as to the preparation of pre-service teachers during their un-
dergraduate studies.
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